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Appendix A: Modelling framework and assumptions
Introduction

The report uses a suite of models because no one model adequately captures global, national and sectoral dimensions. The suite of models used is largely the same as described in previous modelling reports (Australian Government 2008, 2011). This appendix supplements those descriptions by focusing on the changes made to the modelling suite for the current exercise, and by restating the key parameters that determine emissions trajectories and abatement. These changes include:

· integration of Commonwealth Scientific and Industrial Research Organisation (CSIRO) modelling of fuel switching and abatement opportunities in rail, domestic water and domestic air transport, in addition to revisions of their previous estimates for road transport;

· integration of Centre for International Economics (CIE) projections for emissions‑intensive segments of agriculture;

· integration of Bureau of Infrastructure, Transport and Regional Economics (BITRE) projections for transport activity;

· drawing on updated projections by the Bureau of Resources and Energy Economics (BREE), Wood Mackenzie and IBISWorld for mining and emissions‑intensive segments of industrial processes; 

· upgrading the database underpinning the international modelling to ABARES’ database constructed from GTAP 8.1 with a base year of 2007; and

· implementation of AR4 Global Warming Potentials for the projections of international and domestic emissions.

Much of the data underpinning the analysis has been updated to draw on the latest available sources, including re‑benchmarking the MMRF emissions matrix to match the 2010‑11 NGGI and more recent quarterly releases, and updating domestic and international economic and demographic projections, and aligning projections for a range of emission‑intensive industries to updated third‑party sources.
Economy‑wide modelling 
GTEM global model 
The version of Global Trade and Environment Model (GTEM) used in this exercise is similar to that used in previous Treasury modelling. However, modifications have been made to:

· provide a more detailed representation of emissions trading, including linking the EU and Australian schemes and their import of offsets at a lower carbon price than available domestically;

· update global warming potentials for non‑carbon dioxide greenhouse gases based on AR4 parameters;

· cost the Marginal Abatement Cost (MAC) curves based on the cost‑neutrality approach (that is, while pricing carbon involves additional production costs, firms respond to carbon liabilities by undertaking investment in abatement at the margin equivalent to the carbon price); and

· update the global economic, demographic and emissions data to a 2007 base year, with corresponding recalibration of some of the model parameters.

The modelling by GTEM for this exercise makes use of the latest database from the Global Trade Analysis Project (GTAP version 8.1). The new database is a snapshot of the world economy in 2007. World trade flows are reflected more accurately in the new database, better capturing the significance of China and India in the global economy and global trade. A consequence of the database update is that these countries are projected to have larger effects from global carbon pricing due to stronger trade linkages with the rest of the world than were represented in previous modelling. The new database also better represents technological costs based on the latest information. Emissions and emissions‑intensities draw on more recent data in the new database, which improves the estimated economic costs of mitigation.
GTEM represents the global economy grouped into 13 regions: USA; EU25; Japan; China; India; Indonesia; Other South and East Asia; Former Soviet Union; OPEC; Canada; Australia; South Africa; and Rest of world.
MMRF Australian model 

The Monash Multi‑Regional Forecasting (MMRF) model was employed for the domestic modelling in this exercise. Developed as a detailed model of the Australian economy by Monash University’s Centre of Policy Studies (CoPS), the version of MMRF used for this exercise is similar to that used for previous Treasury modelling (Adams et al 2010 and Australian Government 2008, 2011). 

MMRF has been modified to cost abatement from activities covered under the Carbon Farming Initiative (CFI) based on the cost‑neutrality approach, as applied to other sources of reductions in emissions intensity in the model. 
Sector‑specific modelling

A series of sector‑specific models for electricity generation, transport, agriculture and forestry were employed to complement the CGE models. The main change from the previous modelling exercise was the integration of CSIRO modelling of fuel switching and abatement opportunities in rail, domestic water and domestic air transport. The consultants’ detailed reports will also be published on the Climate Change Authority website.
Electricity

ACIL Allen Consulting (ACIL) provided detailed modelling of the Australian electricity generation sector. Projections are provided for levels of generation (on a sent out basis), total capacity (installed), emissions, fuel use, wholesale and retail electricity prices and the profit streams of generators. The results are provided at the generator or unit level and provide insight into the transformation of the electricity generation sector. 
The modelling is highly detailed and aims to represent actual market conditions as closely as possible. The model incorporates economic relationships between individual generating plants in the system and their technical and cost profiles. A range of fuel types are incorporated, including brown coal, black coal, natural gas and renewables (including hydro, biomass, solar, wind and geothermal). Details on the modelled new entrant technology and abatement measures are included in the ACIL report.
The modelling also incorporates technologies like carbon capture and storage, and differences between natural gas technologies (such as combined‑cycle gas turbines and open‑cycle gas turbines). The ACIL model uses a 100‑point sequential representation of demand in each year to provide a realistic representation of aggregated electricity demand, capturing daily and seasonal fluctuations in energy use. 

