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1 Introduction 

The Independent Pricing and Regulatory Tribunal (IPART) is responsible for 

regulating electricity prices for small retail customers in NSW. The current 

determination on these electricity prices will expire on 30 June 2013. The 

Minister for Resources and Energy has asked IPART to review and determine 

the regulated electricity retail prices and charges that will apply for small retail 

customers in NSW from 1 July 2013 to 30 June 2016 (the Determination). 

1.1 Frontier Economics’ engagement 

Frontier Economics has been engaged by IPART to provide advice related to the 

Determination in two related areas: 

 Frontier Economics has been engaged to provide advice on a set of key cost 

and technical input assumptions that are used in modelling wholesale 

electricity costs. These assumptions include capital costs and operating costs 

of generation plant, fuel costs faced by generation plant, and other technical 

aspects of generation including operating characteristics. Frontier Economics 

has engaged Metalytics – a related company – to provide expert advice in 

relation to coal prices. 

 Frontier Economics has been engaged to develop forecasts of the regulated 

load profile of each of the three Standard Retailers in NSW and to model the 

energy purchase cost for each of these three Standard Retailers. The energy 

purchase cost is to be modelled using two approaches: a long run marginal 

cost of generation and a market-based energy purchase cost. 

1.2 This draft report 

This draft report sets out our advice to IPART on the key cost and technical 

input assumptions that are used in modelling wholesale energy costs. Our advice 

to IPART on forecasts of regulated load profiles and energy purchase costs are 

set out in a separate draft report.1 

This draft report is structured as follows: 

 Section 2 provides an overview of this report 

 Part A considers power station capital and operating costs 

 Part B considers power station technical characteristics 

                                                

1  Frontier Economics, Energy purchase costs, A draft report prepared for IPART, April 2013. (Frontier’s 

Energy Purchase Cost Draft Report) 
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 Part C considers the costs of coal for power stations 

 Part D considers the costs of gas for power stations. 

In addition to this Draft Report, and Frontier’s Energy Purchase Cost Draft 

Report, we have also produced two spreadsheets. One spreadsheet sets out a 

summary of our input assumptions (Frontier’s Draft Input Assumptions 

Spreadsheet) and is available on IPART’s website. A second spreadsheet 

provides details of half-hourly load and price forecasts, and contract positions 

resulting from our modelling (Frontier’s Draft Modelling Results 

Spreadsheet) and is available from IPART on request. 
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2 Overview of this report 

This section provides an overview of this report, including a summary of the 

input assumptions that are covered in this report, a discussion of how this report 

relates to various AEMO reports dealing with input assumptions for use in 

energy market modelling, and a brief overview of how the input assumptions are 

used as part of our broader advice to IPART. 

2.1 How the input assumptions in this report are 

used 

The input assumptions that are set out in this report are used in our modelling 

for IPART of the energy purchase cost for each of the three Standard Retailers in 

NSW. As discussed in Section 1.1, the energy purchase cost is to be modelled 

using two approaches: a long run marginal cost (LRMC) of generation and a 

market-based energy purchase cost. 

Consistent with the approach used in previous Determinations, we estimate the 

LRMC of generation to serve the Standard Retailers’ regulated load using a stand-

alone LRMC approach (which assumes that there is no existing plant to meet the 

regulated load). Under this approach, the load used to estimate LRMC is the 

Standard Retailers’ regulated load, and the LRMC is the cost of serving an 

incremental increase to this load shape with a hypothetical new least-cost 

generation system. This approach requires input assumptions regarding the costs 

and technical characteristics of potential new generation plant in NSW. 

Also consistent with the approach used in previous Determinations, we estimate 

the market-based energy purchase costs using STRIKE, which identifies the least 

cost portfolio of electricity purchasing options for each level of risk. An 

important input into the estimation of energy purchase costs is a forecast of 

future spot electricity prices. In order to forecast spot prices, we use SPARK, 

which applies game theoretic techniques to forecast spot price outcomes in 

electricity markets. This approach requires inputs assumptions regarding the 

costs and technical characteristics of all existing and potential new generation 

plant in the National Electricity Market (NEM). 

For further information on these modelling approaches see Frontier’s Energy 

Purchase Cost Draft Report. 
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2.2 How this report relates to AEMO’s assumptions 

and inputs 

This report is intended to provide an overview of all the key cost and technical 

input assumptions used in our modelling of the energy purchase cost for each of 

the three Standard Retailers in NSW. 

There are other reports that cover similar ground to this report. In particular, 

various reports released by AEMO provide a detailed set of cost and technical 

data and input assumptions that can be used in energy market modelling: 

 AEMO publish information on the capacity of existing and committed 

generation plant in the NEM over the next two years.2 

 AEMO publish the National Transmission Network Development Plan 

(NTNDP), and supporting documents, which include a range of technical 

and cost input assumptions.3 

 AEMO publish information on marginal loss factors for generation plant.4 

These various reports released by AEMO can be used in our energy market 

modelling. However, we have been engaged by IPART to advise on key cost and 

technical input assumptions that will be used in our energy market modelling. In 

particular, we have focused on those cost and technical input assumptions about 

which there is the greatest uncertainty (including because the input assumptions 

are sensitive to changing market conditions) and which are most material for our 

energy market modelling. This means that we have focused on all relevant costs 

and technical characteristics for new generation technologies that are likely to be 

available in the NEM, as well as fuel costs for existing generation plant. 

We adopt some input assumptions from various reports released by AEMO. In 

particular, we adopt input assumptions from various reports released by AEMO 

where the input assumptions relate to market data collected or generated by 

AEMO as part of their function as market operator (such as capacities of existing 

generation plant), where the data is NEM-specific in nature (such as capacity 

factors for wind plant in various regions of the NEM) or where there is less 

uncertainty about this input assumptions (including because they relate to 

technical characteristics of existing generation plant or are not sensitive to 

                                                

2  http://www.aemo.com.au/Electricity/Planning/Related-Information/Generation-Information 

3  http://www.aemo.com.au/Electricity/Planning/National-Transmission-Network-Development-

Plan 

4  http://www.aemo.com.au/Electricity/Market-Operations/Loss-Factors-and-Regional-

Boundaries/List-Of-Regional-Boundaries-And-Marginal-Loss-Factors-for-the-2012-2013-Financial-

Year 

http://www.aemo.com.au/Electricity/Planning/Related-Information/Generation-Information
http://www.aemo.com.au/Electricity/Planning/National-Transmission-Network-Development-Plan
http://www.aemo.com.au/Electricity/Planning/National-Transmission-Network-Development-Plan
http://www.aemo.com.au/Electricity/Market-Operations/Loss-Factors-and-Regional-Boundaries/List-Of-Regional-Boundaries-And-Marginal-Loss-Factors-for-the-2012-2013-Financial-Year
http://www.aemo.com.au/Electricity/Market-Operations/Loss-Factors-and-Regional-Boundaries/List-Of-Regional-Boundaries-And-Marginal-Loss-Factors-for-the-2012-2013-Financial-Year
http://www.aemo.com.au/Electricity/Market-Operations/Loss-Factors-and-Regional-Boundaries/List-Of-Regional-Boundaries-And-Marginal-Loss-Factors-for-the-2012-2013-Financial-Year
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changing market conditions). These are discussed in more detail in the remainder 

of this report. 

2.3 What this report covers 

2.3.1 Input assumptions this report covers 

The key cost input assumptions used in our modelling, and set out in this report, 

relate to the costs associated with the construction and operation of generation 

plant. These cost input assumptions include: 

 Capital costs of new generation plant. Investors will not commission new 

generation plant unless they expect to recover the capital costs of building 

that plant (including an adequate return on their capital). Capital costs of new 

generation plant are, therefore, relevant to electricity prices in the long run, 

and are a component of the LRMC of electricity generation.5 

 Fixed operating and maintenance (FOM) costs of new generation 

plant. As with capital costs, investors will not commission new generation 

plant unless they expect to recover the fixed operating and maintenance costs 

associated with that plant. FOM costs are, therefore, relevant to electricity 

prices in the long run, and are a component of the LRMC of electricity 

generation. 

 Variable operating and maintenance (VOM) costs of existing and new 

generation plant. The operators of generation plant will not operate their 

plant unless they expect to recover the variable operating and maintenance 

costs associated with operating the plant; if they do not recover these costs, 

they would do better not to operate the plant. VOM costs are, therefore, 

relevant to electricity prices in the short and long run, and are a component 

of the LRMC of electricity generation. 

 Variable fuel costs of existing and new generation plant. As with VOM 

costs, the operators of generation plant will not operate their plant unless 

they expect to recover the variable fuel costs associated with operating the 

plant. Variable fuel costs are, therefore, relevant to electricity prices in the 

short and long run, and are a component of the LRMC of electricity 

generation. 

The key technical input assumptions used in our modelling, and set out in this 

report, relate to the operation of generation plant. These technical input 

assumptions include: 

                                                

5  In contrast, capital costs of existing generation plant are sunk and, therefore, not relevant to 

economic decisions. 
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 Plant capacity. Measures the capacity (measured in MW at the generator 

terminal) of the power station. 

 Equivalent Outage Rate (EOR). Measures the equivalent outage rate for 

the power station, calculated as the sum of full outage hours and the 

conversion of partial outage hours to power station full outage hours. 

Includes planned, forced and breakdown maintenance outages. 

 Maximum capacity factor. Measures the maximum capacity factor 

achievable by the power station in any year. The annual capacity factor is 

measured as the energy production of the power station in the year compared 

to the total energy production if the power station operated at full capacity 

for the full year. 

 Auxiliaries. Measures the use of energy by the power station. Used to 

convert plant capacity from a generator terminal (GT) to a sent-out (SO) 

basis. 

 Heat rate. Measures the efficiency with which a power station uses heat 

energy. The heat rate is expressed as the number of GJs of fuel required to 

produce a MWh of sent-out energy. 

 Combustion emissions intensity. Measures the emission rate of the power 

station relative to the energy produced. For our purposes, the combustion 

emission intensity is measured as tonnes of CO2-equivalent emitted through 

combustion per MWh of sent-out energy. Emissions from coal mining and 

gas production / transportation are incorporated into forecast fuel cost 

estimates on a $/GJ basis.  

2.3.2 Generation plant this report covers 

This report covers relevant cost and technical input assumptions for all existing 

and committed scheduled and semi-scheduled generation plant in the NEM, and 

all likely technology options for new generation plant in the NEM. 

The list of existing and committed scheduled and semi-scheduled generation 

plant in the NEM, which is included in our modelling, is set out Frontier’s Draft 

Input Assumptions Spreadsheet. 

This report covers the following eleven technology options for new generation 

plant in the NEM: 

 Supercritical black coal (SC black coal) and supercritical brown coal (SC 

brown coal). Supercritical pulverised coal steam turbines have boilers that 

operate at higher temperatures and pressures than older subcritical pulverised 

coal steam turbines. This improves the efficiency of these turbines, reducing 

both fuel use and carbon emissions. Supercritical steam turbines have been in 

use for a number of decades. They tend to operate as base-load generators. A 
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number of recently built power stations in the NEM are supercritical 

technology, including Millmerran and Kogan Creek. 

 Ultra-supercritical black coal (USC black coal) and ultra-supercritical 

brown coal (USC brown coal). Ultra-supercritical pulverised coal steam 

turbines have boilers that operate at higher temperatures and pressures than 

both supercritical and subcritical pulverised coal steam turbines. This 

improves efficiency, reducing both fuel use and carbon emissions. They tend 

to operate as base-load generators. Ultra-supercritical steam turbines are a 

much newer technology than subcritical and supercritical steam turbines, with 

development primarily occurring in Germany and Japan. There are currently 

no ultra-supercritical power stations in the NEM, although future coal-fired 

power stations may adopt this technology. 

 Integrated gasification combined cycle black coal (IGCC black coal). 

IGCC power stations use a gasifier to convert coal to syngas, which is then 

used to power a combined cycle turbine. One of the advantages of IGCC 

plant is that the technology can readily be used to reduce carbon emissions. 

There are a number of operating IGCC power stations in the world, although 

none in the NEM. 

 Open cycle gas turbine (OCGT). OCGT power stations consist of a gas 

turbine. OCGT generation plant are relatively simple and low cost, and can 

be built quickly. However, they are not very efficient, resulting in relatively 

high fuel use and carbon emissions. For this reason they tend to operate as 

peaking plant. OCGT generation plant are common in the NEM. 

 Combined cycle gas turbine (CCGT). CCGT power stations are, like 

OCGT power stations, based on a gas turbine. CCGT plant, however, 

capture heat from the exhaust of the gas turbine in a heat recovery steam 

generator (HRSG) to produce steam to drive a steam turbine. The capture of 

waste heat improves the efficiency of the plant, meaning that CCGT use less 

fuel and produce less carbon emissions than OCGT plant. For this reason 

they tend to operate at a higher capacity factor than OCGT plant. CCGT 

plant are common in the NEM. 

 Onshore wind. Onshore wind generation plant use a turbine to convert 

wind energy into electricity. Onshore wind plant are common in the NEM. 

 Biomass steam turbine. Biomass steam turbine power stations raise steam 

through the combustion of biomass. There are currently no scheduled6 

biomass power stations in the NEM, although there are a number of small 

                                                

6  Generally speaking, generators with a capacity greater than 30 MW are classified by AEMO as 

scheduled, while generators with a capacity less than 30 MW are classified as non-scheduled. 

Generating systems may be classified as semi-scheduled if the output of the system is intermittent.  
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biomass steam turbine and biomass cogeneration plant (predominantly from 

sugar cane residue). 

 Enhanced geothermal system (Geothermal EGS). Geothermal EGS 

power stations, also known as hot dry rock (HDR) power stations, use heat 

from the earth’s crust to raise steam and generate electricity. Geothermal 

EGS plants do not have fluids naturally circulating through rock pores or 

fractures and therefore the rock needs to be fractured to achieve the required 

fluid flow. Given the resources available, Geothermal EGS power stations 

are the most likely geothermal technology to be relevant in Australia. 

 Solar Thermal – Parabolic trough without storage. Solar thermal power 

stations collect solar heat for the purposes of generating electricity. Parabolic 

troughs are solar thermal collectors that are curved as a parabola so that 

sunlight is reflected onto a tube at the focal point of the parabola. A fluid in 

this tube is heated by the reflected sunlight and then used to raise steam in a 

steam turbine generator. 

These eleven generation technology options are considered to be the most likely 

to be developed in the NEM over the modelling period. 

2.3.3 NTNDP regions this report covers 

When forecasting spot prices, it is important that our modelling reflects the inter-

connected nature of the NEM. Even though the market-based energy purchase 

cost for the three Standard Retailers depends on the spot price in NSW only, the 

spot price in NSW is affected by outcomes in other NEM regions. As a result, 

our modelling has regard to demand and supply conditions in each of the 5 NEM 

regions (QLD, NSW, VIC, SA and TAS). The implication of this is that we need 

to develop key cost and technical input assumptions for generation plant 

throughout the NEM. 

Reflecting the approach adopted by AEMO, we develop key cost and technical 

input assumptions for generation plant in each of the 14 NTNDP Zones of the 

NEM, shown in Figure 1. 
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Figure 1: NTNDP map 

 

Source: AEMO web site 

 

Most technical and cost input assumptions will not vary across different NTNDP 

Zones. For instance, capital costs, FOM and VOM for new generation plant are 

unlikely to vary in a systematic and material way depending on the NTNDP 

Zone in which the plant is built. Similarly, key technical characteristics such as 
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efficiency and combustion emissions intensity for new generation plant are 

unlikely to vary depending on the NTNDP Zone in which the plant is built. 

However, a number of input assumptions will vary across NTNDP Zones. 

 Options for new generation plant. The available options for new 

generation plant in each NTNDP Zone, and the aggregate capacity limit for 

new generation plant in each NTNDP Zone, is determined by the availability 

of the required fuel or renewable energy resources in each region. As part of 

their work in developing input assumptions for the NTNDP, AEMO has 

developed estimates of available new entrant options and aggregate capacity 

limits by generation technology and NTNDP Zone. We have adopted these 

estimates in our energy market modelling. Table 1 sets out the options for 

new generation plant that are assumed to be available in each NTNDP Zone. 

 Gas and coal prices. Gas and coal prices in each NTNDP Zone will vary 

depending on fuel market conditions in each region, including production 

and transport costs and opportunities for fuel exports. These factors are 

discussed further in Part C and Part D. 

 Maximum capacity factors for wind and solar thermal plant. Just as gas 

and coal prices in each NTNDP Zone will vary depending on fuel market 

conditions, the maximum capacity factor for wind plant and solar thermal 

generation plant will vary by NTNDP Zone according to the wind and solar 

resources. As part of their work in developing input assumptions for the 

NTNDP, AEMO have developed estimates of the maximum capacity factors 

for wind (and have done so far various tranches of total wind capacity) and 

for solar thermal plant for each NTNDP Zone. We have adopted these 

estimates in our energy market modelling. 

 Connection costs for new generation plant. Connection costs for new 

generation plant will vary depending on the location of the new generation 

plant. As part of their work in developing input assumptions for the 

NTNDP, AEMO have developed estimates of the cost of connecting a new 

generation plant to the network. These estimates vary by generation 

technology and by NTNDP Zone. We have added these connection costs to 

our capital cost estimates for new generation plant. This is discussed further 

in Section 4. 

 Loss factors for new generation plant. Transmission loss factors, from the 

power station connection point to the Regional Reference Node, will vary 

depending on the location of the power station. AEMO annually publish loss 

factors for existing generation plant and, as part of their work in developing 

input assumptions for the NTNDP, have published estimates of loss factors 

for potential new generation plant. We have adopted these loss factors in our 

energy market modelling. 
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Table 1: Generation technology options available in each NTNDP region 

NTNDP region 
SC black 

coal 

USC black 

coal 

SC brown 

coal 

USC brown 

coal 

IGCC black 

coal 
OCGT CCGT Wind Biomass EGS Solar 

NQ – North QLD            

CQ – Central QLD            

SEQ – South-East QLD            

SWQ – South-West QLD            

NNS – Northern NSW            

NCEN – Central NSW            

SWNSW – South-West NSW            

CAN – Canberra            

NVIC – Northern VIC            

LV – Latrobe Valley            

MEL – Melbourne            

CVIC – Country VIC            

SESA – South-East SA            

ADE – Adelaide            

NSA – Northern SA            

TAS - Tasmania            

Source: Frontier Economics 
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2.3.4 Modelling period this report covers 

When modelling energy purchase costs for the three Standard Retailers, the 

principal focus of our analysis is the three years of the Determination – 2013/14 

to 2015/16. Clearly then, we need a set of input assumptions for each of these 

three years of the Determination. 

In addition, however, our modelling of the efficient costs of complying with the 

Renewable Energy Target (RET) scheme needs to take into account investment 

in, and operation of, renewable energy at least over the period until the target 

peaks in 2020.7 For this reason, we present out modelling input assumptions in 

this report for the financial years from 2013/14 to 2019/20. 

2.4 What this report does not cover 

The input assumptions that this report is focused on are essentially supply-side 

inputs. That is, the focus of this report is the cost at which electricity can be 

supplied by existing generation plant and various options for new generation 

plant. 

This report does not deal with demand-side inputs. In particular, this report does 

not deal with either forecasts of demand in each of the NEM regions or forecasts 

of each Standard Retailer’s regulated load profiles. These demand forecasts are 

discussed in Frontier’s Energy Purchase Cost Draft Report. 

2.5 Macroeconomic input assumptions used in this 

report 

There are a number of macroeconomic input assumptions that are used in 

developing the input assumptions set out in this report. For consistency, the 

same macroeconomic input assumptions have been used throughout this report. 

2.5.1 Exchange rates 

As will be discussed in the sections that follow, at various points we make use of 

both historic and forecast exchange rates and both nominal and real exchange 

rates. For each of these exchange rates we have relied on data from the IMF’s 

                                                

7  Because the RET scheme allows banking and borrowing of Large-scale Generation Certificates 

(LGCs) the price of LGCs in any year can be influenced by the price of LGCs in other years. Or, to 

think in terms of the resource costs associated with meeting the RET scheme, a marginal increase in 

the RET in any year need not be met by the production of an additional LGC in that year; rather, 

subject to restrictions on banking and borrowing, the additional LGC can be created in an earlier or 

later year. 
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World Economic Outlook.8 This data includes historic nominal and real 

exchange rates as well as forecasts of nominal and real exchange rates out to 

2017. For nominal exchange rates, for which we require an exchange rate forecast 

beyond 2017, we have assumed that exchange rates will continue to follow the 

trend observed over the forecast period from 2012 to 2017. Exchange rates for 

the US dollar are shown in Figure 2 and exchange rates for the Euro are shown 

in Figure 3. 

