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Abstract 

Energy production is vital to the Australian economy, but the carbon tax policy introduced in 

July 2012 has triggered substantial fear in the energy sectors. By employing a computable 

general equilibrium (CGE) model and an environmentally-extended Social Accounting Matrix 

(SAM), this paper simulates the effects of the Australian carbon tax on the energy sectors. The 

modelling results show that all energy sectors will be affected negatively but to different degrees. 

The brown coal sector will be hit most with a 25.74% decrease in output, a 52.94% decrease in 

employment and an 89.37% decrease in capital price. The coal-fired electricity generators will 

reduce their output by 8.57% (for black-coal) and 18.54% (for brown-coal). On the other hand, 

generators using oil, gas or renewable resources, will increase their output significantly. The 

energy sectors will contribute predominantly to emission reduction but they will have to bear the 

most of the total carbon tax burden. 
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1.  Introduction 

Australia has large resources of both renewable and non-renewable energy. Its resources of 

uranium account for 47% of total world deposits while its coal resources make up 10% of the 

world total. A large proportion of its coal resources is high-quality bituminous coals, 

characterised by a low sulphur and low ash content. It also has significant and widely distributed 

wind, solar, geothermal, hydroelectricity, ocean energy, and bio-energy resources. Thanks to its 

abundant and diverse energy resource deposits, Australia plays an important role in energy 

production. It is the world’s ninth largest energy producer, accounting for around 2.4% of total 

world energy production. According to the Department of Resources, Energy and Tourism (2011), 

Australia produced 17,769 petajoules of energy in 2008-09, of which coal accounted for 54%. 

Australian energy production also contributes substantially to its economic development. 

According to ABS (2010), in 2008-09 energy related industries contributed A$86.9 billion gross 

value-added to the economy (7.6% of the Australian total), attracted A$32.8 billion fixed capital 

formation (9.0% of the Australian total), and employed 103 thousand workers (about 1% of total 

employment). Australian energy exports account for 34% of its total commodity exports. 

However, the government’s proposal to introduce a carbon tax in Australia from July 1
st
 2012 

has triggered substantial fear in the energy sectors. The Minerals Council of Australia claimed 

that ‘The Australian mining industry will pay in the order of A$25 billion in carbon taxes up to 

2020” (ABC 2011). The coal industry may go bankrupt and electricity prices are expected to 

skyrocket. These worries are understandable. Given the close link between energy goods and 

carbon emissions (e.g. the high emission intensity of coal), a carbon tax will increase the 



2 
 

production costs substantially. On one hand, the increased production cost will reduce profit 

margin and thus discourage investment. On the other hand, when the higher production cost is 

transferred to higher output price, it will lead to reduced demand for energy commodities, which 

will have negative impact on output and employment in the energy sectors. To gauge the degree 

to which the energy sectors will be affected, macroeconomic modelling is required to quantify 

the effect of the carbon tax policy. 

The Australian Treasury has undertaken comprehensive modelling to support the carbon tax 

policy. A suite of different models has been employed, including two CGE models, one input-

output model and a number of micro models for the electricity and road transport sectors (section 

2 will provide more details about the Treasury modelling). However, Australians are sceptical 

about the Treasury modelling results. One reason is that the results from this modelling depend 

on a number of parameters and assumptions used (as with all models), with which not all would 

agree. For example, the Minerals Council of Australia strongly criticises the ‘heroic’ assumption 

in the simulation that there will be a global carbon price and international emissions trading in 

place by 2016. The other reason is that, given the fact that so many models are used, the results 

will depend on the degree of integration and compatibility of the different models. Given the 

intricacy and complexity of the modelling, these are not easy to articulate and evaluate. 

In this paper we adopt a different approach. To single out the effects of a carbon tax, we 

constructed a single-country, comparatively static, CGE model. An environmentally-extended 

micro Social Accounting Matrices (SAM) is also developed. Based on the simulation results, this 

paper endeavours to uncover the implications of a carbon tax policy for the energy sectors. 

The balance of the paper is organised as follows. Section 2 reviews previous studies on the effect 

of a carbon pricing policy using CGE modelling. Section 3 describes the model structure and 

database for the simulations. Section 4 presents and discusses the simulation results with special 

reference to the energy sectors. The final section summarises the results and provides some 

comments. 

2. Previous studies 

The effect of a carbon tax is a well-researched topic internationally. Notable research includes 

Beausejour et al. (1992), Hamilton and Cameron (1994), Zhang (1998), Labandeira et al. (2004), 

Wissema and Dellink (2007), and Devrajan et al. (2011). Due to the space limitations, we review 

studies with an Australian context.  

As early as in 1993, McDougall at the Centre of Policy Studies simulated the effects of a carbon 

tax using an enhanced ORANI model incorporating a detailed representation of the Australian 

energy sector. McDougall (1993a) considered the short-run effects of a carbon tax of $25 per 

tonne of carbon dioxide which was designed to achieve the Toronto target of a 20 per cent 

reduction in carbon dioxide emissions below the 1988 level by 2005. Following Adams and 

Dixon (1992), he included seven fossil fuels in the model, namely, black coal, brown coal 

(lignite), brown coal (briquettes), liquefied petroleum gas, natural gas, petroleum and coal 

products, and gas. The database is an enhanced ORANI database including 1986-1987 I-O tables 

by the ABS and energy use and emission data from ABARE. The model is very rigid in that it 

did not allow flexibility in fuel mix or energy use in production. A very restrictive short-run 
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closure is employed, in which many variables such as the capital stock, money wage rate, 

exchange rate, and aggregate domestic absorption in real terms (e.g. household consumption, 

government spending and investment) are assumed fixed (exogenous). The results show that the 

carbon tax raised output prices, especially for energy-intensive commodities, which results in a 

loss of competitiveness in trade-exposed industries. GDP fell by 0.9 per cent and employment 

fell by 1.2 per cent and the real wage rose by 1.9 per cent. Some sectors are badly affected by the 

carbon tax, with metal production contracting by 6.5 per cent, mining by 5.8 per cent, and 

electricity, gas and water by 3.4 per cent. To reduce the negative effect of the carbon tax and 

maintain the employment level unchanged, a lower wage policy is suggested for the government.  

McDougall (1993b) used an ORANI-E model to compare the effect of a carbon tax, an energy 

tax and fuel tax. The database is similar to that for McDougall (1993a), but electricity was 

disaggregated into six types according to the electricity generation technology used. The model 

structure had changed substantially to allow substitution between energy inputs, between capital 

and composite energy, and among electricity generation technologies. The rates of three taxes –

tax on carbon emissions, tax on fossil fuel and tax on petroleum products are chosen so that the 

revenue collected from each tax is equivalent to 0.5 per cent of base case GDP.  Based on the 

simulation results, it is concluded that, while a carbon tax would be the theoretically ideal 

instrument for carbon dioxide abatement, an energy tax applying to all fossil fuels would also be 

reasonably effective. However, a tax on petroleum products is much less effective in cutting 

greenhouse gases and considerably more costly than either an energy or carbon tax.  