MMRF was linked with the electricity modelling from ACIL through a series of iterations. Using electricity demand data supplied by ACIL, MMRF was calibrated to match actual final electricity demand for the period 2010‑11 to 2012‑13. For the period 2013‑14 to 2029‑30, demand for electricity was modelled in MMRF, with the ACIL modelling providing the supply‑side detail. MMRF electricity demand was provided to ACIL, together with the carbon price and commodity prices. ACIL then projected the response of the electricity sector to meet that demand. This was integrated into MMRF by calibrating the technology shares, fuel efficiency, and emissions‑intensity of fuel use, transmission losses, wholesale prices and retail prices by industry. The iteration process continued until there was broad convergence. 
Transport

The CSIRO modelled the Australian road and non‑road (domestic air, water and rail) transport sectors. 

The road transport sector was modelled using a partial‑equilibrium model of the Australian energy sector, the Energy Sector Model (ESM), with a detailed transport sector representation. This model has an economic decision‑making framework, based on the cost of alternative fuels and technologies. The model evaluates the uptake of different technologies based on cost competitiveness; practical market constraints; current excise and mandated fuel mix legislation; greenhouse gas emission limits; existing plant and transport stocks in each state; lead times in new transport modes or plant availability; and the degree of flexibility in the existing fleet. 

To capture dynamics in the non‑road transport sectors, future fuel efficiency estimates were taken from the literature and imposed on each scenario. For domestic aviation, CSIRO’s ESM was used to project the uptake of bio‑derived jet fuels in aviation. Biofuel uptake in the domestic water and rail sector was imposed directly by CSIRO. 

The transport sectors of MMRF were linked with the CSIRO modelling. Demand for individual fuels and vehicle types was determined using the ESM model. The outputs from ESM (fuel use and emissions) were then used as inputs back into MMRF. This iteration process continued until there was a broad convergence. 

Transport activity levels for passenger transport (private cars, buses, rail and air) in the central scenario was set in accordance with projections from the Bureau of Infrastructure, Transport and Regional Economics (BITRE, 2010). This input was used to determine the emissions projections in the central scenario from CSIRO. The projected output paths of these passenger sectors were allowed to deviate from the central projection in the other scenarios, due in part to the impact of different carbon prices. The projections take into account saturation effects of passenger transport demand as incomes rise, contributing to declining output growth rates in the long run. The output growth rates for road and rail freight and water transport were determined endogenously within MMRF in the central case. As an example, the demand for road freight was determined in MMRF, taking into account the projected output of industries using road freight as an input, and changes in the costs faced by the road freight sector itself.

Table A1: Inputs and outputs to and from CSIRO
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Agriculture and Land use, land‑use‑change and forestry (LULUCF) modelling

The emissions projections for the agriculture and LULUCF sector were prepared using separate models for each subsector.

International LULUCF modelling 

The Generalized Comprehensive Mitigation Assessment Process (GCOMAP) model developed by Lawrence Berkeley National Laboratory (Sathaye et al 2006; Sathaye and Chan 2008) was used to project the LULUCF emissions responding to carbon pricing for the international modelling, by taking the carbon prices projected by GTEM as an input. These LULUCF emissions projections are incorporated into GTEM and added to emissions from other sources in GTEM. Negative LULUCF emissions represent a net sink of emissions which reduces the total emissions in GTEM.
Compared to previous modelling, GCOMAP projected a larger range of the cumulative net global sink from LULUCF till 2050 for this exercise between the two global action scenarios, due to the updated historical emissions in the model, larger carbon price differences between the two scenarios and the timing difference for harmonised international carbon prices.

Domestic agriculture 

In the domestic modelling, emissions in the agriculture sector were aligned with the detailed modelling provided by the Centre for International Economics (CIE) and then calibrated to more recent data on base year emissions from the NGGI quarterly updates. The CIE’s models incorporated the same global demographic projections and similar economic profiles as in the GTEM model, and land prices, the exchange rate and production costs were sourced from MMRF. The CIE then provided estimates for domestic production for the agriculture sector, which were incorporated into the MMRF central policy scenario, where the sector faces an incentive to abate through the CFI. 

Domestic land use and land‑use‑change (LULUC) modelling
The emissions projections for deforestation, the largest component of emissions presented under the land use and land‑use change category, were modelled from estimated relationships between areas of land clearing activity and movements in the farmers’ terms of trade (FTOT). Projections of the FTOT were drawn from ABARES (2013). 

Further details on the LULUC modelling assumptions and the other component parts, including grazing land management and cropland management, can be found at the end of this appendix.

DIICCSRTE modelled the abatement expected from the agriculture, LULUCF and legacy‑waste components of the CFI. Estimates of abatement in agriculture were updated to reflect the policy parameters of the CFI and recent developments in the availability and costs of abatement opportunities. For more information on the modelling of CFI abatement, see Appendix C. 

Domestic forestry modelling
FullCAM was used for the reforestation projections to estimate emissions and removals for the projected areas. The model utilises estimates of the associated living biomass (above and below ground), debris and soil carbon for the areas of land under reforestation. Further details on the Forestry modelling assumptions and the other component parts, including forest management, can be found at the end of this appendix.

MAGICC overview

The Model for the Assessment of Greenhouse‑gas Induced Climate Change (MAGICC v6) is used to estimate the atmospheric concentrations of the emission trajectories (Wigley and Raper 1992; Raper et al 1996; Wigley and Raper 2001; and Meinshausen et al 2009). MAGICC is calibrated against more complex climate models and was used in the IPCC’s Fourth Assessment Report (IPCC 2007b). The latest version of MAGICC introduces several changes to better emulate these models.

