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Germany’s electricity generation sector
The Commission has estimated the subsidy equivalent, abatement and implicit abatement subsidies for three policies in Germany: the European Union Emissions Trading Scheme (ETS), the Renewable Energy Sources Act (RES Act) and the Combined Heat and Power Act (CHP Act).

Several other policies were considered, but preliminary analysis suggested that the effect of these policies on the total subsidy equivalent and abatement was unlikely to be material in comparison to the other policies analysed.
The year of analysis varied for each policy for data reasons. The subsidy equivalent and abatement attributable to the European Union ETS were estimated for 2010. But for the RES and CHP Acts, the most recent year for which the Commission was able to obtain data was 2009. Subsidy equivalents were estimated for 2009, and results were deflated to 2010 values. The exchange rate used was the 2010 average A$/Euro exchange rate of 0.698. Data were deflated using the German GDP deflator for 2009–2010 (1.007).

For the three policies that were analysed in detail, the Commission carried out sensitivity analysis. The results of the sensitivity analysis are reported in comparison to the Commission’s ‘central’ estimate. The ‘central’ estimate is based on the set of assumptions that the Commission considers to be most consistent with its approach to estimating subsidy equivalents and abatement.

References in this appendix to Vivid Economics and Frontier Economics refer to unpublished data supplied to the Productivity Commission by that contractor. The relevant data are provided on the Commission’s website, where there are no commercial‑in‑confidence restrictions.
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Electricity generation in Germany

Structure of Germany’s electricity markets

According to Sensfuß (2007), four companies (E.On, RWE, Vattenfall Europe and EnbW) own 90 per cent of Germany’s electricity generation capacity. Electricity can be traded through long‑term bilateral over‑the‑counter transactions between generators and purchasers (such as retailers and large users of electricity), and on energy markets through the European Energy Exchange. Generators make bids to supply electricity in hourly blocks. The European Energy Exchange manages a number of different markets, including day‑ahead auctions and ‘intraday’ auctions that operate at shorter intervals (Ockenfels et al. 2008). Generators make bids to supply a given amount of electricity into the grid during a given interval, and the market‑clearing price is determined based on the marginal bidder (the lowest‑price bid that is required to meet total demand for a given period). All generators receive the marginal bid as the electricity price (the auction is a ‘uniform price auction’).
Electricity transfers

Germany’s electricity transmission system is connected to neighbouring countries, and Germany participates in some cross‑border electricity trade. The Commission was not able to access recent data on net trade in electricity. However, in 2007 Germany was a small net exporter of electricity (imports of 33 TWh and exports of 45 TWh). The main import sources were France, Switzerland, the Czech Republic and Denmark, while the main export destinations were the Netherlands, Austria and France (RWE 2008).
Germany’s nuclear phase‑out

The German Government has chosen to phase out the use of nuclear power in Germany. Following a period of negotiation with the electricity industry, the nuclear industry signed an agreement with the government in 2000. A law to phase out nuclear power was passed in 2002. The building of new plants was banned, and existing generators were allocated a ‘budget’ that permitted the plants to generate electricity equivalent to 32 years of generation at full utilisation over the life of the plant (including electricity already generated) (Sensfuß 2007). Under this schedule at least two of Germany’s 17 nuclear reactors were scheduled to be shut down in 2010 (Ackland 2010).

The current German Government has maintained the ban on building new nuclear plants, but has extended the schedule for closing existing plants. There is uncertainty regarding when the plants will be closed. 
Key statistics

Electricity prices
Average German wholesale electricity prices were around €68.80/MWh (A$121) in 2009 and €52.60/MWh (A$75) in 2010 (Vivid Economics).
Electricity generation

The majority of Germany’s electricity is generated through fossil‑fuel combustion (hard (black) coal, lignite, natural gas and oil), nuclear energy, and renewable energy (figure F.1). Coal accounted for around 42 per cent of Germany’s generation in 2010, nuclear energy for around 23 per cent, and gas for around 13 per cent. In total, renewables accounted for around 17 per cent of Germany’s electricity generation in 2010. Wind, hydro and biomass were the major sources of renewable energy (table 
F.1).
Figure F.
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Electricity generated by fuel typea 
Germany 2000–2010
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a(’Other’ includes oil and other small‑scale fuel sources.

Source: Frontier Economics (unpublished data).
Table F.
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Renewable generationa
Germany, 2010
	Renewable energy source
	Generation (TWh)
	% of total renewable generation

	Wind
	38
	34

	Hydro
	26
	23

	Biomass
	29
	26

	Solar photovoltaic
	12
	11

	Waste
	7
	6

	Total renewable generation
	110
	100


a Does not include ‘other’ energy sources.
Source: Frontier Economics (unpublished data).
Emissions

Emissions from Germany’s electricity sector have fallen since 2000, despite a slight increase in overall electricity use (577 TWh in 2000 and 593 TWh in 2009) (figure F.2). The reduction in emissions can mainly be attributed to a reduction in the use of coal, and an increase in the use of gas and renewables (table 
F.2).
Figure F.
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Emissions, electricity generation
Germany, 2000–2009
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Source: Frontier Economics (unpublished data).