Based on the Monash Multi-Regional Forecasting (MMRF) model, The Centre of Policy Studies 

developed the MMRF-Green model to address the carbon emissions issue in Australia. Although 

MMRF-Green is mainly employed in analysing carbon emissions trading (e.g. Allen consulting 

group, 2000; Adams, 2007), it is used in the Treasury modelling on carbon taxes, so we briefly 

discuss it here.  MMRF-Green is a dynamic, single country, multi-regional model. There are 52 

industry sectors, 56 commodities, and eight States (or 57 sub-States). Each State has a single 

representative household and a regional government. There is also a federal government. Not to 

change the CGE core substantially, the substitution effect between energy inputs, between 

electricity generations, and between transports are realized through the different size of various 

input saving technological changes for each commodity. This is a clever alternative expression of 

substitution effect, but it is only workable in a dynamic model and in the long run. In a static 

simulation when technology is assumed unchanged, all these substitution effects will disappear.  

There are five emission activities. Four of them cover emissions from combustion of black coal, 

brown coal, natural gas and petroleum products and the other one covers the emissions from 

fugitive and non-combustion agricultural sources. The emission data were obtained from the 

National Greenhouse Gas Inventory (NGGI) summary report by the Australian federal 

government.  

The global trade and environment model (GTEM) developed by ABARE was also used in the 

Treasury modelling. GTEM is a dynamic multi-country model, derived from the MEGABARE 

model and the static Global Trade Analysis Project (GTAP) model. The GTEM uses different 

production functions for electricity, and iron and steel industries. For these two sectors, the 

output is produced from an intermediate input bundle and a technology bundle using a Leontief 

function. The intermediate input bundle is a Leontief combination of different kinds of goods, 

each of which is a CES combination of domestic good and imported good and the latter in turn is 
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a CES combination of imports from different regions. The technology bundle is formed by 

different kinds of technology using a CRESH (constant ratio of elasticities of substitution, 

homothetic) function and each technology uses different technology inputs in fixed proportion 

(Leontief function). The CRESH function is similar to a CES function but it allows different 

elasticities of substitution between pairs of inputs. For other industries, the producer output is a 

Leontief combination of the intermediate input bundle and the energy factor bundle. The former 

is a three-layer CES combination of different goods while the latter is a CES combination of the 

primary factor bundle and energy bundle. The primary factor bundle includes capital, labour, 

land and natural resources, and the energy bundle includes coal gas, petroleum products and 

electricity. Both bundles are formed by CES functions. The data in GTEM are mainly from the 

GTAP database, but data on carbon emissions from fossil fuel combustion are sourced from the 

International Energy Agency (IEA) and data on non-combustion emissions is compiled from the 

United Nations Framework Convention on Climate Change’s (UNFCCC) national inventory 

figures for individual countries, or estimated by ABARE.  

To accompany the proposed carbon tax in Australia, the Treasury conducted large-scale carbon 

price modelling. The Treasury modelling is very ambitious and complex. It consists of a number 

of models. The GTEM is employed to provide the international economic and emissions context 

for modelling of the Australian economy. The MMRF is used to project the national, regional 

and sectoral impact of carbon taxes. With the world carbon price paths being set, the model for 

the assessment of greenhouse-gas-induced climate change (MAGICC) is used to estimate the 

greenhouse gas atmospheric concentration levels. The ROAM model by ROAM Consulting and 

the SKM MMA model by the Sinclair Knight Merz group are used to provide detailed bottom-up 

information of the Australian electricity generation sector. The Energy sector model (ESM) by 

the Commonwealth Scientific and Industrial Research Organisation (CSIRO) is used to model 

the road transport sector. The price revenue incidence simulation model and distribution model 

(PRISMOD.DIST) are used to examine the distributional implication of carbon pricing for 

households. The modelling framework and results are included in the Treasury report: Strong 

growth, low pollution – modelling a carbon price (The Treasury, 2011). Overall, the Treasury 

modelling results with two starting carbon prices in 2012-13(A$20 and A$30) are very positive: 

the economy continues to grow strongly and carbon emissions are reduced substantially. It is 

projected that, without a carbon tax, Australian GNI per person by 2050 is around 60 per cent 

higher and emissions are 74 per cent higher than today; with a carbon price, the GNI per person 

is at least 56 per cent higher and the emissions fall by 80 per cent. In the core policy scenario 

(starting carbon price in 2012-13 at A$20), around 1.6 million jobs are projected to be created to 

2020 and a further 4.4 million to 2050; average weekly household expenditure will be higher by 

around $9.90 in 2012-13, of which electricity accounts for around $3.30 and gas around $1.50. 

However, the Treasury modelling may have limitations. One is that, since so many models are 

used, the accuracy of results is subject to the degree of integration among the models and the 

way they are integrated.  

While the GTEM results provide an international setting for the MMRF, the feedback effects of 

an Australian carbon tax on the world economy is absent in the modelling.  In the integration of 

MMRF with SKM MMA and ROAM, the iteration process provides a good way to achieve 

consistent results on the supply of, and demand for, electricity generation and road transport, but 

the price setting is crucial in the integration and it should be endogenously determined by a CGE 

model (e.g. through MMRF here). In the report, there is no clear description of price setting in 
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the iteration process, but reading between the lines gives us the impression that the electricity 

prices are determined by the partial equilibrium models SKM MMA and ROAM. Another 

limitation is that, there are numerous assumptions used in the simulation, the change of key 

assumptions may alter the simulation results substantially. While the dynamic nature of MMRF 

demands numerous assumptions about the growth trend of the future economy, a micro model 

(e.g. ESM, SKM MMA and ROAM) needs very specific assumptions. As acknowledged in the 

Treasury report (The Treasury, 2011), a large number of assumptions are made about global 

carbon prices, productivity and technological changes, energy efficiency and options, and 

household taste changes. Although various sources are used, the assumptions based on the 

projection into the future 10 to 38 years can only be speculative. Consequently, they are subject 

to large revisions in the future and so are the modelling results. 

Using a dynamic partial equilibrium model of the power system – NEMESYS, Simshauser and 

Doan (2009) assess the adverse economic impact of an all-auction approach to emissions trading 

on the electricity generators. It is claimed that once CO2 prices exceed $17.50 per tonne, the 

marginal coal generator will withhold generating capacity to raise prices and recoup stranded 

investment, thus becoming a ‘wounded bull’. This would result in an intermediate-run 300 per 

cent increase in wholesale power prices. 