GTEM models emissions of the main greenhouse gases including carbon dioxide, methane, nitrous oxide, sulfur hexafluoride as well as aggregated fluorocarbons (hydrofluorocarbons and perfluorocarbons). There are other greenhouse gases not modelled in GTEM but are required for MAGICC input. These greenhouse gases are taken from the representative carbon pathways RCP45 and RCP3‑PD for the medium global action and ambitious global action scenarios, respectively. Both RCP scenarios include greenhouse gas concentration targets that stabilise around 2100. The global action scenarios modelled in GTEM only project emission paths of the main greenhouse gases to 2050. Projections of the main greenhouse gas emissions beyond 2050 are based on emissions projections from the Garnaut scenarios used in previous Treasury modelling (Australian Government 2008) as well as emission trends before 2051.
The medium global action scenario is defined by a stabilised concentration of 550ppm carbon dioxide equivalent around 2100, calculated in MAGICC. The ambitious global action scenario is defined by being consistent with a stabilised concentration of 450ppm carbon dioxide equivalent in the long term beyond 2100, also calculated in MAGICC. To ensure the ambitious global action scenario is consistent with a 50 per cent chance of limiting warming to 2 degrees Celsius or less, cumulative emissions were compared against the global emission budgets from the scientific literature, namely:

· cumulative fossil carbon dioxide emissions from 2011 to 2100 not to exceed 1679 Gt CO2 (Raupach et al 2011); and
· cumulative carbon dioxide emissions from 2000 to 2049 not to exceed 1437 Gt CO2 (Meinshausen et al 2009). 

Policy and design features

International carbon price

The international carbon price was determined in largely the same manner as in previous Treasury modelling (Australian Government 2008, 2011), but with a harmonised international carbon price for 2021 and beyond. Each region achieves its 2020 pledge before transitioning to a harmonised international carbon price path (further regional action detail is outlined in Chapter 2). Global allocations in the medium global action scenario were chosen so that: advanced economies maintain a proportional effort to Australia in terms of percentage reduction from baseline emissions, with somewhat smaller percentage reductions for developing regions; and regional banking and borrowing nets out over the harmonised international carbon price period (2021 to 2050). The ambitious global action scenario made the technical modelling assumption that regions’ allocations were equal to their emissions.

Chart A1: Global allocations and emissions

Medium global action scenario
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Source: Estimates from GTEM.

Australian policy assumptions

All domestic scenarios include a number of pre‑existing Australian policy measures across a number of sectors.

Electricity policy measures

All scenarios assume pre‑existing policy measures remain in place, including the Large‑scale Renewable Energy Target (LRET), the Small‑scale Renewable Energy Scheme (SRES), the NSW and ACT Greenhouse Gas Abatement Scheme (GGAS), the voluntary market program Green Power and the Queensland Gas Scheme. The LRET and SRES targets are in line with those published on the Clean Energy Regulator website.
Transport policy measures

All scenarios assume existing transport polices remain in place. They include fuel excise (including excise equivalent customs duty) rates, the NSW Biofuels Act and the LPG Vehicle scheme.

Fuel excise rates and levies

Petrol and diesel have had a nominal dollar excise rate of 38.143 cents per litre (cpl) since indexation ceased in 2001. Heavy road vehicles are entitled to a fuel tax credit of 38.143 cpl. However, they are liable to pay a road user charge of 26.14 cpl from July 2013. The road user charge is reviewed each year.

The road excise rates that apply to alternative transport fuels were re‑designed in 2011 and, like petrol and diesel, the rates are set in nominal dollar terms. Ethanol, renewable diesel and biodiesel are liable for excise of 38.143 cpl. However, under the Ethanol Production Grants Program, grants of 38.143 cpl are provided only for domestic production of ethanol. In addition, the Energy Grants (Cleaner Fuels) Scheme provides 38.143 cpl grants for both the domestic production and import of biodiesel and renewable diesel. These arrangements will continue until at least 30 June 2021; the modelling makes the technical assumption that they remain indefinitely.

LPG and natural gas face a gradual phase‑in of excise rates based on energy content from 2011‑12. As a result, the excise component of these alternative fuels has been increasing but will remain discounted relative to conventional fuels. The phase‑in period is to 2015. Ethanol imports also attract a duty of 5 per cent. It is assumed that the level of excise remains constant in nominal terms from 2015 onwards. As a result, excise rates are assumed to decline in real terms.

Table A2: Fuel excise rates and levies
[image: image3.emf]LPG(a) Natural Gas(a) Biodiesel(b) Ethanol(b)

$ per litre $ per kilogram $ per litre $ per litre

2011-2012 0.025 0.05224 0.38143 0.38143

2012-2013

0.050 0.10448 0.38143 0.38143

2013-2014

0.075 0.15673 0.38143 0.38143

2014-2015

0.100 0.20897 0.38143 0.38143

2015-2016

0.125 0.26122 0.38143 0.38143

 

Note: (a) LPG and natural gas (CNG and LNG) rates introduced from 1 December in 2011. (b) Ethanol and biodiesel excise is in some cases offset by other grants. Under the Ethanol Production Grants Program, grants of 38.143 cpl are provided for domestic production of ethanol. The Energy Grants (Cleaner Fuels) Scheme provides 38.143 cpl grants for the domestic production and import of biodiesel and renewable diesel.