Table F.
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Emissions intensity of electricity generation

Germany, 2009
	Electricity source
	Emissions intensity (t CO2/MWh)

	Lignite — old
	1.17

	Lignite — new
	0.93

	Hard coal — old
	1.07

	Hard coal — new
	0.79

	Natural gas — gas turbine
	0.57

	Natural gas — steam turbine
	0.49

	Natural gas — combined cycle
	0.39

	Heavy oil — gas turbine
	0.84

	Heavy oil — steam turbine
	0.73

	Electricity sector average (2009)
	0.50


Sources: Traber and Kemfert (2009); Frontier Economics (unpublished data).
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Estimating abatement in Germany

For each of the three German policies that have been analysed, the Commission has used different emissions counterfactuals to estimate abatement:
· For the RES Act, the Commission has based its estimate of abatement on published estimates of the ‘substitution factors’ for each type of renewable energy that is subsidised under the Act.

· For the CHP Act, the Commission has estimated the saving in emissions that would have occurred if heat was generated directly, rather than through CHP.

· For the European Union ETS, the Commission has estimated the abatement arising from a switch from coal to gas.
Where relevant, the Commission has used the emissions factors in table 
F.2 to estimate abatement.
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The Renewable Energy Sources Act

The German Renewable Energy Sources Act (RES Act) (Erneuerbare Energien Gesetz) obliges electricity grid system operators to pay legislated feed‑in tariffs (FITs) for electricity generated using certain renewable energy sources. The FITs vary according to the technology used, and the size and age of the plant. In general, for a given technology, smaller plants attract larger FITs, and for some technologies FITs are higher for the first five to twelve years after installation. For most renewable energy sources, the tariffs are of the order of €0.05–0.12 (A$0.07–0.17) per kilowatt hour (kWh). The most generous tariffs are granted to offshore wind energy (€0.13/kWh (A$0.19)), geothermal energy (€0.16/kWh (A$0.23)), and solar energy (up to €0.43/kWh (A$0.62)).
Estimating the subsidy equivalent

The Commission used data on the total FIT payments to each eligible technology and the wholesale electricity price in 2009 to estimate the subsidy equivalent. Results were converted into 2010 Australian dollars. Data sources and assumptions are described below, the calculations are set out in table F.3, and the estimates are presented in table F.4.

Annual generation and total FIT payments by source

For each generation source that received FITs under the RES Act, the Commission obtained data on the total generation in 2009, and the total FIT payments in 2009. The data was sourced from the four electricity transmission system operators that are liable to pay FITs under the RES Act (EEG/KWK-G 2010a).
Electricity price data

The Commission made the assumption that the value of electricity displaced by renewables (p0) is equal to the annual average wholesale price of electricity. The German Ingenieurbüro für neue Energien (IFNE) (2010) calculated the average wholesale market price of electricity based on electricity futures price data from the European Energy Exchange. It reported that the average price of electricity in 2009 was €68.80/MWh (A$99). This value was also used by the German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (2010) in its assessment of the costs and benefits of renewable energy in Germany. It is worth noting that the wholesale electricity price reported by IFNE was significantly higher in 2009 than in either 2008 (€57.20/MWh (A$82)) or 2010 (€52.60/MWh (A$75)). The effect of a lower wholesale price is examined in the sensitivity analysis.

Identifying policy‑induced generation
In order to estimate the subsidy equivalent, it is necessary to estimate the proportion of renewable energy that has been induced by the RES Act. German Governments have provided this type of incentive for generators of renewable energy since 1991, when the Electricity Feed Act (Stromeinspeisungsgesetz) was adopted. The RES Act entered into force in 2000, replacing the Electricity Feed Act. While there are other policies that promote the use of renewables, the Commission has taken the view that the long‑running national level FITs are the primary policy instrument for incentivising renewables, and that 100 per cent of renewable energy generated in Germany can be attributed to this policy.
Table F.
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Calculations

Germany, 2009

	Variable
	Definition
	Source
	Unit
	Value

	qi
	Annual generation of each subsidised source
	Vivid Economics (unpublished data)
	GWh
	table F.4

	FITi
	Total value of FITs received by each type of generator
	Vivid Economics (unpublished data)
	€m
	table F.4

	pi
	Average tariff received by renewable generators
	Calculation
	€/MWh
	FITi / qi

	p0
	Average wholesale price of electricity
	Ingenieurbüro für neue Energien (2010)
	€/MWh 
	68.80

	φi
	Production subsidy equivalent (for each source)
	Calculation
	€/MWh
	pi – p0

	SE
	Subsidy equivalent (for each source)
	Calculation
	€m
	φi∙qi


Table F.
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Subsidy equivalent estimates, Renewable Energy Sources Act

Germany, 2009
	Source
	qi
	FITi
	pi
	φi
	Subsidy equivalent

	
	GWh
	€m
	€/MWh
	€/MWh
	€m (2009)
	A$m (2010)

	Onshore wind
	38 542
	3 389
	88
	19
	737
	1 064

	Biomass
	22 980
	3 700
	161
	92
	2 119
	3 058

	Solar
	6 578
	3 157
	480
	411
	2 704
	3 902

	Hydro
	4 877
	382
	78
	10
	47
	68

	Landfill, sewage and mine gases
	2 020
	143
	71
	2
	4
	5

	Offshore wind
	38
	5.6
	150
	81
	3
	4

	Geothermal
	19
	3.7
	198
	130
	2
	4

	
	
	
	
	
	
	

	 Total
	75 053
	10 780
	
	75
	5 616
	8 104


Sources: : EEG/KWK-G (2010a); German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (2010); Ingenieurbüro für neue Energien (2010); RWI (2009); Productivity Commission estimates.
Estimating abatement

Each MWh of electricity that receives a subsidy under the RES Act displaces electricity from an alternative source. The displaced source will vary depending on the characteristics of the renewable generator.