3. Model Structure and database 

Because the purpose of this study is to assess the effect of a carbon tax policy, instead of 

forecasting the performance of the whole economy over time under the tax, the model developed 

for this study is a static CGE model, based on ORANI-G (Horridge, 2000). The comparative 

static nature of ORANI-G helps to single out the effect of carbon tax policies while keeping 

other factors being equal. The model employs standard neoclassical economic assumptions: a 

perfectly competitive economy with constant returns to scale, cost minimisation for industries 

and utility maximisation for households, and continuous market clearance. In addition, zero 

profit conditions are assumed for all industries because of perfect competition in the economy.  

The Australian economy is represented by 35 sectors which produce 35 goods and services, one 

representative investor, ten household groups, one government and nine occupation groups. The 

final demand includes household, investment, government and exports. With the exception of the 

production function, we have adopted the functions used in the multi-households version of 

ORANI-G.  

Overall, the production function is a five-layer nested Leontief-CES function. As in the ORANI 

model, the top level is a Leontief function describing the demand for intermediate inputs and 

composite primary factors and the remainder are various CES functions at lower levels. However, 

the treatment with energy inputs, especially the electricity, is very different from the ORANI 

model.  

Energy inputs are treated the same as other intermediate inputs in the ORANI model. They are 

treated differently in this model because most of them are emission intensive and thus essential 

to a model concerning the impact of a carbon tax. We argue that energy efficiency is positively 

related to the investment on energy-saving devices, e.g. well-insulated housing uses less energy 

for air-conditioning. So we assume that there are limited substitution effects between energy 
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goods and capital. We also assume that the size of substitution effect depends on the cost and the 

availability of energy-saving technology, which is reflected in the value of the substitution 

elasticity. Specifically, at the bottom level, CES functions are used to combine black coal and 

brown coal to form composite coal, oil and gas to form composite oil&gas, automobile petrol, 

kerosene, LPG and other petrol to form composite petroleum. At the second level, composite 

coal, oil&gas, petroleum and commercial electricity are combined by a CES function to form 

composite energy. At the third level, a CES function is used to combine composite energy and 

capital to form capital-energy composition. At the fourth level, a CES function is used to 

combine capital-energy composition, labour and land to form the primary factor. At the fifth 

level (top level), the primary factor, electricity generation and general intermediate inputs are 

combined by a Leontief function to create sectoral output. Similar treatment of energy inputs has 

been used by many researchers such as Burniaux et al. (1992), Zhang (1998), Ahammad and Mi 

(2005), and Devarajan et al. (2009). 

The electricity industry is extremely important for the modelling because it accounts for a bulk 

of total emission in the economy. There is only one sector – electricity supply – in ORANI 

model as well as in the Australian input-output tables. This sector is disaggregated to six sectors 

in this study: black-coal electricity, brown-coal electricity, oil electricity, gas electricity, 

renewable electricity, and commercial electricity. The first five sectors are five types of the 

electricity generation sectors named according to the energy sources used, namely black coal, 

brown coal, oil, gas and renewable resources. The last sector is the electricity distributor. Since it 

is assumed that the electricity distributor purchases electricity from various electricity generators 

at wholesale prices and sells to final users, it is named ‘commercial electricity’ because it is the 

only commercially available electricity for users. Since the commercial electricity is widely used 

by almost all sectors, it is treated as a component of composite energy. Different types of 

electricity generation are the intermediate inputs for electricity distributor, so they should be put 

alongside the intermediate inputs. Once generated, the electricity commodity is homogeneous, so 

there must be a large substitution effect among five types of electricity generation. Hence we use 

a CES function to form a composite electricity generation which is in a position alongside the 

intermediate inputs, instead of putting each type of electricity generation in the top level of 

Leontief function as Adams et al. (2000) did. In this approach, we allow the electricity 

generation to shift from high carbon-emission generators (e.g. brown coal electricity) to low 

carbon-emission generators (e.g. gas and renewable electricity). 

Carbon emissions in the model are treated as proportional to the energy inputs used and/or to the 

level of activity. Based on the carbon emissions accounting results published by the Department 

of Climate Change and Energy Efficiency, we treat carbon emissions in three different ways. 

First, the stationary fuel combustion emissions are tied with inputs (the amount of fuel used). 

Based on the emissions data, the input emission intensity (the amount of emissions per dollar of 

inputs) is calculated as a coefficient, and then the model computes stationary emissions by 

multiplying the amount of input used by the emission intensity. Second, the industry activity 

emissions are tied with the output of the industry. The output emission intensity coefficient is 

also pre-calculated from the emission matrix and it is multiplied by the industry output to obtain 

the activity emissions of the industry. Third, the activity emissions by the household sector are 

tied to the total consumption of the household sector. The total consumption emissions are 

obtained by the amount of household consumption times the consumption emission intensity 
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coefficient pre-calculated from the emission matrix. All three types of emission intensities are 

assumed fixed in the model to reflect unchanged technology and household preferences.  

The functions for final demands are similar to those in the ORANI model (Dixon et al., 1982). 

For example, the investment demand is a nested Leontief-CES function, the household demand 

function is a nested LES-CES function. Export demand is dependent on the price of domestic 

goods, and government demand follows household consumption. However, unlike the 

assumption of exogenous either total or supernumerary household consumption in ORANI-G, we 

assume that total consumption is proportional to total income for each household group.  

The main data used for the modelling include input-output data, carbon emission data, and 

various behaviour parameters. The input-output data used in this study are from Australian Input-

output Tables 2004-2005, published by ABS (2008). There are 109 sectors (and commodities) in 

the original I-O tables. For the purpose of this study, we disaggregate the energy sectors and 

aggregate other sectors to form 35 sectors (and commodities). Utilizing the household 

expenditure survey data by ABS (2006), the household income and consumption data were 

disaggregated to 10 household groups according to income level, and labour supply was 

disaggregated to 9 occupation groups. 

The carbon emissions data are based on the greenhouse gas emission inventory 2005 published 

by the Department of Climate Change and Energy Efficiency. There are two kinds of emissions: 

energy emissions and other emissions. The former is mainly stationary energy emissions 

(emissions from fuel combustion), for which the Australian Greenhouse Emissions Information 

System provided emission data by sector and by fuel type. We map these data into the 35 sectors 

(and commodities) in our study. Based on this emission matrix and the absorption (input demand) 

matrix for industries, we can calculate the emission intensities by industry and by commodity – 

input emission intensities. The other emissions – the total emissions minus the stationary 

emissions – are treated as activity emissions and they are assumed to be directly related to the 

level of output in each industry.  Based on the total output for each industry in the MAKE matrix 

of the I-O tables, we can calculate the output emission intensities. We assume the activity 

emissions by household are proportional to household consumption and, using the data on 

household consumption by commodity in I-O table, we can calculate the consumption emission 

intensities.  