Source: Treasury and CSIRO.
International economic assumptions

World gross domestic product

World gross domestic product projections have been revised to incorporate data updates and a change to the conditional convergence methodology. Updated data sources include the World Economic Outlook (IMF 2013) and the Total Economy Database (Conference Board 2012). Methodological changes include updating the long‑term US annual productivity growth assumption to 1.7 per cent, consistent with that used by the Congressional Budget Office (Shackleton 2013); and reworking the conditional convergence framework (Au‑Yeung et al 2013), which is now based on global competitiveness index scores (World Economic Forum 2011).
Chart A2: Real gross world product
Annual growth rate, baseline scenario

[image: image4.emf]-1

0

1

2

3

4

5

6

-1

0

1

2

3

4

5

6

1980 1987 1994 2001 2008 2015 2022 2029 2036 2043 2050

Per cent

Per cent

DUMMY


Source: IMF 2013; and Treasury.

Table A3: International real GDP growth 

Average annual growth, per cent, baseline scenario
[image: image5.emf]2010-2020 2020-2050

United States 2.7 2.1

European Union (25) 1.5 1.5

China 8.0 3.1

Former Soviet Union 3.7 1.4

Japan 1.2 0.7

India 6.5 4.5

Canada 2.3 2.1

Indonesia 6.5 4.1

South Africa 3.2 2.4

Other south and east Asia 4.2 1.9

OPEC 3.6 2.1

Rest of world 4.0 2.6


Source: Treasury, IMF, OECD and Consensus.

International population

International population projections to 2050 are based on United Nations (2013), aggregated to match GTEM regions. 
Table A4: International population
GTEM regions
[image: image6.emf]2012 2020 2050 2012-2020 2020-2050

United States 318 338 401 0.8 0.6

European Union (25) 475 483 485 0.2 0.0

China 1384 1440 1393 0.5 -0.1

Former Soviet Union 282 283 267 0.1 -0.2

Japan 127 125 108 -0.2 -0.5

India 1237 1353 1620 1.1 0.6

Canada 35 38 45 1.0 0.6

Indonesia 247 269 321 1.1 0.6

South Africa 58 61 72 0.7 0.5

Other south and east Asia 435 469 536 0.9 0.4

OPEC 230 264 358 1.7 1.0

Rest of world 2087 2407 3695 1.8 1.4

Average annual growth rate

Population level (millions) (per cent)


Source: United Nations 2013.
International emissions

With the world economy projected to grow, annual greenhouse gas emissions are projected to increase by more than 80 per cent by 2050, compared to the current level. The annual rate of growth of emissions slows from now to 2050. Emissions are mostly carbon dioxide from fuel combustion and deforestation, and methane and nitrous oxide from agriculture. Other gases such as HFCs and PFCs maintain a small share of around 2 per cent of the global emissions over the simulation period. 

Table A5: Baseline emissions

	Emissions by region
	Emissions by gas and type

	

	[image: image7.emf]2012 2020 2050 2012 2020 2050

United States 6.1 7.1 8.6 Carbon dioxide 37.5 46.1 69.4

European Union (25) 4.6 5.0 5.6 Combustion 29.9 38.1 58.7

China 12.3 18.8 30.0 Fugitive/Industrial process 3.2 4.4 8.7

Former Soviet Union 2.4 2.8 3.3 Waste 0.1 0.1 0.1

Japan 1.1 1.1 1.1 LULUCF 4.3 3.6 1.9

India 2.8 3.8 9.0 Methane 7.7 10.3 12.3

Canada 0.7 0.8 1.1 Combustion 0.3 0.5 0.9

Indonesia 1.3 1.6 2.8 Fugitive/Industrial process 6.0 8.1 9.3

South Africa 0.5 0.6 0.9 Waste 1.3 1.7 2.1

Other South  Nitrous oxide 3.1 3.6 5.5

and East Asia 1.4 1.6 2.2 Combustion 2.3 2.7 4.0

OPEC 2.6 3.1 4.7 Fugitive/Industrial process 0.6 0.7 1.3

Rest of world 12.8 14.3 18.6 Waste 0.1 0.1 0.2

Other gases 1.1 1.4 1.8

World

49.2 61.4 89.0 Total 49.2 61.4 89.0

Gt CO

2

-e Gt CO

2

-e

Note: LULUCF means land use, land-use-change and forestry.
Source: Estimates from GTEM.




Table A6: Baseline emissions intensity
	Emission intensity of GDP
	Emissions per person

	[image: image8.emf]2012 2020 2050

United States 0.39 0.37 0.24

European Union (25) 0.29 0.27 0.19

Rest of Annex B 0.42 0.40 0.31

China 0.85 0.71 0.46

India 0.52 0.42 0.27

Rest of world 0.83 0.68 0.45

World Average 0.58 0.52 0.36

kg CO₂-e per GDP


	[image: image9.emf]2012 2020 2050

United States 19.1 21.1 21.4

European Union (25) 9.8 10.4 11.6

Rest of Annex B 9.5 10.7 13.0

China 8.9 13.0 21.6

India 2.3 2.8 5.5

Rest of world 6.1 6.1 5.9

World Average 7.1 8.1 9.5

t CO₂-e per person




Note: GDP is in $US 2012 using 2005 PPP weighting.

