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(1). Rationale and Design Issues Underpinning the Development of the ANEM Agent 

Based Electricity Model of the Australian National Electricity Market. 

There has been significant debate about the potential role that supply side and demand side 

policy initiatives might exert upon key participants within the National Electricity Market 

(NEM) in attempts to curb growth in carbon emissions. From the perspective of supply side 

policy initiatives, most debate and analysis has been focused upon assessing the impact that a 

‘Cap-&-Trade’ carbon trading scheme, and more recently, a carbon tax scheme, might have 

on changing marginal cost relativities in order to promote increased dispatch and investment 

in less carbon emissions intensive types of generation technologies including gas-fired 

generation and renewable generation technologies.  

However, with any forthcoming move towards a carbon constrained economy, there are many 

uncertainties over policy settings that are required to achieve the environmental goal of 

reduced greenhouse gas emissions and about the resulting impact on the National Electricity 

Industry more generally. A complete understanding of the impacts on the electricity industry 

of carbon abatement policies requires that new renewable technology proposals be 

incorporated in a model containing many of the salient features of the national wholesale 

electricity market. These features include intra-regional and inter-state trade, realistic 

transmission network pathways, competitive dispatch of all generation technologies with 

price determination based upon marginal cost and branch congestion characteristics.  

It is only under such circumstances that the link between carbon emission reductions and 

generator based fuel switching can be fully explored and the consequences for carbon 

emission reductions and changes in wholesale and retail electricity prices can be determined.  

To capture these linkages, this study uses an agent based model of the NEM called the 

ANEM model that utilizes core features of the Wholesale Power Market Platform (WPMP) 

which provides a template for operations of wholesale power markets by Independent System 

Operators (ISO) using Locational Marginal Pricing (LMP) to price energy by the location of 

its injection into or withdrawal from the transmission grid (Sun and Tesfatsion (2007b, p.2)). 

ANEM is a modified and extended version of the American Agent-Based Modelling of 

Electricity Systems (AMES) model developed by Sun and Tesfatsion (2007a, 2007b).
1
  

The components required to realistically model wholesale power markets has a high degree 

of complexity which has led to difficulty in undertaking economic and physical reliability 

studies of the design using standard statistical and analytical tools (Sun and Tesfatsion 

(2007b, p.3)). This overriding degree of complexity suggested the applicability of the 

emerging powerful computational tools associated with the analysis of complexity based 

upon Agent-based Computational Economics (ACE) as developed, for example, in Sun and 

Tesfatsion (2007b).
2
  

ACE is a computational study of economic processes modelled as a dynamic system of 

interacting agents. Thus, both the AMES and ANEM modelling frameworks were developed 

with the intension of modelling strategic trading interactions over time in a wholesale power 

market that was operated over realistically rendered transmission grid structures (Sun and 

Tesfatsion (2007b, p.3)). In ACE, strategic behaviour is often modelled by adaptive learning 

                                                 
1
 Comprehensive information including documentation and Java code relating to the ‘AMES’ model can be 

found at: http://www.econ.iastate.edu/tesfatsi/AMESMarketHome.htm. 
2
 Useful information and computational resources related to ACE modelling can be found at: 

http://www.econ.iastate.edu/tesfatsi/ace.htm. 
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built around reinforced learning or emergent learning and knowledge creation derived from 

genetic algorithms.  

The wholesale market of the NEM is a real time ‘energy only’ market, and the market for 

ancillary services is a separate and distinct market. A DC OPF algorithm is used to determine 

optimal dispatch of generation plant and wholesale prices within the agent based model. The 

formulation of DC OPF problems require detailed structural information about the 

transmission grid as well as supply offer and demand bid information from market 

participants. In principle, the model can also accommodate the supply of ramping capacity 

which is used principally for frequency support and is a component of the ancillary services 

market of the NEM. However, given the use of a DC OPF solution (instead of an AC OPF 

solution) within the model, the ancillary service associated with the supply of reactive power 

(for voltage support) cannot be modelled. 

In order to formulate the DC OPF problem, it was necessary to modify the structure of the 

AMES program in important ways in order to capture the key differences existing between 

the wholesale markets in Australia and the USA.  The most important structural difference 

related to the institutional structure of the market in Australia which differed fundamentally 

from that in the USA. Specifically, in Australia, a ‘Gross Pool’ market structure was 

implemented whereas a ‘Net Pool’ market structure was implemented widely in the USA. 

This meant that the spot market and potential role of the ‘day ahead’ market had 

fundamentally different operational, procedural and legal meanings in the context of 

wholesale market operations in both countries.  

In Australia, the spot market is the principal market in which transactions to sell and buy 

physical quantities of power are made with resulting financial settlements that reflect spot 

market outcomes. Moreover, while day ahead bidding by generators frequently occurs and 

forms an important part of pre-dispatch forecasts released by the national ISO (i.e. AEMO) 

prior to current spot market operations, this bidding does not constitute a formal legally 

binding market operation with implied financial settlement protocols. The day ahead bidding 

helps AEMO determine and inform market participants of the ‘state-of-play’ with respect to 

the balancing of supply with demand in relation to prospective spot market operations but 

generators can leave their day ahead bids unchanged or change them just prior to dispatch 

within the operation of the spot market itself (AEMO (2009, pp. 9-13)). As such, the day 

ahead bidding facilitates spot market operations but does not constitute, in and of itself, a 

formal ‘day ahead’ market operation with binding legal and financial implications for 

participants. Because of the gross pool structure underpinning the Australian market, the spot 

market is the key binding market legally and financially. As such, the onus for ensuring 

supply matches demand ultimately rests with generators who are legally required to exactly 

follow dispatch instructions issued by AEMO in order to match the supply of power with the 

demand for power in a real time setting. Because of the possibility of considerable spot price 

volatility, hedging by wholesale market participants is crucial for their long term financial 

viability. These characteristics are implemented in the ANEM model.  

(2). Principal features of the ANEM Model Framework. 

We now give a brief outline of the principal features, structure and agents of the ANEM 

model. The ANEM wholesale power market framework is programmed in Java using 

RepastJ, a Java-based toolkit designed specifically for agent base modelling in the social 
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sciences.
3
 The ANEM model currently incorporates in stylized form several core elements of 

the WPMP market design that can be associated with key features of the Australian National 

Electricity Market. Specifically, the elements of the WPMP market design that have been 

incorporated into the ANEM model are: 

 

1. The wholesale power market includes an Independent System Operator (ISO) and 

energy traders that include Load-Serving Entities (LSE’s) and generators distributed 

across the nodes of the transmission grid. Note, in this context, that a node in the grid 

is a point on the transmission grid where power is injected or withdrawn.
 
 

2. The transmission grid is an alternating current (AC) grid modelled as a balanced 

three-phase network. The grid is modelled as consisting of nodes and branches as 

shown in Figures 1 to 5.  

3. The ANEM wholesale power market operates using increments of one hour.   

4. The ANEM model ISO undertakes daily operation of the transmission grid within a 

single settlement system, which consists of a real time market settled using LMP, that 

is, the wholesale price for injection into or withdrawal from each node in the grid 

(Sun & Tesfatsion 2007b, p. 2). 

5. For each hour of the day, the ANEM model’s ISO determines power commitments 

and LMP’s for the spot market based on generators’ supply offers and LSE’s demand 

bids submitted prior to the start of the day. 

6. The ISO produces and posts an hourly commitment schedule for generators and LSEs, 

which is used to settle financially binding contracts on the basis of the day’s LMP’s 

for a particular hour. 

7. Transmission grid congestion in the spot market is managed via the inclusion of 

congestion components in the LMP, which is associated with nodal price variation 

within any hour.   

The organization charged with the primary responsibility of maintaining the security of this 

power system, and often with system operation responsibilities is the Independent System 

Operator (ISO). The ISO is an independent organization and is assumed to have no conflicts 

of interest in carrying out these responsibilities. 

2(a). Transmission Grid Characteristics.  

The following assumptions were made in developing the ANEM transmission grid. The 

transmission grid is an alternating current (AC) grid modelled as a balanced three-phase 

network with 72 branches and 53 nodes, which are shown in Figures 1 to 5. The transmission 

grid has no isolated components so that each pair of nodes are connected by a linked branch 

path consisting of one or more branches. However, if two nodes are directly connected to 

each other, it is assumed to be at most by one branch thereby ruling out explicit consideration 

of branch groups. We do not assume complete connectivity implying that node pairs are not 

necessarily connected directly to each other through a single branch. 

                                                 
3
 RepastJ documentation and downloads can be sourced from the following web address: 

http://repast.sourceforge.net/repast_3/download.html. A useful introduction to JAVA based programming using 

the RepastJ package is also located at: http://www.econ.iastate.edu/tesfatsi/repastsg.htm. 

http://repast.sourceforge.net/repast_3/download.html
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In common with the design features outlined in Sun and Tesfatsion (2007a, p. 5), we make 

the following additional assumptions: 

- The reactance on each branch is assumed to be a total branch reactance, and not a per 

kilometer reactance, meaning that branch length has been taken into account in 

determining reactance values; 

- All transformer phase angle shifts are assumed to be 0; 

- All transformer tap ratios are assumed to be 1; 

- All line-charging capacitances are assumed to be 0; and 

- Temperature is assumed to remain constant over time – permitting us to use a constant 

value for the reactance on each branch. 

Base apparent power S0 is assumed to be measured in three-phase MVA’s, and base voltage 

V0 in line-to-line KV’s. These quantities are used to derive per unit (PU) normalisations in 

the DC OPF solution and also to facilitate conversion between SI and PU unit conventions as 

required.  

The key transmission data required for the transmission grid within the model relate to an 

assumed base voltage value (in KV’s) and base apparent power (in MVA’s), branch 

connection and direction of flow information as well as the maximum thermal rating of each 

transmission branch (in MW’s), together with an estimate of its (SI) reactance value (in 

ohms). Base apparent power is set to 100 MVA, an internationally recognized value for this 

variable. Thermal ratings of transmission lines and SI reactance values were supplied by the 

Queensland, New South Wales and Tasmania transmission companies Powerlink, Transgrid, 

and Transend.  For Victoria and South Australia, the authors used values based on the 

average PU-values associated with comparable branches in the three above states.    

The transmission grid has a commercial network consisting of pricing locations for the 

purchase and sale of electricity power. Note that a pricing location is also a location at which 

market transactions are settled using publicly available LMP’s and we assume that the set of 

pricing locations coincide with the set of transmission grid nodes. 

2(b). LSE Agents.  

A Load Serving Entity (LSE) is an electric utility that has an obligation, either under local 

law, license or long-term contract, to provide electrical power to end-use consumers 

(residential or commercial) or possibly to other LSE’s with end-use consumers. The LSE 

agents purchase bulk power in the wholesale power market each day in order to service 

customer demand (load) in a downstream retail market – thus, they link the wholesale power 

market and the downstream retail market. LSE’s purchase power only from generators 

because they are assumed to not engage in production or sale activities in the wholesale 

power market.  

For simplicity, we assume that downstream retail demands serviced by the LSE’s exhibit 

negligible price sensitivity and hence reduce to daily supplied load profiles which represents 

the real power demand (in MW’s) that the LSE has to service in its downstream retail market 

for each of the day.  In addition, LSE’s are modelled as passive entities who submit daily 

load profiles (i.e. demand bids) to the ISO without strategic considerations (Sun and 

Tesfatsion (2007b, p. 11)). The revenue received by LSE’s for servicing these load 
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obligations are regulated to be a simple ‘dollar mark-up’ based retail tariff. For example, in 

Queensland, the state government regulates retail tariffs that are payable by most residential 

customers. Prior to July 2009, this amount equated to 14.4c/KWh (excl GST) which, in turn, 

translated into a retail tariff of $144/MWh. Therefore, in the current set-up, LSE’s have no 

incentive to submit price-sensitive demand bids into the market. 

The hourly regional load data for Queensland and New South Wales required by the model 

was derived using regional load traces supplied by Powerlink and Transgrid.  This data was 

then re-based to the state load totals published by AEMO for the ‘QLD1’ and ‘NSW1’ 

markets. Time series data relating to the AEMO ‘QLD1’ and ‘NSW1’ data can be found at: 

http://www.aemo.com.au/data/price_demand.html. For the other three states, the regional 

shares were determined from terminal station load forecasts associated with summer peak 

demand (and winter peak demand if available) contained in the annual planning reports 

published by the respective transmission companies Transend (Tasmania), Vencorp 

(Victoria) and ElectraNet (South Australia). These regional load shares were then multiplied 

by the ‘TAS1’, ‘VIC1’ and ‘SA1’ state load time series published by AEMO in order to 

derive the regional load profiles for Tasmania, Victoria and South Australia that are used in 

the model. The ‘TAS1’, ‘VIC 1’ and ‘SA1’ time series data are also available at the web 

address mentioned above.  

2(c). Generator Agents.  

Generators are assumed to produce and sell electrical power in bulk at the wholesale level 

and can only sell power to LSE’s and not to each other. Each ANEM generator agent is 

configured with a production technology and have variable and fixed costs of production and 

possibly start-up costs (depending upon plant type), but do not incur other costs such as no-

load or shutdown costs.  