Most of the behavioural parameters in the model are adopted from ORANI-G, e.g. the 

Armington elasticities, the primary factor substitution elasticity, export demand elasticity, and 

the elasticity between different types of labour. The changed or new elasticities include the 

household expenditure elasticity, the substitution elasticities between different electricity 

generations, between different energy inputs and between composite energy and capital. Since 

we included in the model 10 household groups and 35 commodities, we need the expenditure 

elasticities for each household group and for each of the commodities.  Cornwell and Creedy 

(1997) estimated Australian household demand elasticities by 30 household groups and 14 

commodities. We adopted these estimates and mapping into the classification in our model. Due 

to the aggregation and disaggregation as well as the change of household consumption budget 

share, we found the share weighted average elasticity (Engel aggregation) was not unity. 

However, the Engel aggregation must be satisfied in a CGE model in order to obtain consistent 
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simulation results. We adjusted (standardised) the elasticity values to satisfy the Engel 

aggregation. 

As stated earlier, the substitution effect between different electricity generations is assumed 

perfect, so we assign a large value of 50 to their substitution elasticity. The substitution effects 

among energy inputs and between composite energy and capital are considered very small, so 

small elasticity values between 0.1 and 0.6 are commonly used in the literature. In our model, we 

assume the cost of energy-saving investment is very high given the current technology situation 

and thus there is a very limited substitution effect between capital and composite energy. 

Consequently, we assign a value of 0.1 for this substitution elasticity. There are two levels of 

substitution among energy goods in our model. At the bottom level, the energy inputs have a 

relatively high similarity, so we assign a value of 0.5 for substitution between black and brown 

coal, between oil and gas and between various types of petroleum. At the top level, we assume 

the substitution effect between various types of composite energy inputs is very small, and assign 

a value of 0.1.  

4. Simulation Analysis 

The purpose of this study is to gauge the impact of an Australian carbon tax policy on the energy 

industry, so the level of carbon tax is chosen to reflect the proposed government policy, namely, 

$23 per tonne of carbon dioxide emissions with the exemption of agriculture, road transport, and 

household sectors. However, the government compensation plan is quite complicated. There are 

various levels of compensation to a number of industries, such as manufacturing and exporting. 

For households, the government has proposed reform of tax thresholds and various family tax 

benefits like clean energy advance, clean energy supplement and single income family 

supplement. Not to complicate the study, we only impose a simple compensation for households: 

all carbon tax revenue is transferred in lump sum to the six poorest household deciles.  

This study simulates and compares two scenarios: carbon tax only and carbon tax plus 

compensation. The study is mainly concerned with the short run effects, so a short-run 

macroeconomic closure is assumed, e.g. fixed real wages and capital stocks, free movement of 

labour but immobile capital between sectors, and government expenditure to follow household 

consumption. The exchange rate is set as endogenous to reflect the flexible exchange regime in 

Australia. In doing so, the other numerarie – CPI – has to be set as exogenous. Since the focus of 

this paper is on the energy sectors, the results on other sectors are aggregated and listed as a 

comparison. Unless specified, all projections reported in this paper are shown in terms of 

percentage changes. 

4.1 Macroeconomic environment and commodity markets 

To start with, we consider the macroeconomic results, as shown in Table 1. The modelling 

results show that under both scenarios, carbon tax only and carbon tax plus household 

compensation, carbon emission cuts are significant, but the economy will slow down mildly.  

The first panel in Table 1 shows the changes in carbon emission under two scenarios. The results 

show that $23 per tonne carbon tax is quite effective – it reduces carbon emission by 70.364 

megatonnes, or 11.986% of emission base. With compensation to households, the emission cuts 
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are less than in the carbon-tax-only scenario. Understandably, the lump sum money transfer to 

households would encourage consumption of all kinds of goods, including the emission-intensive 

goods. As a result, the carbon emission will be greater compared with the no-compensation 

scenario. However, the difference between the two scenarios is fairly small – 0.101 megatonnes, 

or 0.017% of emission base. The small difference may indicate that the household consumption 

pattern changes under a carbon tax – households will consume less emission-intensive goods and 

more of other goods, motivated by the price hike of emission intensive goods. 

The second panel shows the changes in price level. Since CPI is unchanged under the flexible 

exchange rate assumption, the GDP price index (GDP deflator) acts as the indicator of the price 

level of the economy. The simulation results show that the price increases only slight (0.01% in 

scenario A and 0.03% in scenario B), but this is not the whole story because, under the flexible 

exchange rate regime, the upward pressure on price level is also reflected in the more expensive 

Australian dollar – the exchange rate (local currency / foreign currency) decreases by 0.688% in 

scenario A. With the 0.01% increase in GDP price index and 0.688% appreciation of Australian 

currency, the Australian dollar is overall inflated by 0.01+0.688=0.698% (-0.698% real 

devaluation). Given the unchanged world price, the appreciation of the Singapore dollar makes 

imports cheaper to Australians. In the meantime, it discourages export demand (because of the 

higher prices faced by foreigners) and this leads to a decrease in export prices denominated in 

local currency. Since the decrease in price of exports is less than that of imports, Singapore’s 

terms of trade improves by 0.267%.  

The third panel displays the changes in GDP and its component on the expenditure side. The 

decrease in real GDP is expected. On the supply side, a carbon tax increases the production cost 

and thus discourages commodity supply; on the demand side, the rise in commodity prices 

resulting from a carbon tax depresses consumption. In the scenario B, the real GDP reduced less 

because the compensation policy stimulates household consumption which will induce higher 

equilibrium output than in scenario A. The nominal GDP decreases in both scenarios, but at 

slightly smaller degrees compared with real GDP. This is because of the marginal increase in 

GDP deflator. Household consumption decreases in scenario A due to the lower income resulting 

from the scaling back of production in the economy, but it increases significantly in scenario B, 

apparently due to the increase in household income thanks to the governmental lump sum 

compensation. The decrease in exports and increase in imports are the immediate effects of 

appreciation of Australian dollars. The greater changes in imports and exports in scenario B than 

in scenario A are consistent with the further appreciation of Australian dollars under the 

household compensation package. 

The last panel shows the changes in aggregate payments to factors and in aggregate employment. 