 

Figure 2: Exchange rates (USD/AUD) 

 

Source: IMF 

 

                                                

8  http://www.imf.org/external/pubs/ft/weo/2012/02/weodata/index.aspx  
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Figure 3: Exchange rates (Euro/AUD) 

 

Source: IMF 

 

2.5.2 Discount rates 

We have used different discount rates for different industries. In each case, the 

discount rate that we have adopted is consistent with IPART’s advice on the 

appropriate WACC for use for that industry. The discount rates that we have 

used in developing the input assumptions discussed in this report are as follows:9 

 Coal mining – 8.70 per cent real pre-tax WACC 

 Gas production – 9.00 per cent real pre-tax WACC 

 Gas transmission – 6.80 per cent real pre-tax WACC. 

2.5.3 Carbon price 

Under the current legislation there is certainty about the level of the carbon price 

for the fixed price period, from 2012/13 to 2014/15. Beyond the fixed price 

period, and most relevantly for the final year of the current Determination, there 

is uncertainty associated with the level of the carbon price. Prices in this period 

                                                

9  We also use a discount rate for electricity generation for our electricity market modelling. This is 

discussed in Frontier’s Energy Purchase Cost Draft Report. 
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will be set by the market and determined by the linkage of the Australian scheme 

to the European ETS. 

In our modelling we have adopt the fixed carbon price for the first two years of 

the Determination. For the final year of the Determination, and beyond, we have 

used the forward price of carbon in the European Union (and converted this into 

Australian dollars using the forecast nominal exchange rate). This forward price 

has been sourced from publicly available data from the Intercontinental 

Exchange (ICE). Based on this approach, the carbon price we have used in 

shown in Figure 4. 

 

Figure 4: Carbon price ($2012/13) 

 

Source: Clean Energy Bill 2011, Intercontinental Exchange 2012 
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3 Methodology for estimating capital and 

operating costs 

This section sets out our approach to estimating capital and operating costs for 

the eleven new entrant generation technology options that are covered in this 

report. 

3.1 Top-down and bottom-up approaches 

There are essentially two approaches to estimating the capital and operating costs 

of new generation plant: 

 A bottom-up approach estimates the capital and operating costs of new 

generation plant on the basis of a detailed specification of the equipment and 

facilities required for a specific new generation plant of a particular 

technology, and a costing of each of these individual components. This is the 

kind of approach that engineers would typically adopt. 

 A top-down approach estimates the capital and operating costs of new 

generation plant on the basis of a broad survey of reported cost estimates for 

generation plant of a particular technology. 

We have adopted a top-down approach to estimating the capital and operating 

costs of new generation plant. We consider that this top-down approach offers 

some advantages when it comes to developing input assumptions for the 

purposes of our work for IPART: 

 First, since we are modelling outcomes in the energy market over the long-

term, we are interested in the capital and operating costs of a generic new 

generation plant of a particular technology, rather than the capital and 

operating cost of a specific proposed generation plant. By surveying the costs 

of a wide range of generation plant of a particular technology, we gain 

information about the range of costs for plant of that technology, and can 

form a view about what a representative plant of that type is likely to cost. 

 Second, by surveying the capital and operating costs of a wide range of 

generation plant of a particular technology, and surveying these costs from a 

wide range of sources, we are less likely to develop an estimate of costs that is 

an outlier, either because a particular project has project-specific cost 

advantages (or disadvantages) or because a particular estimate of costs 

reflects a particularly optimistic (or pessimistic) view. 
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3.2 Data sources 

We implement the top-down approach by making use of our detailed global 

database of reported capital and operating costs. This global database is 

populated by publicly available cost estimates from a wide variety of sources, 

primarily company reports, reports from the trade press, industry and market 

analysis, and engineering reports. Our database includes estimates of capital and 

operating costs of specific generation plant that have been commissioned and are 

operating, as well as capital and operating costs of specific generation plant that 

are at some stage of planning or construction. Our database also includes 

estimates of capital and operating costs for generic new generation plant of a 

particular technology. Our database contains capital and operating cost estimates 

for a wide range of existing generation technologies that are widely deployed, as 

well as newer generation technologies that are in various stages of development. 

Our database includes reported costs for the principal power stations that have 

been built, or proposed, in Australia over the past decade. However, the database 

also has extensive international coverage. For most of the eleven generation 

technology options that are covered in this report this international coverage is 

essential, since there has been little or no development activity in Australia for 

these technologies. 

3.3 Filtering the data for relevance 

For the purposes of our advice to IPART, we make use only of a subset of the 

data in our global database of reported capital and operating costs. 

In particular, we filter the data in our database in the following ways: 

 Filtering by year. Our global database includes cost estimates dating back to 

the 1990s, for both capital and operating costs. In order to avoid our cost 

estimates being affected by changes in technology and learning curves 

(particularly for the capital costs of some of the newer technologies), for the 

purposes of our advice to IPART we include cost estimates only for projects 

constructed, or to be constructed, between 2008 and 2015. 

 Filtering by country. Our global database includes cost estimates for a wide 

range of countries, both developed and developing. In order to avoid cost 

estimates being affected by significantly different cost structures, for the 

purposes of our advice to IPART we include cost estimates only for projects 

in developed economies similar to Australia’s. This includes cost estimates 

from Austria, Belgium, Canada, Denmark, Finland, France, Germany, 

Ireland, the Netherlands, New Zealand, Norway, Sweden, Switzerland, the 

United Kingdom and the United States. 

 Filtering to remove outliers. In order to avoid our analysis being affected 

by cost estimates that reflect a particular project that has substantial project-
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specific cost advantages (or disadvantages), or by cost estimates that reflect a 

particularly optimistic (or pessimistic) view, we exclude cost estimates that are 

material outliers. Our approach to this is discussed further in Section 4 and 

Section 5. 

3.4 Converting to real Australian dollars 

Our global database of reported capital and operating costs incorporates cost 

estimates in a range of different currencies and base years. In order that these 

cost estimates can be used to form a view on relevant costs in Australia it is 

necessary to convert these cost estimates into real 2012/13 Australia dollars. We 

do this conversion by first escalating cost estimates into real 2012/13 terms in 

the original currency, and then converting the original currency into Australian 

dollars. 

3.4.1 Cost escalation 

Where reported capital and operating costs are not in real 2012/13 terms, we 

need to escalate the reported costs into real 2012/13 terms. 

The intention of this cost escalation is to estimate what a capital investment in a 

particular power station that was made, say, five years ago, would cost to make 

today, in today’s dollars. In order to estimate what a particular power station that 

was built five years ago would cost to build today, in today’s dollars, it is 

appropriate to use some measure of the escalation of power station capital costs 

over this period, rather than, for instance, an estimate of the escalation of 

consumer prices. 

Some information is available on the escalation of power station capital costs 

over time. For instance, IHS CERA produces the Power Capital Costs Index 

(PCCI) and the European Power Capital Costs Index (EPCCI).10 The PCCI is an 

index that tracks and forecasts over time the costs associated with the 

construction of a portfolio of 30 different power generation plants in North 

America. The EPCCI is an index that tracks and forecasts the costs associated 

with the construction of a portfolio of power generation plants in Europe. Figure 

5 shows the PCCI (without nuclear plant) and EPCCI (without nuclear plant) for 

the period from 2000 to 2012. Average annual growth in these indices over this 

period has been around 5 per cent, significantly above increases in consumer 

prices over the same period.  

We use the PCCI (without nuclear plant) to escalate capital cost estimates 

reported in US dollars and we use the EPCCI (without nuclear plant) to escalate 

capital cost estimates reported in British Pounds or Euros. We also use the PCCI 

                                                

10  See: http://www.ihs.com/info/cera/ihsindexes/index.aspx  

http://www.ihs.com/info/cera/ihsindexes/index.aspx
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(without nuclear plant) to escalate operating cost estimates reports in US dollars 

and the EPCCI (without nuclear plant) to escalate operating cost estimates 

reported in British Pounds or Euros. While the PCCI and EPCCI measure 

changes in capital costs rather than changes in operating costs, we consider that 

they are likely to be a reasonable proxy for changes in power station operating 

costs. 

 

Figure 5: PCCI and EPCCI 

 

Source: IHS CERA 

 

Information on the escalation of power station costs in Australia is less readily 

available. IHS CERA do not produce an index similar to the PCCI or EPCCI 

that would apply to Australia, and we are unaware of any other cost index that 

relates specifically to the costs of power stations. For this reason, we have made 

use of more general cost indices to estimate the escalation of power station costs 

in Australia. Specifically, we have used a combination of the ABS producer price 

index for domestic goods, the ABS producer price index for imported goods and 

the ABS labour price index for workers in the electricity, gas, water and waste 

services industries. For each generation technology, these three indices have been 

combined according to the proportion in which domestic capital, imported 
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domestic capital, imported capital and labour are combined differs for capital 

costs and operating costs. 

Figure 6 shows, for the period from 2000 to 2012, the PPI for imported goods, 

the PPI for domestic goods and the LPI for workers in the electricity, gas, water 

and waste services industries. Average annual growth in these indices over this 

period has been around 4 per cent for the LPI, around 3 per cent for the 

domestic PPI and close to 0 per cent for the imported PPI (reflecting the 

appreciation of the Australian dollar). 

 

Figure 6: Australian PPI and LPI 

 

Source: ABS 
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generation capital costs, for instance, this corresponds to imported capital) and 

the real exchange rate to convert that component of generation costs that is not 

internationally traded (for generation capital costs, for instance, this corresponds 

to domestic capital and labour). 

The real and nominal exchange rates that we use are set out in Section 2.5.1. 
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4 Capital costs of new entrant generation 

plant 

This section sets out our estimates of capital costs for each of the new entrant 

generation technologies considered in this report. First, we present our estimates 

of current capital costs for these generation technologies. Second, we set out our 

approach to forecasting these capital costs over the modelling period, and 

present results of our estimates of capital costs over the modelling period. 

4.1 Basis of capital costs 

Our estimates of capital costs are intended to reflect the capital costs for a 

representative generation plant for each of the generation technologies 

considered in this report. 

Our estimates of capital costs include the direct costs of all plant, materials, 

equipment and buildings inside the power station fence, all labour costs 

associated with construction, installation and commissioning, as well as owner’s 

costs such as land, development approvals, legal fees, inventories, etc. Our 

estimates of capital costs do not include the costs of connection to the network 

but, as discussed in Section 2.3.3, we have added these connection costs to our 

capital cost estimates for new generation plant so that the modelled capital cost 

includes the capital costs ‘inside the fence’ as well as the cost of connecting to the 

network. 

Our estimates of capital costs are overnight capital costs, expressed in 2012/13 

Australian dollars. That is, our estimates do not include interest (or escalation) 

during construction. These costs are accounted for in the financial model11 that 

we use to convert overnight capital costs (in $/kW) into an amortised capital cost 

(in $/MW/hour) that is used in our energy market models. 

Our estimates of capital costs are expressed in $/kW at the generator terminal (or 

$/kW GT). Power station auxiliaries (and network losses) associated with the 

operation of power stations are separately accounted for in our modelling. 

                                                

11  The financial model that we use to convert overnight capital costs into an amortised capital cost in 

$/MW/year was developed by SFG Consulting for the 2010 Determination. This financial model 

was released along with other input assumptions from the 2010 Determination, and is available on 

IPART’s web site: 

http://www.ipart.nsw.gov.au/Home/Industries/Electricity/Reviews/Retail_Pricing/Review_of_regulated_

electricity_retail_tariffs_and_charges_for_small_customers_2010_to_2013/18_Mar_2010_-

_Frontier_Economics_Consultant_Report_on_Assumptions_spreadsheet/Consultant_Report_-

_Frontier_Economics_-_Assumptions_spreadsheet_-_March_2010 

http://www.ipart.nsw.gov.au/Home/Industries/Electricity/Reviews/Retail_Pricing/Review_of_regulated_electricity_retail_tariffs_and_charges_for_small_customers_2010_to_2013/18_Mar_2010_-_Frontier_Economics_Consultant_Report_on_Assumptions_spreadsheet/Consultant_Report_-_Frontier_Economics_-_Assumptions_spreadsheet_-_March_2010
http://www.ipart.nsw.gov.au/Home/Industries/Electricity/Reviews/Retail_Pricing/Review_of_regulated_electricity_retail_tariffs_and_charges_for_small_customers_2010_to_2013/18_Mar_2010_-_Frontier_Economics_Consultant_Report_on_Assumptions_spreadsheet/Consultant_Report_-_Frontier_Economics_-_Assumptions_spreadsheet_-_March_2010
http://www.ipart.nsw.gov.au/Home/Industries/Electricity/Reviews/Retail_Pricing/Review_of_regulated_electricity_retail_tariffs_and_charges_for_small_customers_2010_to_2013/18_Mar_2010_-_Frontier_Economics_Consultant_Report_on_Assumptions_spreadsheet/Consultant_Report_-_Frontier_Economics_-_Assumptions_spreadsheet_-_March_2010
http://www.ipart.nsw.gov.au/Home/Industries/Electricity/Reviews/Retail_Pricing/Review_of_regulated_electricity_retail_tariffs_and_charges_for_small_customers_2010_to_2013/18_Mar_2010_-_Frontier_Economics_Consultant_Report_on_Assumptions_spreadsheet/Consultant_Report_-_Frontier_Economics_-_Assumptions_spreadsheet_-_March_2010
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4.2 Estimates of current capital costs 

Our estimates of current capital costs for each of the generation technologies 

considered in this report are set out in Figure 7 and Figure 8. Figure 7 deals with 

gas-fired and coal-fired generation technologies and Figure 8 deals with 

renewable generation technologies. 

Our estimates of capital costs for each generation technology include a range of 

individual cost estimates. Even after filtering our global database for relevant 

countries and years (as discussed in Section 3.3) we have a significant number of 

unique cost estimates for each generation technology. The full range of cost 

estimates (from lowest cost to highest cost) for each generation technology is 

shown by the orange “whiskers” in Figure 7 and Figure 8. The range of cost 

estimates that covers the 10th to 90th percentile of cost estimates is shown by the 

pale red “boxes” in Figure 7 and Figure 8, and the range of cost estimates that 

covers the 25th to 75th percentile of cost estimates is shown by the dark red 

“boxes” in Figure 7 and Figure 8. 

Clearly, there are a number of significant outliers in our data – this is seen by the 

much wider range of costs for the full dataset than for the 10th to 90th percentile. 

These outliers might arise either because a particular project has project-specific 

cost advantages (or disadvantages), because a particular estimate of costs reflects 

a particularly optimistic (or pessimistic) view, or because there are issues with the 

reported data (for instance, the reported cost may by net of a received subsidy). 

While there are outliers, we note that the rage for the 25th to 75th percentile is 

generally reasonably narrow, indicating a reasonable consensus on capital costs 

for generation plant of that technology. The exception to this is for less mature 

technologies – including IGCC and Geothermal EGS – for which there is a wide 

range of estimates of capital costs even within the range of the 25th to 75th 

percentile. 

To avoid our analysis being affected by outliers, we estimate current capital costs 

for each generation technology as the mean of the cost estimates that fall within 

the 25th to 75th percentile of cost estimates for that generation technology. We 

note that this mean of the cost estimates that fall within the 25th to 75th percentile 

is generally very consistent with the median of the full range of data. This 

suggests to us that using the mean of the cost estimates that fall within the 25th to 

75th percentile is a reasonable approach to dealing with outliers. 
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Figure 7: Current capital costs for gas and coal generation plant ($2012/13) 

 

Source: Frontier Economics 

 

Figure 8: Current capital costs for renewable generation plant ($2012/13) 

 

Source: Frontier Economics  
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Comparison with other estimates of capital costs 

There are a number of other sources of estimates of capital costs for new entrant 

generation plant in the NEM. The input assumptions developed as part of 

AEMO’s NTNDP, and released annually, are one commonly used set of input 

assumptions. Figure 9 and Figure 10 compare our current estimates of capital 

costs for new entrant generation plant with the equivalent estimates from the 

2011 NTNDP and the 2012 NTNDP.12 

Figure 9 shows that our estimates of capital costs for new entrant gas-fired and 

coal-fired generation plant are similar to the equivalent estimates from the 

NTNDP. Our estimates of capital costs for gas-fired plant tend to be a little 

higher than the NTNDP estimates, while our estimates of capital costs for coal-

fired plant tend to be a little lower than the NTNDP estimates. 

Figure 10 shows that our estimates of capital costs for new entrant renewable 

generation plant are also similar to the equivalent estimates from the NTNDP. 

Our estimates of capital costs for wind plant tend to be a little lower than the 

NTNDP estimates, while our estimates of capital costs for other renewable 

technologies tend to be a little higher than the NTNDP estimates. 

  

                                                

12  AEMO has released input assumptions for the 2013 NTNDP, but notes that these input 

assumptions may still be subject to revision. 
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Figure 9: Comparison of current capital costs for gas and coal generation plant 

($2012/13) 

 

Source: Frontier Economics 

 

Figure 10: Comparison of current capital costs for renewable generation plant 

($2012/13) 

 

Source: Frontier Economics  
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4.3 Estimates of capital costs over the modelling 

period 

The modelling period for our advice to IPART covers the years from 2013/14 to 

2019/20. This means that we need to develop estimates of capital costs for 

generation plant that covers this period. Our approach is to use our current 

estimates of capital costs as the starting point, and vary these estimates over time 

to account for cost escalation, exchange rate movements and learning curves. 

4.3.1 Cost escalation 

First, we escalate our current estimates of capital costs over the modelling period 

for a forecast of real increases in the costs of generation plant. To do this, we use 

a similar approach to what we use for escalating historic Australian estimates of 

capital costs to current costs. The approach involves separately escalating capital 

costs and labour costs: 

 Capital costs are escalated based on the average real increase in the producer 

price index for domestic goods over the period from 2000 to 2012 – 0.38 per 

cent per annum.13 

 Labour costs are escalated based on the average real increase in the labour 

price index for workers in the electricity, gas, water and waste services 

industries over the period from 2000 to 2012 – 0.94 per cent per annum.  

By adopting this approach we are effectively assuming that the average real 

increases that we have seen over this period will continue into the future. 

4.3.2 Accounting for exchange rate movements 

Second, we adjust our escalated estimates of capital costs to account for 

movements in exchange rates. To do this, we use a similar approach to what we 

use for converting estimates of capital costs in foreign currencies into Australian 

dollars. Specifically, we adjust the imported component of capital costs for 

forecasts in annual changes in nominal exchange rates.14 Forecasts of nominal 

exchange rates are based on forecasts from the IMF, as discussed in 

Section 2.5.1. To account for the fact that the imported component of capital 

                                                

13  We escalate all capital costs according to the producer price index for domestic goods, but also 

adjust for movements in exchange rates for the imported component of capital costs. If we were to 

adjust the imported component of capital costs based on the average real increase in the producer 

price index for imported goods, and then adjust for movements in exchange rates, we would be 

over-estimating the impact of exchange rate movements. 

14  We do not need to make any use of real exchange rates in forecasting capital costs over the 

modelling period because our current estimates of capital costs are in Australian dollars. The 

domestic component of these capital costs – both domestic capital and domestic labour – will not 

be directly affected by changes in either real or nominal exchange rates. 
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costs of generation plant can be denominated in a number of currencies 

(primarily US dollars or Euros) we adjust the imported component of capital 

costs against that currency for which the depreciation of the Australian dollar is 

least. In the case of the IMF forecasts, the Australian dollar depreciates against 

the Euro at a slightly slower rate than it depreciates against the US dollar, 

suggesting that, unless exporters from the United States lower their US dollar 

denominated prices, Australian importers are likely to favour imports from 

Europe.15 

4.3.3 Learning curves 

A common observation in power industries around the world is that over time 

the real capital cost of a particular generation technology has tended to decrease 

in line with technological improvements and innovation. This ‘learning’ effect has 

been much debated and discussed in both the practical and theoretical literature 

and is generally accepted to be the product of economies of scale combined with 

technological innovation and advancement. 