Source: Estimates from GTEM.

The emissions intensity of the world economy falls by more than 35 per cent by 2050 compared to the current level even in the absence of carbon pricing, reflecting the move towards service‑based economies as income levels rise. The emissions intensity of output varies significantly across regions, although these differences are expected to narrow over time. Nevertheless, variations in key factors, such as consumer preferences, geographical location, resource endowments and comparative advantage, mean that some differences in emissions intensity remain over time.
	Box A.1: Baseline emissions comparison
The baseline scenario projects lower population growth than in previous Treasury modelling and slower growth in gross world product. Slower growth in world production implies slower overall growth in fuel combustion and production of other emissions‑intensive goods and services. Emissions from the two major emissions‑intensive sectors (electricity and transport) are significantly lower, contributing to a lower level of world emissions than projected in previous Treasury modelling.

Chart A3: Global emissions projections
[image: image10.emf]0

20

40

60

80

100

120

0

20

40

60

80

100

120

2007 2013 2019 2025 2031 2037 2043 2049

Gt CO

₂

-e Gt CO

₂

-e

ALPF SGLP Current


Source: Estimates from GTEM. All emissions are indexed to 2007 historical levels. ALPF and SGLP refer to Australia’s low pollution future and Strong growth, low pollution (Australian Government 2008, 2011).


Technological development

Electricity technology assumptions

Carbon capture and storage
Carbon capture and storage (CCS) technology in GTEM, combined with coal and gas electricity generation, is assumed to be unavailable on a commercial scale until after 2020. To allow for gains in cost competitiveness compared to other technologies, the scale of its commercial uptake is assumed to depend on the level of the carbon price in place at the time. The threshold carbon price for uptake is assumed to be $32 for coal CCS and $35 for gas CCS technology (in $US 2012), reflecting the costs of transporting and storing the captured emissions. In GTEM, the capture efficiency is assumed to be 90 per cent of produced emissions. 
Nuclear

Nuclear power is assumed to continue to be available in regions where it is currently deployed, but not elsewhere. Nuclear power is assumed to remain unavailable in Australia.

Marginal abatement cost curves

Carbon pricing provides an incentive for industries to reduce the emission intensity of their production. A common way to represent and model this reduction, especially when the models do not allow for substitution between intermediate inputs of production, is with marginal abatement cost (MAC) curves.

In the current modelling, MAC curves have the functional form:
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where:

Λ is an emissions factor relative to the reference year;

( is the carbon price;

min Λ is the minimum emissions factor possible; and

α and γ sets the extent of adjustment of emission intensity in response to a carbon price with higher values providing larger changes. α is set to 0.03 unless otherwise noted.

The parameters γ and min Λ are chosen for each industry based on sector‑specific information on technology and production possibilities. The MAC curves are non‑linear and results can be sensitive to the solution methods used by the models. 

The MAC curve parameters used in GTEM were chosen to fit global data from the Energy Modelling Forum (EMF‑21) data set by Weyant and Chesnaye (2006). The MAC curves in GTEM are applied only to fugitive and industrial process emissions, that is, only to emissions that are not the consequence of fuel combustion.

Table A7: GTEM fugitive and industrial process emission MAC curve parameters

[image: image12.emf]α γ α γ α γ min Λ

Coal -           -           0.03-0.07 0.90         -           -           0.02-0.1

Oil  0.03         0.60         0.03           0.75         -           -           0.01-0.1

Gas 0.03         0.60         0.03           0.80         -           -           0.02-0.1

Petroleum and coal products 0.03         0.60         -            -           -           -           0.02-0.1

Non-ferrous metals 0.05         0.99         -            -           -           -           0.01-0.1

Chemicals, rubber and plastic -           -           -            -           0.09         0.99         0.02-0.1

Non-metallic minerals 0.03         0.60         -            -           -           -           0.01-0.1

Crops -           -           0.03           0.50         -           -           0.00-0.1

Livestock -           -           0.03           0.60         0.03         0.60         0.02-0.1

Fertiliser use -           -           -            -           0.03         0.45         0.3             

Waste(a) -           -           0.05           0.70         -           -           0.1             

CO₂ CH₄ N₂O


Note: (a) Waste MAC curves apply only to USA, EU‑25, China and the Former Soviet Union.

Source: Treasury; and Weyant and Chesnaye (2006).

Table A8: Change in non‑combustion emissions‑intensity in GTEM, 2010 to 2050
Average annual growth, per cent
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United States -1.4 -0.2 -0.8 -0.8 0.0 0.0

European Union (25) 0.0 0.0 -0.8 -0.5 -0.6 0.0

China -0.7 -0.3 -0.8 -0.3 -1.3 -3.6

Former Soviet Union -1.0 -0.2 -0.8 -1.3 -2.8 -1.0

Japan 0.0 -0.2 -0.8 -0.5 -1.6 -5.1

India -3.5 -0.3 -0.8 -0.3 -1.5 -4.6

Canada 0.0 -0.2 -1.1 -2.0 0.0 0.0

Indonesia -0.7 0.0 -0.8 -0.8 0.0 0.0

South Africa -3.5 -0.2 -0.8 -0.4 -1.6 -4.8

Other south and east Asia -1.0 -0.2 -0.8 -0.5 -1.9 -5.1

OPEC -3.5 -0.2 -0.8 -0.4 -1.7 -4.6

Rest of world -3.8 -0.2 -0.8 -0.3 -0.2 -3.6


Note: Negative numbers denote improvements in emissions intensity. 