The German Government’s Federal Environment Office (Umweltbundesamt 2009) published estimates of the ‘substitution factors’ of a range of renewable energy sources. These represent estimates of how much electricity generated from coal, gas and oil is displaced for each MWh of renewable energy. For example, the substitution factors for solar power were reported as 50 per cent hard coal and 50 per cent natural gas. This means that for each MWh of electricity generated using solar power, half a MWh of hard coal‑generated electricity and half a MWh of gas‑fired electricity would be displaced.

The reported substitution factors were for 2007, and it is likely that there was some difference between the substitution factors in 2007 and 2009. But it is assumed that these would not be large enough to significantly affect estimates of abatement, and hence the Commission considers it a reasonable assumption that substitution factors from the German Federal Environment Office (Umweltbundesamt 2009) are valid for estimation of abatement in 2009.

To estimate abatement requires data on the emissions intensity of the displaced source (table F.2). The average emissions intensity of each fuel source (unweighted) was used to estimate the emissions intensity of the displaced fuels.

For each energy source, the emissions intensity of the counterfactual fuel (ao) is calculated as:
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where:

· the subscript f denotes the four fossil fuel types (lignite, hard coal, natural gas and oil)

· SubFacf is the substitution factor for each fuel (a percentage between 0 and 100)

· EIf is the emissions intensity of the displaced fuel (in t CO2/MWh).

The Commission made the assumption that the emissions intensity of each subsidised energy source (ai) is zero. This assumption may not be entirely accurate for some mine gas. However, if the methane fraction of the mine gas would have escaped during the mining process, it is reasonable to assume that using it in electricity generation leads to much lower aggregate emissions than if the gas were vented without flaring (because methane has a 100 year global warming potential of 21 (UNFCCC nd)). Results are reported in table F.6.

Implicit abatement subsidy

The Commission’s analysis suggests that in 2009 the RES Act provided subsidies for around 65 Mt of abatement. The estimated value of the subsidy equivalent was €5.6 billion (A$8.1 billion). This suggests that for the RES Act as a whole, the implicit abatement subsidy was around €95/t CO2 (A$137). For some types of renewable energy, the subsidy was considerably higher (table F.5).

Table F.
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Implicit abatement subsidy estimates, Renewable Energy Sources Act
Germany, 2009
	Units
	Hydro
	Landfill, sewage and mine gas
	Biomass
	Geothermal
	Onshore wind
	Offshore wind
	Solar
	Average

	€/t CO2 
(2009)
	12
	2
	116
	154
	24
	102
	599
	96

	A$/t CO2 (2010)
	17
	3
	167
	223
	35
	147
	864
	137


Source: Productivity Commission estimates
Sensitivity analysis — wholesale electricity price
The Commission estimated the effect of using the 2010 wholesale electricity price (€52.60/MWh (A$75)) which was significantly lower than the 2009 price (€68.80/MWh (A$99)). The results (table F.7) show that a lower wholesale price of electricity implies higher values for the production subsidy equivalent, subsidy equivalent and implicit abatement subsidy.

Table F.
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Abatement estimates, Renewable Energy Sources Act

Germany, 2009

	Variable
	Unit
	Hydro
	Landfill, sewage and mine gases
	Biomass
	Geothermal
	Onshore wind
	Offshore wind
	Solar
	Total

	qi
	GWh
	4 877
	2 020
	22 980
	19
	38 542
	38
	6 578
	75 053

	
	
	
	
	
	
	
	
	
	

	Substitution factors
	
	
	
	
	
	
	
	

	Lignite
	%
	6
	1
	2
	30
	2
	2
	0
	

	Hard coal
	%
	69
	66
	73
	45
	72
	72
	50
	

	Natural gas
	%
	25
	32
	25
	25
	24
	24
	50
	

	Mineral oils
	%
	0
	1
	0
	0
	2
	2
	0
	

	
	
	
	
	
	
	
	
	
	

	Counterfactual emissions intensity
	
	
	
	
	
	
	
	

	Lignite
	t CO2/MWh
	1.05
	
	
	
	
	
	
	

	Hard coal
	t CO2/MWh
	0.90
	
	
	
	
	
	
	

	Natural gas
	t CO2/MWh
	0.47
	
	
	
	
	
	
	

	Mineral oils
	t CO2/MWh
	0.79
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Avoided emissions
	
	
	
	
	
	
	
	

	
	t CO/MWh
	0.80
	0.76
	0.80
	0.84
	0.80
	0.80
	0.69
	

	
	
	
	
	
	
	
	
	
	

	Abatement
	
	
	
	
	
	
	
	

	
	Mt CO
	3.9
	1.5
	18.3
	0.0
	30.8
	0.0
	4.5
	59.1


Sources: Traber and Kemfert 2009; Umweltbundesamt 2009; Productivity Commission estimates.

Table F.