The payments to capital decrease considerably under both scenarios. The decrease may stem 

from the fact that the decrease in demand for capital presses down the capital rental price. The 

improved aggregate payments to capital in scenario B are consistent with the improved GDP and 

household consumption in this scenario. The aggregate payments to labour decrease significantly 

in scenario A but improved slightly in scenario B. This result is consistent with the negative 

results in GDP in both case and the smaller GDP change in scenario B. The aggregate 

employment changes at the same pace as the aggregate payments to labour. This is because of 

the fixed wages assumption in the simulation: the real wage is assumed unchanged in the short 

term and the nominal wage is fully indexed with CPI, which is fixed under the flexible exchange 
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rate regime. The aggregate payments to land decrease less than the aggregate payments to 

capital. This is easy to comprehend because land is mainly used by agricultural sector, which is 

less affected by the carbon tax, thanks to the exemption made by the government. 

Table 1 Macroeconomic environment 

Description 

(A) 
Carbon tax only  
($23 per tonne) 

(B) 
Plus compensation to households 
(Lump sum to six poorer deciles) 

Change in total carbon emission * -70363.6 -70262.9 

Percentage change in total carbon emission  -11.986 -11.969 

GDP deflator 0.01 0.031 

Exchange rate -0.688 -1.25 

Real devaluation -0.698 -1.28 

Terms of trade 0.267 0.528 

Nominal GDP  -0.563 -0.462 

Real GDP  -0.573 -0.493 

Real household consumption -0.156 0.962 

Real exports -2.542 -4.985 

Real Imports 0.137 0.797 

Aggregate payments to capital -4.495 -4.365 

Aggregate payments to labour -0.842 -0.826 

Aggregate payments to land -1.882 -2.836 

Aggregate employment: wage bill weights -0.842 -0.826 
      *Nominal change: kilotonne. 

The equilibrium outputs and prices of energy commodities are shown in Table 2. The outputs of 

most commodities are negatively affected by the carbon tax. The reasoning is as follows: a 

carbon tax will increase the cost of energy production and thus the firms will produce less. As 

the firms cut production, the total income in the economy will decrease. This will lead to reduced 

final demands (e.g household consumption, government spending and investment demand). The 

contraction of both supply and demand sides necessitates reduced equilibrium output. 

Interestingly, the output decrease for brown coal is significantly large – a reduction of more than 

26%. This is not only because of the high activity emission in brown coal production, but also 

because of the dramatically reduced demand for brown coal due to its very high emission 

intensity. This is confirmed by the large (more than 18%) decrease in brown-coal electricity 

output. The same reasoning is applicable to other energy resources. The decrease in the output of 

oil and gas is much smaller due to their relatively low emission intensity. Although electricity 

distribution is assumed as emission free, it contracts more than 7%, mainly due to its rising cost 

of purchasing electricity from generators. 

However, some energy sectors benefit from the carbon tax policy. For example, the output 

increases in sectors like the other petroleum & coal products, oil electricity, gas electricity, and 

renewable electricity. The slight increase (0.012%) in the other petroleum & coal products may 

be attributed to its decreased variable cost, which will be discussed in the sectoral profiles 

section. The significant output increase in low emission electricity generation sectors can be 

explained by the substitution effect: as the high emission electricity shrinks, through the 
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substitution effect the low emission electricity (oil electricity and gas electricity) and zero 

emission electricity (renewable electricity) have to increase output to meet the demand. 

Comparing the output changes in scenario A with those in scenario B, we find that the situations 

in scenario B improve (either decrease less or increase more) for most commodities. This is 

consistent with the expansionary nature of household compensation policy in scenario B: 

government money transfer to households will lead to an increase in household consumption. 

The output change for black coal, oil and gas in scenario B is against the trend. This unusual 

behaviour can be explained by foreign demand. Since these commodities are export-oriented, 

foreign demand is a decisive factor influencing their equilibrium output. The household 

compensation package would lead to higher prices in scenario B. However, the CPI is fixed 

under the flexible exchange rate setting, so most pressure of price increase is transferred to a 

significant appreciation of the Australian dollar. The more expensive Australian dollar in 

scenario B makes exports less attractive and thus presses down the foreign demand for black coal, 

oil and gas. 

Table 2 Equilibrium output and prices of energy commodities 

Commodities 
output Prices 

(A)  
Carbon tax only  

(B) Tax plus 
compensation  

(A)  
Carbon tax only  

(B) Tax plus 
compensation  

Black coal -0.803 -0.904 -0.789 -1.337 

Brown coal -26.53 -26.456 -14.614 -14.724 

Oil -0.119 -0.152 -0.551 -1.062 

Gas -0.456 -0.488 -0.922 -1.439 

Automotive petrol -0.026 0.661 0.289 0.506 

Kerosene -0.63 -0.503 0.972 0.476 

LPG -0.923 -0.74 0.195 -0.217 

Other petrol-coal  0.012 0.081 0.511 -0.004 

Black-coal electricity -8.572 -8.481 91.08 91.139 

Brown-coal electricity  -18.549 -18.449 91.481 91.539 

Oil electricity 7.245 7.327 90.435 90.494 

Gas electricity 3.373 3.458 90.574 90.633 

Renewable electricity 11.807 11.813 90.277 90.338 

Electricity distribution -7.232 -7.145 24.351 24.534 

Gas distribution -0.997 -0.903 -6.375 -5.232 

Next, we turn to the equilibrium prices. Apparently, prices increase for a few commodities such 

as petroleum & coal refining products, electricity generation, and electricity distribution, while 

the prices of the other commodities in Table 2 drop significantly. There are two reasons for price 

hike – cost-push inflation and demand-full inflation. A carbon tax is likely to cause an increase 

in production cost and thus induce cost-push inflation. This is apparently the reason for the 

increase in prices of automotive petrol, kerosene, LPG, black-coal electricity and brown-coal 

electricity – the decrease in their equilibrium outputs indicates a decrease in demand for them, 

which will not cause inflation, but instead will cause deflation (the opposite of demand-pull 

inflation). For the other petroleum-coal products, oil electricity, gas electricity, renewable 



12 
 

electricity and electricity distribution, the increases in demand indicated by the increases in 

equilibrium outputs suggest a demand-pull inflation. So their price rises could be the synergetic 

effect of both demand-pull and cost-push inflations.  

While all the electricity prices increase remarkably, the change in the prices of electricity 

generation is much higher (over 90%) than that of retailer electricity price (around 25%). This 

disparity is understandable because the electricity bought by the distributor from generators 

accounts for only less than half of its total cost. In other words, the bulk of the cost to the 

electricity distributor is not directly affected by a carbon tax. The fact that the wholesale prices 

are very close is underpinned by reality and thus the assumptions in the model. Since electricities 

are homogeneous commodities, they are perfectly substitutable. In a perfectly competitive 

market, the whole sale price should be the same. However, due to the capacity constraint of low 

cost generators, the distributor has to purchase electricity from high cost generators at higher 

price. To reflect this reality in the model, a large value of substitution elasticity is assigned to 

electricities from different type of generators, which results in similar but different electricity 

generation prices. 