Economies of scale and technological innovation tend to exhibit diminishing 

marginal returns. For this reason the ‘rate of learning’ (or real decline in capital 

costs as installed capacity increases through time) for a particular generation 

technology frequently exhibits the following pattern: 

 For ‘infant’ technologies, which are currently at the early stages of their 

technological life cycle (e.g. the research and development and preliminary 

demonstration stages), costs tend to be quite high. 

 As these technologies move from infant to deployment stage costs tend to 

fall rapidly as economies of scale in production are achieved and the largest 

technological innovations and improvements are exploited. 

 Past this point, a technology enters a ‘mature’ phase, where the rate of cost 

decline begins to plateau given depletion of those innovations and 

improvements that can most readily be achieved. Ongoing cost reductions 

are driven by relatively minor technological and efficiency improvements. 

The literature on learning curves from a variety of industries tends to capture the 

above relationship using a relatively simplistic ‘single factor’ learning model, 

where unit costs are expressed as a declining function of cumulative installed 

capacity: 

                          (1) 

                                                

15  Another way of thinking about this is that the United States dollar is appreciating against the Euro in 

the IMF data. With an appreciating dollar, local manufacturers in the United States face greater 

competition from foreign manufacturers. 
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The above formula relates unit cost to cumulative installed capacity, and given 

estimates of the values of   and  , can be used to infer a percentage reduction in 

unit cost for a given increase in installed capacity. 

There are several non-trivial difficulties in applying this standard approach for 

representing learning curves to the range of generation technologies considered 

in our analysis. First and foremost, in order to estimate the learning curve 

parameters outlined in Equation (1) a global survey and forecast of cumulative 

installed capacity of each generation technology over time would need to be 

undertaken. This is necessary in order to estimate how costs have changed as 

installed capacity has increased over time, and how costs are likely to change over 

time as investment continues. There is an additional endogeneity complication 

with this type of analysis: when modelling these learning curve relationships, the 

level of installed capacity in Australia becomes a recursive function of the level of 

installed capacity globally. This is since the level of investment in a particular 

technology in Australia depends on its (local) cost, which in turn depends on the 

level of investment and installed capacity of that technology globally. 

To capture the key impact of learning curves on the future cost of generation 

technologies in Australia within the scope of work of this engagement we 

simplify the relationship between cost and global cumulative installed capacity to 

one that relates cost to time. To do this we capture the following salient features 

of generation technology learning curves: 

 Costs fall according to diminishing marginal returns – we assume as a 

functional form that costs decline logarithmically when relating costs to time. 

 The extent of diminishing returns is determined by the status of the 

technology – we assume that mature technologies experience only minor cost 

reductions (small marginal returns) while less established technologies exhibit 

larger marginal returns. 

To give effect to these features of generation technology learning curves we 

assume, for each technology of interest, an expected percentage cost reduction in 

the overnight capital cost between two points in time. For mature technologies 

the two points in time are between the present and a date in the future (for 

example, a 5 per cent reduction between 2013 and 2025). For newer and less 

proven technologies (that can be expected to reach commercialisation and large-

scale rollout in the next few years), cost reductions are applied between two 

future dates (for example, a 15 per cent reduction between 2020 and 2025). 

The expected cost reduction between two points in time, combined with the 

assumption that costs decline logarithmically over time, allows one to estimate a 

logarithmic parameter which governs how quickly or slowly costs are assumed to 

fall from a certain date into the future. 
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We conducted an extensive literature survey of expected cost reductions over 

time for each technology of interest. Two key sources which formed the basis for 

our learning curve assumptions were: 

 IEA, Assumptions to the Annual Energy Outlook 2012 report, August 2012 

 EPRI, Australian Electricity Generation Technology Costs – Reference Case 

2010, February 2010. 

In addition to these key sources we have also used a variety of other academic 

papers and industry estimates – combined with our professional judgement – to 

arrive at the estimated capital cost reductions over specific time periods outlined 

in Table 2. These assumed cost reductions are used to estimate a logarithmic 

coefficient that governs the extent of cost reductions attributable to learning 

from Year1 for each technology. 

 

Table 2: Learning curve parameters 

Technology 

Cost 

reduction 

from (Y1) 

Cost 

reduction 

to (Yr2) 

Percent 

cost 

reduction 

over Y2-Y1 

Implied 

annual 

learning rate 

(2013-Y2, %) 

OCGT 2013 2025 5% 0.41% 

CCGT 2013 2025 5% 0.41% 

Supercritical PC - Black coal 2013 2025 5% 0.41% 

Supercritical PC - Brown coal 2013 2025 5% 0.41% 

Ultra Supercritical PC - Black 

coal 
2013 2025 5% 0.41% 

Ultra Supercritical PC - Brown 

coal 
2013 2025 5% 0.41% 

IGCC - Black coal 2016 2025 10% 1.06% 

Biomass - steam turbine 2013 2025 12.5% 0.99% 

Wind - onshore 2013 2025 12.5% 0.99% 

Geothermal - Enhanced 

Geothermal System (EGS) 
2020 2025 15% 2.83% 

Solar Thermal - Parabolic 

Trough w/out Storage 
2015 2030 35% 2.02% 

Source: Frontier based on various sources 
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4.3.4 Results 

Taking into account forecast cost escalation, forecast changes in exchange rates 

and expected learning curves, our estimates of capital costs over the modelling 

period for each of the generation technologies considered in this report are set 

out in Figure 11 and Figure 12. Figure 11 deals with gas-fired and coal-fired 

generation technologies and Figure 12 deals with renewable generation 

technologies. 

As seen in Figure 11, the capital costs for gas-fired and coal-fired generation 

plant tend to increase slightly over the modelling period. This is the result of two 

factors: the forecast ongoing real escalation in capital costs and labour costs, and 

the forecast depreciation of the Australian dollar against both the US dollar and 

the Euro. Against these factors resulting in increasing costs, these existing gas-

fired and coal-fired generation technologies are forecast not to benefit from 

substantial cost improvements, meaning that, overall, costs increase. 

As seen in Figure 12, the capital costs for renewable generation plant are more 

variable over the modelling period. While these renewable generation plant are 

subject to increasing costs as a result of real escalation in capital costs and 

depreciation in the Australia dollar, the cost improvements for these newer 

technologies are forecast to be more significant. In particular, Solar Thermal 

capital costs fall from when widespread commercialisation is assumed to 

commence in 2015. Cost reductions for Geothermal EGS are not expected until 

widespread commercialisation is assumed to commence from 2020. In contrast, 

the expected cost improvements for the established renewable technologies – 

wind and biomass – are more moderate, resulting in more stable costs for these 

technologies over the modelling period. 
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Figure 11: Forecast capital costs for gas and coal generation plant ($2012/13) 

 

Source: Frontier Economics 

 

Figure 12: Forecast capital costs for renewable generation plant ($2012/13) 

 

Source: Frontier Economics 

 

4.3.5 Amortising capital costs 

The results outlined in Section 4.3.4 provide a forecast of overnight capital costs 

for each technology of interest on a $/kW GT basis. For the purposes of 
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modelling future generation investment in the NEM these overnight capital costs 

need to be amortised over an assumed economic life of 30 years in order to yield 

a $/MW/hour cost. 

In order to amortise these capital costs over time we have relied on a spreadsheet 

model developed by SFG Consulting for IPART during its 2010 Determination.16 

The model takes a variety of input parameters including estimates of: 

● risk free rate 

● effective tax rate 

● gamma 

● target leverage 

● nominal, post-tax cost of equity 

● nominal, pre-tax cost of debt 

● construction cost profile 

● economic life 

● auxiliary losses. 

The model amortises capital costs to a $/MW/hour, sent-out, real $2012/13, 

pre-tax basis and considers in its calculations: 

● interest incurred during construction  

● effective tax rate faced by investors 

● the value of imputation tax credits 

● inflation 

● auxiliaries. 

The amortised $/MW/hr sent-out capital cost estimate is added to an amortised 

$/MW/hr sent-out connection cost estimate to arrive at the total $/MW/hour 

sent-out capital cost estimate that WHIRLYGIG ultimately considers when 

optimising non-committed generation investments. 

 

                                                

16  The model is available on IPART’s website. See footnote 11. 
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5 Fixed and variable operating costs of 

generation plant 

This section sets out our estimates of fixed operating and maintenance (FOM) 

costs and variable operating and maintenance (VOM) costs for each of the new 

entrant generation technologies considered in this report. First, we present our 

estimates of current FOM and VOM costs for these generation technologies. 

Second, we set out our approach to forecasting these FOM and VOM costs over 

the modelling period, and present results of our estimates of FOM and VOM 

costs over the modelling period. 

This section also briefly discusses our source of estimates for FOM and VOM 

costs for existing generation plant in the NEM. 

5.1 Basis of FOM and VOM costs 

Our estimates of FOM and VOM costs are intended to reflect the costs for a 

representative generation plant for each of the generation technologies 

considered in this report. 

Our estimates of FOM and VOM costs include all costs associated with the 

ongoing operation and maintenance of the generation plant over their expected 

life. These costs include labour costs as well as materials, parts and consumables. 

Our estimates of FOM and VOM costs do not include fuel costs or carbon costs, 

but we separately account for these costs when determining the short run 

marginal cost of generation plant. 

In our experience, there is very little agreement as to what costs constitute fixed 

operating and maintenance costs and what costs constitute variable operating 

and maintenance costs. Economists would typically define fixed operating and 

maintenance costs as those operating and maintenance costs that do not vary 

with the level of output of the generation plant and variable operating and 

maintenance costs as those operating and maintenance costs that do vary with 

the level of output of the generation plant. In practice, of course, for many 

operating and maintenance costs there is ambiguity about whether or not they 

should be thought of as varying with output: for instance, where operating and 

maintenance costs are related to plant breakdowns, should they be considered 

fixed or variable? This ambiguity can raise issues in estimating FOM costs and 

VOM costs: in particular, it is important to ensure that estimates of FOM costs 

and VOM costs do not double count, or fail to count, any costs. To ensure this, 

our approach to estimating FOM costs and VOM costs involves the following 

stages: 
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 Record total operating costs from each source (including FOM costs and 

VOM costs). These total operating costs are used to develop our estimates of 

total operating costs for each generation technology considered in this report. 

 Record the proportion of total operating costs that are FOM costs and VOM 

costs from each source. These proportions are used to develop a single 

estimate of the proportion of FOM costs and VOM costs for each 

generation technology considered in this report.  

 The proportions of FOM costs and VOM costs are applied to our estimates 

of total operating costs for each generation technology to develop an 

estimate of FOM costs and VOM costs for each generation technology. 

In many cases we require a capacity factor to estimate FOM costs and VOM 

costs (in particular, to convert reported FOM costs and VOM costs into the 

same units). Where a capacity factor is not reported in the source document we 

have used the average capacity observed for similar plant in the NEM or, in the 

case of technologies that are not yet widely operating in the NEM, we have used 

the average capacity factor for that technology from other sources in our 

database. 

Our estimates of FOM costs and VOM costs are expressed in 2012/13 

Australian dollars. Our estimates of FOM costs are expressed in $/MW/hour at 

the generator terminal (or $/MW/hour, GT). Our estimates of VOM costs are 

expressed in $/MWh at the generator terminal (or $/MWh, GT). Power station 

auxiliaries (and network losses) associated with the operation of power stations 

are separately accounted for in our modelling. 

5.2 Estimates of total operating costs for new entrant 

generation plant 

Our estimates of total operating costs for each of the generation technologies 

considered in this report are set out in Figure 13 and Figure 14. Figure 13 deals 

with gas-fired and coal-fired generation technologies and Figure 14 deals with 

renewable generation technologies. 

Our estimates of total operating costs for each generation technology include a 

range of different cost estimates. Even after filtering our global database for 

relevant countries and years (as discussed in Section 3.3) we have a significant 

number of cost estimates for each generation technology. The full range of total 

operating cost estimates (from lowest cost to highest cost) for each generation 

technology is shown by the orange “whiskers” in Figure 13 and Figure 14. The 

range of cost estimates that covers the 10th to 90th percentile of cost estimates is 

shown by the pale red “boxes” in Figure 13 and Figure 14 and the range of cost 

estimates that covers the 25th to 75th percentile of cost estimates is shown by the 

dark red “boxes” in Figure 13 and Figure 14. 
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Clearly, as with our estimates of capital costs of generation plant, there are a 

number of significant outliers in our data on total operating costs – this is seen 

by the much wider range of costs for the full dataset than for the 10th to 90th 

percentile. These outliers might arise either because a particular project has 

project-specific cost advantages (or disadvantages), because a particular estimate 

of costs reflects a particularly optimistic (or pessimistic) view, or because there 

are issues with the reported data. 

While there are outliers, we note that the range for the 25th to 75th percentile is 

generally reasonably narrow, indicating a consensus on the total operating costs 

for generation plant of that technology. The obvious exception to this is for 

OCGT plant, for which there is a wide range of estimates of total operating 

costs, even within the 25th to 75th percentile. A large part of the reason for this is 

different views on the capacity factor of OCGT plant – depending on the 

assumed capacity factor, the FOM cost in $/MWh can vary significantly. There is 

also a wider range of estimates of total operating costs for renewable 

technologies, which will partly reflect different assumptions about capacity 

factors and partly reflect greater uncertainty about these technologies, which are 

generally newer and less tested in operation. 

To avoid our analysis being affected by outliers, we estimate total operating costs 

for each generation technology as the mean of the cost estimates that fall within 

the 25th to 75th percentile of cost estimates for that generation technology. We 

note that this mean of the cost estimates that fall within the 25th to 75th percentile 

is generally very consistent with the median of the full range of data. This 

suggests to us that the using the mean of the cost estimates that fall within the 

25th to 75th percentile is a reasonable approach to dealing with outliers. 
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Figure 13: Current total operating costs for gas and coal generation plant ($2012/13) 

 

Source: Frontier Economics 

 

Figure 14: Current total operating costs for renewable generation plant ($2012/13) 

 

Source: Frontier Economics  
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Comparison with other estimates of operating costs 

There are a number of other sources of estimates of operating costs for new 

entrant generation plant in the NEM. The input assumptions developed as part 

of AEMO’s NTNDP, and released annually, are one commonly used set of input 

assumptions. Figure 15 and Figure 16 compare our current estimates of total 

operating costs for new entrant generation plant with the equivalent estimates 

from the 2011 NTNDP and the 2012 NTNDP.17 Because of different views as to 

what constitutes a fixed operating costs and what constitutes a variable operating 

cost, we think that comparisons of total operating costs are more useful.  

Figure 15 shows that our estimates of total operating costs for new entrant gas-

fired and coal-fired generation plant tend to be reasonably comparable to the 

equivalent estimates for the NTNDP (although recognising that there are 

material differences in these estimates from the last two NTNDPs). The 

exception to this is for OCGT plant, which we estimate have higher total 

operating costs (in $/MWh) than either of the NTNDPs. 

Figure 16 shows that our estimates of total operating costs for new entrant wind 

and solar thermal generation plant tend to be reasonably comparable to the 

equivalent estimates for the NTNDP (although recognising that there are 

material differences in these estimates from the last two NTNDPs). However, 

our estimates of total operating costs for biomass and for geothermal are higher 

than the equivalent estimates from the NTNDPs. 

  

                                                

17  AEMO has released input assumptions for the 2013 NTNDP, but notes that these input 

assumptions may still be subject to revision. 
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Figure 15: Comparison of current total operating costs for gas and coal plant 

($2012/13) 

 

Source: Frontier Economics 

 

Figure 16: Comparison of current total operating costs for renewable plant ($2012/13) 

 

Source: Frontier Economics  
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5.3 Estimates of current FOM costs and VOM costs 

Our estimates of current FOM costs and VOM costs for each of the generation 

technologies in this report are set out in Table 3. 

These estimates of current FOM costs and VOM costs are based on the total 

operating costs set out in Figure 13 and Figure 14, but allocated according to the 

observed proportion of FOM costs and VOM in our database. 

 

Table 3: Current FOM costs and VOM costs ($2012/13) 

Generation technology 
FOM costs 

($/MW/annum, GT) 

VOM costs 

($/MWh, GT) 

OCGT $13,912 $11.04 

CCGT $13,729 $2.73 

Supercritical PC – Black coal $40,530 $4.41 

Supercritical PC – Brown coal $38,680 $5.49 

Ultra Supercritical PC – Black coal $31,330 $3.41 

Ultra Supercritical PC – Brown coal $33,969 $4.82 

IGCC – Black coal $64,986 $7.13 

Wind – onshore $31,371 $4.79 

Biomass – steam turbine $184,445 $9.34 

Solar Thermal – Parabolic Trough w/out Storage $79,629 $0.76 

Geothermal – Enhanced Geothermal System (EGS) $195,871 $12.70 

Source: Frontier Economics 

 

5.4 FOM costs and VOM costs for new entrant 

generation plant over the modelling period 

The modelling period for our advice to IPART covers the years from 2013/14 to 

2019/20. This means that we need to develop estimates of FOM costs and VOM 

costs for generation plant that covers this period. Our approach is to use our 

current estimates of FOM costs and VOM costs as the starting point, and to 

escalate these estimates over time. 
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We escalate our current estimates of FOM costs and VOM costs over the 

modelling period for a forecast of real increases in the costs of electricity 

generation. To do this, we use a similar approach to what we use for escalating 

capital costs of generation plant. We assume that operating costs are split evenly 

between capital costs and labour costs. We escalate the capital component 

according to the average real increase in the producer price index for domestic 

goods over the period from 2000 to 2012, and we escalate the labour component 

based on the average real increase in the labour price index for workers in the 

electricity, gas, water and waste services industries over the period from 2000 to 

2012. 

Our resulting estimates of FOM costs over the modelling period for each of the 

generation technologies considered in this report are set out in Figure 17. Our 

resulting estimates of VOM costs over the modelling period for each of the 

generation technologies considered in this report are set out in Figure 18. For all 

technologies there is a gradual real increase in FOM costs and VOM costs, in line 

with the assumed increase in real labour and capital costs. 
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Figure 17:Forecast FOM costs ($2012/13) 

 

Source: Frontier Economics 

 

Figure 18: Forecast VOM costs ($2012/13) 

 

Source: Frontier Economics 
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5.5 FOM costs and VOM costs for existing generation 

plant over the modelling period 

In addition to estimates of FOM costs and VOM costs for new entrant 

generation plant, our market modelling also makes use of estimates of FOM 

costs and VOM costs for existing generation plant. 

The FOM costs and VOM costs for specific existing generation plant can be 

difficult to accurately assess. The reason is that FOM costs and VOM costs will 

not just be affected by the generation technology of the plant, but also a number 

of factors specific to the plant including its age, how the plant has been operated 

over its life and continues to operate, and the quality of fuel that the plant has 

burned and continues to burn. 

Without specific knowledge of these factors, anything other than generic 

estimates of FOM costs and VOM costs for existing generators is impractical. 

Rather than rely on generic estimates of FOM costs and VOM costs for existing 

generators, we have adopted the FOM costs and VOM costs for existing 

generators used by AEMO in their NTNDP modelling. Given that AEMO 

engages in stakeholder consultation in developing these assumptions for their 

modelling, these assumptions are more likely to reflect the FOM costs and VOM 

costs of existing generators than are generic estimates. 
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6 Methodology for determining technical 

characteristics 

This section sets out our approach to assessing key technical characteristics for 

the eleven new entrant generation technology options that are covered in this 

report. 

6.1 Top-down and bottom-up approaches 

As with generation costs, there are essentially two approaches to assessing the 

key technical characteristics of new generation plant: 

 A bottom-up approach assesses technical characteristics of new generation 

plant on the basis of a detailed specification of the equipment and facilities 

required for a specific new generation plant of a particular technology, and an 

assessment of the expected performance of that plant. This is the kind of 

approach that engineers would typically adopt. 

 A top-down approach assesses technical characteristics of new generation 

plant on the basis of a broad survey of reported estimates of these 

characteristics for generation plant of a particular technology. 

Consistent with our approach to estimating generation costs, we have adopted a 

top-down approach to assessing the key technical characteristics of new 

generation plant. We consider that this top-down approach offers some 

advantages when it comes to developing input assumptions for the purposes of 

our work for IPART: 

 First, since we are modelling outcomes in the energy market over the long-

term, we are interested in the technical characteristics of a generic new 

generation plant of a particular technology, rather than the technical 

characteristics of a specific proposed generation plant. By surveying the 

reported technical characteristics of a wide range of generation plant of a 

particular technology, we gain information about the range of expected 

technical characteristics for plant of that technology, and can form a view 

about how a representative plant of that type is likely to operate. 