For each generator, technology attributes are assumed, and these attributes refer to the 

feasible production interval, total cost function, total variable cost function, fixed costs [pro-

rated to a )/($ h  basis] and a marginal cost function. The feasible production interval refers to 

the minimum and maximum thermal (MW) rating of each generator. This is defined in terms 

of both ‘energy sent out’ and ‘energy generated’. Each generator also faces MW ramping 

constraints that determine the extent to which real power production levels can be increased 

or decreased over the next hour within the hourly dispatch horizon. The production levels 

determined from the ramp up and ramp down constraints must fall within the minimum and 

maximum thermal MW capacity limits confronting each generator.  Therefore, the effective 

real production levels cannot fall below the minimum stable operating level (if different from 

zero) or above the maximum thermal MW capacity limit of each respective generator.  

It should also be recognised that the MW production and ramping constraints are defined in 

terms of ‘energy sent out’ because the DC OPF solution is concerned with balancing real 

power production levels of generators and real power flows on transmission lines with LSE 

load demand prevailing at and across all nodes within the power grid. As such, the 

appropriate energy concept is ‘energy sent out’ – that is, the energy that can be injected into 

the power grid to serve load. In contrast, variable costs and carbon emissions are calculated 

from the ‘energy generated’ power production concept. This later concept includes energy 

sent out plus a typically small amount of additional energy that is produced internally as part 

of the general power production process. 

http://www.aemo.com.au/data/price_demand.html
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Variable costs of each generator are modelled as a quadratic function of hourly real energy 

produced by each generator on an ‘energy generated’ basis. The marginal cost function is 

calculated as the partial derivative of the quadratic variable cost function with respect to 

hourly energy produced, producing a marginal cost function that is linear in hourly real 

energy production of each generator (Sun and Tesfatsion (2007b, p. 12)). The intercept of the 

marginal cost function is the linear coefficient of the variable cost function and its slope is 

given by the quadratic coefficient of the variable cost function. 

The variable cost concept underpinning each generator’s variable cost as well as the system-

wide variable cost incorporates fuel, variable operation and maintenance (VO&M) costs and 

carbon cost components. The fuel, VO&M and carbon emissions/cost parameterisation of the 

variable and marginal cost functions can be determined using data published in ACIL 

Tasman (2009) for thermal plant and from information sourced from hydro generation 

companies for hydro generation units. How the various total and marginal cost components 

are derived is documented in Appendix A. 

Over the medium to long term, generators need to cover fixed operating costs while also 

making contributions to debt servicing and producing acceptable returns to shareholders.  We 

determine the debt and equity charge component of fixed costs as an amortised costs derived 

from an overnight capital cost expressed as a per kilowatt  kW  capacity charge across some 

period of time, typically a year, in order to count these fixed costs against the generator’s 

installed capacity. The amortising formula used is conventional with the cost of debt and 

return to equity being combined in terms of a discount rate termed the Weighted Average 

Cost of Capital (WACC). As such, the debt and equity charges are assumed to be amortised 

over the assumed lifespan of the generation asset at a discount rate given by the WACC value 

that is also assumed for purposes of analysis (Stoft (2002)). The amortising formula will 

produce a dollar per annum figure that represents the debt and equity charges which must be 

met and which, for modelling purpose, are pro-rated to a  h/$ value. 

The second component is Fixed Operation and Maintenance (FO&M) charges which are 

assumed to be some per annum dollar amount that will grow over time at the inflation rate 

assumed for cost components. This per annum value is also pro-rated to a  h/$  basis. Thus, 

the total fixed cost for each generator is defined as the sum of the FO&M and debt and equity 

charge and is defined on a  h/$ basis. 

2(d). Passive Hedging 

The estimates of real power flow and injection/take-off at pre-specified transmission grid 

nodes as well as spot prices at each node obtained from the DC OPF solution constitute 

‘quantity’ and ‘price’ variables that are used to calculate respective generator and LSE 

revenues and costs associated with wholesale market (spot market) transactions and 

assessments of the need for hedge cover.   

Both theory and observation suggest that financial settlements based on ‘Gross Pool’ spot 

market operations expose market participants to the possibility of extreme volatility in spot 

prices encompassing price spike behaviour (typically of short duration) on the one hand and 

sustained periods of low spot prices on the other. These impacts can pose significant danger 

to the bottom line of both LSE’s and generators respectively, requiring both types of agents to 

have long hedge cover positions in order to protect their long term financial viability.   
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A key decision for both sets off agents is when to activate long cover in order to protect their 

bottom lines from the consequences of consistently high (low) spot prices – a key 

determinant of ‘excessively’ high costs (‘excessively’ low revenues) faced by LSE’s and 

generators respectively that could potentially pose problems for their continued market 

solvency. The protection adopted in the model is in the form of a ‘collar’ instrument between 

LSE’s and generators which is activated whenever spot prices rise above a ceiling price (for 

LSE’s) or falls below a price floor (for generators) subsequently inducing the activation of 

long cover for the threatened agent. Note that if the price floor applicable to generators is set 

equal to the generators long run marginal (i.e. ‘levelised’) cost, than generator long run 

revenue recovery can be implemented through the implementation of the hedge cover. 

It is assumed that both LSE’s and generators pay a (small) fee (per MWh of energy 

demanded or supplied) for this long cover, irrespective of whether long cover is actually 

activated. Thus, the small fee acts like a conventional premium payment in options theory. If 

the spot price is greater than the price floor applicable to generator long cover and below the 

price ceiling applicable for LSE long cover, than no long cover is activated by either 

generators or LSE’s although the fee payable for the long cover is still paid by both types of 

agents.   

2(e). DC OPF Solution 

The standard AC Optimal Power Flow (OPF) problem involves the minimization of total 

variable generation costs subject to nonlinear balance, branch flow, and production 

constraints for real and reactive power. In practice, AC OPF problems are typically 

approximated by a more tractable DC OPF problem that focuses exclusively on real power 

constraints in linearized form.
4
  

The standard DC OPF problem in per unit (pu) form can be represented as a strictly convex 

quadratic programming (SCQP) problem, that is, as the minimization of a positive definite 

quadratic form subject to linear constraints. The solution of this standard DC OPF problem as 

a SCQP problem directly provides solution values for real power injections. However, 

solution values for locational marginal prices (LMP’s), voltage angles, and real power branch 

flows have to be recovered indirectly by additional manipulations of solution values 

(Tesfatsion and Sun (2007a, Sections 3.2)). 

Tesfatsion and Sun (2007a, Sections 3.3) demonstrate that the standard DC OPF problem can 

be augmented, while still retaining a SCQP form, so that solution values for LMP’s, voltage 

angles, and voltage angle differences can be directly recovered along with solution values for 

real power injections and branch flows. The ‘augmentation’, however, requires an 

implementation of an alternative version of the standard DC OPF problem that makes use of 

Lagrangian augmentation. The Lagrangian augmentation involves replacing the standard DC 

OPF objective function with the following augmented form: 

           

         
 











I

i BRkm

mkGiGi ii
PBPA

1

22  ,                                                                 (1) 

                                                 
4
 Sun and Tesfatsion (2007a, pp. 40-42) formally demonstrate how the conventional AC OPF power flow 

equations can be derived from Ohm’s law and how the DC OPF problem can be formally derived from the AC 

OPF power flow equations, [see Sun and Tesfatsion (2007a, pp. 8-10)].   
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where iA  and iB  are the linear and quadratic cost coefficients from the variable cost 

function, 
iGP  is real (MW) power production level of generator ‘i’ and k  and m  are the 

voltage angles at nodes ‘k’ and ‘m’ (measured in radians). Parameter   is a positive soft 

penalty weight on the sum of squared voltage angle differences. This augmentation 

transforms the standard DC OPF problem into SCQP problem that can be used to directly 

generate solution values for LMP’s and voltage angles as well as real power injections and 

branch flows while retaining the numerically desirable SCQP form, [see Tesfatsion and Sun 

(2007a, Sections 3.4)]. 

Recall that the augmented SCQP problem can be interpreted as involving the minimization of 

a positive definite quadratic form subject to a set of linear constraints in the form of equality 

and inequality constraints. The objective functions involve quadratic and linear variable cost 

coefficients and bus admittance coefficients as indicated in (1). The solution values are the 

real power injections and branch flows associated with the energy production levels (on an 

‘energy sent out’ basis) for each generator and voltage angles for each node. Note that one 

voltage angle is eliminated by setting its value equal to zero.  This is a normalisation 

condition so solution values are actually determined for voltage angles of ‘K-1’ nodes. 

Formally, the augmented (SCQP) DC OPF algorithm can be represented (Tesfatsion and Sun 

(2007a, Section 3.4)) as: 

 

 Minimize Generator-reported total variable cost 

 

          







 

 2,

22

1

2

kBRkm

mk

BRI

m

I

i

GiGi

m

ii
PBPA  , 

with respect to real-power production levels and voltage angles 

,,...,2,;,...,1, KkIiP kGi
   subject to 

 

 Real power balance (equality) constraint for each node 1,...,k K (with 

01  ): 

 

      0 k k kPLoad PGen PNetInject   ,  

 

 where 

 

     



k

j

Jj

Lk PPLoad (e.g. aggregate power take-off at node k), 

 

     



k

i

Ii

Gk PPGen (e.g. aggregate power injection at node k), 

 

     



BRmkorkm

kmk FPNetInject , 

 

     mkkmkm BF    (e.g. real power flows on branches connecting 

nodes ‘k’ and ‘m’). 
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 Real power thermal (inequality) constraints for each branch km BR  

1,...,k K (with 01  ): 

 

       U

kmkm FF  ,    

 

                     U

kmkm FF  .  

 

 Real-power production (inequality) constraints for each Generator 

1,...,i I : 

 

      
L

GG ii
PP  , 

 

                 
U

GG ii
PP 

,
   where U = upper limit and L = lower limit 

 

The augmented SCQP problem can be solved using QuadProgJ, a Java based SCQP solver 

developed by Sun and Tesfatsion (2007a, Section 6) which implements the dual active-set 

SCQP algorithm developed by Goldfarb and Idnani (1983). One potential limitation is that 

the QuadProgJ Java code implementing the algorithm does not incorporate sparse matrix 

techniques, and as a consequence, is not designed for large-scale problems for which speed 

and efficiency of computation become critical limiting factors.  

 

To overcome this limitation, we used the Mosek Optimisation Software which utilises a 

convex quadratic programming algorithm based on interior point method and sparse matrix 

techniques.
5
  This resulted in very significant reductions in runtime when compared with 

equivalent runtimes obtained using QuadprogJ for the same underlying problem.  

 

In order to implement the SCQP problem in the constraint format used by Mosek, we 

transformed the structure of the inequality constraints in the following way: 

 

 Real power thermal (inequality) constraints for each branch km BR  

1,...,k K (with 01  ): 

 

       UR

kmkm FF  ,   (lower bound constraint   reverse direction MW branch flow                             

                                limit) 

 

                   ,UN

kmkm FF    (upper bound constraint   normal direction MW branch flow   

                                         limit). 

 

 Real-power production (inequality) constraints for each Generator 

1,...,i I : 

 

                                                 
5
 The web-address for Mosek is: http://www.mosek.com/. We ran the software under a free academic license 

available from Mosek – see http://mosek.com/resources/trial/ , utilizing the java API: 

http://mosek.com/products/product-overview/mosek/java-api/. 

http://www.mosek.com/
http://mosek.com/resources/trial/
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LR

GG ii
PP  , (lower bound constraint   lower hourly MW thermal ramping 

limit) 

 

                 
UR

GG ii
PP   (upper bound constraint   upper hourly MW thermal ramping 

limit), where 

  

                       
,L

G

LR

G ii
PP 

 
(lower hourly thermal ramping limit   lower thermal MW capacity  

                                           limit) 

and 

                       
U

G

UR

G ii
PP   (upper hourly thermal ramping limit   upper thermal MW capacity  

                                          limit). 

Note that UN

kmF  and UR

kmF  are the (positive) MW thermal limits associated with real power 

flows in the ‘normal’ and ‘reverse’ direction on each branch km BR . 

The equality constraint is a nodal balance condition which requires that at each node, power 

take-off (by LSE’s located at that node) equals power injection (by generators located at that 

node) and net power transfers from other nodes connected to the node in question by 

‘connected’ transmission grid branches.  The imposition of this constraint across all nodes in 

the transmission grid will ensure that real power will be balanced across the entire grid by 

ensuring that aggregate real power withdrawal plus aggregate transmission losses equal 

aggregate real power injection. Furthermore, on a node by node basis, the shadow price 

associated with this constraint gives the LMP (i.e. regional or nodal wholesale spot price) 

associated with that node. 

The inequality constraints ensure that real power transfers on connected transmission 

branches remain within permitted ‘normal’ and ‘reverse’ direction thermal limits and the real 

power produced by each generator (on an ‘energy sent out’ basis) remains within permitted 

lower and upper thermal MW capacity limits while also meeting generator hourly ramp up 

and ramp down production constraints.  

(3). Practical Implementation Considerations  

The transmission grid used involved combining the existing Queensland, New South Wales, 

Victoria, South Australia and Tasmanian modules - see Figures 1-5. The state module linking 

was by the following Interconnectors: QNI and Directlink linking Queensland and New 

South Wales; Tumut-Murray linking New South Wales and Victoria
6
; Heywood and 

MurrayLink linking Victoria and South Australia; and Basslink linking Victoria and 

Tasmania. In accordance with the DC OPF framework that underpins the model, the HVDC 

Interconnectors Directlink, Murraylink and Basslink are modelled as ‘quasi AC’ links – that 

is, power flows are determined by assumed reactance and thermal rating values for each of 

                                                 
6
 Note that we adopt the regional boundaries adopted by AEMO and allocate Tumut to New South Wales and 

Murray to Victoria notwithstanding the positioning of Murray in the New South Wales module as outlined in 

Figure 2 which represents the original boundaries linking the previous Snowy Mountains Region to Victoria via 

the Murray-Dederang Interconnector. 
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the above-mentioned HVDC branches. The major power flow pathways in the model reflect 

the major transmission flow pathways associated with 275, 330, 500 and 275/132 KV 

transmission branches in Queensland, New South Wales, Victoria and South Australia.  