The decrease in prices of other goods (black coal, brown coal, oil, gas, and gas distribution) is 

accompanied by decrease in equilibrium output. This suggests that the price effect of demand 

decrease (the opposite of demand-pull inflation) outweighs the price effect of increase in 

production cost (cost-push inflation). The significant price decrease of gas distribution is a stark 

contrast with the price hike of electricity distribution. This highlights the fact that the production 

cost increase is much smaller in gas distribution than in electricity distribution. The large 

decrease in the price of brown coal is consistent with the large reduction in equilibrium output. 

Finally, we compare the results in scenarios A and B to uncover the price effect of the household 

compensation package. It reveals that, for automotive petrol, gas distribution, and all electricity 

commodities, the price level is higher (either increases more or decreases less) in scenario B than 

in scenario A. This is well explained by the expansionary effect of the household compensation 

policy. However, for the other commodities, the price level in scenario B is lower. This result 

indicates that these commodities are more exposed to international trade. The household 

compensation package leads to further appreciation of the Australian dollar, which makes 

exports more expensive and imports cheaper.  As a result, there would be a further decrease in 

foreign demand for exports and a further increase in Australian household demand for imports. 

Both could lead to lower prices of trade-sensitive goods in scenario B. 

4.2 Sectoral profiles 

In this section we display the changes in the energy industry under a carbon tax through sectoral 

output, employment, variable and capital costs, emission abatement and carbon tax burden. To 

compare the energy industry with the other industries, non-energy sectors are aggregated and 

shown in the last row of each table.  

Table 3 illustrates the sectoral output and employment.  Comparing with outputs in Table 2, we 

find that the sectoral output for each electricity generator changes by the same percentage as the 

correspondent commodity output. This is not surprising because each specific type of electricity 

is generated solely by its corresponding generator. The output of electricity distributor differs 

from the output of electricity distribution commodity in Table 2 because, besides the electricity 
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distributor, another sector – gas distributor – also provides electricity to final users. The output 

changes for the other energy and non-energy sectors are also different from but similar to the 

corresponding changes in market output. In the same reasoning as for gas distributor, this is 

explained by the multi-production nature of these sectors: although these sectors produce 

corresponding main products, they may also produce some by-products. Comparing with 

scenario A, we find that most of sectors have improved their performance in scenario B thanks to 

the household compensation package. The further decreased output in scenario B for some 

sectors (e.g. black coal, oil, and gas sectors), as stated previously, is explained by the export-

oriented nature of these sectors and the further decreased foreign demand. 

The output change of the brown coal sector is substantial – more than 25% decrease in both 

scenarios. This indicates that the brown coal industry is under enormous pressure in the wake of 

a carbon price. Although it will not go broke in the short run, it may phase out overtime. 

Similarly, the around 18.5% decrease in output in brown-coal electricity sector signals its 

tenuous situation under a carbon tax. The stress on black-coal electricity and electricity 

distributor is also substantial – about an 8% decrease in their output. On the other hand, there is a 

significant increase in output in sectors like the other petroleum-coal manufacturing and the low 

emission electricity generations using oil, gas and renewable energy. These sectors are the 

beneficiaries of a carbon tax policy. The impact of a carbon price on non-energy sectors is 

negative but very mild – the changes in output are very small.  

The changes in employment are shown in the last panel of Table 3. The results show the same 

sign as the changes in output and, generally speaking, the magnitude of change is much larger. 

The bigger change in employment may be related to the short-run assumptions used in 

simulations. The constant return to scale assumption indicates that the output level changes at the 

same pace as the changes in all inputs. However, the capital is assumed fixed in the short run, so 

the labour input have to change at larger extent than the output does. For kerosene, brown-coal 

electricity, and black-coal electricity, the decrease in employment is smaller than that in output. 

This can be explained by the substitution effect. We assume in the model limited substitution 

between energy inputs and primary factors. In the face of high purchasing price (base price plus 

carbon tax on stationary emission of purchasing sector) of energy inputs, some sectors may cut 

the use of energy inputs more and use higher proportion of primary factors. Since the capital is 

unable to change in the short run, this means the proportion of labour used will be higher, which 

leads to less decrease in employment in some sectors. The employment is improved in scenario 

B compared with scenario A, with exceptions of three sectors – kerosene, brown-coal electricity, 

and black-coal electricity. This pattern is consistent with the behaviour of output in scenario B. 

The unemployment pressure is especially high in the brown coal sector and the electricity 

distribution sector. While the output of the brown coal sector decreases by about 25%, the 

employment decrease in this sector is more than 52%. Similarly, the electricity distribution 

sector would experience about 18% decrease in employment. These results may indicate that, 

compared with other sectors, these sectors are relatively labour-intensive. The results remind us 

that the carbon tax may have significant implications on employment and thus the government 

should be prepared to cope with the large amount of unemployment in sectors like brown coal 

and electricity distribution.  
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Table 3 Sectoral output and employment  

Commodities 
output Employment 

(A)  
Carbon tax only  

(B) Tax plus 
compensation  

(A)  
Carbon tax only  

(B) Tax plus 
compensation  

Black coal -0.764 -0.847 -2.843 -3.215 

Brown coal -25.744 -25.656 -52.941 -52.895 

Oil -0.107 -0.136 -0.926 -1.234 

Gas -0.402 -0.415 -2.734 -2.987 

Automotive petrol -0.029 0.652 -0.049 0.761 

Kerosene -0.643 -0.512 -0.528 -0.511 

LPG -0.925 -0.74 -1.031 -0.939 

Other petrol-coal  0.646 0.822 0.833 0.854 

Black-coal electricity -8.572 -8.481 -3.711 -3.545 

Brown-coal electricity  -18.549 -18.449 -8.274 -8.154 

Oil electricity 7.245 7.327 22.864 23.087 

Gas electricity 3.373 3.458 24.5 24.726 

Renewable electricity 11.807 11.813 67.151 67.193 

Electricity distribution -7.297 -7.211 -18.024 -17.821 

Gas distribution -0.72 -0.625 -9.6 -8.418 

The other sectors -0.582 -0.59 -0.771 -0.754 

The variable cost and capital cost by sector are displayed in Table 4. In reality, the change in cost 

may result from changes both in input prices and in the amount of inputs used. Since the latter 

will change the base of comparison, we list in Table 4 the former – the changes in (aggregate) 

the prices of variable input and capital input.  