 SEQ Table \* ARABIC 7
Sensitivity analysis, lower wholesale electricity price

Germany, 2009
	Source
	qi
	Market value of qi
	Production subsidy equivalent
	Subsidy equivalent
	Implicit abatement subsidy

	
	MWh
	€m (2010)
	€/MWh
	€m (2010)
	A$m (2010)
	€/t CO2
	A$/t CO2

	Onshore wind
	38 542
	2 027
	35.33
	1 362
	1 951
	44
	63

	Biomass
	22 980
	1 209
	108.41
	2 491
	3 569
	136
	195

	Solar
	6 578
	346
	427.24
	2 811
	4 027
	622
	891

	Hydro
	4 877
	257
	25.80
	126
	180
	32
	46

	Landfill, sewage and mine gases
	2 020
	106
	18.03
	36
	52
	24
	34

	Offshore wind
	38
	2
	97.27
	4
	5
	122
	175

	Geothermal
	19
	1
	145.80
	3
	4
	174
	249

	
	
	
	
	
	
	
	

	 Total
	75 053
	3 948
	91.03
	6 832
	9 789
	116
	166


Sources: EEG/KWK-G (2010a); German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (2010); Productivity Commission estimates.
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Combined Heat and Power Act

Under the Combined Heat and Power Act (CHP Act), generators of combined heat and power receive payments for each kWh of electricity they feed into the grid. The payments are in addition to the wholesale price of electricity (not instead of, as is the case for RES Act FITs). The level of payments varies depending on the age of the plant, its size and its efficiency. In 2009, payments were between €0.0056/kWh and €0.0511/kWh (A$0.008–0.07).
Estimating the subsidy equivalent

Because the payments to generators under the CHP Act are in addition to the wholesale electricity price received, the value of the subsidy equivalent is equal to the total value of the payments in a given year, adjusted to account for the proportion of CHP that can be considered to have been induced by the Act.

Annual generation and total CHP Act payments

For each generation source that received payments under the CHP Act, the Commission obtained data on the total generation in 2009, and the total payments in 2009. The data was sourced from the four electricity transmission system operators that are liable to pay for CHP energy under the CHP Act (EEG/KWK-G 2010b). These data suggest that the total outlay under the CHP Act in 2009 was approximately €486 million (A$701 million).

Identifying policy‑induced generation
In order to estimate the subsidy equivalent, it is necessary to estimate the proportion of CHP that has been induced by the CHP Act.

The CHP Act was introduced in 2002, and amended in 2008. The Commission considers that only plants that have been built or modernised since 2002 can be considered to have been induced by the CHP Act. According to the data on CHP Act payments and generation, new plants (built after 2002) accounted for approximately 30 per cent of total generation receiving CHP Act payments, and 57 per cent of total payments. This implies that the subsidy equivalent of the CHP Act was around €279 million (A$400 million) (table 
F.8). The Commission considers 30 per cent of total CHP generation to be an upper bound of the generation that can be considered to have been induced by the Act.
Table F.
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Subsidy equivalent estimates, Combined Heat and Power Act
Germany, 2009
	Generator type
	Generation
	Subsidy equivalent

	
	GWh
	€m (2009)

	Modernised plants
	     13 612 
	218

	Highly efficient, modernised plants
	           170
	3

	Small CHP plants >50kW, <2MW, that became operational after 1 April 2002 and before 31 December 2008
	       1 031 
	22

	Small CHP plants <50kW
	          478 
	25

	Highly efficient small CHP plants >50kW, <2MW, that became operational after 1 January 2009 and before 31 December 2016
	           187 
	5

	Fuel cells
	               2 
	

	Highly efficient new CHP plants >2MW
	           387 
	6

	
	
	

	Total
	15 867 
	279

	Total (A$m 2010)
	
	399


Source: EEG/KWK-G (2010b).
Estimating abatement

CHP plants produce electricity and heat that is fed into heat grids or used for other valued purposes. If this heat had not been generated through CHP, it would have been necessary to generate it through some other combustion process. Therefore, the abatement attributable to CHP depends on how much energy was saved that would otherwise have been used to generate heat, and the emissions intensity of the avoided combustion. The German Government (2007) published an analysis of CHP that the Commission has used to derive estimates of these values. Specifically, the German Government (2007):

· estimated that in 2003, CHP in Germany produced 58.4 TWh of electricity and 155 TWh of heat. This implies that for each TWh of electricity produced by CHP, approximately 2.65 TWh of heat is also produced (=155/58.4) (derived from p. 10)

· assumed that for each TWh of heat produced by CHP, there would be a saving of 0.71 TWh of primary energy (derived from p. 21)

· assumed that for each TWh of primary energy saved through CHP, there would be a saving of 0.31 Mt CO2 (derived from p. 21).

Based on these estimates, the CHP Act can be credited with abatement of approximately 9 Mt CO2 in 2009 (table 
F.9).

Table F.
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Abatement estimates, Combined Heat and Power Act

Germany, 2009

	Variable
	Units
	Value
	Calculation

	Total induced cogeneration electricity production (2009) (qi)
	TWh
	15.87
	

	Electricity to heat conversion factor (2003) (β)
	TWh thermal energy per TWh electrical energy
	2.65
	

	Estimated cogeneration heat production (2009) (qh)
	TWh
	42.12
	qh = qiβ

	Primary energy saving factor (α)
	TWh primary energy per TWh thermal energy
	0.71
	

	Estimated primary energy saving (qe)
	TWh
	29.84
	qe = qhα

	CO2 saving factor (θ)
	Mt CO2 per TWh primary energy saved
	0.31
	

	Estimated CO2 saving (Ai)
	Mt CO2
	9.14
	Ai = qeθ


Sources: EEG/KWK-G (2010b); German Government (2007); Productivity Commission estimates.
Implicit abatement subsidy

The estimates of the subsidy equivalent of the CHP Act (€279 million (A$399 million)) and the abatement attributable to the Act (9 Mt CO2) imply that the implicit abatement subsidy delivered by the policy is around €30/t CO2 (A$44).
Sensitivity analysis