The solution algorithm utilised in all simulations involves applying the ‘competitive 

equilibrium’ solution.  This means that all generators submit their true marginal cost 

coefficients and no strategic bidding is possible.  This type of scenario allows assessment of 

the true cost of generation and dispatch by ruling out cost inflation over true marginal costs 

associated with the exploitation of market power linked to strategic bidding. This, in turn,   

leads to the discovery of the lowest overall configuration of LMP’s consistent with the nodal 

location of generators, thermal and other constraints on the transmission network connecting 

the regional nodes.  

We assume that all thermal generators are available to supply power during the whole period 

under investigation.  Therefore, the methodological approach underpinning model scenario 

runs clearly produce ‘as if’ scenarios.  In particular, we do not try to emulate actual generator 

bidding patterns for the years in question. Our objective is to investigate how the true cost of 

power supply changes for the various carbon price scenarios considered, and how the 

resulting changes in the relative cost of supply influences dispatch patterns, transmission 

congestion, regional prices and carbon emission levels when compared to a Business-As-

Usual (BAU) scenario involving no carbon price signal. 

In order to make the model response to the various scenarios more realistic, we have taken 

account of the fact that baseload and intermediate coal and gas plant typically have ‘non-

zero’ must run MW capacity levels termed minimum stable operating levels. These plants 

cannot be run below these specified MW capacity levels without endangering the long term 

productive and operational viability of the plant itself or violating statutory limitations 

relating to the production of pollutants and other toxic substances.  

Because of the significant run-up time needed to go from start-up to a position where coal-

fired power stations can actually begin supplying power to the grid, all coal plant was 

assumed to be synchronized with the grid so they can supply power. Thus, their minimum 

stable operating limits were assumed to be applicable for the whole period being investigated 

and they do not face start-up costs.  Gas plant, on the other hand, has very quick start-up 

characteristics and can be synchronized with the grid and be ready to supply power typically 

within a half hour period of the decision to start-up. Therefore, in this case, the start-up 

decision and fixed start-up costs can accrue within the dispatch period being investigated.   

Two approaches to modelling gas plant were adopted depending upon whether the gas plant 

could reasonably be expected to meet baseload or intermediate production duties or just peak 

load duties.  If the gas plant was capable of meeting baseload or intermediate production 

duties, the plant was assigned a non-zero minimum stable operating capacity. In contrast, 

peak gas plant was assumed to have a zero minimum stable operating capacity. Furthermore, 

if the baseload/intermediate gas plant was a gas thermal or combined cycle plant, it was 

assumed to offer to supply power for a complete 24 hour period – thus, the minimum stable 

operating capacity was applicable for the whole 24 hour period and these plants did not face 

start-up costs. In contrast, many of the intermediate Open Cycle Gas Turbine (OCGT) plant 

were assumed to only offer to supply power during the day, i.e. from 07:00 – 19:00 hours. In 

this case, the minimum stable operating capacities were only applicable for those particular 

hours of the day and these plants faced the payment of fixed start-up costs upon start-up. 
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Details of the minimum stable operating capacities assumed for coal and intermediate gas 

plant are listed in Table 1 and Table 2, respectively, together with details about their assumed 

operating time, whether start-up costs were liable and, if so, what values were assumed for 

these particular costs. 

 While all thermal generators were assumed to be available to supply power, certain 

assumptions were imposed in relation to the availability of hydro generation units. In general, 

supply offers by hydro generators could differ depending upon whether the day in question 

was either a weekday or weekend and whether it arose in summer or winter.  Because of the 

prominence of hydro generation in Tasmania, hydro units were assumed to offer capacity 

over the whole year with some account being taken of the ability of hydro plant to meet 

baseload, intermediate or peak load production duties.  

The nature of hydro plant supply offers on the mainland was structured to meet peak load 

production duties.  The following Tasmanian hydro generation units are assumed to meet 

baseload production duties: Rowallan, Fisher, Lemonthyme, Wilmot, Cethana, John Butters, 

Tribute, Reece (unit 1), Trevallyn (units 1-2), Poatina (units 1-5), Liapootah (unit 1), 

Wayatinah (unit 1), Catagunya (unit 1), Repulse, Butlers Gorge, Lake Echo, Tungatinah 

(units 1-3), Tarraleah (units 1-3), Meadowbank and Gordon (units 1-3).  Other units offer 

backup to this baseload configuration.  

For pump-storage hydro units such as Wivenhoe and the Shoalhaven units, the pump mode 

was activated in the model by setting up a pseudo LSE located at the Morton North and 

Wollongong nodes, respectively. In the case of Wivenhoe, each unit can generate power for 

up to 10 hours and then has to implement pump action for 14 hours in a 24 hour period. This 

was implemented by having each hydro unit act as a pseudo LSE and demand (purchase) 

240MW of power per hour over a fourteen hour period in the 24 hour period. The combined 

load requirements for pump actions of all Wivenhoe and Shoalhaven hydro units were 

combined into a single load block for each respective pseudo LSE. For the Shoalhaven 

scheme, the pump action requirements matched the generation patterns.  In both cases, the 

pump actions are assumed to occur in off-peak periods when the price (cost to hydro units) of 

electricity should be lowest.   

It should also be noted that pump storage hydro unit supply offers was based upon short run 

marginal cost coefficients to ensure that dispatch occurred in a synchronised manner with 

pump actions. For all remaining hydro plant, hydro generator supply offers were based on 

long run marginal cost coefficients. These coefficients take into account the need to meet 

fixed costs including capital and operational expenses and are often significantly larger in 

magnitude than corresponding short run marginal cost coefficients. For example, estimates of 

long run marginal cost for hydro plant range from around $18/MWh to over $70/MWh, thus 

broadly lying in a range that shadows the short run marginal costs coefficients used in supply 

offers of coal, intermediate and even peak gas plant.    

In relation to mainland hydro plant, supply was tailored to peak load production. Thus, long 

run marginal cost estimates were obtained for much lower annual capacity factors (ACF) than 

would be associated with hydro plant fulfilling baseload or intermediate production duties, 

thus producing higher long run marginal cost coefficients. Moreover, the ACF was reduced 

for each successive hydro turbine making up a hydro plant resulting in an escalating series of 

marginal cost coefficient bids for each successive turbine. In general, the lowest marginal 

cost coefficient shadowed genuine peak load gas plant while the other turbines cost bids 
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could be significantly in excess of cost coefficients associated with more expensive peak load 

gas and diesel plant, for example.     

A key consideration in the decision to use long run marginal cost coefficients to underpin 

supply offers of hydro generation plant also reflects the large predominance of such 

generators operating in Tasmania. With the absence of other major forms of thermal based 

generation in  Tasmania, limited native load demand and export capability into Victoria, it 

was likely that nodal pricing based on short run marginal costs in Tasmania at nodes other 

than George Town would not be sufficient to cover operational and capital expenditure 

confronting generators. Supply offers based on long run marginal costs, however, should 

ensure that average price levels are sufficient to cover these costs over the lifetime of the 

hydro plant’s operation.  

We also assumed a social (environmental) water cost of $1/ML in deriving both short and 

long run marginal costs of hydro plant. Thus, hydro plant that requires less water to produce a 

MW of power will be less costly than competing hydro generators that have to use more 

water to produce a MW of power. This social cost consideration will be especially relevant to 

the dispatch of hydro plant in Tasmania with ‘least cost’ hydro plant typically being those 

units which have the highest head such as Poatina, for example. We also assumed that the 

minimum stable operating capacity for all hydro plant is 0 MW and that no start-up costs are 

incurred when the hydro plants begin supplying power to the grid. Hydro plant is also 

assumed to have very fast ramping capability.   

The dispatch of thermal plant was optimised around the above assumed availability patterns 

for the specified hydro generation units.   

Table 1.  Minimum Stable Operating Capacity Limits for Coal Plant, Assumed 

Operating Time and Start-up Cost Status 

 
Generation Plant Minimum Stable 

Operating 

Capacity Level 

Assumed 

Operating Time 

Start-up 

Status/Cost 

Assumed Start-up 

Cost 

 % of total MW 

Capacity (sent 

out basis) 

Hours Yes/No $/MW per start 

Black Coal – 

QLD 

    

Collinsville 40.00 24 No $160.00 

Stanwell 40.00 24 No $  80.00 

Callide B 40.00 24 No $  80.00 

Callide C 40.00 24 No $  80.00 

Gladstone 31.00 24 No $  90.00 

Tarong North 40.00 24 No $  70.00 

Tarong 40.00 24 No $  80.00 

Kogan Creek 40.00 24 No $  40.00 

Millmerran 40.00 24 No $  70.00 

Swanbank B 26.00 24 No $150.00 

Black Coal – 

NSW 

    

Liddle 40.00 24 No $  50.00 

Redbank 40.00 24 No $150.00 

Bayswater 40.00 24 No $  45.00 

Eraring 40.00 24 No $  45.00 
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Munmorrah 40.00 24 No $  80.00 

Vales Point 40.00 24 No $  45.00 

Mt Piper 40.00 24 No $  45.00 

Wallerawang 40.00 24 No $  50.00 

Black Coal –  

SA 

    

Playford B 40.00 24 No $150.00 

Northern 55.00 24 No $  90.00 

Brown Coal – 

VIC 

    

Loy Yang A 60.00 24 No $  50.00 

Loy Yang B 60.00 24 No $  50.00 

Energy Brix 60.00 24 No $160.00 

Hazelwood 60.00 24 No $  95.00 

Yallourn 60.00 24 No $  80.00 

Anglesea 60.00 24 No $150.00 

 

Table 2.  Minimum Stable Operating Capacity Limits for Intermediate Gas Plant, 

Assumed Operating Time and Start-up Cost Status 

 
Generation Plant Minimum Stable 

Operating 

Capacity Level 

Assumed 

Operating Time 

Start-up 

Status/Cost 

Assumed Start-up 

Cost 

 % of total MW 

Capacity (sent 

out basis) 

Hours Yes/No $/MW per start 

QLD     

Townsville 50.00 24 No $100.00 

Braemar 1 50.00 13 (daytime only) Yes $100.00 

Braemar 2 50.00 13 (daytime only) Yes $100.00 

Condamine 50.00 24 No $50.00 

Swanbank E 50.00 24 No $ 50.00 

NSW     

Smithfield 60.00 24 No $100.00 

Tallawarra 50.00 24 No $  40.00 

Uranquinty 50.00 13 (daytime only) Yes $  90.00 

VIC     

Newport 65.00 13 (daytime only) Yes $  40.00 

SA     

Ladbroke Grove 50.00 13 (daytime only) Yes $110.00 

Pelican Point 50.00 24 No $  70.00 

New Osborne 76.00 24 No $  80.00 

Torrens Island A 50.00 13 (daytime only) Yes $  80.00 

Torrens Island B 50.00 24 No $  65.00 

(4). Investigation of the Impact of Various Carbon Price Scenarios.  

In this section, we will examine the effects on average prices, carbon price pass-through, 

carbon emission reductions, generation production trends and transmission branch power 

flows of the introduction of various carbon price signals.  

4.1. Wholesale and Retail Price Impacts 



16 

 

The first set of results associated with the carbon price scenarios is documented in Figures 

6a-6c and relate to the average annual price levels obtained for the various states and NEM 

for carbon prices in the range of $10/tC02 to $100/tC02, with escalation according to a rate of 

$10/tC02 and for calendar years 2007, 2008 and 2009, respectively.   
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Figure 6a. 2007 Average Yearly Spot Prices By State
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Figure 6b. 2008 Average Yearly Spot Prices By State
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Figure 6c. 2009 Average Yearly Spot Prices By State
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The average price results cited in Figures 6a-6c reflect both a spatial and temporal dimension. 

Specifically, for each hourly dispatch interval in a given year, an average state price level was 

obtained by averaging across all the relevant nodal prices within each state as indicated by 

the nodal structure contained in each state module outlined in Figures 1-5.  The average 

annual price for each state was then obtained by averaging across the number of hours in each 

respective year. The average annual price for the NEM was then calculated by averaging 

across the five state average annual prices obtained for each of the three years being 

investigated.   

It is evident from inspection of Figures 6a-6c that all three graphs display very similar 

qualitative results.  The most notable result for each year relates to average price results 

obtained for Tasmania. Specifically, Tasmania experiences higher averages price levels for 

BAU and lower carbon price levels when compared with the other states although this 

narrowed considerably in 2009 when compared with 2007 and 2008 – compare Figure 6c 

with Figures 6a and 6b. This outcome can be attributed to the fact that  supply offers of 

predominant Tasmanian hydro plant is based on long run marginal costs instead of short run 

marginal costs.  The resulting marginal cost structure is higher than comparable marginal cost 

structures of thermal plant on the mainland for these particular carbon price levels, thus 

producing higher average price levels in Tasmania when compared with equivalent average 

price levels obtained for the mainland states.  