The variable cost consists of the cost of intermediate inputs and the cost of labour. The cost of 

labour should change by the same amount across sectors due to the assumption that labour is 

perfectly mobile among sectors. Thus the difference in variable cost changes among sectors is 

largely due to variation in change in intermediate input cost. Naturally, the carbon tax has a 

remarkable contribution to the increase in purchasing price (including carbon tax on stationary 

emission of purchasing sector) of energy goods such as coal, oil and gas. This explains why the 

variable cost increases substantially in many sectors such as brown coal, gas, kerosene, LPG, 

brown-coal electricity, black-coal electricity, oil electricity and gas electricity – the increase in 

variable cost in these sectors is largely in line with the emission intensity of their energy inputs. 

Although the renewable electricity and electricity distribution are assumed emission free, their 

variable costs also increase by about 19% and 52% respectively. This is apparently the ripple 

effect of rising prices of energy goods in the wake of a carbon tax. For example, the remarkable 

increase in the variable cost for the electricity distributor is largely due to the substantial increase 

in the wholesale prices of electricity.  

With the exception of the other petroleum-coal manufacturing, the rest of the energy sectors are 

experiencing significant but mild increase in variable cost thanks to the low stationary emission 

in these sectors. The variable cost in non-energy sectors increases only marginally, which is also 
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underpinned by its small stationary emission. The variable cost of other petroleum-coal 

manufacturing decreases slightly. This looks unusual but is comprehendible, considering the 

very small stationary emission in this sector and the significant decrease in base price of coal, oil 

and gas (see Table 2) in the face of a carbon tax. Comparing scenario A and scenario B, we find 

that the variable cost reduces slightly for most sectors in scenario B. This is underpinned by the 

flexible exchange rate regime setting. As the inflation pressure caused by the household 

compensation package is largely reflected in the appreciation of Australian dollars, imports 

become much cheaper and the industries will use more imported intermediate goods for their 

production and thus drive the variable cost down. The marginal increase in variable cost in 

sectors like renewable electricity, electricity distribution, and gas distribution, is explained by the 

fact that these industries use little of imported intermediate commodities. 

Table 4 Variable cost and capital cost by sector 

Commodities 
Variable cost Capital cost 

(A)  
Carbon tax only  

(B) Tax plus 
compensation  

(A)  
Carbon tax only  

(B) Tax plus 
compensation  

Black coal 0.499 0.173 -7.458 -8.229 

Brown coal 8.441 8.175 -89.374 -89.332 

Oil 1.834 1.627 -2.055 -2.672 

Gas 31 30.184 -7.611 -8.101 

Automotive petrol 0.941 -2.802 -0.155 6.922 

Kerosene 10.385 6.764 -6.056 -4.998 

LPG 9.886 6.043 -9.05 -7.492 

Other petrol-coal  -1.03 -2.387 6.917 8.574 

Black-coal electricity 148.278 147.921 -58.824 -58.411 

Brown-coal electricity  495.003 493.825 -86.501 -86.316 

Oil electricity 87.754 86.881 91.99 93.438 

Gas electricity 161.051 158.683 60.9 62.363 

Renewable electricity 18.822 18.83 191.178 191.355 

Electricity distribution 52.05 52.099 -52.652 -52.232 

Gas distribution 1.327 1.41 -18.668 -16.487 

The other sectors 0.019 -0.025 -3.047 -2.897 

The direction of changes in capital cost is consistent with changes in the sectoral output. The 

change in demand for capital is in line with changes in demand for output for each sector. Given 

the fact that the amount of capital for sector is fixed in the short run, the change in demand for 

capital is fully transferred to change in capital price. So the change in capital cost will be in line 

with changes in sectoral output. This also explains why the capital cost decreases for most 

sectors in scenario B and why it increases significantly further for black coal, oil, and gas sectors, 

compared with scenario A. It worth mentioning that capital costs (indicated by capital rental 

prices) are the core component of profitability (the profitability is measured by the rate of return 

on capital, which is calculated as capital rental price divided by the price of capital formation). 

Given the insignificant change in price level (indicated by 0.01% change in GDP deflator), the 

price of capital formation will change very little. Therefore, the changes in capital costs should 

be very close to the changes in profitability. The substantial decreases in capital cost in sectors 
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like brown coal, black-coal electricity, and brown-coal electricity, help to offset their high 

variable cost and thus contributes to their survival under a carbon tax. In other words, the capital 

owners of these sectors have to sacrifice large amounts of profit under a carbon tax. The 

divergence of capital rental price among sectors, and thus the divergence of the rate of return to 

capital, will trigger the capital movement among sectors in the long run. As capital moves from 

high emission and low return sectors like brown coal, black-coal electricity, and brown-coal 

electricity, to low (or zero) emission and high return sectors, the high emission sectors will be 

phased out in the long run. 

The change in emission and carbon tax burden by sector is shown in Table 5. Noticeably, the 

numbers for the renewable electricity sector and the electricity distributor are zero because their 

emission base is zero (negligible). The main impression is that the emission reductions in the 

black-coal electricity and brown-coal electricity sectors are enormous – 35.2 megatonnes for 

black-coal electricity and 15.9 megatonnes for brown-coal electricity. These large reductions are 

consistent with their existing large stationary emission base. Interestingly, although the emission 

intensity of brown coal is much larger than that of black coal, the emission reduction of brown-

coal electricity is less than half of that for black-coal electricity. This is underlined by the fact 

black coal electricity accounts for about 42.2% of total electricity in Australia while brown-coal 

electricity accounts for about 15.2% (AEMO, 2011).  

Table 5 Sectoral emission change and carbon tax burden* 

Commodities 
Emission reduction Carbon tax burden 

(A)  
Carbon tax only  

(B) Tax plus 
compensation  

(A)  
Carbon tax only  

(B) Tax plus 
compensation  

Black coal -147.415 -159.95 373.511 373.176 

Brown coal -2358.19 -2348.08 172.738 172.974 

Oil -70.666 -71.808 87.036 87.008 

Gas -220.601 -221.19 259.489 259.456 

Automotive petrol -417.986 -405.522 63.528 63.762 

Kerosene -411.841 -411.501 27.118 27.117 

LPG -204.594 -204.175 13.589 13.592 

Other petrol-coal  -67.084 -67.005 7.023 7.012 

Black-coal electricity -35209.9 -35086 1866.163 1869.254 

Brown-coal electricity  -15892.2 -15850.3 1060.742 1062.159 

Oil electricity 11.503 11.627 43.263 43.264 

Gas electricity 84.736 102.444 332.630 332.880 

Renewable electricity 0 0 0 0 

Electricity distribution 0 0 0 0 

Gas distribution -16.678 -14.559 66.082 66.124 

All energy sectors -54920.8 -54726 4372.912 4377.778 

The other sectors -15375.5 -15856.1 1727.726 1728.497 
      *Nominal change: kilotonnes for carbon emission cuts or Australian dollars (million) for carbon tax. 