 Second, by surveying the technical characteristics of a wide range of 

generation plant of a particular technology, and surveying these technical 

characteristics from a wide range of sources, we are less likely to develop an 

assessment of technical characteristics that is an outlier. 
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6.2 Data sources 

We implement the top-down approach by making use of our detailed global 

database of technical characteristics of generation plant. This global database is 

populated by publicly available data from a wide variety of sources, including 

manufacturer specifications, company reports, reports from the trade press, 

industry and market analysis, and engineering reports. Our database includes 

reported technical characteristics of specific generation plant that have been 

commissioned and are operating, as well as reported technical characteristics of 

specific generation plant that are at some stage of planning or construction. Our 

database also includes reported technical characteristics for generic new 

generation plant of a particular technology. Our database contains data for a wide 

range of existing generation technologies that are widely deployed, as well as 

newer generation technologies that are in various stages of development. 

Our database has extensive international coverage. For most of the eleven 

generation technology options that are covered in this report this international 

coverage is essential, since there has been little or no development activity in 

Australia for these technologies. 

6.3 Filtering the data for relevance 

For the purposes of our advice to IPART, we make use only of a subset of the 

data in our global database of power station technical characteristics. 

In particular, we filter the data in our database in the following ways: 

 Filtering by year. Our global database includes reported data dating back to 

the 1990s. In order to avoid our assessment of technical characteristics being 

affected by changes in technology, for the purposes of our advice to IPART 

we include data only for projects constructed, or to be constructed, between 

2008 and 2015. 

 Filtering to remove outliers. In order to avoid our analysis being affected 

by data that reflect a particular project with unique characteristics, we exclude 

data that are material outliers. Our approach to this is discussed further in 

Section . 

When filtering our cost databases, we also filtered for particular countries. The 

intention of this was to exclude cost estimates from countries with very different 

cost structures to Australia. Since this is not the same issue for the technical 

characteristics of power stations, we do not filter our database of technical 

characteristics for particular countries. 
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7 Technical characteristics of generation 

plant 

This section sets out our assessment of the technical characteristics for each of 

the new entrant generation technologies considered in this report. First, we 

describe the basis on which these technical characteristics are assessed. Second, 

we present our assessment of these characteristics for each generation 

technology.  

This section also briefly discusses our source of estimates for technical 

characteristics for existing generation plant in the NEM. 

7.1 Basis of technical characteristics 

Our assessment of the technical characteristics of new entrant generation 

technologies are intended to reflect the characteristics for a representative 

generation plant for each of the generation technologies considered in this 

report. They are reported on the following basis: 

 Equivalent Outage Rate (EOR). Measures the equivalent outage rate for 

the power station, calculated as the sum of full outage hours and the 

conversion of partial outage hours to power station full outage hours. 

Includes planned, forced and breakdown maintenance outages. 

 Maximum capacity factor. Measures the maximum capacity factor 

achievable by the power station in any year. The annual capacity factor is 

measured as the energy production of the power station in the year compared 

to the total energy production if the power station operated at full capacity 

for the full year. 

 Auxiliaries. Measures the use of energy by the power station. Used to 

convert plant capacity from a generator terminal (GT) to a sent-out (SO) 

basis. 

 Heat rate. Measures the efficiency with which a power station uses heat 

energy. The heat rate is expressed as the number of GJs of fuel required to 

produce a MWh of sent-out energy. 

 Combustion emissions intensity. Measures the emission rate of the power 

station relative to the energy produced. For our purposes, the combustion 

emission intensity is measured as tonnes of CO2-equivalent emitted through 

combustion per MWh of sent-out energy. Emissions from coal mining and 

gas production / transportation are incorporated into forecast fuel cost 

estimates on a $/GJ basis.  



52 Frontier Economics  |  April 2013 Draft Report 

 

Technical characteristics of generation plant

  
  

 

7.2 Technical characteristics for new entrant 

generation plant 

Our assessment of the key technical characteristics for each of the generation 

technologies considered in this report is set out in Figure 19 through Figure 22. 

Our database of these technical characteristics for each generation technology 

includes a range of data. Even after filtering our global database for relevant years 

(as discussed in Section 6.3) we have a significant number of observations for 

characteristic for each generation technology. The full range of data for each 

generation technology is shown by the orange “whiskers” in Figure 19 through 

Figure 22. The range of data that covers the 10th to 90th percentile is shown by 

the pale red “boxes” in Figure 19 through Figure 22, and the range of data that 

covers the 25th to 75th percentile is shown by the dark red “boxes” in Figure 19 

through Figure 22. 

Clearly, as with our estimates of the costs of generation plant, there are a number 

of significant outliers in our data on technical characteristics – this is seen by the 

much wider range for the full dataset than for the 10th to 90th percentile. 

To avoid our analysis being affected by these outliers, we base our estimate for 

each of these technical characteristics for each generation technology on the 

mean of the data that fall within the 25th to 75th percentile. We note that this 

mean of the 25th to 75th percentile is generally very consistent with the median of 

the full range of data. This suggests to us that the using the mean of the 25th to 

75th percentile is a reasonable approach to dealing with outliers. 

Our estimates of combustion emissions intensity are based on the carbon 

content of the relevant fuel and our estimates of the efficiency of generation 

plant.  
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Figure 19: Efficiency for new entrant generation plant 

 

Source: Frontier Economics 

 

Figure 20: Auxiliary use for new entrant generation plant 

 

Source: Frontier Economics 
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Figure 21: Combustion emissions for new entrant generation plant 

 

Source: Frontier Economics 

 

Figure 22: EOR for new entrant generation plant 

 

Source: Frontier Economics  
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For each of these technical characteristics, the mean of the 25th to the 75th 

percentile – the estimates that we adopt for use in our modelling – are also set 

out in Table 4 and Table 5. 

 

Table 4: Technical characteristics 

Generation technology 
Efficiency 

(%) 

Auxiliary use 

(%) 

EOR 

(%) 

OCGT 36.35% 2.55% 7.59% 

CCGT 56.51% 2.55% 7.93% 

Supercritical PC – Black coal 39.89% 7.53% 9.73% 

Supercritical PC – Brown coal 34.60% 10.33% 10.00% 

Ultra Supercritical PC – Black coal 41.06% 8.76% 10.00% 

Ultra Supercritical PC – Brown coal 37.08% 9.99% 10.00% 

IGCC – Black coal 42.81% 13.95% 12.12% 

Wind – onshore - 0.16% 7.28% 

Biomass – steam turbine 26.74% 5.71% 11.85% 

Solar Thermal – Parabolic Trough w/out Storage - 21.40% 5.93% 

Geothermal – Enhanced Geothermal System (EGS) - 9.00% 9.73% 

Source: Frontier Economics 
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Table 5: Combustion emissions 

Generation technology, region 

Combustion 

emissions 

(tCO2-e/MWh) 

OCGT 0.508 

CCGT 0.327 

Supercritical PC – Black coal NSW 0.806 

Supercritical PC – Black coal QLD 0.822 

Supercritical PC – Brown coal 0.970 

Ultra Supercritical PC – Black coal NSW 0.783 

Ultra Supercritical PC – Black coal QLD 0.799 

Ultra Supercritical PC – Brown coal 0.905 

IGCC – Black coal NSW 0.751 

IGCC – Black coal QLD 0.766 

Source: Frontier Economics 

 

7.3 NEM-specific technical characteristics 

When modelling new entrant generators in the NEM several additional technical 

characteristics and constraints are incorporated into the model. 

7.3.1 Wind tranches 

In order to capture a realistic ‘cost curve’ for new entrant wind generators that 

reflects diminishing marginal quality of new wind sites (i.e. an upward-sloping 

wind supply curve for a given capital cost) our modelling makes use of 4 tranches 

of wind capacity in each NTNDP Zone, consistent with AEMO’s 2011 

NTNDP. Each wind tranche has an assumed maximum availability capacity in 

each NTNDP Zone and an assumed maximum annual capacity factor. Capacity 

factors decline in each wind tranche, resulting in a higher long-run marginal cost 

for new wind developments as favourable sites are exhausted. The MW 
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availability and associated annual capacity factors for each wind tranche are taken 

from AEMO’s 2011 NTNDP planning case supply input spreadsheet.18 

7.3.2 Solar capacity factors by NEM sub-region 

The average annual capacity factors for solar plant in the NEM vary considerably 

depending on the location of the plant. Accurately capturing the annual average 

capacity factor of solar plant is important – this is since the annual capacity factor 

is the primary driver of long-run marginal cost. The modelling uses annual 

average capacity factors for solar plant for each NTNDP Zone as outlined in 

AEMO’s 2011 NTNDP planning case supply input spreadsheet.19 At the time of 

modelling this was the most up-to-date estimate of the operating capacity factors 

of solar plant in the NEM on a sub-regional basis that was available. 

7.3.3 Technology-specific build limits 

To capture real-world commercial and technical constraints in commissioning 

generators over a certain timeframe in the NEM, the modelling assumes a variety 

of annual and total build limits. Total build limits for each technology by 

NTNDP Zone are based on AEMO’s 2011 NTNDP planning case supply input 

spreadsheet.20 In addition, an annual build limit of 500 MW in each NTNDP 

Zone in each year has been imposed on wind investment. This assumption is 

necessary to prevent the model attempting to commission an unrealistically large 

quantity of wind generation in a concentrated area of the NEM in a single year. 

7.4 Technical characteristics of existing generation 

plant 

In addition to technical characteristics for new entrant generation plant, our 

market modelling also makes use of technical characteristics for existing 

generation plant. 

The technical characteristics of specific existing generation plant can be difficult 

to accurately assess. The reason is that these characteristics will not just be 

affected by the generation technology of the plant, but also by a number of 

factors specific to the plant including its age, how the plant has been operated 

over its life and continues to operate, and the quality of fuel that the plant has 

burned and continues to burn. 

                                                

18  http://www.aemo.com.au/Consultations/National-Electricity-

Market/Closed/~/media/Files/Other/planning/0418-0013%20zip.ashx  

19  Ibid. 

20  Ibid. 

http://www.aemo.com.au/Consultations/National-Electricity-Market/Closed/~/media/Files/Other/planning/0418-0013%20zip.ashx
http://www.aemo.com.au/Consultations/National-Electricity-Market/Closed/~/media/Files/Other/planning/0418-0013%20zip.ashx
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Without specific knowledge of these factors, anything other than generic 

estimates of the technical characteristics of existing generators is impractical. 

Rather than rely on generic estimates of these characteristics for existing 

generators, we have adopted the data used by AEMO in their NTNDP 

modelling. Given that AEMO engages in stakeholder consultation in developing 

these assumptions for their modelling, we consider that these assumptions are 

more likely to reflect the actual technical characteristics of existing generators 

than are generic estimates. 
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PART C – 

Coal prices faced by generation plant 
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8 Background and methodology 

In order to model energy purchase costs we need an estimate of the marginal 

cost of coal supplied to each existing coal-fired power station in the NEM, and 

each potential new coal-fired power station in the NEM, over the modelling 

period from 2013/14 to 2019/20. 

This section provides an overview of the methodology that we have adopted for 

estimating the marginal cost of coal supplied to a power station. First, however, 

we provide some background to the coal sector in eastern Australia, including a 

description of coal types and an overview of coal reserves and coal production in 

eastern Australia. 

8.1 Background on the coal sector 

8.1.1 Classifying coal reserves 

Coal is classified into four general categories, or ranks, reflecting the degree to 

which a deposit has been exposed to heat and pressure, and therefore the 

proportion of the coal which is carbon.  

Anthracite, the highest rank, is a hard shiny coal with a very high carbon and 

heat-value content. Global deposits are small and it is mostly used in residential 

and commercial space heating.  

Bituminous coal includes types suitable for both metallurgical and thermal 

consumption: 

 Metallurgical coal is principally used to produce coke, used as a reductant in 

steel making and other metal smelting processes. It includes the hard coking 

coal found in Queensland’s Bowen Basin, and soft coking coals which are 

found in both NSW and Queensland. Pulverised coal injection (PCI) coal is 

also classed as metallurgical, although its purpose is simply to supply thermal 

energy to the blast furnace into which it is injected. 

 Thermal coal is used primarily as fuel for electric power generation. Thermal 

coal is graded on a number of characteristics including moisture, ash and 

energy value. 

Sub-bituminous coal has a lower energy content and is used mostly in power 

utilities – either blended with bituminous coal or used as a primary fuel (in which 

case larger volumes are required). Coal mined in Western Australia’s Collie Basin 

and at South Australia’s Leigh Creek is typically sub-bituminous, and almost all is 

used in domestic generators. Queensland and NSW also produce sub-bituminous 

coals which are mostly used in domestic power stations. 
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Brown coal is the lowest rank of coal, with a low energy content and high 

moisture content. Victoria has vast resources of brown coal located in the 

Gippsland Basin. Low strip ratios (cubic metres of overburden per tonne of coal) 

and very thick seams (up to 100 metres in the Latrobe Valley) have allowed large 

scale open cut mining that is low-cost even after allowing for the lower quality of 

coal. 

8.1.2 Coal reserves 

NSW’s coal reserves 

Most coal mining in NSW is based on resources in the Sydney-Gunnedah basin, 

which extends over 500km from north to south and is up to 150km wide. Within 

the basin are five major coalfields: Hunter, Newcastle, Southern, Western and 

Gunnedah. Minor coal resources are also located in the isolated Gloucester and 

Oaklands basins. 

According to the NSW government21 recoverable coal reserves in NSW total 

over 11.5 billion tonnes, including those resources where conceptual mine 

planning has been undertaken, in both Mining Leases and Exploration Licence 

areas. 

In 2011/12 some 67 mines in NSW produced 167 million tonnes (Mt) of coal, of 

which 132Mt was thermal and 35Mt was classed as metallurgical. Exports totalled 

131Mt, and 37Mt was sold for domestic consumption (mainly to power utilities 

but also to local steel and cement works). 

At this rate of consumption, the recoverable reserves in NSW are sufficient to 

last 69 years. 

Queensland’s coal reserves 

Most coal mining in Queensland is based in the Bowen basin, which has one of 

the world’s largest deposits of bituminous coal. The Bowen basin extends over 

roughly 60,000 square kilometres of Central Queensland. The Clarence-Moreton 

and Surat basins have much smaller numbers of domestic and export operations. 

The small Tarong and Callide basins support mines feeding local power stations. 

The Maryborough, Styx, Mulgildie, Laura, Ipswich and Galilee basins are not 

mined, although the Galilee basin is home to a number of major projects, 

including Alpha and Kevin’s Corner, which should begin producing in the next 

few years. 

                                                

21  www.resources.nsw.gov.au/resources/coal/coal-industry See also: NSW Coal Industry Profile 2010 

(NSW Trade & Investment, Division of Resources and Energy, 2011) 

http://www.resources.nsw.gov.au/resources/coal/coal-industry
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Bowen basin production is largely devoted to high quality coking coal for 

metallurgical uses, while the other basins largely support mines producing 

thermal and pulverised coal injection (PCI) coals. 

Estimates of the amount of identified raw coal in situ for Queensland’s coal 

basins were compiled in 2003 from available company information by the 

Department of Natural Resources and Mines, and this remains the most up-to-

date comprehensive coverage of the subject.22 The estimates indicated the 

presence of 32.7 billion tonnes of coal, of which 21.5 billion tonnes was classed 

as thermal. Taking into account that not all of this coal will prove economically 

recoverable, and that there will be processing losses, the quantity of production 

that this endowment could support is a considerably lower figure, but one not 

readily estimated with any precision. 

In 2011/12 Queensland’s 58 working mines produced 187.6Mt of coal, of which 

164.8Mt was exported. Thermal coal production amounted to 34 per cent of the 

total, with 46.8Mt being exported and 16.9Mt being consumed in domestic 

power stations. For any reasonable ratio of conversion of in situ resources into 

saleable products, and for any reasonable rate of growth in the industry, it is 

evident that Queensland has a coal endowment that will endure well beyond the 

next twenty years. 

Victoria’s coal reserves 

Victoria’s Department of Primary Industries reports that the state has a rich 

supply of brown coal, with 430 billion tonnes that is in thick seams near the 

earth’s surface (meaning that the coal can be mined at low cost).23 Potentially 

economic brown coal in the Latrobe Valley alone, where most mining takes 

place, is estimated to total 33 billion tonnes. At present annual production rates 

of about 65-70Mt, the resources are almost inexhaustible. 

8.1.3 NSW coal production regions 

As discussed, there are a number of coal producing regions across eastern 

Australia and a large number of coal mines. A smaller number of these coal 

mines produce coal for supply to the domestic market. 

In NSW, most coal is mined from the Sydney-Gunnedah basin. Coal is also 

extracted from the Gloucester Basin, located to the north of Sydney, while there 

are no coal operations in the Oaklands Basin in the south west of the state. 

                                                

22  Mutton, A.J. (2003): Queensland Coals. Physical and Chemical Properties, Colliery and Company 

Information, 14th edition. Queensland Department of Natural Resources and Mines, Bureau of 

Mining and Petroleum, 112pp. 

23  Victoria, Australia – A principal brown coal province [Fact sheet]. Department of Primary 

Industries, Victoria (2010), 4pp. 
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Hunter Coalfield, Sydney-Gunnedah basin 

The Hunter is far and away the highest producing coalfield in NSW. Its output is 

mostly thermal coal for power generation, as well as semi-soft coal for steel 

production. In the Hunter there are 21 operating mines, of which 16 are open cut 

and 5 underground. 

In 2011/12 about 93.8Mt of saleable coal was produced from coal mines in the 

Hunter coalfield, the great proportion of which was railed to the Port of 

Newcastle for export. Most of the remainder was transported to the Bayswater 

and Liddell power stations near Muswellbrook, and Redbank power station near 

Singleton. 

The coal mines supplying the domestic market from the Hunter coalfield include: 

 Ravensworth-Narama – Coal Services reports that last financial year 

Ravensworth-Narama delivered 2.7Mt (85 per cent of its production) by 

conveyor to Bayswater and Liddell. In previous years the mine complex 

supplied all of its coal to these two generators. The operation is now shifting 

towards becoming a major exporter of high quality thermal and semi-soft 

coal from the newly developed Ravensworth North pit, with only the 

Narama pit to supply the domestic market. 

 Mount Arthur – last financial year Mount Arthur supplied 11 per cent of its 

product to the domestic market (1.8Mt, according to Coal Services). 

 Mangoola – Mangoola is a large new open cut mine in the upper Hunter 

Valley that commenced production in mid-2011. It is a potential supplier of 

thermal coal for domestic electricity generation, particularly at the nearby 

Liddell and Bayswater power stations. Initial saleable production (8.5Mt in 

2011-12), however, has all been exported, with contracted domestic tonnage 

presumably supplied from other mines. 

 Drayton – last financial year Drayton supplied only 2 per cent of its 4.1Mt of 

saleable coal to the domestic market. In previous years Drayton has delivered 

more of its production to Macquarie Generation (prior to 2007, well over 

1Mtpa), however announcements from owner Anglo America suggest its 

product will be withdrawn completely from the domestic market. 

 Mount Thorley Warkworth – Mount Thorley Warkworth is one of the 

larger mines in NSW producing 9.6Mt in 2011/12. Of this, 9Mt was exported 

and the remainder delivered to Redbank power station. Mount Thorley 

supplies Redbank via overland conveyor with a combination of beneficiated 

dewatered washery tailings and high-ash run-of-mine coal. 

Western Coalfield, Sydney-Gunnedah basin 

The Western coalfield extends from Lithgow to Rylstone. There are 14 operating 

mines, (6 underground and 8 open cut), 8 of which supply coal to the domestic 
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market. Saleable coal totalled 34Mt in 2011/12. Of this 12Mt was used as 

domestic thermal coal, delivered mainly to the Mount Piper and Wallerawang 

power generators, as well as Bayswater and Liddell. 

Wallerawang and Mount Piper receive coal from Angus Place and Springvale via 

dedicated conveyors. Mount Piper also receives coal by road from Cullen Valley 

and Invincible. Angus Place, Cullen Valley and Invincible sell all, or almost all, of 

their coal (which is of relatively low quality) to these domestic power stations. 

Springvale exports about half of its production. 