The second key outcome is the relatively more modest growth in average price levels 

experienced in Tasmania when compared with the growth in average price levels of other 

states as the carbon price level increases. The growth experienced in Tasmania is related 

predominantly to the possibility of trade with the mainland (to Victoria) via the Basslink 

Interconnector which gives Tasmania exposure to cost structures and price levels prevailing 

in Victoria which will promote the increased dispatch of gas plant located at the George 
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Town node, in particular, as the carbon price is increased.  However, this growth is 

moderated by the fact that the predominantly hydro based generation fleet in Tasmania is not 

susceptible to carbon costs, thus ensuring that the increase in average prices is well below 

that experienced in other states which have forms of generation that are much more 

susceptible to carbon cost imposts following the introduction of carbon prices.    

For the other states, Queensland consistently has the lowest average price levels, followed by 

South Australia and then New South Wales.  Victoria consistently has the highest average 

price levels for each year and across all carbon price levels considered although the gap 

between New South Wales and Victoria which was observable in Figures 6a and 6b for years 

2007 and 2008 has largely disappeared in Figure 6c for 2009. These broad trends are also 

borne out in Figure 6d which contains plots of average price levels by state and carbon price, 

obtained by averaging over the three year period 2007-2009.  

In Table 3, Panels (A)-(C), price volatility for the BAU and various carbon price scenarios 

are documented for calendar years 2007, 2008 and 2009, respectively. The values listed in 

these tables were calculated by taking the standard deviation of the spot price time series 

generated by the model for each node and then averaging these results across the nodes 

located within each state and across all nodes in the model to obtain the NEM results cited in 

column 7 of this table. It should be noted that price volatility is an important variable in 

formulating risk management strategies of both demand and supply side agents as well as in 

the cost of serving retail electricity demand. 

The most discernible features from inspection of this table is that the results are similar 

qualitatively for years 2007 and 2008 but differ significantly in 2009. Specifically, inspection 

of Table 3, Panels (A) and (B) indicated that in 2007 and 2008, Tasmania experiences the 

least price volatility, followed by Victoria, South Australia, New South Wales and 

Queensland. In quantitative terms, the level of volatility is significantly higher in New South 

Wales and Queensland than in the other three states. The level of price volatility is also 

higher in 2007 than in 2008, for example, compare the results in Panel (B) against the results 

in Panel (A) of Table 3. Further inspection Panels (A) and (B) of Table 3 also indicates that 

the level of price volatility in Queensland remains fairly constant while New South Wales 

experiences a slight decline and Victoria experiences a larger decline in volatility as the 

carbon price level increases. South Australia and Tasmania, however, experience increases in 

price volatility as the carbon price increases, as does the NEM overall. This latter result 

reflects the fact that the rates of increase in price volatility in Tasmania and South Australia 

dominate, in absolute terms, the declines in volatility experienced in New South Wales and 

Victoria thereby producing an overall net increase in price volatility in the NEM as the 

carbon price level is increased. 

Inspection of Panel (C) Table 3, indicates that in 2009, the overall level of price volatility has 

increased substantially over the levels observed in 2007 and 2008 as documented in Panels 

(A) and (B) of Table 3. It is also apparent that Queensland experiences the least volatility, 

followed by Tasmania, South Australia, Victoria and finally New South Wales. Furthermore, 

South Australia, Victoria and New South Wales experience much more price volatility than 

do the other two states in quantitative term. These results clearly point to significant 

qualitative change arising in the results for 2009 when compared with the results associated 

with 2007 and 2008 that are listed in Panels (A)-(B) of Tables 3. Interestingly, it should also 

be noted that the broad qualitative patterns observed for each state in 2007 and 2008 relating 

to changes in price volatility as a function of carbon price increase continues to hold.  

Specifically, Queensland experiences fairly constant levels of price volatility, New South 
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Wales and Victoria experience declines in price volatility while Tasmania, South Australia 

and the NEM (to a less degree) experiences increases in price volatility as the carbon price 

level increases. 

The three year averaged price volatility results that are obtained by averaging over the yearly 

results listed in Table 3, Panels (A)-(C), are presented in Table 3, Panel (D). It is evident 

from inspection of this panel that Tasmania experiences the lowest level of price volatility, 

followed by Queensland, South Australia, Victoria and New South Wales. The level of 

volatility is of a lower order of magnitude for Tasmania when compared with the other 

mainland states while the degree of price volatility in New South Wales is of an order of 

magnitude larger than that experienced by the other mainland states over the three year 

period.    

Table 3. Average Price Volatility (Standard Deviation) 

 

Panel (A): 2007 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

bau 75.84 71.06 22.98 19.14 7.08 48.80 

10 75.76 71.42 23.58 14.11 7.77 48.41 

20 75.70 70.53 20.20 10.96 6.57 47.57 

30 75.61 70.91 21.42 9.19 4.73 47.64 

40 75.56 70.44 19.74 8.81 6.08 47.41 

50 75.48 69.95 18.14 11.16 9.20 47.47 

60 75.41 69.81 17.95 15.64 12.10 47.98 

70 76.22 70.71 21.22 23.80 18.73 50.09 

80 75.30 69.58 17.30 25.85 17.61 49.62 

90 75.23 69.47 17.02 31.35 20.30 50.76 

100 75.17 69.39 16.92 36.41 23.03 52.03 

 

Panel (B): 2008 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

bau 53.88 54.85 21.73 19.45 7.28 37.43 

10 53.83 54.52 20.10 14.38 8.07 36.40 

20 53.78 54.23 18.78 11.54 7.07 35.83 

30 53.73 53.98 17.61 10.10 5.14 35.45 

40 53.68 53.80 16.99 11.02 6.29 35.46 

50 53.64 53.66 16.66 13.49 9.60 35.89 

60 53.59 53.52 16.50 17.33 12.64 36.59 

70 53.54 53.39 16.17 21.85 15.48 37.54 

80 53.50 53.28 15.81 26.72 18.32 38.74 

90 53.45 53.17 15.48 31.07 21.04 40.06 

100 53.41 53.09 15.32 34.23 23.84 41.35 

 

Panel (C): 2009 
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Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

bau 2.01 171.27 142.60 106.52 6.91 110.72 

10 1.93 170.99 142.15 105.58 7.34 110.28 

20 1.91 176.53 141.74 105.11 6.21 111.80 

30 1.80 170.41 141.33 104.89 4.10 109.71 

40 1.70 175.95 141.00 104.86 4.98 111.42 

50 1.73 169.88 140.71 105.07 8.35 109.64 

60 1.69 175.42 140.55 105.60 11.10 111.63 

70 1.46 175.17 140.35 106.46 13.67 111.89 

80 1.60 169.14 140.09 107.55 16.19 110.44 

90 2.18 168.92 139.84 108.89 18.72 110.88 

100 2.65 174.49 139.63 110.15 21.17 113.15 

  

Panel (D): 2007-2009 Average Results 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

bau 43.91 99.06 62.44 48.37 7.09 65.65 

10 43.84 98.98 61.94 44.69 7.73 65.03 

20 43.80 100.43 60.24 42.54 6.62 65.07 

30 43.72 98.43 60.12 41.39 4.66 64.27 

40 43.64 100.06 59.24 41.56 5.79 64.76 

50 43.62 97.83 58.50 43.24 9.05 64.33 

60 43.56 99.58 58.33 46.19 11.95 65.40 

70 43.74 99.76 59.25 50.70 15.96 66.51 

80 43.47 97.33 57.73 53.37 17.37 66.27 

90 43.62 97.19 57.45 57.10 20.02 67.23 

100 43.74 98.99 57.29 60.26 22.68 68.84 

An issue of particular interest is the extent to which the full carbon price is passed through to 

average annual prices. This can be calculated in a two-step process. First, the price 

differential between average annual prices associated with a carbon price and the baseline 

BAU scenario is calculated. This price differential is then divided by the carbon price level 

itself.  If the resulting proportion is less than unity, then there is less than complete pass-

through of the carbon price into average annual prices. If the proportion equals unity, then 

there is complete pass-through – the difference between the price levels is exactly equal to 

the carbon price level.  If the proportion is greater than unity, there is more than complete 

pass-through. In this case, the carbon price would have a ‘magnified’ affect on average 

annual prices. 

We calculated these proportions for all carbon price scenarios considered and the results are 

listed in Table 4, Panels (A)-(D), with the results for years 2007, 2008 and 2009 being 

depicted in Panels (A)-(C), respectively. Note that Panel (D) of Table 4 contain three year 

averaged results obtained by averaging the results contained in Panels (A)-(C) of Table 4. It 

is apparent from inspection of Panels (A)-(C) that there is less than complete pass-through – 

all proportions are strictly less than unity. The other noticeable result is that the pass-through 

rate for Tasmania is much lower than for the other states as well as the NEM. Specifically, 
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from inspection of Panels (A)-(C), it is evident that carbon price pass-through in Tasmania is 

around half of the values associated with the other states and the NEM generally. With the 

prominence of hydro generation in Tasmania and the much lower carbon footprint of 

generation, there is a much smaller pass-through of carbon prices and costs into average 

annual prices in Tasmania.  More generally, in absolute terms, the level of pass-through is 

highest for Queensland for all carbon price levels and years considered whilst the pass-

through rate of South Australia is generally higher for small to moderate carbon price levels 

but becomes lower for higher carbon price levels than the comparable carbon price pass-

through rates of New South Wales and Victoria. 

For Queensland and South Australia, the level of pass-through generally declines as the 

carbon price level is increased. The experience for New South Wales, Victoria and Tasmania 

is more mixed. New South Wales and Victoria generally experience a slight decline in pass-

through with the move from BAU to $10/tC02, followed by an increase until around a carbon 

price level of $70/tC02, followed by a slight decline over the range of $80/tC02 to 

$100/tC02. Tasmania, on the other hand, experiences a sharp increase for carbon prices in the 

range $10/tC02-$30/tC02, followed by a slight decline over higher carbon price levels. In 

absolute terms, however, the carbon price pass-through rates, for the three states and all three 

years are greater in magnitude for carbon price levels greater than $30/tC02 when compared 

with equivalent pass-through rates associated with carbon price levels less than $30/tC02. 

It should also be noted that these broad results are also borne out in the results listed in Table 

4, Panel (D) which contains the three year averaged results.  

Table 4. Carbon Price Pass Through: (Proportion of Annual Average Price Level) 

 

Panel (A): 2007 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

10 0.9170 0.8561 0.8079 0.8846 0.0946 0.7063 

20 0.9164 0.8421 0.7947 0.8685 0.2940 0.7392 

30 0.9144 0.8560 0.8203 0.8747 0.4435 0.7789 

40 0.9066 0.8601 0.8321 0.8748 0.4349 0.7787 

50 0.9028 0.8687 0.8492 0.8761 0.4211 0.7805 

60 0.9032 0.8744 0.8616 0.8717 0.4247 0.7845 

70 0.8973 0.8760 0.8657 0.8628 0.4218 0.7827 

80 0.8985 0.8742 0.8621 0.8550 0.4206 0.7805 

90 0.8991 0.8734 0.8597 0.8444 0.4171 0.7779 

100 0.8995 0.8700 0.8535 0.8278 0.4126 0.7728 

 

Panel (B):  2008 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

10 0.9198 0.8436 0.7913 0.8762 0.1000 0.7005 

20 0.9183 0.8372 0.7847 0.8575 0.2870 0.7336 

30 0.9167 0.8478 0.8059 0.8624 0.4376 0.7718 

40 0.9090 0.8564 0.8247 0.8667 0.4401 0.7769 
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50 0.9040 0.8672 0.8447 0.8713 0.4231 0.7794 

60 0.9048 0.8743 0.8596 0.8710 0.4263 0.7847 

70 0.9002 0.8749 0.8628 0.8670 0.4255 0.7838 

80 0.8997 0.8750 0.8624 0.8590 0.4227 0.7820 

90 0.9003 0.8741 0.8597 0.8496 0.4187 0.7793 

100 0.9008 0.8716 0.8549 0.8358 0.4144 0.7752 

 

Panel (C): 2009 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

10 0.9164 0.8519 0.8101 0.8912 0.0663 0.7003 

20 0.9148 0.8706 0.8040 0.8751 0.2574 0.7418 

30 0.9138 0.8581 0.8253 0.8781 0.4204 0.7759 

40 0.9082 0.8749 0.8365 0.8770 0.4246 0.7821 

50 0.9028 0.8698 0.8508 0.8765 0.3907 0.7749 

60 0.9033 0.8837 0.8634 0.8739 0.3873 0.7800 

70 0.8996 0.8826 0.8661 0.8677 0.3851 0.7781 

80 0.8941 0.8747 0.8657 0.8602 0.3815 0.7729 

90 0.8908 0.8731 0.8630 0.8511 0.3778 0.7694 

100 0.8903 0.8750 0.8580 0.8396 0.3729 0.7664 

 

Panel (D): 2007-2009 Average Results 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

10 0.9177 0.8505 0.8031 0.8840 0.0870 0.7024 

20 0.9165 0.8500 0.7945 0.8670 0.2795 0.7382 

30 0.9150 0.8540 0.8172 0.8717 0.4338 0.7755 

40 0.9079 0.8638 0.8311 0.8728 0.4332 0.7792 

50 0.9032 0.8686 0.8482 0.8746 0.4116 0.7783 

60 0.9038 0.8775 0.8615 0.8722 0.4128 0.7831 

70 0.8990 0.8778 0.8649 0.8658 0.4108 0.7815 

80 0.8974 0.8746 0.8634 0.8581 0.4083 0.7785 

90 0.8967 0.8735 0.8608 0.8484 0.4045 0.7755 

100 0.8969 0.8722 0.8555 0.8344 0.4000 0.7715 

The actual retail price paid for the bulk of electricity is mainly determined by contract (rather 

than spot market) prices and the net effect of participants’ contract and spot market 

exposures.  In particular, it should be recognized that the spot market is a wholesale market 

and about only 30-40% of the price paid by domestic and business consumers for electricity 

supply is accounted for by the direct (wholesale) cost of the energy. Additional retail based 

charges include mark-ups associated with the costs of network usage, retail charges 

associated with providing customer services such as billing and call centre services, profit 

mark-up and goods and services taxes (GST) (Outhred 2000, 5-6, Energy Consumers’ 

Council 2003, 21-23, NEMMCO 2005, 7). 
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The implications for contract retail prices can be discerned from inspection of Table 5, Panels 

(A)-(D) which contains the implied average cents per kilowatt-hour (c/KWh) retail contract 

prices which could be expected assuming that 25%, 30%, 40% and 45% of the price paid by 

domestic and business retail consumers is accounted for by the direct wholesale cost of 

electricity obtained from the model scenario runs.  