The estimate of the subsidy equivalent is based on primary source data on CHP payments, and is considered reliable. The estimated abatement is based on a number of assumptions. Varying any of these assumptions would be expected to affect the abatement estimate, and the estimate of the implicit abatement subsidy. The Commission has performed the following sensitivity analysis:

· It is possible that since 2003, electricity generation used for CHP has become more efficient, meaning that for each unit of electricity, less waste heat is produced. This is represented by reducing β by 20 per cent (from 2.65 to 2.12).
· It is possible that heat generation has also become more efficient than was estimated for 2003 by the German Government (2007). This is represented by reducing α by 10 per cent (from 0.71 to 0.64).
· It is possible that fuel combustion has become less emissions intensive (for example, through a switch from coal to gas, or through improved combustion technologies). This is represented by increasing θ by 10 per cent.
The results of the analysis suggest that the implicit abatement subsidy of the CHP Act is between €28 and €38/t CO2 (A$40 and A$55) (table 
F.10).
Table F.
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Sensitivity analysis, Combined Heat and Power Act

Germany, 2009

	Sensitivity scenario
	‘Central’ case
	More efficient electricity generation
	More efficient heat generation
	Less emissions‑intensive combustion

	Parameter change
	None
	β ↓ 20 % (to 2.12)
	α ↓ 10 % (to 0.64)
	θ ↑ 10 % (to 0.34)

	Estimated abatement (Mt CO2)
	9.1
	7.3
	8.2
	10.1

	Implicit abatement subsidy
	
	
	

	€/t CO2 (2009)
	30
	38
	34
	28

	A$/t CO2 (2010)
	44
	55
	49
	40


Sources: EEG/KWK-G (2010b); German Government (2007); Productivity Commission estimates.
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European Union Emissions Trading Scheme

The Commission’s analysis of the effects of the European Union ETS on Germany’s electricity generation sector follows the same approach as was taken for the European Union ETS in the United Kingdom (appendix J). That is, the Commission has attempted to investigate the extent to which the European Union ETS has led to fuel switching from coal to gas. The mechanism that drives the 
coal–gas switch is the effect of the European Union ETS price on the marginal costs of each type of generator. 

Based on data on European Union Allowance (EUA) prices and the average emissions intensity of coal and gas‑fired generators, the Commission has estimated that on average, the European Union ETS increased the marginal costs of coal‑fired generators in Germany by €12.81/MWh (A$18.35), and gas‑fired generators by €6.74/MWh (A$9.66) (table 
F.11). This implies that the implicit production subsidy to gas under the European Union ETS is €6.07/MWh (A$8.70).
Table F.
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Parameter values, European Union ETS

Germany, 2010
	Parameter
	Notation
	Value
	Source

	Emissions intensity (t CO2/MWh)
	
	
	

	Coal (black)
	ac
	0.90
	Traber and Kemfert (2009)

	Gas
	ag
	0.47
	Traber and Kemfert (2009)

	
	
	
	

	Average EUA price (2010)
	pEUA
	€14.23 (A$20.39)
	Vivid Economics (unpublished data)

	
	
	
	

	Average wholesale price of electricity (2010) (€/MWh)
	p1
	€52.60
	Vivid Economics (unpublished data)

	
	
	
	

	Total generation (2010) (TWh)
	
	
	

	Coal (black)
	qc
	116
	

	Gas
	qg
	86
	

	
	
	
	

	Marginal cost increases
	
	
	

	Coal
	cc
	€12.81
	cc = ac ∙ pEUA = €12.81

	Gas
	cg
	€6.74
	cg = ag ∙ pEUA = €6.74


Sources: Ellerman and Feilhauer (2008); Frontier Economics (unpublished data); Traber and Kemfert (2009); Vivid Economics (unpublished data); Productivity Commission estimates.

Switching from coal to gas

Ellerman and Feilhauer (2008) estimated that in 2005 fuel switching led to an increase of between 2 and 12 per cent in the use of gas for electricity generation. This is less fuel switching than was estimated to occur in the United Kingdom (McGuiness and Ellerman (2008) estimated that the comparable figures for the United Kingdom were between 19 and 24 per cent). One explanation for this is that Germany has less gas‑fired capacity than the United Kingdom (and hence fewer opportunities for fuel switching in the short term, because the surplus gas‑fired capacity is likely to be less than in the United Kingdom):

· In 2009, natural gas constituted around 15 per cent of total electricity generation capacity in Germany (Frontier Economics (unpublished data)). In the United Kingdom, the comparable figure for 2009‑10 was around 41 per cent (Frontier Economics (unpublished data)). The differences in capacity are reflected in generation. For example, in 2010, natural gas accounted for around 13 per cent of total electricity generation in Germany, compared to around 44 per cent in the United Kingdom.

· Delarue, Ellerman, and D’haeseleer (2008, p. 35) state that around half of Germany’s gas‑fired generation is CHP ‘and therefore typically not part of the gas-fired capacity that can be readily switched when the economic incentives are right’.

· Over time, the ETS would be expected to provide an incentive for further investment in gas‑fired capacity, and hence greater opportunities for fuel switching in the future.

As was noted in the section on the effects of the European Union ETS in the United Kingdom (appendix J), the price of EUAs was significantly higher in 2010 than in 2005‑06 (€14.23 compared to €23). Based on this, the Commission considers that it is unlikely that the European Union ETS has led to an increase in natural gas use in Germany of more than 12 per cent. The Commission’s ‘central’ estimate of abatement was based on the assumption that the European Union ETS led to an increase of 7 per cent in the use of gas in 2010, relative to a counterfactual of no ETS. Values of 2 per cent and 12 per cent are used for sensitivity analysis.
To estimate the abatement attributable to fuel switching, the Commission has assumed that gas displaces black (hard) coal. This is based on an analysis of the existing literature:
· Sijm et al. (2008) state that the marginal generator in Germany is usually coal (both peak and off-peak).