Wilpinjong supplies coal to Bayswater and Liddell in the upper Hunter. In 

2011/12 Wilpinjong’s saleable output was 10.7Mt: some 5.9Mt was railed 155km 

to Bayswater and Liddell power stations, and the balance was exported. 

Wilpinjong’s low strip ratio gives it the lowest mining cost in NSW. 

Newcastle Coalfield, Sydney-Gunnedah basin 

Surrounding its port, the Newcastle coalfield extends to Cessnock in the west 

and Maitland to the north. Ten different seams yield semi-soft and thermal coals. 

Newcastle produced 18.2Mt in 2011/12 of which 7.1Mt was sold as domestic 

thermal coal.  

During 2011/12 eight mines from the Newcastle coalfield supplied Eraring and 

Vales Point power stations. Awaba, Myuna, Newstan, Mandalong and Westside 

delivered coal to Eraring. Chain Valley, Mandalong, Mannering, Newstan and 

West Wallsend supplied Vales Point. Since the end of 2011 Mannering has been 

closed due to high costs, and reserves have been exhausted at Westside and 

Awaba. Newstan has only recently recommenced operations after several years 

on care-and-maintenance. 

Mandalong is the largest producing mine in the Newcastle coalfield. Prior to 

2008/09, all production was delivered to the domestic market (Eraring, Vales 

Point and the now-closed Munmorah power stations). However, as output has 

been ramping up and following the construction of a haul road linking the mine 

to the nearby Newstan export facilities, around 1.7Mt is sent offshore annually. 

Myuna supplies all of its coal by conveyor to the adjacent Eraring power station, 

which also receives around 18 per cent of West Wallsend’s production via an 

internal haul road. 

Gunnedah Coalfield, Sydney-Gunnedah basin 

The Gunnedah coalfield is a relatively untouched resource despite considerable 

reserves of thermal and semi-soft coals. The long distance (around 380km) to 

port has been the main reason preventing greater exploitation. In more recent 

years, as coal prices have risen, investment in the area has increased and a 

number of significant mining proposals are in the pipeline. 
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Five mines – Boggabri, Narrabri, Rocglen, Tarrawonga and Werris Creek – 

operate in the area. In 2011/12 the region produced 7.7Mt, of which 7.5Mt was 

exported. The high energy content of the thermal coal means it can be blended 

with coal of lower quality. Roughly 200,000 tonnes of thermal coal were sold 

domestically to local customers as well as to a coke works in Newcastle. 

Southern Coalfield, Sydney-Gunnedah basin 

The area surrounding Wollongong and Port Kembla is the only geological region 

in NSW to produce hard coking coal for use in domestic and offshore steel mills. 

All of the eight operating mines are underground. Overall production in the last 

financial year was 12.9Mt, of which 9.1Mt was exported, including 1.2Mt 

categorised as thermal. Some 3.5Mt of metallurgical coal was sold to domestic 

steel mills. The only supply of thermal coal was to the Berrima cement works. 

Oaklands Coalfield, Oaklands basin 

Exploration of the Oaklands basin, west of Wagga Wagga, has revealed extensive 

thermal coal resources that could potentially supply energy for power generation 

or coal gasification and liquefaction. Transport logistical difficulties make this 

coal an unlikely candidate for export.  

8.2 Methodology 

This section provides a brief overview of the methodology we have used to 

develop our forecasts of coal prices faced by coal-fired generators in the NEM.  

8.2.1 Marginal cost of coal 

Our approach to developing forecasts of coal prices faced by coal-fired 

generators is focused on the marginal cost of coal to each power station. 

The marginal cost of coal to each power station is the cost the power station 

would face for an additional unit of coal. The marginal cost of coal to a power 

station is likely to differ from the average cost of coal to a power station because 

the average cost of coal will reflect the price of coal under the various long-term 

coal supply contracts that power stations typically have in place. For instance, a 

power station that has in place a number of long-term coal supply contracts at 

low prices would have an average price of coal that reflects these low contract 

prices. However, if that power station would face higher market prices in order 

to purchase an additional unit of coal, then the marginal cost of coal would 

reflect these higher market prices. 

The reason that we forecast coal prices faced by coal-fired generators on the 

basis of marginal costs, rather than average costs, is that economic decisions 

about the operation and dispatch of power stations should be based on marginal 

costs rather than average costs. For instance, a power station with a low average 
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cost but high marginal cost (as considered above) would reduce its profit if it 

increased dispatch and recovered its average cost but not its marginal cost: the 

additional dispatch requires the use of additional coal priced at the market price 

for coal, and if the revenue from that additional dispatch does not cover this 

marginal cost, the additional dispatch will reduce total profits. 

We base the marginal cost of coal faced by a coal-fired generator on the market 

price for coal available to that generator. To determine this market price, we 

ultimately need to construct a demand curve and a supply curve for coal supply 

to coal-fired generators. We discuss this is more detail in Section 11. First, 

however, we need to consider how to assess the costs of supply to coal-fired 

generators, which we assess on the basis of the opportunity cost. 

8.2.2 Opportunity cost of coal 

When economists think about cost, they typically think about opportunity cost. 

The opportunity cost of an activity is measured by economists as the value of the 

next best alternative that is foregone as a result of undertaking the activity. For 

instance, the opportunity cost to a home owner of living in their house could be 

the rent that is foregone as a result of the decision to live in the house. 

Opportunity cost is relevant to assessing the cost to coal producers of supplying 

coal to coal-fired generators because coal producers may well be foregoing 

alternative markets for that coal in supplying to a coal-fired generator. For 

instance, a coal producer that has access to the export market may well be 

foregoing the export price of coal (less any export-related costs) in supplying to a 

coal-fired generator. In this case, the export price (less any export-related costs) 

may be relevant to the opportunity cost of supplying coal to a coal-fired 

generator. 

Clearly then, the markets to which a coal producer has access is important in 

considering the opportunity cost to that coal producer of supplying to a coal-

fired generator. We distinguish between two types of coal mine: 

 Coal mines that do not have access to an export market. Where coal 

mines do not have access to an export market it is generally as a result of the 

absence of the infrastructure necessary to transport coal from the mine to 

port. In many cases these coal mines are co-located with power stations and 

supply direct to the power stations through conveyors. These power stations 

are known as mine-mouth power stations. For these coal mines that do not 

have access to an export market, the coal producer is not foregoing the 

export price of coal in supplying to a coal-fired generator and, therefore, the 

export price is not relevant to the opportunity cost of supplying coal to a 

coal-fired generator. Indeed, for these coal mines, the coal producers’ next 

best alternative is likely to be simply investing its capital in some other 

activity, so that the opportunity cost of supplying to a coal-fired generator is 

simply the resource costs of producing coal, including a competitive return 
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on capital. Resource costs of coal production are discussed in more detail in 

Section 9. 

 Coal mines that do have access to an export market. Where coal mines 

do have access to an export market, this implies that the coal mine has access 

to the infrastructure necessary to transport coal from the mine to port. These 

mines may also supply coal to other users, including coal-fired power 

stations. For these coal mines, in the absence of any export constraints the 

coal producer is foregoing the export price of coal (less any export-related 

costs) in supplying to a coal-fired generator and, therefore, the export price 

(less any export-related costs) is relevant to the opportunity cost of supplying 

coal to a coal-fired generator. Importantly, for these coal mines, the 

opportunity cost of supplying to a coal-fired generator is the value of 

exporting coal, which implies that it is necessary to consider both the revenue 

from exporting coal and the additional cost of exporting coal. This value is 

typically known as the net-back price of coal, and is discussed in more detail 

in Section 10. 

It should be noted that simply because a coal mine has access to an export 

market, this does not mean that the net-back price of coal is the relevant 

opportunity cost. Indeed, if the net-back price is lower than resource costs, this 

implies that exporting coal is not the next best alternative (and, indeed, may 

imply that exporting coal is a loss-making exercise). Rather, the coal producer’s 

next best alternative is likely to be simply investing its capital in some other 

activity, so that the opportunity cost is the resource costs of producing coal, 

including a competitive return on capital. In short, for coal mines that do have 

access to an export market, the opportunity cost of supplying to a coal-fired 

generator is the higher of resource costs and the net-back price. 

8.2.3 Coal regions 

As discussed above, we base the marginal cost of coal faced by a coal-fired 

generator on the market price for coal available to that generator. To determine 

this market price, we ultimately need to construct a demand curve and a supply 

curve for coal supply to each coal-fired generator. Clearly, this requires 

consideration of each separate coal region in which coal is supplied to coal-fired 

power stations. 

In the case of mine-mouth coal-fired generators, there is no coal region or coal 

market as such – the cost of coal to mine-mouth coal-fired generators is based 

simply on the resource cost of the associated mine (on the basis that the coal 

supplied by the mine has no realistic alternative use). 

For coal-fired generators that are not mine-mouth, they are generally within a 

coal region in which a number of coal mines supply one or more coal-fired 

power stations through a network of delivery options (including conveyor, truck 
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and rail). There are three coal regions in the NEM that can be characterised in 

this way:  

 The Central Queensland coal region (in the NTNDP zone, CQ), in which 

Stanwell and Gladstone power stations are able to source coal from a number 

of coal mines that also have an export option. 

 The Western NSW coal region (in the NTNDP zone, NCEN), in which 

Bayswater, Liddell, Mt Piper and Wallerawang power stations are able to 

source coal from a number of coal mines that also have an export option. 

 The Central NSW coal region (in the NTNDP zone, NCEN), in which 

Eraring and Vales Point power stations are able to source coal from a 

number of coal mines that also have an export option. 

Assessing demand and supply in these regions is clearly more complex than 

doing so for mine-mouth power stations. 

In addition to considering options for coal supply to all existing coal-fired power 

stations in the NEM, it is also necessary to consider the coal supply options to 

potential new entrant power stations in those regions in which new entrant coal-

fired power stations are a possibility. Based on known coal reserves, there are 

seven NTNDP zones in which a new entrant coal-fired power station is a 

possibility: NCEN, NNSW, SWNSW, CQ, NQ, SWQ and LV. We estimate coal 

prices for a new entrant power station in each of these regions. 
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9 Resource costs of coal production 

As discussed in Section 8.2, in order to estimate the marginal cost of coal 

supplied to a power station we need to consider two alternative values that could 

constitute the opportunity cost of coal: the resource costs associated with coal 

production and the net-back price of coal. 

This section considers the resource costs associated with coal production. 

9.1 What are resource costs? 

Resource costs are the capital and operating costs associated with coal 

production. In estimating resource costs, our initial focus is on mine-gate 

resource costs. These are the direct costs associated with all activities within the 

mine, including mining, processing and loading coal. 

Mine-gate costs do not include royalties or transport costs. We also account for 

royalties and transport costs when estimating the marginal cost of coal, but 

because transport costs are different for different power stations (depending on 

their location) we account for transport costs when estimating the marginal cost 

of coal to each power station. 

9.2 Methodology 

We separately estimate the following categories of resource costs: 

 Upfront capital costs – upfront capital costs are the costs of establishing a 

coal mine and include costs of items such as pre-stripping, mining 

equipment, loading equipment, crushers, screens, washeries, access roads, 

dams, power and other infrastructure. Capital costs for existing coal mines 

are sunk, and therefore we do not account for these when considering the 

marginal cost of coal from these mines. Capital costs for new coal mines are 

not sunk, and therefore we do account for these when considering the 

marginal cost of coal from these mines. 

 Ongoing capital costs – ongoing capital costs are the costs of ongoing 

investment in a coal mine to replace major equipment and develop new 

mining areas. Ongoing capital costs for both existing and new mines are not 

sunk, and therefore we account for these when considering the marginal cost 

of coal. 

 Operating costs, or mine-gate cash costs – cash costs are the costs associated 

with producing saleable coal from the mine, and include labour costs and 

other mining and processing costs. Since cash costs of coal mines are 

variable, we account for these costs when considering the marginal cost of 

coal. 
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 Carbon costs – carbon costs are the costs associated with carbon emissions 

(including fugitive emissions) associated with coal mining. We incorporate 

these carbon costs in the marginal cost of coal, and therefore the forecast 

cost of coal delivered to the power station. 

 Royalties – are payments to the State Government for the right to make use 

of the State’s coal resources. 

 Transport costs – transport costs are the costs associated with delivering coal 

from the mine-gate to the power station. 

These separate elements of resource costs are accounted for, for each coal mine 

that supplies the domestic market. Metalytics have developed a model of 

resource costs that relate the key characteristics of each coal mine – including 

strip ratio, overburden and coal quality – to the various categories of resource 

costs. While this model, and the detailed data that is used in the model, remains 

confidential to Metalytics, the remainder of this section provides details on the 

costs that are accounted for in the model. 

Cost allocation between products 

There are several cases of mines producing both a washed thermal or 

metallurgical coal product for export and an unwashed thermal coal for domestic 

consumption. In such cases the mining costs incurred are divided between the 

two products in proportion to their revenues. The unit revenue of the export 

component is based on the forecast export price and the unit revenue of the 

domestic component is based on the estimated selling price to the power station. 

This ‘co-product’ method of allocating costs on the basis of expected revenues is 

widely accepted in the mining industry. 

Unit resource costs 

In order to convert cash costs from $/tonne run-of-mine (ROM) to $/GJ of 

saleable coal it is necessary to account for both yield (the difference between 

ROM coal and saleable coal) and for the energy value of coal (the GJ of energy 

per tonne of coal). 

A large proportion of export coal is washed, either because it attracts a higher 

price or simply to make it acceptable to the market. Domestic coal is often left 

unwashed, with power generators able to accept lower energy coal, and higher 

ash levels. The average yield for both Queensland and NSW mines is 80 per cent. 

Some mines have a yield of 100 per cent, indicating no washing. The lowest yield 

is 50 per cent for a very high ash ROM coal. 

The yield of a coal mine is significant in that costs are generally directly related to 

the run-of-mine (ROM) tonnes mined and processed, whereas ultimately we are 

interested in cash costs expressed as an amount per saleable tonne. To convert 

cash costs from costs per ROM tonne to cash costs per saleable tonne, we need 
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to adjust to the yield of the coal mine. Figures for historic saleable and ROM coal 

produced by NSW and Queensland mines and, therefore, estimates of yield, are 

available from state agencies. 

Energy value of coal also varies by mine. The net energy value of coal is the 

amount of energy produced by its combustion, excluding the energy expended in 

vaporising its contained moisture. A typical Australian export thermal coal 

contains 6,300 kcal/kg (kilocalories per kilogram) or 26.37 MJ/kg of usable 

energy (net as-received). However other coals may contain energy values as low 

as 4,000 kcal/kg or 16.7 MJ/kg. 

The energy value of coal is significant in that lower energy coal means greater 

volumes of coal are required to meet requirements at power utilities. To put this 

another way, lower energy coal implies higher costs per GJ. 

9.3 Upfront capital costs 

Upfront capital costs typically cover items such as pre-stripping, mining 

equipment (longwall sets, continuous miners, drills, truck and shovel fleets, 

draglines), loading equipment, crushers, screens, washeries, access roads, dams, 

power and other infrastructure. 

Our estimates of upfront capital costs are sourced from data published by the 

Bureau of Resources and Energy Economics (BREE). Twice yearly BREE 

publishes details of proposed coal projects in Australia, including expected capital 

expenditure, capacity, coal rank and start-up dates.24 We have filtered the most 

recent BREE database for new coal mine projects in NSW and Queensland, for 

coal mines that include thermal coal, and for coal mines with a capacity of 

15mtpa or less. These are the sorts of coal mines that are likely to be suitable for 

supply to a new coal-fired power station. 

The average capital cost of these mines, once the construction profile of the mine 

development is accounted for, is $138m/mtpa. This unit capital cost is applied to 

all prospective new mines, and the total capital cost is amortised over 20 years (at 

the WACC for coal mining of 8.70 per cent real pre-tax) to provide a capital cost 

amount for each mine in $/mtpa/annum. 

9.4 Ongoing capital costs 

Ongoing capital costs include ongoing investment in coal mine operations to 

replace major equipment and develop new mining areas. 

Our estimates of ongoing capital costs are $2.75/t for black coal mines and 

$1.38/t for brown coal mines. This is based on our estimate that ongoing capital 

                                                

24  http://www.bree.gov.au/publications/mimp.html 

http://www.bree.gov.au/publications/mimp.html
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costs are 2 per cent of upfront capital costs. This estimate of 2 per cent of initial 

capital costs is within the range of a number of industry estimates of ongoing 

capital costs. 

9.5 Operating costs 

Operating costs of coal mines, often referred to as cash costs, are the variable 

costs of the mine operation and consist of the costs of labour, energy, mining 

and processing consumables, maintenance items, service fees and royalties. 

Metalytics derives its cash cost estimates from an extensive database covering 

operations of each NSW and Queensland coal mine. Most information comes 

from publicly available records such as company reports, environmental impact 

statements and government and semi-government organisations, including the 

Australian Bureau of Statistics, the Queensland Department of Natural 

Resources and Mines, and the NSW agency Coal Services. Information has also 

been collected from industry publications, industry conferences and industry 

liaison. 

This information is reconciled with engineering-based models and information 

given in some company reports that provide estimates of energy and 

consumables consumption for different mining methods. 

Cash costs are often reported as mine-gate cash costs. These costs include all 

cash costs associated with mining, processing and direct administration charges. 

They exclude transport costs, port costs, royalties and marketing costs. 

Labour costs 

Labour is the major element of cash costs. In 2011 the International Energy 

Agency (IEA) published a table (“breakdown of important input factors for coal 

mining in Australia”)25 showing the average contribution of labour to total 

production costs. According to the IEA, labour costs vary between 32 per cent 

(for open pit truck-and-shovel operations) and 39 per cent (for underground 

longwall mines). 

We estimate labour costs by multiplying unit labour costs by the number of 

people employed in mining at each coal mine. 

Unit labour costs are estimated using average weekly earnings, which includes 

bonuses and other allowances. Information on unit labour costs is published by 

Coal Services and the Australian Bureau of Statistics. 

For NSW and Queensland mines, historic labour numbers are published by state 

agencies. These must be apportioned between mining and processing – a split 

                                                

25 IEA Medium‐Term Coal Market Report 2011 : Table 5 
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that is important when it comes to estimating the costs attributable to individual 

product streams. 

Mining costs 

Other mining cash costs are dependent on whether the mine is underground or 

open cut. 

An open cut mine may rely only on truck and shovel fleets, while larger 

operations will often also employ draglines to remove over-burden and inter-

burden. The larger the mine, the more likely it is to use highly productive 

conveyors, stackers and reclaimers, as well as efficient rail loading equipment. For 

a given set of input prices, the operation of an open-cut mine, and hence its cash 

cost, is largely driven by the following factors: 

● the strip ratio; 

● the depth of overburden; 

● the number of seams – multi-seam or a single seam mine; 

● the method of overburden stripping – dragline or truck and shovel; 

● truck haulage distances from coal face to discharge point; 

● equipment age; 

● dewatering requirements; and 

● yield – the ratio of saleable to run-of-mine coal. 

Metalytics’ database of coal mine operations enables these factors to be 

accounted for in an estimate of mining costs for each open cut coal mine. 

The cost of underground mining also varies depending on the mining method 

employed – principally longwall extraction or bord and pillar. Longwall mining 

offers significantly higher productivity and generally has lower cash costs. Bord 

and pillar mining relies on Continuous Miners and will leave behind a sizeable 

proportion of the coal reserve. For a given set of input prices, the cash costs of 

underground mining takes into account the following elements: 

● the method of mining; 

● depth and areal extent of the mine; 

● gas levels; 

● width, continuity and slope of the seam or seams;  

● dewatering requirements;  

● roof and floor conditions, and 

● yield – the ratio of saleable to run-of-mine coal. 
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The unit cost of consumables is much higher for underground mining. 

Consumables include cutting tools, drill bits, roof bolts, mesh, hand tools, 

protective equipment and conveyor belts. More gassy mines require in-seam gas 

drainage and more intensive ventilation. Long distances from the coal face to the 

surface increases electricity and fuel inputs, as well as maintenance costs. 

Metalytics’ database of coal mine operations enables these factors to be 

accounted for in an estimate of mining costs for each underground coal mine. 

Processing costs 

Processing covers both crushing and washing. Crushing and screening results in 

more consistent coal sizing. Washing removes ash-generating rock particles, 

which in turn increases calorific value. Almost all export thermal coal is washed, 

while a large proportion of coal shipped to domestic utilities is unwashed. 