It should be noted that a 25% flow on rate would indicate that wholesale prices are playing a 

less prominent role in determining retail contract prices than has occurred in the past.  This 

might, in turn, be attributed to increased prominence of network charges in driving retail 

tariff rate increases which has appeared to have emerged over the last decade, in particular. In 

contrast, a flow on rate of 45% would indicate that wholesale prices are expected to play a 

more prominent role in determining retail contract prices than has occurred in the past. This 

might be potentially attributable to direct and hedge cover cost impacts associated with the 

introduction of a carbon price signal which will primarily impact generator supply offers and 

price determination within the wholesale market, particularly in the absence of price sensitive 

demand bidding by demand-side market participants.    

The values listed in Table 5 were calculated for each year by initially subtracting the state and 

NEM BAU average annual price results from each respective state and NEM average annual 

price levels associated with the particular carbon price scenarios being considered.  We then 

averaged these results across the three calendar years 2007, 2008 and 2009 according to each 

carbon price level and for each state and the NEM.  The averaging operation was also applied 

to the BAU average annual price results across the three year period to derive an overall 

average annual BAU price level for each state and the NEM. We then divided these results by 

1000 to convert from a ($/MWh) to (S/KWh) basis and multiplied these values by the 

multiplicative factors associated with (1/0.25), (1/0.3), (1/0.4) and (1/0.45) to determine the 

average (c/KWh) contract retail prices that would be consistent with the average annual price 

levels obtained from the above averaging operations for wholesale price ‘flow on’ rates of 

25%, 30%, 40% and 45%.
7
 These operations when applied to the average BAU prices 

produce an effective baseline (c/KWh) retail contract price. The values associated with each 

carbon price represent the effective incremental (c/KWh) increase over BAU associated with 

the introduction of the respective carbon prices. The ‘carbon price inclusive’ retail contract 

prices are subsequently calculated by adding the incremental increase value to the BAU 

baseline value. These results are listed in Table 5, Panels (A)-(D), respectively.   

In interpreting the numbers in this table, the 0.06, 0.10, 0.11 and 0.14 values listed in the 

second row of Table 5, Panel (A), for example, can be interpreted as representing 6c/KWh, 

10c/KWh, 11c/KWh, and 14c/KWh.  Similarly, the 0.30, 0.41, 0.42, 0.43, 0.45 and 0.46 

values listed in the last row of Panel (A), Table 5 denotes 30c/KWh, 41c/KWh, 42c/KWh, 

43c/KWh, 45c/KWh and 46c/KWh, respectively. As such, this indicates that for a carbon 

price of $100/tC02, we can expect, on average, contract retail prices to be 30c/KWh in 

Tasmania, 43c/KWh in South Australia, 46c/KWh in Victoria, 45c/KWh in New South 

Wales and 42c/KWh in Queensland, assuming a flow through rate of 25% of wholesale 

prices into retail contract prices. For the NEM, the average retail contract price is 41c/KWh 

in this particular case. 

Looking at the results cited in Table 5  more generally, and depending upon the assumption 

made about the flow through rate of average wholesale prices into contract retail prices, for 

the mainland states, we can expect retail contract prices in the order of 7c/KWh – 18c/KWh 

                                                 
7
 These multiplicative factors are 4.00, 3.33, 2.50 and 2.22, respectively. 
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for a carbon price of $20/tC02, 10c/KWh - 21c/KWh for a $30/tC02 carbon price, 11c/KWh 

– 25c/KWh for a carbon price of $40/tC02 and 16c/KWh – 46c/KWh for a carbon price of 

$100/tC02. Note that the spread increases with the carbon price level as does the difference 

between the average retail contract prices in the mainland states and the lower average retail 

contract prices associated with Tasmania. For the NEM, we get the equivalent retail contract 

prices of 9c/KWh – 16c/KWh, 11c/KWh – 20c/KWh, 13c/KWh – 23c/KWh and 23c/KWh – 

41c/KWh for carbon prices of $20/tC02, $30/tC02, $40/tC02 and $100t/C02, respectively. 

Thus, given that most basic regulated retail tariff rates are currently in the range of 20c/KWh 

– 27c/KWh, then according to the methodology used above, these rates could accommodate 

carbon prices in the range of $40/tC02 to $50/tC02 for a flow on rate of 25% and carbon 

prices of up to $60/tC02 for a flow on rates of 30%.
8
 

Table 5. Retail Contract Prices: (S/KWh) 

 

Panel (A): Wholesale Price Flow Though Factor of 0.25 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

bau 0.06 0.10 0.11 0.10 0.14 0.10 

10 0.10 0.14 0.15 0.14 0.14 0.13 

20 0.13 0.17 0.18 0.17 0.16 0.16 

30 0.17 0.20 0.21 0.21 0.19 0.20 

40 0.21 0.24 0.25 0.24 0.21 0.23 

50 0.24 0.28 0.28 0.28 0.22 0.26 

60 0.28 0.31 0.32 0.31 0.24 0.29 

70 0.31 0.35 0.36 0.34 0.25 0.32 

80 0.35 0.38 0.39 0.38 0.27 0.35 

90 0.38 0.42 0.42 0.41 0.28 0.38 

100 0.42 0.45 0.46 0.43 0.30 0.41 

Panel (B):  Wholesale Price Flow Though Factor of 0.3 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

bau 0.05 0.09 0.09 0.08 0.11 0.09 

10 0.08 0.11 0.12 0.11 0.12 0.11 

20 0.11 0.14 0.15 0.14 0.13 0.13 

30 0.14 0.17 0.18 0.17 0.16 0.16 

40 0.17 0.20 0.21 0.20 0.17 0.19 

50 0.20 0.23 0.24 0.23 0.18 0.22 

60 0.23 0.26 0.27 0.26 0.20 0.24 

70 0.26 0.29 0.30 0.29 0.21 0.27 

80 0.29 0.32 0.32 0.31 0.22 0.29 

                                                 
8
 These latter results are indicated by the rows that are highlighted in blue and red font in Table 5, Panels (A) 

and (B), respectively. Note that the blue font indicates retail contract rates that are safely within the regulated 

tariff bounds mentioned above while the red font indicates retail contract rates that are at the upper limit or 

slightly greater than the upper bounds of regulated tariff rate band mentioned above. 
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90 0.32 0.35 0.35 0.34 0.24 0.32 

100 0.35 0.38 0.38 0.36 0.25 0.34 

 

Panel (C): Wholesale Price Flow Though Factor of 0.4 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

bau 0.04 0.06 0.07 0.06 0.09 0.06 

10 0.06 0.09 0.09 0.08 0.09 0.08 

20 0.08 0.11 0.11 0.11 0.10 0.10 

30 0.11 0.13 0.13 0.13 0.12 0.12 

40 0.13 0.15 0.15 0.15 0.13 0.14 

50 0.15 0.17 0.18 0.17 0.14 0.16 

60 0.17 0.20 0.20 0.19 0.15 0.18 

70 0.20 0.22 0.22 0.21 0.16 0.20 

80 0.22 0.24 0.24 0.23 0.17 0.22 

90 0.24 0.26 0.26 0.25 0.18 0.24 

100 0.26 0.28 0.28 0.27 0.19 0.26 

 

 

Panel (D): Wholesale Price Flow Though Factor of 0.45 

 
Carbon 
Price 

QLD NSW VIC SA  TAS NEM 

bau 0.03 0.06 0.06 0.06 0.08 0.06 

10 0.05 0.08 0.08 0.08 0.08 0.07 

20 0.07 0.09 0.10 0.09 0.09 0.09 

30 0.10 0.11 0.12 0.11 0.10 0.11 

40 0.11 0.13 0.14 0.13 0.11 0.13 

50 0.13 0.15 0.16 0.15 0.12 0.14 

60 0.15 0.17 0.18 0.17 0.13 0.16 

70 0.17 0.19 0.20 0.19 0.14 0.18 

80 0.19 0.21 0.22 0.21 0.15 0.20 

90 0.21 0.23 0.24 0.23 0.16 0.21 

100 0.23 0.25 0.25 0.24 0.16 0.23 

 

4.2. Production Impacts by State and Fuel Type 

Information on aggregate annual dispatch by type of generation for calendar years 2007, 2008 

and 2009 are outlined in Figures 7a-7c.  Information on aggregate annual dispatch by state 

and type of generation for years 2007, 2008 and 2009 are presented in Table 6, Panels (A)-

(C) for aggregate generation, in Table 7, Panels (A)-(C) for production from coal generation, 

in Table 8, Panels (A)-(C) for production from gas generation and in Table 9, Panels (A)-(C) 

for production from hydro generation. We have also included three year averaged results 

obtained by averaging over the results listed in Panels (A)-(C) of Tables 6, 7, 8 and 9 as a 

function of state and carbon price. These results have been documented in Panel (D) of 

Tables 6, 7, 8, and 9, respectively. Note that we have not included production from diesel 
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generation as this production is quite trivial compared with production arising from coal, gas 

and hydro generation.  

In determining the production levels that underpin the percentage change calculations from 

BAU represented in Figures 7a-7c and the various tables mentioned above, the production 

aggregates were determined by summing hourly MW production level time series produced 

by the model for each individual generator located at a node within each state module over 

the yearly dispatch horizon, for each of the three years being considered. The aggregate 

generation type and state production data were then obtained by summing the former figures 

across all relevant generators and generator types located within the state module in order to 

calculate the aggregate state MW production totals for each year. The NEM aggregates were 

calculated by totalling the respective state aggregate MW totals by generation type. The 

percentage change results cited were then calculated by expressing the carbon price scenario 

results in terms of its percentage change from the corresponding BAU production levels. 

The first set of results is associated with the percentage change in aggregate generation from 

BAU by fuel type for the years 2007, 2008 and 2009 and for the various carbon price 

scenarios considered. These results are documented in Figures 7a-7c and relate respectively, 

to the percentage change in aggregate annual production from BAU for production from coal-

fired generation, gas-fired generation and hydro generation.   

 

It is apparent from inspection of Figure 7a that the introduction of the carbon prices produced 

overall reductions in production from coal-fired generation when compared to production 

levels associated with BAU.  It is also evident from inspection of the slopes of all three 

curves in this figure that the steepest rates of decline in production relative to BAU occur for 

carbon prices in the range of $30/tC02 to $70/tC02. The next steepest rates of decline occur 

for carbon prices in the range $10/tC02 to $30/tC02 and the rate of decrease also continues 

for carbon prices in the range $70/tC02 to $100/tC02, albeit at a slower rate. Examination of 

Figure 7a also indicates that the qualitative path of percentage production reductions from 

BAU is quite similar for each respective year, and particularly so for 2007 and 2008. The 

curve corresponding to the 2009 percentage reductions indicate larger reductions over the 

carbon price range of $70/tC02 to $100/tC02 than arose in 2007 and 2008.  For example, for 

a carbon price of $100/tC02, the percentage change relative to BAU in production from coal 

generation in 2007 and 2008 was in the range of -15.6 to -15.9 whereas the percentage 

decline relative to BAU was -17.3 in 2009.  
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The percentage change in production from gas-fired generation relative to BAU is depicted in 

Figure 7b for the three years being considered.  The key results from inspection of this figure 

is that production from gas generation increased significantly from BAU levels as increases 

in the carbon price promote fuel substitution from coal to gas generation in response to the 

improved competitive position of gas-fired generation relative to coal-fired generation. The 

rate of increase is steepest for carbon prices in the range $30/tC02 to $80/tC02 – carbon price 

levels associated with increased dispatch of both NGCC and intermediate OCGT plant from 

minimum stable operating levels to levels close to or at maximum thermal MW rating of such 

plant.  The slopes of the three curves in Figure 7b also indicate that the rate of increase is 

much more moderate for carbon prices in the ranges $10/tC02 to $30/tC02 and $80/tC02 to 

$100/tC02.  It is also apparent that the percentage change paths are very similar qualitatively 

particularly for years 2007 and 2008.  There is more variation in the path for 2009 with the 

percentage increase in production relative to BAU being lower than the corresponding rates 

in 2007 and 2008 for carbon prices in the range $30/tC02 to $70/tC02, but then exceeding the 

percentage rate observed for 2007 and 2008 for carbon prices in the range $80/tC02 to 

$100/tC02. For a carbon price of $100/tC02, the percentage increase in production from gas-

fired generation from BAU levels of production is around 84.9 percent for 2007 and 2008 and 

89.8 percent for 2009.   
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Figure 7a. Percentage Change in Aggregate Production from BAU By Year: Coal
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The percentage change in production from hydro generation relative to BAU levels is 

outlined in Figure 7c. The key results apparent from inspection of Figure 7c is that production 

from hydro generation increases significantly from BAU levels as increases in the carbon 

price produces fuel substitution from thermal sources of generation to hydro generation in 

response to the improved competitive position of hydro generation. This observation follows 

since hydro generation has no carbon footprint and the variable cost structure of hydro 

generation has no carbon cost component and is therefore unchanged following the 

introduction of a carbon price signal, unlike the case for coal, gas and diesel based 

generation. Furthermore, given that supply offers of most mainland hydro plant, at least in 

part, shadow peak load gas plant, this component of the hydro fleet will be in a position to 

displace production from competing coal and gas plant as carbon price levels increase. 