· The indicative merit order curve provided by Frontier Economics (unpublished data) suggests that black coal and gas are likely to be the marginal generator.
· Vivid Economics (2011) quotes two sources that suggest that the marginal generator in Germany is likely to be either black coal or gas.

Germany does have some brown coal capacity, but the marginal costs of brown coal are so much lower than black coal that it is unlikely that gas is currently displacing brown coal. The rate of abatement from black coal–gas switching is given by:

ac – ag = 0.90 – 0.47 = 0.43 t CO2/MWh.

Using data on the actual production of gas‑fired electricity in 2010, it is possible to estimate the total amount of gas‑fired generation that was induced by the European Union ETS (5.6 TWh) and the abatement attributable to the fuel switch (2.4 Mt CO2) (table 
F.12).

The subsidy equivalent is equal to the implicit production subsidy to gas‑fired generation (€6.07/MWh) multiplied by the total increase in gas‑fired generation, and was estimated to be €34 million (A$49 million).

The implicit abatement subsidy is the subsidy equivalent divided by abatement attributable to the ETS, and is equal to the EUA price — €14.23/t CO2 in the year of analysis (A$20.39).

Table F.
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European Union ETS‑induced gas generation, abatement and subsidy equivalenta
Germany, 2010

	Value
	Calculation
	Estimate

	
	
	

	Total gas generation 2010
	g
	86 TWh

	Total gas generation induced by the ETS
	qg = g – (g / 1.07) 
	5.6 TWh

	Subsidy equivalentb
	SE = qg ∙ 106 ∙ €6.07
	€34 million
(A$49 million)

	Abatement 
	A = qg ∙ (ac – ag)  
	2.4 Mt CO2

	Implicit abatement subsidy
	pEUA 
	€14.23


a Assuming that the European Union ETS led to an increase of 7 per cent in the use of gas in 2010, and gas displaced black coal.  b The quantity of gas induced by the ETS is multiplied by 106 because generation is in TWh and the production subsidy equivalent is in €/MWh.
Source: Productivity Commission estimates.
Sensitivity analysis

The Commission analysed the effects of varying the assumption about the amount of gas‑fired generation that was induced by the European Union ETS, using parameter values of 2 and 12 per cent (table 
F.13). This affects the subsidy equivalent and abatement estimates, but does not alter the estimate of the implicit abatement subsidy, which is the EUA price (€14.23/t CO2 ($20.39)).

Table F.
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Sensitivity analysis, ETS induced gas generation

Germany, 2010

	Increase in natural gas generation attributable to the ETS
	Induced generation
	Subsidy equivalent
	Abatement

	%
	TWh
	€m (2010)
	A$m (2010)
	Mt CO2

	2
	1.7
	10
	15
	0.7

	7 (‘central’ case)
	5.6
	34
	49
	2.4

	12
	9.2
	56
	80
	3.9


Source: Productivity Commission estimates.
The interaction of the European Union ETS with other policies

Subsidy equivalent
As noted in section J.7, in the United Kingdom the European Union ETS delivers a benefit to renewables and CHP by increasing the average wholesale price of electricity. The same effect holds for CHP in Germany, but there is a different effect on renewables, because the German system of subsidies for renewables is based on FITs rather than renewable energy certificates.
Under the CHP Act, CHP generators receive payments for each kWh of electricity fed into the grid. The payments are in addition to the wholesale price of electricity. The European Union ETS does not change the value of the production subsidy under the CHP Act. However, the increase in the wholesale price of electricity increases the revenue to CHP, leading to a higher subsidy equivalent.
The Commission estimated a proxy for the wholesale price uplift based on the assumption that gas is the marginal generator 10 per cent of the time, and black coal 90 per cent of the time. (The estimate was based on 2009 data and an average EUA price of €13.50.) This implies that the average emissions intensity of the marginal generator over the course of the year is 0.95 t CO2/MWh.

Using this estimate implies that the European Union ETS led to an increase in wholesale electricity prices of (€13.50*0.95 = €12.78/MWh (A$18.31)). (This compares to an average 2009 wholesale electricity price of €68.80/MWh (A$121)). 

CHP generators face an increase in their marginal costs because they emit CO2. The marginal cost uplift is equal to the EUA price multiplied by the average emissions intensity of generation. Frontier Economics (unpublished data) estimated that the average emissions intensity of CHP in 2008 was 0.5 t CO2/MWh. Hence, the net production subsidy equivalent to CHP was €6.03/MWh (= (€12.78 – (€13.50 x 0.50))). This net subsidy was received by the 15.9 TWh of electricity that was estimated to have been induced by the CHP Act. This implies that the additional subsidy equivalent to CHP was around €95 million (A$136 million).
Under the RES Act, renewable generators receive a FIT instead of receiving the wholesale electricity price. If the European Union ETS did not exist, the counterfactual (wholesale) price renewable generators would have received for their electricity would be lower, and the production subsidy equivalent (the difference between the FIT and the wholesale price) would have been larger. Hence, the European Union ETS effectively reduces the subsidy equivalent to renewables that receive FITs. Using the same assumptions as were used for CHP implies that if Germany was not a part of the European Union ETS, renewables generators would have received an additional subsidy equivalent of around €953 million (A$1.4 billion) (2009 value converted to A$ (2010)).
Abatement

Both the RES Act and the CHP Act operate within the bounds of the European Union ETS. The European Union ETS sets a binding cap on total greenhouse gas emissions from selected sectors within the European Union, including electricity generation. Because total emissions are capped, complementary measures (including support for renewable energy and CHP in particular countries) can not lead to any additional abatement across the European Union as a whole. While emissions from electricity generation in Germany might fall, emissions would rise in other sectors and other countries, so the policy would have no net effect.