To estimate average processing costs Metalytics uses available information on 

labour and the mine’s coal preparation plant. Most important are the yield and 

the number of coal products produced by the operation. Information on yield 

and the types of coal produced by the mine is obtained from state agencies. 

9.6 Carbon costs 

Coal mining operations face carbon costs as a result of the emissions associated 

with their operations. Metalytics have estimated the emissions intensity of coal 

mine operations, which enables an estimate of the carbon costs faced by each 

mine. These estimates are based on publicly available information on the 

emissions associated with mining operations, including information from 

environmental impact statements. 

9.7 Royalties 

In New South Wales, royalties are charged on prices received less small 

deductions for beneficiation and for industry levies incurred. The rates are 

8.2 per cent of net revenue for open cuts, 7.2 per cent for most underground 

mines and 6.2 per cent for deep (>400m) underground mines.  

In Queensland, the royalty rate for coal selling at up to A$100 per tonne is 7.0 

per cent – the higher rates that apply beyond $100/tonne are not likely to be 

relevant to domestic thermal coal so long as the threshold is indexed for 

inflation.  

In Victoria, the royalty charge is calculated using a base amount per gigajoule, 

which is indexed to the Consumer Price Index. In 2006 the base amount was 

$A0.0588/GJ.  
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In South Australia, royalties are assessed at 3.5 per cent of the sale price, minus 

transport costs. 

9.8 Transport costs 

Transport cost calculations are based on loading rates, distance travelled and the 

mode of transport. Some domestic mines use dedicated conveyors, whose costs 

per tonne are minor. A few mines rely on trucking – usually via private haul 

roads and typically over short distances. Another group of mines rails domestic 

coal – for example, in Queensland coal is railed significant distances to Gladstone 

and Stanwell power stations, and in NSW Wilpinjong rails all of its domestic coal 

to Bayswater and Liddell power generators. 
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10 Net-back price of coal 

As discussed in Section 8.2, in order to estimate the marginal cost of coal 

supplied to a power station we need to consider two alternative values that could 

constitute the opportunity cost of coal: the resource costs associated with coal 

production and the net-back price of coal. 

This section considers the net-back price of coal. 

10.1 What is the net-back price of coal? 

In this context, the net-back price of coal refers to the revenue that a coal 

producer would earn from exporting its coal to the international market, less all 

of the additional costs that would be incurred by the coal producer as a result of 

a decision to export the coal rather than sell it domestically, measured at the 

mine-gate. 

As we have seen, the net-back price of coal is relevant to determining the 

opportunity cost of coal to a coal producer that has access to the export market 

because the net-back price of coal measures the value that the coal producer 

would forego if, having produced a unit of coal, it decided to supply that unit of 

coal to a domestic power station rather than export that unit of coal. 

10.2 Calculating the net-back price of coal 

10.2.1 Export price 

The starting point for calculating the net-back price of coal is a forecast of the 

export price of coal. It is this export price that determines the revenue that a coal 

producer will earn by exporting coal. 

The export prices that we have used to calculate the net-back price of coal are 

from quarterly forecasts released by the World Bank.26 The World Bank provides 

forecasts of the export price of thermal coal, semi-soft coking coal (SSC) and 

hard coking coal (HCC) out to 2025. These export prices, which are in 

USD/tonne, are converted to AUD/tonne based on the forecast nominal 

exchange rate set out in Section 2.5.1. This results in the export prices shown in 

Figure 23. 

 

                                                

26  See:  

http://siteresources.worldbank.org/INTPROSPECTS/Resources/334934-

1304428586133/Price_Forecast.pdf 

http://siteresources.worldbank.org/INTPROSPECTS/Resources/334934-1304428586133/Price_Forecast.pdf
http://siteresources.worldbank.org/INTPROSPECTS/Resources/334934-1304428586133/Price_Forecast.pdf
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Figure 23: Export coal prices ($2012/13) 

 

Source: Metalytics 

 

The export revenue that a coal producer earns will ultimately depend on the 

quality of the coal that it produces. The coal prices shown in Figure 23 are for 

coal of a particular quality. For instance, the export thermal coal price shown in 

Figure 23 is for coal that meets the benchmark specification of 6,300 cal/kg. For 

coal that has a different specification, the coal price received by the coal producer 

will be adjusted according: lower specification coal will receive a lower price and 

higher specification coal will receive a higher price. 

This means that calculating the net-back price of coal requires an estimate of the 

coal quality for each mine. Coal specifications for export product are generally 

revealed in company reports or industry publications such as the TEX Report. 

Many domestic coal calorific values are published in the Register of Australian 

Mining. In other cases, industry knowledge, the mine’s yield and partial pricing 

signals, provide a reasonable estimate. Metalytics estimates of energy content for 

domestic thermal coal take into consideration that: 

● producers may vary the quality of their product depending on demand from 

domestic or offshore utilities,  

● the quality of the coal being mined may vary through time; 

● it may include washery middlings or raw coal which unprocessed has little 

quality consistency. 
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10.2.2 Avoided costs 

The second step for calculating the net-back price of coal is an estimate of the 

costs that a coal producer will avoid if it does not export coal. 

The avoided costs that need to be taken into account in calculating the net-back 

price of coal are: 

 Port fees – Metalytics has obtained information on port fees directly from 

Port Waratah Coal Services and the Newcastle Coal Infrastructure Group. 

Information on other port charges has come from industry sources and 

company reports. 

 Transport costs – Rail costs are calculated using access charges, loading rates 

and distance travelled. 

 Administration and marketing costs – These costs are based on industry 

estimates. 

 The costs of managing exchange rate and counterparty risk – These costs are 

based on industry estimates. 

 Washing costs – These costs are assessed using mine-by-mine information 

(when available) as well as the mine’s yield. 

The avoided costs will differ from mine to mine, driven by differences in 

location, export port and requirements to wash coal. Generally speaking, the 

avoided costs associated with port fees and transport range from around $8/t to 

around $23/t, the avoided costs associated with administration, marketing and 

risk management are around $17/t and the avoided costs associated with washing 

range from $0/t (for coal mines that do not need to wash their coal) to around 

$9/t. 

10.2.3 Yield adjustment 

The final step in calculating the net-back price of coal is to adjust for any 

differences in yield between coal supplied to the export market and coal supplied 

to the domestic market.  

The yield of a coal mine measures the ratio between tonnes of run-of-mine coal 

and tonnes of saleable coal. Differences between tonnes of run-of-mine coal and 

tonnes of saleable coal result primarily from washing: washing improves the 

quality of coal but reduces the tonnage of coal. 

Where a coal mine washes export coal but does not wash domestic coal (or 

washes the coals to different extents) there will be a difference in yield. This 

means that a decision to export a unit of coal rather than to sell it domestically 

will result in a reduction in the tonnes of saleable coal – a higher export price will 

be received for the higher-quality washed coal, but fewer tonnes will be sold as a 

result of the washing. 
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We account for any difference in yield between coal supplied to the export 

market and coal supplied to the domestic market when calculating the net-back 

price of coal. 
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11 Coal price forecasts 

As discussed in Section 8.2, we estimate the cost of coal supplied to coal-fired 

power stations based on the marginal opportunity cost of coal. 

Generally speaking, estimating the cost of coal supplied to coal-fired power 

stations requires us to develop a supply curve for each coal region that reflects 

the opportunity cost of supplying coal to power stations in that region and a 

demand curve for each coal region that reflects demand for coal by power 

stations in that region. The intersection of supply and demand provides the 

marginal opportunity cost of coal. In practice, however, there are differences in 

how this approach is applied for mine-mouth power stations and other power 

stations. For this reason, this section separately deals with coal price forecasts for: 

 existing mine-mouth power stations 

 existing power stations that are not mine-mouth 

 new entrant power stations. 

Coal price forecasts for new and existing power stations in the NEM are set out 

in full for the modelling period from 2013/14 to 2019/20 in Frontier’s Draft 

Input Assumptions Spreadsheet. 

11.1 Coal price forecasts for existing mine-mouth 

power stations 

In the case of mine-mouth coal-fired generators, there is no coal region or coal 

market as such – the cost of coal to mine-mouth coal-fired generators is based 

simply on the resource cost of the associated mine (on the basis that the coal 

supplied by the mine has no realistic alternative use). 

As discussed in Section 9, Metalytics have developed estimates of the resource 

costs of each mine in NSW and Queensland that supplies thermal coal to power 

stations in the NEM, including each existing mine supplying mine-mouth power 

stations. These estimated resource costs include ongoing capital costs, cash costs, 

carbon costs and royalties. While the model and the detailed data used by 

Metalytics to develop these resource cost estimates are confidential, the resulting 

coal price forecasts for mine-mouth power stations in NSW and Queensland are 

set out in full for the modelling period from 2013/14 to 2019/20 in Frontier’s 

Draft Input Assumptions Spreadsheet. 

For some mines that supply mine-mouth power stations, there is a real shortage 

of data on resource costs. This is particularly the case for brown coal mines in 

Victoria and for South Australia’s Leigh Creek mine. The problem with these 

mines is that there has been no investment in new coal mines in these regions for 

many years, and also no investment in equivalent mines in other regions (in 
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particular, brown coal mines), which means that there is very little up-to-date 

information on the likely resource costs for mines of this type. For this reason, 

rather than estimating the cost of coal supplied to power stations from Victoria’s 

brown coal mines and South Australia’s Leigh Creek mine on the basis of a 

detailed estimate of resource costs, we have estimated these costs on the basis of 

the observed bidding of these power stations. By observing the average price 

bands in which these power stations have historically bid a material proportion of 

their capacity, and adjusting these electricity prices to account for the efficiency 

of the power stations and the power stations’ VOM costs, we estimate the cost at 

which these power stations are supplied with coal. The resulting coal price 

forecasts for these power stations in Victoria and South Australia are set out in 

full in Frontier’s Draft Input Assumptions Spreadsheet. 

11.2 Coal price forecasts for existing power stations 

that are not mine-mouth 

In the case of power stations that are not mine-mouth, the power station is 

generally supplied from a coal region in which a number of coal mines supply 

one or more coal-fired power stations through a network of delivery options 

(including conveyor, truck and rail). As discussed in Section 8.2.3, there are three 

coal regions in the NEM that can be characterised in this way: 

 The Central Queensland coal region (in the NTNDP zone, CQ), in which 

Stanwell and Gladstone power stations are able to source coal from a number 

of coal mines that also have an export option. 

 The Western NSW coal region (in the NTNDP zone, NCEN), in which 

Bayswater, Liddell, Mt Piper and Wallerawang power stations are able to 

source coal from a number of coal mines that also have an export option. 

 The Central NSW coal region (in the NTNDP zone, NCEN), in which 

Eraring and Vales Point power stations are able to source coal from a 

number of coal mines that also have an export option.  

Assessing demand and supply in these regions is clearly more complex than 

doing so for mine-mouth power stations. To determine the cost of coal supplied 

to coal-fired power stations in these regions, we develop a supply curve and a 

demand curve for the region. 

11.2.1 Supply curve for coal 

The supply curve for each coal region is based on the annual capacity of each 

coal mine to supply thermal coal to domestic power stations and the opportunity 

cost faced by each coal mine for such supply. 
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The capacity of each coal mine to supply thermal coal to domestic power stations 

is estimated by Metalytics on the basis of the total capacity of the coal mine and 

the commitment of coal to the export market from the coal mine. 

The opportunity cost faced by each coal mine is determined as the higher of the 

resource cost of supply from the coal mine and (where the mine has an option to 

export) the net-back price of coal for the coal mine. For almost all mines in the 

coal regions we examined, the net-back price of coal was higher than resource 

costs, as seen in Figure 26 through Figure 25, meaning that the opportunity cost 

of coal for these mines is based on the net-back price of coal. 

11.2.2 Demand curve for coal 

The demand curve for each coal region is based on an estimate of the annual coal 

used by coal-fired generators in each region. The annual coal used by coal-fired 

generators is calculated based on their annual dispatch, adjusted by the heat-rate 

for the plant. We have calculated annual coal used in each region for each of the 

last five years, as shown in Figure 24. 

 

Figure 24: Historical coal usage 

 

Source: AEMO data and Frontier Economics analysis 

 

We see that coal usage has been reducing from 2008 to a level slightly above 700 

PJ/annum across the export exposed coal-fired power stations in NSW and 

Queensland. This reflects a number of changing conditions in the NEM over the 

past five years, including: 
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 Reductions in the growth rate of electricity demand, with absolute reductions 

in electricity demand observed in NSW 

 Increased output from renewable generation to meet the renewable energy 

target 

 Increased output from some gas-fired generators reflecting the presence of 

ramp gas prior to LNG export commencing in 2017. 

We would note that the factors driving low levels of demand for coal from 

export exposed power stations in the NEM are likely to continue over the course 

of the current determination. Indeed, the results of the market modelling that we 

undertake in estimating energy purchase costs (as described in Frontier’s Energy 

Purchase Cost Draft Report) suggest that coal use by power stations is likely to 

be consistent with the historical range over the modelling period. 

In determining a marginal opportunity cost of coal, supply curves have been 

compared to demand curves representing the mean annual use across these five 

years, the lowest use in any one year and the highest use in any one year. 

11.2.3 Coal price forecasts 

The marginal opportunity cost of coal in each region is determined by the point 

of intersection of the demand curve for coal in the region and the supply curve 

for coal in the region.  

Demand and supply curves for each coal region are shown in Figure 25 through 

Figure 27. The vertical blue lines represent the demand curve, with the solid blue 

line representing the mean annual coal use over the last five years and the dotted 

blue lines representing the minimum and maximum annual coal use over the last 

five years. The light blue line represents the supply curve based on resource costs 

and the red line represents the supply curve based on the net-back price of coal. 

The dashed black line represents the supply curve that is the opportunity cost for 

each mine (generally the net-back price of coal but, on occasion, the resource 

cost of coal).  

A couple of things are worth noting about these figures. First, as discussed, the 

net-back price of coal is above resource costs for almost all coal mines. Second, 

the range of demand generally interests the supply curve at a flat part of the 

supply curve: that is, the coal price forecast is not sensitive to variations in coal 

demand from the mean. 

The supply curves for each region that are shown in Figure 25 through Figure 27 

are supply curves with reference to the cost of delivery from each coal mine to a 

particular power station. Even within a single region, however, differences in 

transport costs result in slight differences in the coal price forecast to power 

stations that are located in different places. The coal price forecasts for each 
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power station in these regions are set out in full in Frontier’s Draft Input 

Assumptions Spreadsheet. 

 

Figure 25: Central Queensland coal supply and demand ($2012/13) 

 

Source: Frontier Economics 

 

Figure 26: Western NSW coal supply and demand ($2012/13) 

 

Source: Frontier Economics 
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Figure 27: Central NSW coal supply and demand ($2012/13) 

 

Source: Frontier Economics 
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and current mine proposals, or in the case of south west NSW, exploration data 

on the Oaklands basin, which is yet unmined. 

Northern NSW 

Metalytics estimates that the mine gate cost of coal for a new mine in Northern 

NSW would be in the vicinity of $A1.85 a gigajoule in 2013. This is the lowest 

cost outcome of the three regions. It is assumed that the mine would be located 

near Gunnedah and produce 2.5 million tonnes of high quality thermal coal 

(6,200 kcal/kg or 26.0 MJ/kg). Strip ratios are likely to be relatively high. These 

assumptions are based on existing operations and proposals in the area. 

Central NSW 

The mine-gate cost of coal from a new mine in Central NSW is estimated to be 

$A2.10 a gigajoule. The mine is assumed to be located in the Hunter Valley 

producing 9.5 million tonnes annually. The strip ratio is assumed to be low, as is 

the quality of the coal (5,500 kcal/kg or 23.0 MJ/kg). It is also assumed some 

coal would need to be washed resulting in a lower yield and higher processing 

costs than then other two projects. 

South-west NSW 

The cost of coal from a new mine in South West NSW – the Oaklands basin – is 

estimated to be $3.11/GJ. Metalytics bases its costs on the prospect of a single-

owned co-integrated 3Mt pa mine and a 700MW power station. 

The Oaklands Basin located near Wagga Wagga remains unmined so information 

is limited. Metalytics is relying on exploration results contained in a project put 

forward by Whitehaven (previously Coalworks) in a company presentation in 

March 2010, as well as figures contained in the Department of Primary Industry’s 

annual NSW Coal Industry Profile. Metalytics concludes that a new mine in this 

region would probably produce low quality coal (4,180kcal/kg or 17.5MJ/kg) and 

encounter a relatively high strip ratio of 5:1, resulting in high costs. 
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PART D – 

Gas prices faced by generation plant 
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12 Background and methodology 

In order to model energy purchase costs we need an estimate of the marginal 

cost of gas supplied to each existing gas-fired power station in the NEM, and 

each potential new gas-fired power station in the NEM, over the modelling 

period from 2013/14 to 2019/20. 

This section provides an overview of the methodology that we have adopted for 

estimating the marginal cost of gas supplied to a power station.  

12.1 Methodology 

We estimate the cost of gas supplied to gas-fired power stations based on the 

marginal opportunity cost of gas. When estimating the marginal opportunity cost 

of coal, we can do so on a region by region basis, because there is no substantial 

interconnection between coal supply regions. However, the same is not true of 

gas: gas regions in eastern Australia are now interconnected through a network of 

gas transmission pipelines, so that estimating the marginal opportunity cost of 

gas requires a model that can account for this interconnection. We use our gas 

market model – WHIRLYGAS – for this purpose. 

12.1.1 Overview of WHIRLYGAS 

We have used our gas market model – WHIRLYGAS – to forecast gas costs for 

generation plant in the NEM. 

WHIRLYGAS is a mixed integer linear programming model used to optimise 

investment and production decisions in gas markets. The model calculates the 

least cost mix of existing and new infrastructure to meet gas demand. 

WHIRLYGAS also simultaneously optimises total production and transport 

costs in gas markets and estimates the LRMC of each demand region in the gas 

market. A visual summary of the model is provided in Figure 28. 
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Figure 28: WHIRLYGAS overview 

 

Source: Frontier Economics 

 

WHIRLYGAS is configured to represent the physical gas infrastructure in 

eastern Australia including all existing gas reserves, all existing production plant, 

all existing transmission pipelines and new plant and pipeline investment options. 

WHIRLYGAS is also provided with the relevant fixed and variable costs 

associated with each piece of physical infrastructure. These assumptions are 

discussed in more detail in Section 13. 

WHIRLYGAS seeks to minimise the total cost – both fixed and variable costs – 

of supplying forecast gas demand for eastern Australia’s major demand regions. 

This optimisation is carried out subject to a number of constraints that reflect the 

physical structure and the market structure of the east coast gas market. These 

include constraints which ensure that the physical representation of the gas 

supply market is maintained in the model, constraints which ensure that supply 

must meet demand at all times (or a cost equal to the price cap for unserved gas 

demand is incurred), and constraints which ensure that the modelled plant and 

pipeline infrastructure must meet the specified reserve capacity margin. 

WHIRLYGAS essentially chooses from an array of supply options over time, 

ensuring that the choice of these options is least-cost. In order to satisfy an 

increase in demand over the forecast period and avoid paying for unserved gas 

demand, WHIRLYGAS may invest in new plant and pipeline options. 

WHIRLYGAS may also shut-down existing gas fields and production plant 

where gas reserves become exhausted or where they become more expensive 

than new investment options. 
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After generating the least cost array of investment options, the model is able to 

forecast gas production rates, pipeline flow rates and provide an estimate of the 

LRMC of satisfying demand in each demand region in each forecast year. The gas 

production rates and pipeline flow rates are determined by the least-cost 

combination of plant and pipeline utilisation that satisfies forecast demand. The 

LRMC is determined by the marginal levelised cost of the plant and pipelines 

utilised in satisfying demand at each major demand region. The LRMC is also 

determined with regard to the scarcity of gas since, for each forecast year, the 

model considers the trade-offs from consuming gas that is produced from finite 

gas reserves in that year, as opposed to consuming the gas in other forecast years. 

Model inputs 

The key modelling inputs for WHIRLYGAS under this approach are: 

 Gas demand forecasts for each major gas demand region. 

 Gas reserves in eastern Australia. 

 The relevant costs and technical parameters of existing and new production 

plant in eastern Australia. 

 The relevant costs and technical parameters of existing and new transmission 

pipelines in eastern Australia. 