 

In the case of hydro production, the percentage rate of increase relative to BAU is steepest for 

carbon prices in the range $10/tC02 to $40/tC02. The rate of increase is more modest for 

carbon prices above $40/tC02. This suggests that for a carbon price of $40/tC02, most units 

of hydro plant that shadow peak gas plant is most likely being dispatched at levels closer to 

their capacity limits. The increase in production experienced for carbon prices greater than 

$40/tC02 would reflect the dispatch of additional units that become more competitive at these 

higher carbon price levels. It is also apparent that the percentage change production paths are 

very similar qualitatively for the three years being considered, albeit with a slightly larger 

percentage increase being experienced in 2009 for carbon prices in the range $40/tC02 to 

$100/tC02 when compared with the similar percentage rates of increase in 2007 and 2008. 

The smallest percentage increase occurs in 2008. For a carbon price of $100/tC02, the 

percentage increase in carbon emissions from BAU levels for hydro generation is in the range 

134.7 to 141.3 for the three years under investigation.   
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Figure 7b. Percentage Change in Aggregate Production from BAU By Year: Gas
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The percentage change in aggregate production from BAU for each state for calendar years 

2007, 2008 and 2009, are depicted in Table 6, Panels (A)-(C), respectively. It is apparent 

from inspection of this table that Victoria experiences the largest percentage decline in 

aggregate production from BAU, amounting, for a carbon price of $100/tC02, of a percentage 

decline in the range of -26.8 to -27.4 percent for the three year period under investigation. 

This reduction is particularly pronounced over the carbon price range of $10/tC02 to 

$60/tC02. The other noticeable result is the significant increases in production experienced 

by Tasmania relative to BAU which is particularly prominent for carbon prices in the range 

of $10/tC02 to $50/tC02. For higher carbon price levels the growth in production in 

Tasmania relative to BAU is more moderate. 

 

The results for New South Wales and South Australia are more mixed. For carbon prices in 

the range of $10/tC02 to $20/tC02, both states experience declines in state production relative 

to BAU, with this decline actually extending to a carbon price of $30/tC02 in the case of 

South Australia. Factors responsible for this would be the reduction in production coming 

from black coal plant in both states in an environment where brown coal plant in Victoria has 

a competitive advantage, albeit one that is disappearing quickly as carbon price increases 

occur in this particular band. For carbon prices in the range $40/tC02 to $100/tC02, the 

percentage change in aggregate production of both states relative to BAU levels becomes 

positive. This suggests that a carbon price around $40/tC02 represents a tipping point in 

which the competitive advantage of generation in New South Wales and South Australia 

becomes superior to the predominantly brown coal generation in Victoria, leading to the 

displacement of production in Victorian with production from both New South Wales and 

South Australia. In the case of New South Wales, the percentage rates of change are a lower 

order of magnitude than those occurring in South Australia, being in the range, in absolute 
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Figure 7c. Percentage Change in Aggregate Production from BAU By Year: Hydro
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terms of 0.3 to 3.2 percent. Furthermore, for New South Wales, the rate of percentage 

increases tailors off or even becomes negative (in the case of 2009) at carbon price levels in 

the range of $80/tC02 to $100/tC02. This later trend, however, does not arise in the case of 

South Australia.     

 

In the case of Queensland, the percentage change in aggregate production relative to BAU is 

positive at all carbon price levels considered and across all three years, signifying expansion 

in aggregate state production relative to BAU. The magnitude of the percentage increases are 

in the range of 1.3 to 7.9 percent which are of a slightly higher order of magnitude than those 

occurring in New South Wales. Furthermore, in a manner analogous to that for New South 

Wales, the growth in state production begins to tailor off for carbon prices in the range 

$80/tC02 to $100/tC02. 

 

The other noticeable feature apparent from inspecting the results listed in Table 6 Panels (A)-

(C) is that the results for each state across all carbon prices considered are very similar 

qualitatively for each of the three years being investigated. That is, in relative terms, the 

contributions of each state in terms of the percentage change in aggregate production from 

BAU as a function of carbon price level remains quite close in terms of magnitude for all 

three years considered, apart for some deviation in results for Queensland and New South 

Wales for carbon prices of $80/tC02 to $100/tC02 in 2009.  

It should also be recognised that the broad results mentioned above are also reflected in the 

three year averaged results listed in Table 6, Panel (D).  

 

 

Table 6. Percentage Change in State Aggregate Production from BAU 

 

Panel (A): 2007 

 
Carbon 
Price 

QLD NSW VIC SA TAS 

10 1.44 -0.53 -0.55 -3.81 5.66 

20 1.73 -0.79 -3.13 -4.98 28.13 

30 1.65 1.51 -9.92 -3.60 55.37 

40 2.18 2.28 -18.03 4.02 90.81 

50 3.53 1.30 -20.52 7.77 100.68 

60 4.07 2.23 -23.15 9.29 102.98 

70 6.37 1.95 -25.96 10.03 105.37 

80 6.40 1.15 -26.12 12.71 106.48 

90 6.10 0.43 -26.18 15.62 110.89 

100 5.74 0.63 -27.39 19.33 112.62 

 

Panel (B): 2008 

 
Carbon 
Price 

QLD NSW VIC SA TAS 

10 1.34 -0.46 -0.55 -3.77 5.49 

20 1.48 -0.87 -2.47 -4.85 25.57 
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30 1.46 1.16 -8.69 -3.76 49.75 

40 1.81 2.47 -17.67 3.88 87.67 

50 3.37 1.31 -20.12 7.16 97.51 

60 3.67 2.36 -22.81 8.96 100.25 

70 5.77 2.16 -25.65 9.99 102.65 

80 6.36 0.96 -25.72 12.42 104.12 

90 5.96 0.51 -26.01 15.14 108.01 

100 5.79 0.31 -26.81 18.89 109.52 

 

Panel (C):  2009 

 
Carbon 
Price 

QLD NSW VIC SA TAS 

10 1.44 -0.55 -0.54 -3.88 5.32 

20 1.76 -1.15 -2.66 -5.02 29.58 

30 1.84 1.51 -9.30 -4.38 52.94 

40 2.07 3.16 -18.53 3.51 93.03 

50 3.95 1.32 -21.16 7.18 108.88 

60 4.08 2.66 -24.15 9.28 112.51 

70 5.66 2.99 -27.06 10.41 114.54 

80 7.93 0.20 -27.01 12.41 115.70 

90 7.94 -0.73 -27.05 15.20 118.41 

100 7.77 -1.18 -27.38 18.58 119.78 

 

Panel (D):  2007-2009 Average Results 

 
Carbon 
Price 

QLD NSW VIC SA TAS 

10 1.41 -0.51 -0.55 -3.82 5.49 

20 1.66 -0.94 -2.75 -4.95 27.76 

30 1.65 1.39 -9.30 -3.91 52.69 

40 2.02 2.64 -18.08 3.80 90.50 

50 3.62 1.31 -20.60 7.37 102.36 

60 3.94 2.42 -23.37 9.18 105.25 

70 5.93 2.37 -26.22 10.14 107.52 

80 6.90 0.77 -26.28 12.51 108.77 

90 6.67 0.07 -26.41 15.32 112.44 

100 6.43 -0.08 -27.19 18.93 113.97 

 

 

In order to gain more insight into the key driving forces behind the aggregate state production 

results cited in Table 6 Panels (A)-(D), we now investigate the percentage change in 

production from BAU by state by fuel type. The percentage change in production from coal-

fired generation from BAU for each state is depicted in Table 7, Panels (A)-(D).  

 

It is apparent from examination of Table 7, Panels (A)-(C) that Victoria experiences the 

greatest rates of percentage reduction in production from coal-fired generation relative to 

BAU levels, followed closely by South Australia. The rates of change in production from 
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coal generation in both Queensland and New South Wales are more variable in scope 

especially for carbon prices in the range $10/tC02 to $40/tC02 and much less pronounced 

when definitive percentage reduction trends emerge which occurs for carbon prices in the 

range $50/tC02 to $100/tC02 for both states over the three years being investigated.  

 

The key factor explaining these observed trends would refer to the prominence of more 

thermally efficient and less carbon emissions intensive thermal black coal based generation in 

Queensland and New South Wales when compared with the less thermally efficient and more 

carbon emissions intensive brown coal generation in Victoria and low-rank sub-bituminous 

black coal generation in South Australia
9
. This would mean, in turn, that the competitive 

position of production utilising thermal black coal as in the case of Queensland and New 

South Wales can withstand the variable carbon cost impost associated with the introduction 

of carbon prices more easily than is the case with brown coal based generation in Victoria 

and very low quality black coal based generation in South Australia.  

 

For the NEM we get an unambiguous percentage reduction in production from coal 

generation relative to BAU levels as a function of carbon price, as indicated by the results 

listed in the last column of Table 7, Panels (A)-(C) and in Figure 6a. In order to gauge the 

magnitude of the percentage reductions from BAU, it follows from inspection of these tables 

that for a carbon price of $40/tC02, the results fall within the range -5.3 to -5.8 percent while 

for a carbon price of $100/tC02, the percentage reduction relative to BAU falls within the 

range -15.6 to -17.3 percent.  

It should be noted that the broad trends outlined above are reflected in the three year averaged 

results for the period 2007-2009 cited in Table 7, Panel (D).  

 

 

Table 7. Percentage Change in Aggregate Production from BAU: Coal Generation 

 

Panel (A): 2007 

 
Carbon 
Price 

QLD NSW VIC SA NEM 

10 1.56 -0.56 -0.18 -11.54 -0.11 

20 1.87 -0.83 -2.70 -14.77 -0.96 

30 1.71 1.15 -9.83 -25.52 -2.66 

40 0.30 0.67 -18.47 -25.40 -5.83 

50 -1.02 -1.52 -22.57 -24.14 -8.24 

60 -0.97 -1.16 -26.88 -26.48 -9.43 

70 -3.17 -1.95 -31.92 -29.67 -11.97 

80 -4.35 -3.35 -33.93 -33.98 -13.56 

90 -4.74 -4.64 -36.05 -34.55 -14.81 

100 -5.13 -5.66 -38.13 -34.63 -15.93 

 

Panel (B): 2008  

 

                                                 
9
  This sub-bituminous black coal is mined at Leigh Creek and transported by rail to the two main coal 

generation plants located at Port Augusta.  
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Carbon 
Price 

QLD NSW VIC SA NEM 

10 1.45 -0.49 -0.16 -11.45 -0.11 

20 1.60 -0.92 -2.00 -14.73 -0.86 

30 1.50 0.87 -8.53 -24.85 -2.42 

40 0.23 1.00 -18.04 -25.54 -5.58 

50 -1.13 -1.47 -21.72 -25.17 -7.99 

60 -1.19 -0.98 -26.22 -26.51 -9.19 

70 -2.81 -1.56 -31.38 -30.05 -11.51 

80 -4.37 -3.28 -33.36 -34.30 -13.33 

90 -4.84 -4.50 -35.51 -35.06 -14.59 

100 -5.03 -5.61 -37.45 -35.17 -15.64 

 

Panel (C):  2009  

 
Carbon 
Price 

QLD NSW VIC SA NEM 

10 1.61 -0.58 -0.20 -11.43 -0.10 

20 1.96 -1.23 -2.24 -14.83 -0.94 

30 1.98 1.33 -9.15 -23.23 -2.28 

40 1.14 1.88 -18.87 -24.75 -5.29 

50 -0.31 -1.35 -22.34 -25.75 -8.00 

60 -0.59 -0.67 -27.02 -25.79 -9.23 

70 -1.70 -0.81 -32.05 -28.35 -11.19 

80 -5.90 -4.21 -33.90 -31.72 -14.36 

90 -7.94 -5.80 -35.44 -32.86 -16.07 

100 -8.56 -6.94 -37.54 -33.07 -17.31 

 

Panel (D):  2007-2009 Average Results 

 
Carbon 
Price 

QLD NSW VIC SA NEM 

10 1.54 -0.54 -0.18 -11.47 -0.11 

20 1.81 -0.99 -2.31 -14.78 -0.92 

30 1.73 1.12 -9.17 -24.53 -2.45 

40 0.56 1.18 -18.46 -25.23 -5.57 

50 -0.82 -1.45 -22.21 -25.02 -8.08 

60 -0.92 -0.94 -26.71 -26.26 -9.28 

70 -2.56 -1.44 -31.78 -29.36 -11.56 

80 -4.87 -3.61 -33.73 -33.33 -13.75 

90 -5.84 -4.98 -35.67 -34.16 -15.16 

100 -6.24 -6.07 -37.71 -34.29 -16.29 

 

 

The percentage change in production from gas-fired generation is depicted in Table 8, Panels 

(A)-(C). It is apparent from inspection of this table that there is a marked expansion in 

production from gas generation in particularly Tasmania, Queensland and Victoria associated 

with increased carbon price levels. For example, for a carbon price of $100/tC02, the 
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percentage changes in production from gas-fired generation relative to BAU levels are in the 

range of 1480.9 to 2311.5 percent for Tasmania, 161.2 to 163.5 percent for Queensland, 

137.3 to 139.6 percent for Victoria, 48.0 to 50.5 percent for South Australia and 43.3 to 44.1 

percent for New South Wales for the three years being investigated.  