Source: Treasury; DCC 2008; and Weyant and Chesnaye 2006.

The version of GTEM used in this exercise uses a cost-neutrality methodology to cost marginal abatement of non‑combustion and N2O combustion emissions. This methodology involves the same mechanism for improvements in emissions intensity as previous Treasury modelling; however, while pricing carbon involves additional production costs, firms respond to carbon liabilities by undertaking investment in abatement at the margin equivalent to the carbon price.
Commodity price assumptions

Terms of trade

The modelling uses the same medium‑term path for the terms of trade as the 2013‑14 Budget and has not been adjusted for changes in the outlook presented in the Pre‑Election Economic and Fiscal Outlook published in August 2013. This incorporates a projected decline of around 20 per cent over a 15‑year period. The terms of trade are then assumed to continue declining until 2029‑30.
Chart A4: Australia’s terms of trade
Central policy scenario
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Source: ABS, 2013‑14 Budget and Treasury estimates.

Energy commodity prices

Prices for oil and gas are based on projections from the International Energy Agency (IEA). Since previous modelling, the IEA has increased the projected growth rate and level of oil and gas prices out to 2030, reflecting rapidly increasing demand and the rising cost of extraction from marginal resources. Coal prices to 2022 are based on Treasury projections, after which they are held constant in real terms. For thermal coal, prices are based on information from individual companies, private sector forecasters, futures markets, ABARES and other industry sources, in addition to Treasury analysis of bulk commodity prices. 

Fuel costs for Australian electricity generation

The detailed modelling by ACIL employs similar assumptions about the fuel costs generators face. Once existing contracts expire for black coal (non‑mine mouth), world prices influence new contracts. Brown coal and mine mouth black coal prices are not affected by world energy price movements. ACIL’s estimates of domestic gas prices are consistent with international assumptions: Western Australian gas prices reflect the domestic equivalent of the international price of gas, excluding export costs such as liquefaction; while east coast gas prices converge to this level by around 2020.

Australian economic assumptions

National population, employment and GDP growth are projected in a manner consistent with the 2013‑14 Budget and the 2010 Intergenerational Report (Australian Government 2010). Gross state product is a function of assumptions about the distribution of population, based on shares projected by the ABS, and industry across states. 

Table A9: Australian employment, productivity and GDP

Average annual growth, per cent, central policy scenario
[image: image15.emf]Decade Employment  Labour productivity  Real GDP 

growth growth growth

2010s 1.5 1.5 3.0

2020s 1.3 1.6 2.8


Source: Treasury and ABS.

Table A10: State population and gross state product
Average annual growth, per cent, central policy scenario
[image: image16.emf]Population GSP Population GSP

NSW 1.3 2.5 1.2 2.9

VIC 1.6 2.5 1.4 3.0

QLD 2.2 3.5 2.0 3.1

SA 1.1 1.9 1.1 1.5

WA 2.2 4.9 1.9 2.7

TAS 0.8 1.3 0.7 2.2

NT 1.7 3.2 1.6 3.0

ACT 1.3 2.5 1.2 2.8

2010s 2020s


Source: Treasury and ABS.

Chart A5: Australian population
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Source: Treasury projections.

Labour‑augmenting technical change at an industry level is initially based on historical estimates, converging over time to an assumed aggregate growth rate of 1.6 per cent per year. Initial growth rates are estimated from the national accounts. They remove the effect of capital deepening on output by adjusting multifactor productivity estimates by industry‑level labour income shares. 

Chart A6: Industry labour‑augmenting technical change

Average annual growth, 1982 to 2012
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Source: Treasury and ABS.

The modelling uses a more detailed set of assumptions for the agricultural sector. Technical change for each disaggregated sector is based on CIE (2013) and ABARES (2011).

Chart A7: Agriculture, forestry and fishing labour‑augmenting technical change

Average annual growth, central policy scenario
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Source: Treasury, CIE and ABARES.

Economy‑wide energy efficiency

The MMRF model incorporates an Autonomous Energy Efficiency Improvement (AEEI) parameter, which specifies the rate of annual energy efficiency improvement but not its source. In the long run, the AEEI parameter is assumed to be 0.5 per cent per year. The parameter is higher in the near term, averaging 0.8 per cent per year to 2025, to reflect a range of policies from the Australian and State Governments that drive improvements in energy efficiency.

Sector‑specific assumptions

Electricity technology assumptions

Electricity generation sector assumptions are particularly important as the sector is a significant source of Australia’s emissions. The electricity sector modelling focuses on the main inputs into technology development in the electricity sector: capital costs, thermal efficiency, and learning rates. ACIL capital costs tend to decline over time reflecting technological progress.