The input assumptions used in WHIRLYGAS are discussed in more detail in 

Section 13. 

Model outputs 

The key modelling outputs for WHIRLYGAS under this approach are: 

 Forecasts of the LRMC of satisfying demand in each demand region. 

 Forecasts of investment in new production plant in eastern Australia. 

 Forecasts of investment in new transmission pipelines in eastern Australia. 

 Forecasts of production rates for existing and new production plant. 

 Forecasts of flow rates for existing and new transmission pipelines. 

 Forecasts of remaining gas field reserves in eastern Australia. 

The model outputs obtained for this task are discussed in more detail in 

Section 14. 

12.2 Marginal cost in WHIRLYGAS 

Our approach to forecasting gas costs and forecasting coal costs are consistent in 

that each is focused on marginal costs. 
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Our approach to developing forecasts of coal costs is discussed at length in 

Section 8.2. Central to this approach is a methodology for determining the cost at 

which an additional unit of coal can be supplied within each coal region (or to 

each mine-mouth power station). 

Our approach to developing forecasts of gas costs is consistent with this. Central 

to our WHIRLYGAS modelling is a methodology for determining the cost at 

which an additional unit of gas could be supplied within each gas demand region. 

As discussed in Section 8.2.1, the reason that we focus on marginal costs of fuel, 

rather than average costs of fuel, is that economic decisions about the operating 

and dispatch of power stations should be based on marginal costs rather than 

average costs. 

12.3 Opportunity cost in WHIRLYGAS 

Our approach to forecasting gas costs and forecasting coal costs are also 

consistent in that each has regard to opportunity costs of production. In 

particular, in developing forecasts of both gas costs and coal costs we have 

regard to the relevance of net-back prices as an opportunity cost. 

Our approach to developing forecasts of coal costs is discussed at length in 

Section 8.2. Central to this approach is determining the opportunity cost of coal 

for mines that have access to an export market as the higher of their resources 

costs and the net-back price. Implicit in this approach is the assumption that 

there is sufficient capacity in all required export-related infrastructure to export 

any additional coal. For instance, it is implicitly assumed that there is sufficient 

rail capacity to transport additional coal to port and there is sufficient capacity at 

the port for the loading and shipment of additional coal. 

Our approach to developing forecasts of gas costs is consistent with this in that 

we have regard to the net-back price of gas. However, within WHIRLYGAS it is 

possible to account for the capacity of LNG terminals to export additional LNG 

(and the capacity of gas transmission pipelines to ship gas to the LNG terminal). 

In other words, it is possible to test whether it is indeed the case that there is 

sufficient capacity in all required export-related infrastructure to export additional 

gas as LNG. Where it is the case that there is a scarcity of liquefaction capacity 

(as opposed to a shortage of gas reserves or gas production capacity) the 

opportunity cost for gas producers need not reflect the net-back price: if the 

scarcity of liquefaction capacity is such that additional gas cannot be exported as 

LNG, then gas producers will not have access to an export market. What this 

highlights is the importance to the modelled gas outcomes of assumptions about 

the development of LNG export terminals in eastern Australia. This is discussed 

in further detail in Section 13 and Section 14. 
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13 WHIRLYGAS input assumptions 

This sections sets out the key input assumptions used in WHIRLYGAS to 

forecast gas costs in eastern Australia. 

13.1 Gas fields 

The representation of the eastern Australia gas market that is incorporated in 

WHIRLYGAS includes estimates of known gas reserves in each significant gas 

field in eastern Australia. The model incorporates estimates of 2P gas reserves, as 

well as 3P and 2C reserves (with the assumption that these 3P and 2C reserves 

are proven up and available for production over time). 

We have gathered information on remaining gas reserves by gas field from a 

range of sources, including company reports, Government reports and other 

public information. For instance, for gas fields in Queensland, both conventional 

and CSM, we have relied primarily on information that is published biannually by 

the Queensland Department of Mines and Energy (DME). 

A summary of our estimates of existing gas reserves in eastern Australia, 

distinguishing between gas types, state and reserves types, is shown in Figure 

29.27 In total, our estimate is that there are around 45,000 PJ of 2P reserves in 

eastern Australia and a total of around 125,000 PJ of combined 3P and 2C 

reserves in eastern Australia. These estimates are reasonably consistent with the 

reserves estimates published by AEMO as part of the 2012 Gas Statement of 

Opportunities (AEMO 2012 GSOO). 

 

                                                

27  The reserves shown in Figure 29 include only conventional gas and CSM gas reserves – while there 

are significant shale gas reserves in eastern Australia we have not included these reserves in our 

analysis at this stage largely as a result of significant uncertainty regarding the economics of shale gas 

production in Australia at this early stage. 
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Figure 29: Gas reserves in eastern Australia 

 

Source: Frontier Economics 

Note: for the purposes of this illustration of total gas reserves, the 3P reserves illustrated in this figure are 

exclusive of 2P reserves. That is, properly defined, 3P reserves are really the sum of the red and the dark 

blue areas in this figure. 

13.2 Gas production 

The representation of the eastern Australia gas market that is incorporated in 

WHIRLYGAS includes information on existing gas plant in eastern Australia as 

well as options for new investment in gas plant. The required information for gas 

plant includes gas fields supplying the plant, the plant location, plant capacity, 

and estimates of the production costs and other technical characteristics of 

production plant. 

The main determinants of modelling outcomes are the capacities of existing gas 

plant, the potential for investment in new gas plant capacity and the production 

costs of existing and new gas plant. These inputs are discussed in further detail in 

the sections that follow. 

Gas plant capacity 

We have gathered information on the capacity of existing gas plants from a range 

of sources, including company reports, the standing capacities published on the 

National Gas Market Bulletin Board (GasBB) and data published as part of 

AEMO’s 2012 GSOO. A summary of the existing gas plant incorporated in our 

modelling, and their assumed capacities, is set out in Table 6. 
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Table 6: Capacity of existing gas plant in eastern Australia 

Gas plant State Gas type 
Capacity 

(TJ/d) 

Ballera Plant QLD Conventional 100 

Roma Plant QLD Conventional 20 

Kincora Plant QLD Conventional 25 

Rolleston Plant QLD Conventional 30 

Yellowbank Plant QLD Conventional 30 

Minerva Plant VIC Conventional 73 

Iona Plant VIC Conventional 180 

Otway Plant VIC Conventional 205 

Lang Lang Plant VIC Conventional 70 

Longford Plant VIC Conventional 1145 

Orbost Plant VIC Conventional 100 

Moomba Plant SA Conventional 390 

BerwyndaleSouth Plant QLD CSM 140 

Daandine Plant QLD CSM 58.7 

Fairview Plant QLD CSM 142 

Kenya Plant QLD CSM 160 

KoganNorth Plant QLD CSM 12 

MeridianSeamGas Plant QLD CSM 30 

Moranbah Plant QLD CSM 68 

Peat Plant QLD CSM 15 

Scotia Plant QLD CSM 30 

SpringGully Plant QLD CSM 180 

Talinga Plant QLD CSM 120 

TiptonWest Plant QLD CSM 26 

Codie Plant QLD CSM 65 

Camden Plant NSW CSM 26 

Source: Frontier Economics 

 



98 Frontier Economics  |  April 2013 Draft Report 

 

WHIRLYGAS input assumptions    

 

Gas plant costs 

The cost information that we require for gas production plant depends on 

whether the gas production plant is an existing gas plant or a new gas production 

plant. 

For existing gas production plant, we require information on variable operating 

and maintenance (VOM) costs (fixed costs for existing production plant are sunk 

and, therefore, irrelevant to economic decisions). VOM costs are the variable 

costs associated with gas production, including costs such as gas treatment and 

compression, water handling costs, royalties and overheads. VOM cost estimates 

are based on a Frontier Economics database of public estimates of gas 

production operating costs. This database is populated with cost information 

sourced from company reports, engineering reports, financial reports and reports 

from the trade media. While operating costs for gas production plant are not 

widely reported, our database nevertheless has operating cost estimates for a 

range of different gas production plant, including a range of estimates for 

conventional gas plant, both onshore and offshore, and CSM plant. 

For new gas production plant, we require information on capital costs, fixed 

operating and maintenance (FOM) costs and VOM costs. Capital costs include 

exploration costs as well as the capital costs associated with drilling, construction 

of gas plant, construction of gas gathering systems and construction of a pipeline 

connection to the nearest gas transmission pipeline. Capital cost estimates are 

based on a Frontier Economics database of public estimates of gas production 

capital costs. This database is populated with cost information sourced from 

company reports, engineering reports, financial reports and reports from the 

trade media. Our database of capital costs includes capital cost estimates for a 

wide range of different production plant, including a range of estimates for 

conventional gas plant, both onshore and offshore, and CSM gas plant. FOM 

costs and VOM costs are based on a Frontier Economics database of public 

estimates of gas production operating costs. 

The information on capital costs, FOM costs and VOM costs is used to develop 

a cost estimate for each gas production plant that reflects the characteristics of 

that plant. The cost estimate is developed based on the following approach: 

 Capital costs for gas production plant are amortised over the expected life of 

the gas plant (using the WACC for gas production provided by IPART). For 

new gas production plant, these amortised capital costs must be recovered 

each year, and the extent of these costs in $/GJ depends on the production 

profile of the gas plant. 

 FOM costs for gas production plant over the expected life of the gas plant 

are summed and then amortised over the expected life (using the WACC for 

gas production provided by IPART). For new gas production plant, these 
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FOM costs must be recovered each year, and the extent of these costs in 

$/GJ depends on the production profile of the gas plant. 

 VOM costs for gas production plant tend to be reported on a $/GJ basis 

and, therefore, do not need to be amortised. 

These costs vary depending on the expected characteristics of the gas plant, and 

the gas fields supplying the gas plant. For instance, for CSM production, costs 

depend on the expected flow rates of gas from each well (the lower the flow rate, 

the more wells that need to be drilled to achieve a given production target) the 

expected water production (greater water production increases water handling 

costs) and the location of the gas plant relative to existing gas transmission 

pipelines (if the gas plant is not adjacent to an existing gas transmission pipeline a 

lateral pipeline connecting to the gas transmission pipeline will need to be 

constructed). 

While the detailed data and models that we use to determine costs for each 

existing and new gas plant are confidential, we can provide information on the 

resulting levelised cost for these plant. This levelised cost can then be compared 

with other estimates of the levelised cost of gas plant in eastern Australia. In 

particular, the figures below compare our estimates of levelised costs with 

estimates developed by Core Energy for AEMO’s 2012 GSOO. 

Core Energy was engaged by AEMO to provide estimates of gas production 

costs (including all costs involved with producing on-specification quality gas at 

transmission pipeline pressure).28 Core Energy state that they have developed 

production costs assumptions that include the costs of exploration, development, 

drilling and completion, gas processing, gas gathering systems, water handling, 

taxes and royalties and administration. This suggests that the levelised costs 

reported by Core Energy as part of AEMO’s 2012 GSOO account for the same 

categories of costs as our estimates of levelised costs. However, there are two 

possible exceptions to the comparability of Core Energy’s cost estimates and our 

cost estimates. First, carbon costs and auxiliaries are not included in our 

estimates of levelised costs (but are incorporated in WHIRLYGAS).29 It is 

unclear whether these costs are included in Core Energy’s estimates. Second, our 

estimates of levelised costs are based on a real pre-tax WACC of 9.00 per cent 

whereas Core Energy’s estimates of costs are based on a 10.00 per cent return. 

Figure 30 sets out estimates of levelised costs for those conventional gas plant 

that are reported by Core Energy as part of AEMO’s 2012 GSOO, and provides 

Frontier Economics’ estimates of the levelised costs for the same plant. Figure 30 

shows that our estimates of levelised costs are relatively comparable to the 

                                                

28  Core Energy Group, Gas Production Costs, April 2012. 

29  Each gas production plant has an estimated emissions rate and an estimate of auxiliary use of gas 

which is accounted for in the modelling. 



100 Frontier Economics  |  April 2013 Draft Report 

 

WHIRLYGAS input assumptions    

 

estimates reported by Core Energy as part of AEMO’s 2012 GSOO. There are 

two exceptions to this. First, for small conventional gas plant in Queensland, our 

estimates of levelised cost are significantly higher than Core Energy’s estimates. 

Because these plant are small, and nearly depleted, these differences in cost 

estimates will not have a material impact of modelling results. Second, for new 

gas plant in the Cooper-Eromanga basin, our estimates of levelised costs are 

significantly higher than Core Energy’s estimates of costs. Indeed, we note that 

Core Energy’s cost estimate for these new plant are lower than their cost estimate 

for existing plant in the Cooper-Eromanga basin. 

 

Figure 30: Comparison of current levelised cost of conventional gas plant ($2012/13) 

 

Source: Frontier Economics 

 

Figure 31 sets out estimates of levelised costs for those CSM plant that are 

reported by Core Energy as part of AEMO’s 2012 GSOO, and provides Frontier 

Economics’ estimates of the levelised costs for the same plant. As with the 

conventional plant, Figure 31 shows that our estimates of levelised costs are 

relatively comparable to the estimates reported by Core Energy as part of 

AEMO’s 2012 GSOO. Again, however, there are a few cases in which our cost 

estimates are higher than Core Energy’s. 
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Figure 31: Comparison of current levelised cost of CSM plant ($2012/13) 

 

Source: Frontier Economics 

 

On the whole, the comparison in Figure 30 and Figure 31 suggests that our cost 

estimates are relatively comparable with those reported by Core Energy as part of 

AEMO’s 2012 GSOO. If anything, it would appear that our estimates of costs 

tend to be higher than Core Energy’s: 

 First, because there are a number of instances in which our estimates of the 

levelised costs for particular plant are higher than Core Energy’s equivalent 

estimates. 

 Second, because our estimates tend to be comparable to Core Energy’s 

estimates despite the fact that we are making use of a lower WACC and that 

Core Energy may be including carbon costs and auxiliaries in these estimates 

(while we account for these separately). 

Returning to our estimates of levelised costs, it is worth re-iterating that Figure 

30 and Figure 31 show cost estimates for those gas plant for which a cost was 

provided in Core Energy’s report. For conventional plant, this is a more or less 

comprehensive list. This means that the range of levelised cost estimates shown 

in Figure 30 – from around $3.00/GJ to around $5.00/GJ – provides a clear view 

on the range of cost estimates for conventional plant that are included in 

WHIRLYGIG. For CSM plant, we model a broader range of potential new CSM 

plant, particularly in Queensland, than are covered in the Core Energy report. So, 

while Figure 31 suggests that the range of costs for new CSM plant in 
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Queensland is around $3.40/GJ to $3.60/GJ, taking into account all the new 

options included in our modelling the range of costs for new CSM plant in 

Queensland is in fact from around $3.00/GJ to around $8.00/GJ with most new 

gas plant in the range from around $3.50/GJ to $6.00/GJ. 

13.3 Gas transmission pipelines 

The representation of the eastern Australia gas market that is incorporated in 

WHIRLYGAS includes information on existing gas transmission pipelines in 

eastern Australia as well as options for new investment in gas transmission 

pipelines. The required information for gas transmission pipelines includes the 

pipeline route, pipeline capacity, and estimates of the costs and other technical 

characteristics of the gas pipeline. 

The main determinants of modelling outcomes are the capacities of existing gas 

transmission pipelines, the potential for investment in new gas transmission 

pipelines and the costs of existing and new gas transmission pipelines. These 

inputs are discussed in further detail in the sections that follow. 

Gas pipeline capacity 

We have gathered information on the capacity of existing gas transmission 

pipelines from a range of sources, including company reports, the standing 

capacities published on the National Gas Market Bulletin Board (GasBB) and 

data published as part of AEMO’s 2012 GSOO. 

A summary of the existing gas transmission pipelines incorporated in our 

modelling, and their assumed capacities, is set out in Table 7. 
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Table 7: Capacity of existing gas transmission pipelines in eastern Australia 

Pipeline 
Capacity 

(TJ/d) 

MAPS 253 

MSP 439 

SEAGas 314 

SWP 353 

LMP 1030 

Culcairn-North 71 

Culcairn-South 92 

EGP 268 

TGP 129 

RBP 240.9 

SWQP 380 

QSN 380 

QGP 142 

CGP 119 

NQGP 108 

Source: Frontier Economics 

 

Gas pipeline costs 

Strictly speaking, when calculating the LRMC of gas, the cost information that 

we require for gas transmission pipelines should depend on whether the gas 

transmission pipeline is an existing gas pipeline or a new gas pipeline. As with gas 

production plant, the fixed costs for existing gas transmission pipelines are sunk 

and, therefore, irrelevant to economic decisions. 

However, since almost all pipeline costs are fixed costs, and since the capacities 

of existing gas transmission pipelines are in most instances sufficient to meet 

forecast demand over the full modelling period, taking this approach to 
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transmission pipelines would mean that the LRMC of gas would, in most 

instances, not reflect any pipeline costs.30 For this reason, we incorporate fixed 

pipeline costs in our modelling for both existing and new pipelines. We also note 

that this is consistent with the way that tariffs for regulated pipelines are 

established. 

Given this approach, for both existing and new gas transmission pipelines we 

require information on capital costs and operating costs (since pipeline operating 

costs are essentially all fixed costs, we do not separately identify VOM costs and 

FOM costs). Capital cost and operating cost estimates are based on a Frontier 

Economics database of public estimates of gas pipeline costs. This database is 

populated with cost information sourced from regulatory decisions, company 

reports, engineering reports, financial reports and reports from the trade media. 

Our database of pipeline costs includes capital cost estimates for a wide range of 

different gas transmission pipelines, including pipelines of different length and 

diameter. 

The information on capital costs and operating costs is used to develop a cost 

estimate for each gas transmission pipeline that reflects the characteristics of that 

pipeline. The cost estimate is based on the following approach: 

 Capital costs for gas transmission pipelines are amortised over the expected 

life of the gas pipeline (using the WACC for gas pipelines provided by 

IPART). These amortised capital costs must be recovered each year, and the 

extent of these costs in $/GJ depends on the production profile of the gas 

pipeline. 

 Operating costs for gas transmission pipelines tend to be reported on an 

annual basis and, therefore, do not need to be amortised. 

These costs vary depending on the characteristics of the gas transmission 

pipeline, particularly the pipeline length, the pipeline diameter and whether the 

pipeline has compression. While the detailed data and models that we use to 

determine costs for each existing and new gas transmission pipeline are 

confidential, we can provide information on the resulting levelised cost for these 

pipelines. This levelised cost can then be compared with other estimates of the 

levelised cost of gas transmission pipelines in eastern Australia. In particular, the 

figure below compares our estimates of levelised costs with estimates developed 

by Core Energy for AEMO’s 2012 GSOO. 

Core Energy was engaged by AEMO to provide estimates of gas transmission 

pipeline costs. Figure 32 sets out estimates of the tariffs for those gas 

transmission pipelines that are reported by Core Energy as part of AEMO’s 2012 

GSOO, and provides Frontier Economics’ estimates of the implied tariff for the 

                                                

30   In contrast, there is a requirement for ongoing investment in gas production plant during the 

modelling period so that the fixed costs of gas production plant are reflected in the LRMC of gas. 
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same plant. Figure 32 shows that our estimates of the implied tariff are, for the 

most part, relatively comparable to the estimates reported by Core Energy as part 

of AEMO’s 2012 GSOO. There are two exceptions to this: the Eastern Gas 

Pipeline and the South-West Pipeline. For both of these pipelines our estimates 

of capital costs and operating costs for the pipeline result in an implied tariff 

below that reported by Core Energy as part of AEMO’s 2012 GSOO. 

 

Figure 32: Comparison of current levelised cost of gas transmission pipelines 

($2012/13) 

 

Source: Frontier Economics 

 

13.4 Gas demand 

With the export of LNG from eastern Australia soon to commence, there will be 

two sources of gas demand in eastern Australia: domestic gas demand and 

demand for gas for the purposes of liquefaction and export. 

Domestic gas demand 

When used to model the gas system in eastern Australia, WHIRLYGAS is 

structured so that the demand regions in the model are the same as the demand 

areas used by AEMO in their Gas Statement of Opportunities (GSOO). As a 

result, the domestic gas demand forecasts from the GSOO can be directly 

$0.00

$0.50

$1.00

$1.50

$2.00

$2.50

EGP LMP MAPS MSP RBP SEAGas SWP TGP

$
/G

J

Implied tariff ($/GJ, 100% swing) CHECK - Core Energy ($/GJ, 100% swing) 



106 Frontier Economics  |  April 2013 Draft Report 

 

WHIRLYGAS input assumptions    

 

incorporated in WHIRLYGAS. We have adopted the domestic gas demand 

forecasts from the planning case of the AEMO 2012 GSOO for the purposes of 

this modelling. 