 

The expansion in production for gas plant in Queensland, New South Wales and South 

Australia principally reflects the more intensive dispatch of NGCC plant at ratings close to or 

at their maximum MW thermal limits for carbon prices in the range of $40/tC02 to $60/tC02 

and of intermediate and (to a less extent) peak OCGT plant for carbon prices greater than 

$60/tC02. In the case of Queensland, the significant jump in production relative to BAU 

associated with a carbon price of $70/tC02 reflects the more intensive dispatch of Braemar 

and Barcaldine OCGT plant. The relatively smaller increases in production in New South 

Wales for carbon prices above $50/tC02 reflect the structure and location of gas fleet in New 

South Wales.  Specifically, apart from the Uranquinty units located at the Tumut node (e.g. 

see Figure 2), all other gas plant in New South Wales over this time period is NGCC which 

would be dispatched at levels close to or at their maximum MW rating for carbon prices in 

the range of $40/tC02 to $60/tC02. Thus, the only OCGT plant available to increase its 

production would be Uranquinty but this plant, more particularly, also competes with the 

hydro plant located at the Tumut and Murray nodes.  The variable cost structure of this hydro 

plant is not affected by carbon costs following the introduction of carbon prices, thereby 

improving the competitiveness of this plant relative to other thermal plant including 

Uranquinty as the carbon price level is increased. This means that at higher carbon prices, the 

competing hydro plant would be capable of displacing some of Uranquinty’s production, 

thereby dampening the scope for significant further expansion in production from gas-fired 

generation in New South Wales at these higher carbon price levels. 

 

The increase in production from gas generation observed in South Australian would 

principally reflect both the improved competitive position of South Australian gas generation 

relative to competing coal plant in South Australia and also with similar brown coal plant in 

Victoria which would promote the export of power from South Australia to Victoria via the 

Heywood and Murraylink Interconnector’s. 

 

In the case of Tasmania, the expansion in production from gas generation relative to BAU 

occurs for carbon prices in the range of $50/tC02 to $100t/C02.  For lower carbon prices, 

actual production from gas generation relative to BAU levels decline, reflecting the 

improvement of the competitive position of Tasmanian hydro generation relative to 

Tasmanian gas generation for increases in the carbon price level within this carbon price 

band. This would, in turn, lead to increased Tasmanian hydro generation production relative 

to Tasmanian gas generation production and also point to the effective alignment of 

Tasmanian generation in meeting native Tasmanian load. At carbon prices greater than 

$50/tC02, however, a significant increase in production relative to BAU from Tasmanian gas 

generation emerges. This trend principally reflects the increased dispatch of OCGT Bell Bay 

1 and Bell Bay 2 units located at the George Town node and this would be driven by the 

improved competitiveness of this plant relative to competing brown coal plant located in 

Victoria which promotes the increased export of power from Tasmania to Victoria via the 

Basslink Interconnector.  It should also be noted that this ‘significant’ expansion in 

production from Tasmanian gas generation, in percentage terms from BAU, is coming from a 

very low BAU production base linked to the incidence of peak load demand in Tasmania. 

Thus, a large percentage increase from a particularly small base would only be expected to 
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produce a very modest contribution to total production from gas-fired generation when 

compared to equivalent production levels in the mainland states.  

 

In increase in production from Victorian gas plant, relative to BAU, also reflects the 

improved competitiveness of this type of generation relative to the Victorian brown coal 

generation fleet, thereby producing the displacement of production from Victorian brown 

coal generation by Victorian gas generation. This increase emerges for carbon prices in the 

range $60/tC02 to $100t/C02 picking up initially the more intense dispatch of intermediate 

OCGT and gas thermal plant away from their minimum stable operating levels and for carbon 

prices in the range of $80/tC02 to $100/tC02, the increased dispatch of some peak OCGT 

plant. Interestingly, for carbon prices in the range of $10/tC02 to $50/tC02, production from 

Victorian gas plant actually declines, which would represent some displacement by the 

import of power from New South Wales, South Australia, and Tasmania, in particular. 

 

For the NEM we initially get percentage reductions in production from gas generation 

relative to BAU production levels for carbon prices in the band $10/tC02 to $20/tC02. This 

reflects the dominance, in net terms, of the contributions from New South Wales, Victoria 

and Tasmania which also experienced production declines over this carbon price band. For 

carbon price levels greater than and equal to $30/tC02, we get an unambiguous percentage 

increase in production from gas generation relative to BAU levels as a function of carbon 

price. This is indicated by the results listed in the last column of Table 8 Panels (A)-(C) as 

well as the in Figure 6b. To gauge the magnitude of these percentage increases (from BAU), 

it follows from examination of these tables that for a carbon price of $40/tC02, the results fall 

within the range 14.0 to 19.1 percent while for a carbon price of $100/tC02, the percentage 

increase from BAU lies within the range 84.9 to 89.8 percent. 

It should also be recognised that the broad results mentioned above are also reflected in the 

three year averaged results listed in Table 8, Panel (D).  

 

Table 8. Percentage Change in Aggregate Production from BAU: Gas Generation 

 

Panel (A): 2007  

 
Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 0.01 -0.10 -9.02 0.66 -76.07 -1.06 

20 0.09 -0.53 -13.36 0.67 -83.12 -1.70 

30 1.17 6.06 -13.76 9.06 -68.84 3.77 

40 29.80 24.14 -12.44 21.02 -51.47 19.13 

50 69.91 35.60 13.19 26.21 85.85 35.48 

60 76.05 39.26 34.70 29.97 311.58 42.46 

70 142.94 40.45 65.87 32.97 599.31 61.58 

80 160.38 41.47 95.59 39.69 751.84 72.20 

90 161.27 42.28 130.40 44.62 1301.01 80.50 

100 161.23 44.08 137.30 50.52 1523.54 84.95 

 

Panel (B): 2008 

 
Carbon QLD NSW VIC SA TAS NEM 
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Price 

10 0.00 -0.15 -9.46 0.70 -76.80 -1.10 

20 0.04 -0.45 -13.54 0.90 -83.13 -1.60 

30 1.16 5.01 -13.87 8.51 -68.98 3.28 

40 25.41 22.75 -12.62 21.01 -52.46 17.94 

50 69.90 35.07 5.06 25.99 17.75 34.04 

60 74.40 38.86 31.07 29.62 274.35 41.30 

70 129.77 39.57 60.31 33.31 580.54 58.11 

80 162.01 41.15 93.92 39.64 773.61 72.10 

90 162.52 42.47 124.97 44.38 1282.23 79.76 

100 162.55 43.35 139.60 50.38 1480.90 84.92 

 

Panel (C): 2009  

 
Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 -0.01 -0.26 -8.84 0.42 -87.60 -0.94 

20 0.04 -0.43 -13.45 0.56 -94.20 -1.41 

30 0.74 3.60 -14.43 6.35 -83.19 1.91 

40 11.27 20.82 -13.68 19.61 -61.51 13.98 

50 45.23 35.29 -3.07 25.93 -5.14 29.99 

60 48.59 40.46 22.81 29.26 409.09 36.62 

70 75.07 41.11 51.92 32.50 913.98 48.81 

80 139.63 42.07 87.43 37.54 1232.83 72.41 

90 159.37 43.26 108.56 42.58 1954.26 83.03 

100 163.46 43.33 137.56 47.99 2311.45 89.83 

 

Panel (D):  2007-2009 Average Results 

 
Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 0.00 -0.17 -9.11 0.59 -80.16 -1.03 

20 0.06 -0.47 -13.45 0.71 -86.82 -1.57 

30 1.02 4.89 -14.02 7.97 -73.67 2.99 

40 22.16 22.57 -12.91 20.55 -55.15 17.02 

50 61.68 35.32 5.06 26.04 32.82 33.17 

60 66.35 39.53 29.53 29.62 331.67 40.13 

70 115.93 40.38 59.37 32.93 697.94 56.17 

80 154.01 41.56 92.31 38.96 919.43 72.24 

90 161.05 42.67 121.31 43.86 1512.50 81.10 

100 162.41 43.59 138.15 49.63 1771.96 86.57 

 

 

The percentage change in production from hydro generation is outlined in Table 9, Panels 

(A)-(C) for calendar years 2007, 2008 and 2009. It is evident from examination of this table 

that there is a marked expansion in production from hydro generation in particularly Victoria, 

New South Wales and Tasmania associated with increased carbon price levels. For example, 

for a carbon price of $100/tC02, the percentage changes in production from hydro generation 
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relative to BAU are in the range of 1475.3 to 2935.1 percent for Victoria, 442.3 to 640.6 

percent for New South Wales, 99.0 to 111.5 percent for Tasmania and 13.3 to13.8 percent for 

Queensland for the three years being investigated.  

 

The significant expansion in production from hydro generation in Victoria and New South 

Wales becomes particularly evident for carbon prices in the range $50/tC02 to $100/tC02. 

This would reflect the improvement of the competitive position of hydro generation relative 

to competing thermal plant including both coal and gas plants of all types since the variable 

cost structure of hydro generation does not contain any carbon cost component, unlike 

competing thermal plant. The other noticeable feature is that the percentage increase in hydro 

production from Victoria and New South Wales from BAU is more prominent in 2007 and 

2008 when compared with 2009. This reflects, in relative terms, the incidence of more severe 

winter peak demand conditions in 2007 and 2008 when compared with 2009. The hydro plant 

in both New South Wales and Victoria plays a crucial role in meeting winter peak load 

conditions in both states, and especially in the Sydney, Wollongong, Canberra, and Snowy 

Mountains regions of New South Wales and in Melbourne and south-west and western 

regions of Victoria. In contrast, in 2009, the incidence of peak load problems tended to occur 

in the summer months.  

 

The growth in production from hydro generation in Tasmania mainly occurs over carbon 

prices in the range of $10/tC02 to $60/tC02 with little if any further growth in percentage 

terms occurring at higher carbon price levels. This would indicate that further expansion in 

hydro production in Tasmania is being tightly constrained by the thermal limits of the 

transmission grid structure, given the regional load profiles. Furthermore, the percentage 

growth in aggregate production relative to BAU occurring at carbon prices greater than 

$60/tC02, as documented in Table 6, Panels (A)-(D), must come almost exclusively from 

gas-fired generation located at the George Town node which is well placed to export power 

directly to Victoria by the Basslink Interconnector.  This is indicated for these higher carbon 

price levels from the results cited in Table 8, Panels (A)-(D) for Tasmania.  However, note 

that the massive expansion in gas-fired production from Tasmania as outlined in Table 8 

amounts to only minor increases in aggregate production from Tasmania as indicated in 

Table 6 for carbon prices in the range $70/tC02 to $100/tC02.  

 

The expansion in production from hydro generation in Queensland is much more moderate in 

both scope and magnitude when compared with other state contributions and only begins to 

emerge for carbon prices in the range $60/tC02 to $100/tC02 and with little or no expansion 

in growth occurring for carbon prices of $80/tC02 to $100/tC02. This indicates that hydro 

plant located in the far north only become competitive with competing thermal plant for 

carbon prices greater than $50/tC02. The fact that no expansion in production occurs for 

carbon prices over $80/tC02 indicates that an equilibrium position has been reached given the 

regional load profiles and competing thermal plant with hydro production relating to the 

dispatch of the first turbines of Barron George and Kareeya Power hydro stations, which by 

design, have supply offers shadowing peak load gas plant.   

 

For the NEM we get an unambiguous percentage increase in production from hydro 

generation relative to BAU production levels in the NEM as a function of carbon price. The 

nature of the increase at higher carbon price levels, in particular, demonstrates the relative 

importance of Tasmania when compared to New South Wales and Victoria. Specifically, the 

very significant expansion in production from both Victorian and New South Wales hydro 

generation does not produce a similar ‘blow-out’ in the percentage increase relative to BAU 
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of aggregate hydro production in the NEM, as indicated by the results listed in the last 

column of Table 9, Panels (A)-(C) and in Figure 6c. To gauge the magnitude of these 

percentage increases (from BAU), it follows from inspection of this table that for a carbon 

price of $40/tC02, the results fall within the range 77.3 to 80.1 percent while for a carbon 

price of $100/tC02, the percent increase from BAU lies within the range 134.7 to 141.3 

percent, respectively. 

The results cited in Table (9), Panel (D), relating to the three year averaged results also match 

qualitatively the trends documented in the discussion immediately above.  