Table A11: ACIL technology cost and performance assumptions
[image: image20.emf]Capital cost Capital cost de-escalator

Thermal 

efficiency

2011-12 2012-30 2011-12

A$/kWh  % HHV

installed (a) per cent pa (b) sent out (c)

Black coal options

Supercritical coal 2,974 0.27 41.9

Supercritical with CCS (post-combustion capture) 4,559 1.23 31.4

Supercritical with CCS (oxyfuel) 4,274 1.19 32.5

IGCC with CCS (d) 4,984 1.38 28.9

Brown coal options

Supercritical coal 3,451 -0.40 32.3

Supercritical with CCS (post-combustion capture) 5,902 1.23 20.8

IGCC with CCS 5,083 1.38 25.5

Natural gas options

CCGT (e) 1,100 -0.75 49.5

OCGT (f) 800 -0.69 32.0

CCGT with CCS 2,495 1.11 43.1

Renewable options

Wind 2,300 1.01

Solar PV 2,700 3.07

Concentrated Solar Thermal (without storage) 4,526 4.10

Geothermal - HSA (g) 6,300 -0.54

Geothermal - Hot Rocks 9,646 -0.52


Note: (a) 2011‑12 Australian dollars (b) The de‑escalator assumptions reflect factors such as foreign exchange rates and commodity prices provided to ACIL by Treasury. They also reflect variable AETA capital cost de‑escalators. (c) High Heating Value. (d) Integrated Gasification Combined Cycle with Carbon Capture and Storage (CCS). (e) Combine‑Cycle Gas Turbine. (f) Open Cycle Gas Turbine (OCGT). (g) Hot Sedimentary Aquifer.
Source: ACIL.
Exogenous assumptions and constraints in the ACIL model include:

· constraints on new power plant entry in the near term, especially where planning has not started, to allow sufficient time for planning and construction;
· limits on the rate of growth in deploying and totally developing renewable energy capacity, reflecting resource availability, and engineering and technical constraints; and
· limits on the availability of carbon capture and storage technology.

Carbon capture and storage 

ACIL’s and GTEM’s approach to modelling CCS differ, reflecting the level of detail in the models and the inherent uncertainty surrounding the technology. The timing of CCS technology deployment depends on current and expected future electricity demand, carbon prices, capital costs, the running costs of CCS technologies and of competing low‑emissions technologies. ACIL has assumed CO2 storage and transport costs of between $15/t CO​2 and $30/t CO​2, depending on the plant location. 

Australian transport

The assumption in CSIRO’s transport modelling is that vehicle internal combustion engine fuel efficiency will improve by 25 per cent for petrol vehicles and 15 per cent for diesel vehicles by 2030. This will occur independently of changes to vehicle drivetrains, such that overall fuel efficiency improvements after vehicle electrification and/or hybridisation is adopted will be greater. The adoption of alternative drivetrains is endogenously determined within the model based on cost minimisation.

Table A12: CSIRO fuel efficiency improvements by decade
Average light vehicle fuel efficiency, annual growth, per cent
[image: image21.emf]Scenario

2010s 2020s 2030s 2040s

No carbon price 1.5 1.7 1.3 0.6

Central policy 1.6 1.8 2.0 0.6

High price 1.7 1.9 2.7 0.6

Low price 1.7 1.4 1.5 0.8


Note: Improvements inclusive of uptake of alternative vehicle drivetrains.

Source: CSIRO.

Marginal abatement cost curves

In the current modelling, MMRF adopts the same functional form of the marginal cost curves as that used in the GTEM model (see equation 1 in the Technological development section).
These marginal cost curves represent opportunities, in the long term, for cost‑effective abatement, but take‑up of these opportunities takes time. There is a gradual dynamic adjustment of emissions factors towards the potential MAC curve. This gradual adjustment mechanism accounts for the time required for a firm to transform its production process towards less emissions‑intensive technologies. In MMRF, this is represented by:
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where:
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(t is the potential emissions factor given the carbon price in year t which is defined earlier in equation (1); and

β is the speed of adjustment parameter. 

A higher β parameter represents a faster speed of adjustment towards the potential emissions factor. The speed of adjustment parameter β is set to 0.3 in most years. This means that the emissions factor changes each year to close 30 per cent of the gap with the potential emissions factor. This parameter is lower in the earlier years of carbon pricing, reflecting an assumption of slower adjustment during this initial period.

The MAC curves for fugitive and industrial process emissions used in MMRF were constructed using a combination of the EMF‑21 data set by Weyant and Chesnaye (2006), as well as drawing on previous consultations with McLennan Magasanik Associates and information provided by industry stakeholders. This process yielded a set of MAC curves tailored to Australian industries.  MAC curves were not applied to fuel combustion emissions for the current report.
Table A13: MMRF fugitive/industrial process emission MAC curve parameters
[image: image25.emf]Sector γ minΛ

Coal 0.70 0.1

Oil 0.55 0.1

Gas 0.63 0.1

Non-Ferrous Ore Mining 0.50 0.1

Paper Products 0.50 0.1

Refinery 0.55 0.1

Chemicals 0.90 0.1

Non-Metal Construction 0.50 0.1

Cement 0.89 0.1

Steel 0.70 0.1

Aluminium 0.70 0.1

Other Manufacturing 0.70 0.1

Gas Supply 0.64 0.1

Trade 0.99 0.1

Accomodation and Hotels 0.99 0.1

Road Transport: Passenger 0.99 0.1

Private Transport 0.99 0.1

Private Electricity 0.99 0.1


Source: Treasury; Weyant and Chesnaye (2006); MMA SKM; and information provided by industry.