Our gas modelling makes use of a representation of the annual demand curve. 

Rather than attempting to model demand for every day in the year, we model a 

number of representative demand points. These representative demand points 

for each year are chosen to include an annual average day, a 1-in-20 year winter 

peak demand day and a 1-in-20 year summer demand day in that year. 

LNG exports 

The extent to which gas is exported from eastern Australia as LNG also has an 

important impact on the total demand for gas. Currently, there are three LNG 

projects that have all necessary approvals and have made a final investment 

decision to construct liquefaction plant in eastern Australia: Australia Pacific 

LNG (APLNG), Gladstone LNG (GLNG) and Queensland Curtis LNG 

(QCLNG). Each of these projects has committed to the construction of 

2 liquefaction trains in Gladstone, with exports due to commence during 2014 

and 2015. For the purposes of our modelling we have assumed that only these 

6 LNG trains are commissioned and export LNG from eastern Australia during 

the modelling period. 

Of course, there are a number of opportunities for there to be additional LNG 

exports from eastern Australia. Each of the three committed projects have the 

opportunity to invest in additional liquefaction trains, which would increase the 

amount of LNG they would export. There are also other projects that are at 

various stages of planning. The most advanced project is the Arrow LNG 

project, which would also involve the export of LNG from Gladstone. For the 

purposes of our modelling we have not assumed that any additional LNG trains 

are developed in eastern Australia. As discussed in Section 14, assumptions about 

the future expansion of existing LNG projects, or the development of new LNG 

projects, will likely have a material impact on gas costs over the modelling period. 

13.5 Net-back price of gas 

Export price 

The starting point for calculating the net-back price of gas is a forecast of the 

export price of LNG. It is this export price that determines the revenue that an 

LNG exporter will earn by exporting gas. 
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The export price that we have used to calculate the net-back price of gas is from 

quarterly forecasts released by the World Bank.31 The World Bank provides 

forecasts of the Japanese LNG price out to 2025. These prices, which are in 

USD/mmbtu, are converted to AUD/GJ based on the forecast nominal 

exchange rate set out in Section 2.5.1. This results in the export prices shown in 

Figure 33. 

 

Figure 33: Japan LNG prices ($2012/13) 

 

Source: World Bank 

 

Avoided costs 

The second step for calculating the net-back price of gas is an estimate of the 

costs that an LNG exporter will avoid if it does not export LNG. 

The avoided costs that need to be taken into account in calculating the net-back 

price of gas are: 

 Shipping costs – Estimates of the cost of shipping LNG from Gladstone to 

Japan are based on industry estimates. 

                                                

31  See: http://siteresources.worldbank.org/INTPROSPECTS/Resources/334934-

1304428586133/Price_Forecast.pdf 
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 Liquefaction costs – Estimates of the capital and operating costs associated 

with liquefaction of LNG are based on a Frontier Economics database of 

these costs. 

 Pipeline costs – Estimates of the capital and operating costs associated with 

transmission pipelines are based on the same Frontier Economics database of 

pipeline costs that is used generally to inform our view on pipeline costs (see 

Section 13.3). 

 The costs of managing exchange rate risk – These costs are based on industry 

estimates. 

Adjustment for gas used in liquefaction 

The third step in calculating the net-back price of gas is to adjust for the gas used 

in liquefaction. This use of gas in liquefaction means that there is a difference in 

the quantity of gas that can be supplied to the export market and quantity of gas 

that can be supplied to the domestic market. Specifically, the use of gas in the 

liquefaction process means that exporting gas as LNG results in a reduction in 

saleable quantities relative to supplying gas to the domestic market. 

Discount rate adjustment 

The final step in calculating the net-back price of gas is to adjust for the effect of 

the discount rate on any revenues earned as a result of exporting LNG. If it is the 

case that the opportunity to export gas as LNG does not arise for several years 

(for instance because an LNG plant is still under construction, a new LNG plant 

would need to be constructed, or a relevant shortage of gas supplies to an 

existing LNG plant does not arise for a number of years) then the potential 

revenue from exporting this gas as LNG needs to be discounted to account for 

the time value of money. If gas can be supplied to the domestic market sooner, 

the effect of this discounting can have a material impact on the effective net-back 

price of gas. 

This discounting is accounted for within WHIRLYGAS. As discussed, the model 

can test whether it is indeed the case that there is sufficient capacity in all 

required export-related infrastructure to export additional gas as LNG. Where it 

is the case that there is a scarcity of liquefaction capacity (as opposed to a 

shortage of gas reserves or gas production capacity) the opportunity cost for gas 

producers need not reflect the net-back price. However, where there is a relevant 

scarcity of gas reserves or gas production capacity to meet LNG exports, the 

timing of this scarcity is important for determining the effective net-back price of 

gas. 

What this highlights is the relevance of assumptions about the development of 

LNG export terminals to modelling of gas outcomes in eastern Australia. This is 

discussed in further detail in Section 13 and Section 14. 
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14 LRMC of gas 

As discussed in Section 12.1, we estimate the cost of gas supplied to gas-fired 

power stations based on the marginal opportunity cost of gas. Because gas 

regions in eastern Australia are now interconnected through a network of gas 

transmission pipelines, estimating the marginal opportunity cost of gas requires a 

model that can account for this interconnection. We use WHIRLYGAS to 

determine the marginal opportunity cost of gas to gas-fired power stations in 

each region. 

This section presents the results of the WHIRLYGAS modelling. First we 

present the results of our base case modelling, including an overview of forecast 

investment in gas production plant, gas production, gas field reserves and the 

estimated LRMC for gas for each of the major demand regions. Second, given 

the current uncertainty surrounding future outcomes in the gas sector, we discuss 

some of the factors that could affect these forecasts, particularly the estimated 

LRMC, and the likelihood of those materially affecting LRMC forecasts over the 

period of the Determination. 

14.1 Base case modelling results 

14.1.1 Investment in gas production plant 

Figure 34 presents the forecast investment in gas production plant capacity over 

the period to 2020. Investment is shown by plant type (either CSM or 

conventional gas), by state and whether the plant is currently existing or a new 

option selected by WHIRLYGAS.  

Figure 34 shows that the initial gas production plant in eastern Australia is a mix 

of conventional plant and CSM, with conventional gas plant (mostly in Victoria) 

accounting for the larger share of capacity. In order to meet growing demand, 

primarily for LNG exports, a significant quantity of new CSM plant is built in 

Queensland over the period to 2017. There is also a small quantity of new 

investment in conventional gas plant in South Australia and CSM plant in New 

South Wales in 2017. 
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Figure 34: Investment in gas production plant 

 

Source: Frontier Economics 

 

14.1.2 Production from gas plant 

Figure 35 presents the forecast of annual production by gas plant over the period 

to 2020. Annual production is shown by plant type (either CSM or conventional 

gas), by state and whether the plant is currently existing or a new option selected 

by WHIRLYGAS.  

In line with plant investment shown in Figure 34, Figure 35 shows that the 

majority of gas production initially comes from conventional plant in Victoria. 

However, this quickly shift towards CSM production as investment in CSM plant 

is made in order to meet growing demand for LNG exports. By 2016 the 

production mix is dominated by CSM from QLD. 

Figure 35 also illustrates the impact of the early investment in production plant in 

preparation for LNG exports. Constraints on the rate at which CSM wells can be 

drilled (and CSM plant developed) mean that in the lead up to the 

commencement of LNG exports there is significant investment in CSM 

infrastructure that is not needed to meet domestic demand but will be required to 

meet LNG exports when they commence. This results in relatively lower 

production from conventional gas plant in Queensland and South Australia in 

2014 and 2015 and low relatively low output from new CSM plant in Queensland 

in 2014 and 2015. Following the commencement of LNG exports from all 6 

committed LNG terminals, production from these conventional gas plant in 
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Queensland and South Australia and from new CSM plant in Queensland 

increases. 

 

Figure 35: Plant production by state 

 

Source: Frontier Economics 

 

14.1.3 Gas field reserves 

Figure 36 presents the forecast of remaining total gas reserves in eastern Australia 

in each year over the period to 2020. Remaining reserves are shown by gas type 

(either CSM or conventional gas) and by state. Figure 36 includes 2P, 3P and 2C 

reserves. 

Figure 36 shows that, based on base case demand forecasts for both domestic 

demand and LNG demand, gas reserves are more than sufficient to meet 

demand for the period to 2020, and many years thereafter. As expected, there is a 

decline over the forecast period in reserves across all states and gas field types, 

with the CSM reserves in Queensland subject to the largest decline as a result of 

the commencement of LNG exports. 
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Figure 36: Gas field reserves 

 

Source: Frontier Economics 

 

14.1.4 LRMC of gas 

Figure 37 presents the forecast LRMC of gas for a number of significant 

NTNDP Zones. The LRMC of gas to each NTNDP Zone is set out in Frontier’s 

Draft Input Assumptions Spreadsheet. 

Figure 37 shows that there is a general trend towards an increase in the LRMC 

over time. However, it is clear that there are two different patterns to increases in 

the LRMC over time. 
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Figure 37: LRMC of gas by major NTNDP region ($2012/13) 

 

Source: Frontier Economics 

 

In the southern states, including New South Wales, Victoria, Tasmania and South 

Australia, the LRMC of gas trends up steadily over time. The LRMC of gas in 

these regions is linked, with differences in the cost of transporting gas between 

regions accounting, in large part, for differences in the LRMC of gas between 

regions. The trend towards higher LRMC that occurs in each of the southern 

states is driven in large part by the need to sources gas from more expensive gas 

production plant as demand grows over time. 

Importantly, the link between the LRMC of gas in these southern states need not 

remain constant over time. For instance, in New South Wales, investment in new 

CSM gas plant provides an alternative source of gas and, ultimately, can act as the 

marginal gas supply to New South Wales. However, this does not occur during 

the period of the current determination. Similarly, South Australia can source gas 

from Otway in Victoria or Moomba in South Australia, so that South Australia 

prices need not remain perfectly linked to Victorian prices. 

In Queensland, prices in Brisbane and Gladstone are clearly linked. In this case, 

however, the LRMC of gas is driven in large part by the development of LNG 

plant and the commencement of LNG exports. The LRMC of gas in Brisbane 

and Gladstone is initially relatively low due to the increase in available gas plant 

capacity from CSM plants built early in anticipation of the commissioning of the 

LNG export facilities in 2015 and 2016. Effectively, this increase in capacity 

results in a lower LRMC of gas for domestic demand because an increase in 
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domestic demand can be met by low-cost CSM plant that are operating below 

full capacity. However, the LRMC of gas in Brisbane and Gladstone increases 

relatively quickly over the period to 2017 as LNG exports commence and gas 

demand increases. Once this occurs, an increase in domestic demand can only be 

met by relatively high-cost CSM plant or by diverting gas from export to the 

domestic market. Prices are at their short-term peak in 2017 due to constraints 

on the timing of investment in CSM wells and CSM plant to meet the demand 

for gas by the fully-commissioned LNG plant. After 2017, with no further 

increase in demand for gas by LNG plant, and the opportunity to invest in 

additional CSM wells and CSM plant, prices moderate somewhat. However, this 

moderation is temporary, and the long-term trend towards higher prices 

continues. 

LRMC of gas to gas-fired power stations 

As discussed, the LRMC of gas to each NTNDP Zone is set out in Frontier’s 

Draft Input Assumptions Spreadsheet. This LRMC of gas is used in our 

electricity market modelling as the cost of gas to CCGT plant, which tend to 

operate on a mid-merit basis at a reasonable capacity factor. OCGT plant, 

however, tend to operate as peakers at a much lower capacity factor. The cost of 

gas to OCGT plant is likely to be higher than the cost of gas to CCGT plant to 

the extent that OCGT plant consume gas when prices are higher than average. 

Our analysis suggests that, at the capacity factor that OCGT plant tend to 

operate at in the NEM, these plant are likely to face gas costs that are 50 per cent 

higher than the gas costs faced by CCGT plant in the same region. Based on this, 

the cost of gas OCGT plant that is used in our electricity market modelling is the 

LRMC of gas in each NTNDP Zone increased by 50 per cent. 

14.2 Key determinants of modelling results 

The modelling results set out in Section 14.1, including the LRMC of gas, are the 

result of the methodology and input assumptions adopted for our modelling. The 

purpose of this section is to consider some of the key methodological issues and 

input assumptions that affect the modelling results, particularly the LRMC of gas. 

14.2.1 Spot prices and contract prices 

The LRMC of gas for each year (as set out in Figure 36 and in Frontier’s Draft 

Input Assumptions Spreadsheet) reflects the additional cost resulting from a 

marginal increase in gas demand in that year. The LRMC of gas for each year is 

not intended to reflect the average additional cost over a number of years. 

There is an analogy to this distinction in the gas market. Spot prices for gas, as 

determined through the operation of the STTM or the Victorian gas market, 

reflect demand and supply conditions at the time. In contrast, contract prices for 
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gas are likely to reflect expectations about prices (as determined by demand and 

supply conditions) over the term of the contract. 

In many cases, gas prices that are reported or discussed are prices under long-

term gas contracts. To the extent that prices under long-term gas contracts are 

fixed, it would be expected that the fixed contract price would reflect expected 

outcomes over the term of the contract. Where spot gas prices are expected to 

increase over the term of the contract, it would be expected that any fixed 

contract price would be at a premium to current spot prices: the greater the 

expectation of future increases in spot prices the higher the likely premium of the 

fixed contract price to the current spot price. 

To re-iterate, the LRMC of gas for each year that we forecast should be thought 

of as akin to an annual average spot gas price, rather than a fixed price under a 

long-term contract. Given our expectation that the LRMC of gas will increase 

over the next decade, we would not expect that gas buyers would be able to 

secure long term gas contracts at a fixed price equal to the current LRMC of gas: 

this would imply that they would be able to buy gas below the LRMC of gas for 

each year of the gas contract (other than the first year). Rather, we would expect 

that a fixed price under a long term gas contract would be at a premium to the 

current LRMC of gas. Given the uncertainty about gas market conditions over 

the next few years, this premium may be significant. 

Importantly, this is not to say that an estimate of the cost of gas under a long 

term fixed-price gas contract should be used in our electricity modelling. 

Economic decisions by gas-fired generators should be based on the market price 

of gas, rather than the price that they may face under a long term fixed-price gas 

contract. 

14.2.2 Domestic gas demand 

The forecast of domestic gas demand is an important determinant of our gas 

modelling results. In particular, the higher the forecast of domestic gas demand, 

the earlier the requirement for investment in higher-priced gas production plant 

and the higher the LRMC of gas. 

As discussed, our modelling is based on gas demand forecast from the planning 

case of the AEMO 2012 GSOO. These are the most recent gas demand forecasts 

released by AEMO. We note, however, that the gas demand forecasts from the 

AEMO 2012 GSOO differ markedly from the das demand forecasts from the 

AEMO 2011 GSOO. In particular, the gas demand forecasts from the AEMO 

2012 GSOO have much lower forecasts of the gas demand by gas-fired 

generators in the NEM, particularly in Queensland, New South Wales and 

Victoria. A comparison of gas demand forecasts from the AEMO 2011 GSOO 

and the AEMO 2012 GSOO is shown in Figure 38 through Figure 40 (in these 

figures the bars represent the demand forecasts from the AEMO 2012 GSOO 

and the lines represent the demand forecasts from the AEMO 2011 GSOO). 
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The large difference between the domestic gas demand forecasts between the 

AEMO 2012 GSOO and the AEMO 2011 GSOO have a material impact on the 

LRMC of gas that we estimate. Previous modelling that we have undertaken to 

investigate this effect indicates that the impact of these different domestic 

demand forecasts can be in the range of $1.00/GJ to $2.00/GJ in some regions. 

However, the impact of higher demand on the LRMC of gas is more pronounced 

later in the modelling period, as growth rates results in significantly higher 

demand, and less likely to affect the LRMC of gas in the first year of the 

Determination. 

Given the uncertainty about future domestic gas demand forecasts, we think it 

will be important to review gas demand forecasts as part of future annual 

reviews. 

 

Figure 38: Queensland domestic gas demand forecasts 

 

Source: AEMO 
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Figure 39: New South Wales domestic gas demand forecasts 

 

Source: AEMO 

 

Figure 40: Victoria domestic gas demand forecasts 

 

Source: AEMO 
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14.2.3 LNG exports and net-back prices 

As discussed in Section 12.3, our approach to forecasting gas costs has regard to 

opportunity costs of production. In particular, in developing forecasts of gas 

costs we have regard to the relevance of net-back prices as an opportunity cost. 

The relevance of net-back prices, however, and the effective net-back price 

(accounting for discounting of future LNG export costs and revenues) depends 

on assumptions about the number of LNG export trains that are developed in 

eastern Australia. 

As discussed in Section 13.4, our base case assumption is that the existing 6 

committed LNG trains will be developed, but no further LNG trains will be 

developed in eastern Australia. Of course, there is significant uncertainty about 

future development of LNG trains in eastern Australia. There are a number of 

projects at various stages of planning, and the existing three projects in 

Gladstone also have the opportunity to expand through the construction of 

additional LNG trains. On the other hand, LNG exporters in eastern Australia 

will face global competition with other sources of LNG supply (including the 

Middle East, East Africa and shale gas from North America), and LNG projects 

in Australia are relatively expensive on a global scale. 

Previous modelling that we have undertaken to investigate the effect of 

additional development of LNG plant in eastern Australia indicates that the 

impact can be in the range of $1.00/GJ to $3.00/GJ, depending on the region. 

However, the impact of additional development of LNG plant in eastern 

Australia on the LRMC of gas tends to be more pronounced later in the 

modelling period, and is less likely to affect the LRMC of gas in the first year of 

the Determination. 

Given the uncertainty about future development of LNG plant in eastern 

Australia, we think it will be important to review future developments as part of 

future annual reviews. 

14.2.4 CSM development in NSW 

In February 2013, the NSW Government announced a package of measures 

addressing the development of CSM in NSW, which included restrictions on 

areas in which CSM can be developed: 

 New CSM exploration and production activities will be prohibited within and 

under existing and future residential areas or within 2 kilometres of 

residential land. 

 New CSM exploration and production activities will be prohibited within and 

under land identified as part of a critical industry cluster. Two critical industry 

clusters have currently been identified – horse breeding and wine making – 

both of which occur in the Upper Hunter. 
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Our understanding is that these restrictions are likely to affect the expansion of 

the Camden CSM project and the development of the Hunter CSM project. As a 

result, in our modelling we have assumed that neither of these two projects can 

proceed. However, we have assumed that the restrictions will not affect the 

development of the Gloucester CSM project or development of CSM in the 

Gunnedah basin. If, however, it turns out that the restrictions do affect the 

development of CSM in NSW more broadly, then the LRMC of gas would be 

expected to be higher, particularly in NSW. 

14.2.5 Short-term supply shortages 

It is also worth noting that the LRMC of gas in the short-term is also affected by 

assumptions regarding the timing of the development of the CSM wells and the 

CSM plant required to supply gas to LNG export projects. While our base case 

assumptions imply that there is sufficient time to develop the required 

infrastructure to supply gas to LNG export projects, there is obviously some 

uncertainty about this. In particular, delays to the development of the required 

infrastructure as a result of further poor weather in south-east Queensland, as a 

result of worse than expected gas flows rates from CSM wells, or as a result of 

unexpected difficulties accessing the required capital or labour resources, could 

result in short term shortages of gas around the time that LNG exports are 

scheduled to commence. This could result in significantly higher gas prices in the 

short term, until an investment response occurs. The possibility of these higher 

gas prices in the short term may also be reflected in gas suppliers’ expectations 

regarding the fixed price that they are currently prepared to offer under long-

term gas supply contracts. If these shortages do occur, it is likely to affect the 

LRMC of gas around the time that LNG exports are scheduled to commence (in 

2015 and 2016), and less likely to affect the LRMC of gas in the first year of the 

Determination. 

Given the uncertainty about the timing of the development of the CSM wells and 

the CSM plant required to supply gas to LNG export projects, we think it will be 

important to review these developments as part of future annual reviews. 
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