The next biggest contributor to emission reduction is the brown coal sector (with 2.3 megatonnes 

emission reduction). Most of the other energy sectors contribute significantly to the carbon 
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emission reduction, but with much smaller magnitude. Although the carbon emission in most 

energy sectors decreases in the face of a carbon tax, it increases in oil electricity and gas 

electricity sectors. The against-trend rise in emission in these two sectors is explained by the 

remarkable increase in output of gas electricity and oil electricity sectors resulting from the 

substitution effect. The combined emission reduction for all energy sectors is about 4.5 times as 

much as the non-energy sectors. Comparing with the results in scenario A, we find that most 

energy sectors emit more in scenario B with the exception of black coal, oil and gas sectors. This 

is consistent with the behaviour of sectoral outputs. The emission reduction in the non-energy 

sectors is higher in scenario B than in scenario A. This may be because the big emitters under the 

non-energy sector umbrella, such as agriculture and mining, produce less output in the face of a 

more expensive Australian dollar in scenario B.   

The last panel shows the carbon tax burden. Black coal-electricity and brown-coal electricity 

sectors bear the highest carbon tax burden, with A$1.87 billion and A$1.06 billion carbon tax 

payment respectively. The second tier include black coal, brown coal, automotive petrol and gas 

electricity, which pay a carbon tax in the order of A$172 million to A$373 million. Since the 

carbon tax rate is the same for each sector, the carbon tax burden is proportional to the amount of 

emission remaining. That is to say that the black-coal electricity and brown-coal electricity 

sectors are still responsible for substantial amounts of the carbon emission in the wake of a 

carbon tax. In comparing the burden on energy industry and non-energy industry, the carbon tax 

paid by the energy sectors (A$4373 million) are substantially more than that paid by the other 

sectors combined (A$1728 million). However, this does not mean that the emissions by the 

energy sectors are much more than those of the non-energy sectors because the road transport 

and agricultural sectors are exempted from the carbon tax. Consistent with the fact the total 

emission reduction in both scenarios has little difference, the carbon tax burden in scenario B is 

very similar to that in scenario A. This indicates that the household compensation package has 

little effect on emission reduction and on carbon tax burden. 

4.3 Sensitivity tests 

            In the implementation of the model, a number of behavioural parameters are used. Some 

of them are based on estimations by econometricians and others are assigned values based on 

economic knowledge and assumptions.  It may not be valid to claim that all parameter values 

used in the model reflect reality. Thus, sensitivity testing is necessary for the behavioural 

parameter values used. 

The sensitivity tests show that the values for all elasticities are not sensitive, or only 

slightly sensitive, except for that between energy and capital and that for composite energy. 

These have displayed moderate sensitivity (the test results are available upon request). The 

insensitivity or marginally sensitive results among energy goods in each sub-class (e.g. different 

types of coal, oil, or petrol) may result from only small differences in their emission intensity for 

members in the same group. The moderate sensitivity of the elasticities between energy and 

capital, and among composite energy, indicates that when a higher value is used for these 

elasticities, the emission reductions are deeper and the decreases in real GDP are smaller. This 

makes sense in that a higher elasticity value means it is easier for industries to substitute inputs 

of high emission intensity for those of low emission intensity, or to substitute energy with capital 

(energy-saving devices). Since we use a very small value of 0.1 for these elasticities, our 
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modelling results are relatively conservative. With advances of new technology facilitating these 

two substitutions, more effective and efficient results can be achieved.   

5  Conclusions 

Using a CGE model with an environmentally-extended micro SAM we simulated the effect of 

the carbon tax in Australia. The simulation results show that a carbon tax of $23 per tonne can 

cut carbon emission effectively by 70.3 megatonnes or 12% of the emission base. The impact on 

the macro economy is mild but significant. Under the tax only scenario, it will cause a 0.57% 

decrease in real GDP, a 0.16% decrease in real household consumption and a 0.84% decrease in 

employment. The over price level indicated by GDP deflator increases by 0.01% while the 

Australian dollar appreciates by 0.69%. Under the carbon tax plus household compensation 

scenario, real GDP, household consumption and terms of trade improved significantly, but the 

price level (indicated by both GDP deflator and exchange rate) increases further and the 

employment deteriorates slightly.  

The impact of the carbon tax policy on the energy sectors is negative but varies to different 

degrees. The brown coal sector is to be hit most, with a 25.74% decrease in output, a 52.94% 

decrease in employment and an 89.37% decrease in capital price. The impact on the electricity 

sectors is tremendous. It affects the emission-intensive generators (coal-fired generators) and the 

electricity distributor negatively but benefits the electricity generators with low or zero emission 

intensity (generators using oil, gas or renewable resources). The generators using brown coal are 

to be hit hard, with an 18.55% decrease in output, an 8.27% decrease in employment and an 

86.50% decrease in capital price. The black-coal electricity generator is affected significantly, 

with an 8.57% decrease in output, a 3.71% decrease in employment and a 58.82% decrease in 

capital price. The output impacts on the electricity distributor are similar to that on the black-coal 

electricity generator, but the employment impact on the electricity distributor is huge (a decrease 

of 18%). On the other hand, generators using oil, gas or renewable resources welcome the carbon 

tax. The renewable electricity is the biggest winner, with 11.81% increase in output, 67.15% 

increase in employment and 191.18% increase in capital price. For generators using oil or gas, 

the improvement is mild in terms of output (7.25% and 3.37%), substantial in terms of 

employment (22.86% and 24.50%) and dramatic in terms of capital price (91.99% and 60.90%). 

The impact on the other sectors (energy and non-energy) is significant but relatively milder 

according to all three criteria (output, employment and capital price). Most sectors will benefit 

from the household compensation package with the exception of three sectors – black coal, oil 

and gas, which are contracting further due to the significant decrease in foreign demand resulting 

from the much higher Australian dollars when households are compensated. Energy sectors will 

contribute predominantly to emission reduction, with black-coal electricity, brown-coal 

electricity and brown coal sectors contributing most. The energy sectors are also the major bearer 

of carbon tax burden. Coal-fired electricity generators will pay collectively more than A$2 

billion carbon tax. 

The limitations of the study largely lie in the underlying features of the model. Since our model 

is a single country model, we could not deal with the changing situation in the rest of world, e.g. 

globally agreed emission reduction targets. To overcome this limitation, it is necessary to 

develop a multi-country model, or place this model as a sub-model of a multi-country model, or 
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link the current model with a multi-country model like GTAP. However, one should bear in 

mind that, as the model gets complicated or a number of models are used together, the 

complexity may increase, causing an inefficiency or even inaccuracy in modelling results.   
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