Traber and Kemfert (2009) constructed a model of the European electricity market to estimate the effects of Germany’s FITs on electricity‑sector greenhouse gas emissions in Germany and the European Union as a whole. Their model is based on 2006 data, and makes a number of assumptions about the behaviour of electricity generators and the operation of electricity markets. Two key findings of their paper were that the FITs lead to a ‘substitution effect’ and a ‘permit price effect’.

The ‘substitution effect’ refers to the incentive that the FITs create for Germany’s electricity network operators to substitute away from conventional energy sources toward renewable energy. Traber and Kemfert estimated that in Germany the substitution effect would reduce electricity‑derived greenhouse gas emissions by approximately 16 per cent. There would also be some minor effects on emissions from neighbouring countries that purchase electricity from Germany, including the Czech Republic (1 per cent reduction in emissions), Denmark (2 per cent) and the Netherlands (2 per cent). Across the European Union as a whole, Traber and Kemfert estimated that the substitution effect would reduce emissions by 4.5 per cent.

However, the substitution toward renewable energy is almost totally offset by the ‘permit price effect’. Germany’s support for renewable energy effectively reduces the emissions reduction burden that must be borne by the rest of the European Union. This leads to lower permit prices — Traber and Kemfert estimated that the RES Act would reduce permit prices by 15 per cent (from €23 to €20). In turn, this leads to less abatement outside Germany’s electricity sector. In particular, emissions are likely to rise from ‘firms that are only loosely connected with the German grid and have high emissions’ (Traber and Kemfert 2009, p. 175). This is likely to include emissions‑intensive electricity generators in Spain and Italy (RWI 2009). Traber and Kemfert estimated that the permit price effect would increase electricity‑derived greenhouse gas emissions across the European Union by 3.9 per cent.

Taken in aggregate, the substitution effect and the permit price effect were estimated to lead to a net reduction in European Union electricity‑derived greenhouse gas emissions of 0.5  per cent. Presumably, unless emissions reduction caps were tightened, even this modest abatement would be offset by higher emissions from non‑electricity sectors that are subject to the European Union ETS.

The net effect of the substitution effect and the permit price effect could be described as ‘intra‑Europe carbon leakage’. German consumers and firms incur additional costs for emissions reduction through the RES and CHP Acts, with the effects on emissions being entirely offset by other countries that do not impose the same burden on their economies.
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Summary

Based on the subsidy equivalent and abatement estimates for each policy outlined in the sections above, estimates for Germany’s electricity generation sector total subsidy equivalent, total abatement and the average implicit abatement subsidy can be estimated.

The total subsidy equivalent

The Commission’s estimate of the total subsidy equivalent for Germany’s electricity generation sector is based on a counterfactual of the wholesale electricity price in the absence of the European Union ETS. Hence, the total subsidy equivalent is the sum of the subsidy equivalents estimated for:

· the RES Act

· the CHP Act

· the European Union ETS subsidy equivalents for gas, renewables and CHP.

The Commission estimated the total subsidy equivalent for Germany’s electricity sector at between €7 billion and €8 billion (A$10 billion and A$12 billion) (table 
F.14). This represents between 0.28 and 0.33 per cent of Germany’s GDP. 
Table F.
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Electricity sector total subsidy equivalenta
Germany, 2010

	Policy
	‘Central’
	Low
	High
	‘Central’
	Low
	High

	
	€m (2010)
	€m (2010)
	€m (2010)
	A$m (2010)
	A$m (2010)
	A$m (2010)

	Renewable Energy Sources Act
	5 656
	5 656
	6 832
	8 104
	8 104
	9 789

	Combined Heat and Power At
	279
	279
	279
	399
	399
	399

	European Union ETS
	
	
	
	
	
	

	· Coal/gas switch
	34
	10
	56
	49
	15
	80

	· Subsidy to renewables
	953
	953
	953
	1 365
	1 365
	1 365

	· Subsidy to CHP
	95
	95
	95
	136
	136
	136

	Total
	7 017
	6 993
	8 214
	10 053
	10 019
	11 769


a High — the highest subsidy equivalent estimated under sensitivity analysis. Low — the lowest subsidy equivalent estimated under sensitivity analysis. No sensitivity analysis was carried out for the estimates of the effects of the European Union ETS on the policies to encourage the use of renewables.

Source: Productivity Commission estimates.
Total abatement

The Commission has estimated the abatement that arises from three sources:

· the switch from coal to gas attributable to the European Union ETS

· the increased use of renewables due to the combined effects of the European Union ETS and the RES Act

· the increased use of CHP due to the combined effects of the European Union ETS and the CHP Act.