Land use, land use change and forestry assumptions

There is no long‑term economic modelling of emissions from Australian land use and land use change in MMRF. Emissions from this sector are exogenously imposed in the models using DIICCSRTE’s FullCAM model. Further details on the FullCAM Model can be found on the DIICCSRTE website: http://www.climatechange.gov.au/climate‑change/greenhouse‑gas‑ measurement‑and‑reporting/tracking‑australias‑greenhouse‑gas‑emissions/land‑sector‑reporting.
Forestry

The Full Carbon Accounting Model (FullCAM) was used to estimate emissions and removals from the associated living biomass (above and below ground), debris and soil carbon for the projected areas of land under reforestation. Further details on the forestry subsectors are outlined below.

Afforestation/Reforestation

The supply of forest products grown in Australia responds to a range of demand factors including global economic growth, the international price of harvested wood products and the value of the Australian dollar as well as shifts in demand patterns, especially between Japan and China. Other factors influencing an ongoing decline in conditions for wood products production include:

•
decline in structural timber demand;

•
decline in demand for paper;

•
increased production of paper, paperboard, plantation woodchips and pulp in developing countries; and

•
paper recycling.

In the face of weakened demand for forest products grown in Australia the proposed base assumption for the 2013 reforestation projections is that wood supply in these forests remains at the current or near the current level. Over the coming decade an upward shift in wood availability is likely due to the age class of the forest, however, it is expected that supplies will be managed by changing the timing of harvest strategies.

This assumption was implemented in the model by maintaining the area of hardwood and softwood plantations at a constant level throughout the projections period. Establishment of new hardwood and softwood plantations as well as environmental plantings continues throughout the projection, with the new areas of hardwood and softwood plantings designed to replace areas of the estate that are not replanted. This assumption reflects the effect of plantations shifting out of unsuccessful or sub‑optimal regions into new regions. Emissions due to the non‑replanting of forests are reported in the deforestation projections. 
Forest Management

Methods have been developed in the national inventory for the following sub‑categories:

•
Multiple‑Use Forests — public native forests managed for multiple uses that include timber production;

•
Plantations — plantations established prior to 1990; 

•
Private harvest native forests — privately owned forests that have been harvested since 1990;

•
Other native forests; and

•
Fuel wood consumed.

Sequestration from commercial forests, environmental plantings and managed native forests is dependent on the area of the forest estate, the contribution of forest growth in each year and the rate of harvesting. In all cases, projections rely on estimates of the amount of carbon sequestered in biomass, which differ by tree species and different climatic and geographical conditions.

Harvesting in multiple‑use forests, private native forests and plantations is the key driver of human induced emissions and removals in these forests. Over recent years harvesting in the native forest sector has reached historically low levels. This decline has been associated with changes in supply factors such as from increasing supply from plantations (particularly those established after 1990). Demand factors such as the international price of harvested wood products, the value of the Australian dollar and shifts in demand patterns, especially between Japan and China, have also contributed to the decline in harvesting. The assumption for this projection is that harvesting in these forests remains at current levels. Given the large number of factors that influence harvest rates, this is an assumption that will need to be carefully reviewed over time as new information on demand and supply factors emerges. 
Land use and land use change

The Full Carbon Accounting Model (FullCAM) was used to estimate emissions and removals from the associated living biomass (above and below ground), debris and soil carbon for the projected areas of cleared land.

Deforestation 

Land use emissions for Australia are from clearing regrowth as part of agricultural management, as well as clearing new land and are modelled based on land clearing activity in response to movement in the farmer’s terms of trade.

Cropland Management and Grazing land Management

Under the Kyoto Protocol rules, accounting for cropland management and grazing land management requires a comparison of net emissions/removals in 1990 against net emissions/removals in the commitment period. Cropland management and grazing land management will make a contribution towards meeting Australia’s second commitment period target if, during the commitment period, net emissions are lower or net removals are higher than they were in the 1990 base year. 

The estimates of net emissions from these activities provided here are based on activity data collated from ABS statistics, which provide data on changes in agricultural management practices since 1990. 

The area of cropland under minimum tillage practice increased from 9 per cent of the total area in 1990 to 74 per cent in 2010 with a modest positive impact on soil carbon stocks. No additional change in practice is assumed after 2010. As a result, cropland management estimates are the result of the ongoing effect of management changes made between 1990 and 2010. 

ABS statistics publications also provide evidence of changes in agricultural management practices since 1990 that impact net emissions from grazing lands. For example, there has been an increase in the area of improved pasture due to fertilizer since the mid‑1980s. The impact of this on grazing land soil carbon stocks during the second commitment period is expected to be approximately equal to the abatement in the 1990 base year. Under the Kyoto Protocol accounting rules, net emissions from fires and changes in the area of woody vegetation are likely to be included in the accounting for the grazing land management activity. Annual activity data is collected for these sources from the inventory’s remote sensing program. 
Estimated abatement from these activities is projected to be modest given current policies and existing methods. New empirical data sources are expected to emerge for these activities over time. The methodologies and models necessary to fully implement these new activities in the national inventory system will be refined in future as this new scientific evidence becomes available. 
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