The Commission has estimated that these policies have delivered abatement of between 67 and 73 Mt CO2 in Germany’s electricity generation sector (compared with total electricity sector emissions of around 300 Mt in 2009) (table 
F.15). This represents between 18 and 20 per cent of Germany’s counterfactual emissions from electricity in 2009. It should be noted that Germany’s participation in the European Union ETS means that any abatement in Germany’s electricity generation that arises from the RES Act or the CHP Act is likely to be offset by higher emissions elsewhere in the European Union.
Table F.
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Electricity sector total abatementa
Germany, 2010

	Source of abatement
	‘Central’
	Low
	High

	
	Mt CO2
	Mt CO2
	Mt CO2

	Renewables
	59.1
	59.1
	59.1

	Combined heat and power
	9.1
	7.3
	10.1

	European Union ETS-induced coal–gas switch
	2.4
	0.7
	3.9

	Total
	70.6
	67.1
	73.1


a High — the highest abatement estimated under sensitivity analysis. Low — the lowest abatement estimated under sensitivity analysis.

Source: Productivity Commission estimates.
Average implicit abatement subsidies

The Commission has estimated the implicit abatement subsidies for each of the policies analysed (table 
F.16) and for Germany’s electricity sector as a whole (table 
F.17). The estimated average implicit abatement subsidy was between €95 and €124/t CO2 ($137 and $178/t CO2). The reason that the average implicit abatement subsidy for the electricity generation sector as a whole can exceed the highest estimated implicit abatement subsidy for any of the three policies individually is that all of the abatement from renewable energy has been attributed to the RES Act, and all the abatement from CHP to the CHP Act. However, these energy sources also receive effective subsidies as a result of the European Union ETS. These additional subsidies are included in estimates of the implicit abatement subsidies, increasing the total subsidy equivalent, without adding any additional abatement to the totals. This has the effect of increasing the average implicit abatement subsidies.
Table F.
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Implicit abatement subsidiesa
Germany, 2009, 2010

	Policy
	‘Central’
	Low
	High
	‘Central’
	Low
	High

	
	€/t CO2 (2010)
	€/t CO2 (2010)
	€/t CO2 (2010)
	A$/t CO2 (2010)
	A$/t CO2 (2010)
	A$/t CO2 (2010)

	RES Act
	96
	96
	116
	137
	137
	166

	CHP Act
	30
	28
	38
	44
	40
	55

	European Union ETS (coal–gas switch)
	14
	0
	14
	20
	0
	20


a High — the highest implicit abatement subsidy estimated under sensitivity analysis. Low — the lowest implicit abatement subsidy estimated under sensitivity analysis.

Source: Productivity Commission estimates.
Table F.
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Electricity generation sector average implicit abatement subsidiesa
Germany, 2009, 2010
	
	Implicit abatement subsidy

	Subsidy equivalent scenario
	‘Central abatement’
	High abatement
	Low abatement
	‘Central’ abatement
	High abatement
	Low abatement

	
	€/t CO2 (2010)
	€/t CO2 (2010)
	€/t CO2 (2010)
	A$/t CO2 (2010)
	A$/t CO2 (2010)
	A$/t CO2 (2010)

	‘Central’
	99
	96
	104
	142
	138
	150

	High
	118
	114
	124
	169
	164
	178

	Low
	99
	95
	104
	141
	137
	149


a High — the highest subsidy equivalent estimated under sensitivity analysis. Low — the lowest subsidy equivalent estimated under sensitivity analysis.

Source: Productivity Commission estimates.
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Other electricity generation policies in Germany

Excluded policies

The three policies that were analysed cover the majority of the subsidised abatement in Germany’s electricity generation sector. However, there are several other policies that the Commission did not include in its analysis due to time and data constraints, or because they were not thought likely to be leading to material levels of abatement or imposing material resource costs.
Germany’s electricity tax was not included in the analysis because generally it is not differentiated based on the source of the electricity. Some electricity from renewables is exempt, however renewable energy fed into the normal transmission grid is taxed the same as non‑renewable energy. It is likely that most renewable energy is subject to the tax, and that it does not provide a material subsidy for renewable energy in most circumstances.

As well as production subsides for CHP, the CHP Act also provides capital subsidies for the builders of networks for the transmission of heat. These projects could provide a further incentive for the use of CHP. If this policy were included in the analysis, the total subsidy equivalent and average implicit abatement subsidy estimates for Germany would be expected to rise. The estimate of abatement would not be expected to change, because the effects of CHP have largely been captured through the production subsidies to CHP.

There are numerous policies at the state (Länder) level that provide capital subsides or ‘soft’ loans for renewable generation technologies. The Commission was not able to access data on these programs. Including them in the analysis would be expected to increase the total subsidy equivalent and average implicit abatement subsidy estimates, but would probably not have a material effect on the estimate of abatement because the subsidised renewables probably receive FITs.
Committed policies
As a member of the European Union, Germany is committed to the European Union’s 20-20-20 targets to be achieved by 2020:

· A reduction in European Union greenhouse gas emissions of at least 20 per cent, compared to 1990 levels.
· 20 per cent of European Union energy consumption to come from renewable resources (each country has individual targets to contribute to this goal).
· Energy efficiency measures to reduce primary energy use by 20 per cent compared with projections.
One policy that could have material effects on Germany’s electricity generation mix and emissions is the nuclear phase-out. Under current policies, Germany’s nuclear reactors are to be progressively shut down over time. However, the damage to the Fukushima nuclear reactor in Japan in March 2011 led the German Government to temporarily shut down eight nuclear reactors. At the time of writing, it was not clear when the plants would reopen, and whether there would be additional restrictions on nuclear power. This has added to the uncertainty about the future of nuclear power in Germany.
�	It should be noted that the German Federal Environment Office stated that renewable energy sources do not displace nuclear energy at all.
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