 

Table 9. Percentage Change in Aggregate Production from BAU: Hydro Generation 

 

Panel (A): 2007 

 
Carbon 
Price 

QLD NSW VIC TAS NEM 

10 0.00 0.69 5.77 6.31 5.44 

20 0.00 3.40 15.14 29.02 24.90 

30 0.00 9.52 48.05 56.36 48.68 

40 0.00 20.93 120.27 91.95 80.06 

50 0.00 85.92 388.99 100.80 93.12 

60 7.80 163.66 827.81 101.31 102.07 

70 13.24 242.79 1348.07 101.41 111.30 

80 13.24 334.99 1732.86 101.31 119.13 

90 13.24 423.09 2104.26 101.35 126.76 

100 13.35 640.55 2481.80 101.31 140.34 

 

Panel (B):  2008 

 
Carbon 
Price 

QLD NSW VIC TAS NEM 

10 0.00 -0.04 4.07 6.12 5.24 

20 0.00 2.44 14.23 26.41 22.71 

30 0.00 7.20 50.10 50.67 43.86 

40 0.00 19.10 119.57 88.75 77.35 

50 0.00 93.94 416.17 98.13 90.88 

60 5.84 172.51 902.03 98.91 99.27 

70 13.78 237.08 1706.48 98.97 109.07 

80 13.78 303.19 2090.18 98.97 114.90 

90 13.78 437.00 2514.27 98.97 123.99 

100 13.78 608.18 2935.07 98.97 134.69 

 

Panel (C):  2009 

 
Carbon 
Price 

QLD NSW VIC TAS NEM 

10 0.00 0.26 4.19 5.67 4.79 

20 0.07 3.91 11.05 30.05 25.37 
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30 0.00 6.87 21.57 53.45 45.14 

40 0.07 12.76 46.74 93.61 79.25 

50 0.02 53.41 175.34 109.31 96.52 

60 5.72 120.10 391.52 111.39 105.85 

70 13.40 194.33 753.03 111.52 116.44 

80 13.33 248.76 940.59 111.48 122.31 

90 13.33 334.94 1226.66 111.48 131.51 

100 13.40 442.28 1475.28 111.51 141.30 

 

Panel (D):  2007-2009 Average Results 

 
Carbon 
Price 

QLD NSW VIC TAS NEM 

10 0.00 0.30 4.68 6.03 5.16 

20 0.02 3.25 13.47 28.49 24.33 

30 0.00 7.86 39.91 53.49 45.89 

40 0.02 17.60 95.53 91.44 78.89 

50 0.01 77.76 326.83 102.75 93.51 

60 6.45 152.09 707.12 103.87 102.40 

70 13.47 224.73 1269.19 103.97 112.27 

80 13.45 295.65 1587.88 103.92 118.78 

90 13.45 398.34 1948.40 103.93 127.42 

100 13.51 563.67 2297.38 103.93 138.78 

 

4.3. Impact on Duration and Intensity of Dispatch by State, Fuel Type and Age of Plant 

It is evident from the discussion of the results in the previous section that significant 

expansion in production from both gas and hydro generation emerged. Of interest, in this 

regard, is whether the annual capacity factors associated with the dispatch of this plant 

changed dramatically signalling a prospective change from meeting peak production duties to 

intermediate production duties, for instance. This consideration is relevant when one 

considers that the mainland hydro plant (apart from pump storage plant) and a significant 

portion of the OCGT plant operate as peak load plant, with the cheapest supply offers of the 

mainland hydro plant, in particular, shadowing peak load OCGT gas plant.  

We will investigate this issue in relation to annual capacity factors of gas and hydro 

generation in each state and the NEM.  Note that we have not included coal generation 

because this plant has a capacity factor of unity by design – that is, coal plant is assumed to 

produce power all year round. The annual capacity factors for gas and hydro plant for all 

carbon price scenarios considered are listed in Figures 8a-8b. The results cited in these two 

figures represent the averages of the three annual capacity factors for gas and hydro 

generation taken over the three calendar years 2007, 2008 and 2009 for each state and the 

NEM. The proportion values on the vertical axis of Figures 8a and 8b were calculated by 

summing the number of hours in each year that individual gas and hydro plant was 

dispatched and then dividing these values by the total number of hours in the year for each 

plant to obtain the proportion value.  In order to collate these plant results into state-wide 

results, we averaged these plant based results across all relevant plant located at nodes within 
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each state module. NEM results were then calculated by averaging across the state results. 

The results in Figures 8a and 8b were then determined by averaging the proportion values 

obtained over the three calendar years being considered. 

The results for gas generation are depicted in Figure 8a. It is evident from inspection of this 

figure that the relatively flat results for carbon prices in the range $10/tC02 to $50/tC02 

principally represent the dispatch of NGCC, gas thermal or intermediate OCGT plant in the 

case of Queensland, New South Wales, South Australia, and Victoria. It is also evident that 

Queensland and New South Wales have much higher proportions of this type of ‘must run’ 

plant when compared to peak gas plant in their gas fleets than does South Australia and 

Victoria, for example. The very small proportion values listed for Tasmania at this carbon 

price range points to the dispatch of OCGT plant to meet peak load conditions in Tasmania. 

 

At higher carbon price levels, there tends to be a smooth increase in the annual capacity 

factor particularly for Victoria, South Australia and Tasmania. This signifies that gas plant in 

each state is beginning to be dispatched over periods of time in which no dispatch occurred at 

lower carbon price levels and could equally refer to additional dispatch of intermediate 

OCGT units or to the new dispatch of peak gas plant. The noticeable increase for Queensland 

associated with the carbon price level of $70/tC02 signifies that it is at this carbon price level 

that the dispatch of Braemar power station move beyond the daily dispatch patterns that were 

assumed to occur at lower carbon price levels and the dispatch of Barcaldine power station 

also began to emerge at around this carbon price level.
10

 Note, additionally, that little or no 

further growth in the annual capacity factor occurs in Queensland for carbon prices greater 

than $80/tC02.  It is also apparent that the annual capacity factor for New South Wales grows 

                                                 
10

  Note that for years 2007 and 2008, this refers to Braemar 1 Power Station.  In 2009, Braemar 2 Power Station 

also came online. 
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very slowly, and would be picking up a marginal increase in the number of hours during 

which Uranquinty Power Station is dispatched over and above the dispatch patterns occurring 

at lower carbon price levels. 

For the NEM, the annual capacity factor values for gas generation increases marginally over 

the carbon price range of $10/tC02 to $60/tC02 with most of this increase actually arising 

between the $50/tC02 and $60/tC02 carbon price band. This means that over this price band, 

there is a slight increase in the incidence of dispatch of gas plant over and above what 

occurred at carbon prices less than $50/tC02. There is a more pronounced increase in the 

NEM-wide annual capacity factor for carbon prices greater than $60/tC02 with perhaps the 

largest increase arising between $60/tC02 and $70/tC02 reflecting the impact of the 

significant increase occurring in Queensland over this particular carbon price band. The 

smooth increase in the NEM capacity factor of gas continues for carbon prices in the range 

$70/tC02 to $100/tC02 principally reflect the similar contributions arising in Victoria, South 

Australia and Tasmania. In order to gauge the magnitude of the NEM capacity factor, in 

percentage terms, at a carbon price of $10/tC02 is was 36.9 percent, at a carbon price of 

$60/tC02, it was 42.2 percent, increasing for a carbon price of $70/tC02 to 49.6 percent and 

increasing to 61.9 percent for a carbon price of $100/tC02.      

  

It should be recognised that a significant portion of the existing OCGT gas-fired generation 

fleet located particularly in Victoria and South Australia is designed for peak load production 

duties. This reflects the historical development of the national generation fleet which saw 

coal fired generation as being predominantly responsible for supplying baseload power while 

the gas fired fleet was seen as predominantly being available to supply peak load production 

duties. In practice, engineering features, pipeline capacity and gas storage capacity of much 

of the existing OCGT peak load gas fleet will prevent this plant from being able to switch 

from peak to baseload or intermediate production duties for any extended period of time 

without significant additional pipeline infrastructure construction. However, the current 

version of the ANEM model does not accommodate this practical consideration and 

subsequent dispatch of gas plant relative to other competing plant will only reflect relative 

cost differentials and not the engineering efficacy of the resulting dispatch patterns, 

especially as pertaining to OCGT peak load plant.  

In order to gauge the extent of this possibility, the annual capacity factor of OCGT/Gas 

Thermal plant is outlined in Table 10, Panels (A)-(D). Table 10 Panel (A) displays the results 

for OCGT plant located in Queensland and New South Wales. Table 10 Panel (B) outlines 

the results for OCGT/Gas Thermal plant located in Victoria and Table 10 Panel (C) displays 

the same results for South Australia. Finally, Table 10 Panel (D) contains the results for 

OCGT plant located in Tasmania. 

Note that in Table 10 Panel (A), ‘BARCLD’ denotes Barcaldine, ‘BRAEM 1’ denotes 

Braemar 1 and ‘BRAEM 2’ denotes Braemar 2 Power Stations located in Queensland,  and 

‘URANQ’ denotes  Uranquinity Power Station located in New South Wales. In Table 10 

Panel (B), ‘VALL P’ denotes Valley Power, ‘JERL A’ denotes Jeeralang A, ‘JERL B’ 

denotes Jeeralang B, ‘BAIND’ denotes Bairnsdale, ‘SOM’ denotes Somerton, ‘NEWP’ 

denotes Newport and ‘LAVT N’ denotes Laverton North Power Stations located in Victoria. 

In Table 10 Panel (C), ‘LADB G’ denotes Ladbroke Grove, ‘QUARN’ denotes Quarantine, 

‘TR IS A’ denotes Torrens Island A, ‘TR IS B’ denotes Torrens Island B,  ‘DRY CK’ 

denotes Dry Creek, ‘MINT’ denotes  Mintaro and ‘HALLE’ denotes Hallett Power Stations 

located in South Australia. In Table 10 Panel (D), ‘BELL BAY’ denotes Bell Bay and ‘BB 3’ 

denotes Bell Bay Three Power Stations located in Tasmania. Further details about the nodal 
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location of these power stations within each state can be discerned from inspection of Figures 

1-5. 

The power stations listed in Table 10, Panels (A)-(D) can provide both intermediate and peak 

load production duties. Specifically, the following power stations are assumed to be capable 

of providing intermediate production duties: Braemar 1 and 2, Uranquinity, Newport, 

Ladbroke Grove, and Torrens Island A and B Power Stations. The following are assumed to 

provide peak production duties: Barcaldine, Roma, Oakey, Valley Power, Jeeralang A and B, 

Bairnsdale, Somerton, Laverton North, Quarantine, Dry Creek, Mintaro, Hallett, Bell Bay 

and Bell Bay Three Power Stations. 

It is apparent from inspection of Panel (A), Table 10 that the annual capacity factor for 

Barcaldine and Braemar Stations increase significantly for carbon prices greater than or equal 

to $70/tC02, signalling the dispatch at capacity factors associated with baseload plant, and 

not peak load or intermediate production duties which would typically be associated with 

Braemar 1 and 2 Power Stations, in particular.   

Table 10. Three Year Averaged Annual Capacity Factor for OCGT/Gas Thermal Plant 

 

Panel (A):   Queensland and New South Wales 

 

Carbon 
Price 

BARCLD ROMA  OAKEY  BRAEM 
1 

BRAEM 
2 

URANQ 

Bau 0.000 0.001 0.001 0.543 0.540 0.551 

10 0.000 0.001 0.001 0.543 0.541 0.551 

20 0.000 0.001 0.001 0.543 0.541 0.551 

30 0.000 0.001 0.001 0.543 0.540 0.552 

40 0.000 0.001 0.001 0.547 0.541 0.551 

50 0.000 0.001 0.001 0.552 0.544 0.552 

60 0.071 0.001 0.001 0.630 0.545 0.554 

70 0.907 0.001 0.001 0.999 0.622 0.559 

80 1.000 0.001 0.001 1.000 0.981 0.571 

90 1.000 0.001 0.001 1.000 0.999 0.571 

100 1.000 0.001 0.001 1.000 1.000 0.595 

 

It follows from examination of Panel (B), Table 10 that the annual capacity factor for 

Bairnsdale and Somerton Power Stations increase significantly for carbon prices greater than 

or equal to $40/tC02 and $50/tC02, respectively, signalling the dispatch at capacity factors 

associated with intermediate or baseload production duties instead of peak load production 

duties. It is also the case that the capacity factors of Jeeralang A and B and Laverton North 

Power Stations increase beyond what would be associated with peak load production duties 

for carbon prices greater than or equal to $50/tC02 and $100/tC02, respectively.  In these 

latter cases, the capacity factors approach levels more commonly associated with plant that 

meets intermediate duties.  Finally note that the annual capacity factor for Newport Power 

Station also increases significantly for carbon prices in the range $80/tC02 to $100/tC02, 

moving from intermediate to baseload dispatch setting.  

 

Panel B:  Victoria 
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Carbon 
Price 

VALL P  JERL A JERL B BAIND  SOM  NEWP LAVT N  

Bau 0.000 0.126 0.122 0.193 0.144 0.580 0.070 

10 0.000 0.090 0.089 0.174 0.125 0.575 0.068 

20 0.000 0.083 0.083 0.164 0.114 0.570 0.066 

30 0.000 0.084 0.084 0.147 0.113 0.570 0.067 

40 0.000 0.081 0.080 0.244 0.115 0.569 0.066 

50 0.000 0.105 0.103 0.490 0.262 0.580 0.060 

60 0.000 0.146 0.141 0.689 0.446 0.612 0.068 

70 0.019 0.251 0.248 0.900 0.480 0.639 0.090 

80 0.024 0.286 0.282 0.994 0.824 0.671 0.159 

90 0.024 0.457 0.452 0.998 0.927 0.748 0.145 

100 0.034 0.436 0.426 0.999 0.990 0.848 0.244 

 

It is evident from inspection of Table 10, Panel (C) that the annual capacity factors for 

Ladbroke Grove and Quarantine Power Stations increase significantly for carbon prices 

greater than or equal to $50/tC02 and $60/tC02, respectively, signalling the dispatch at 

capacity factors associated with baseload and intermediate production duties instead of 

intermediate and peak load production duties conventionally associated with these two 

particular power stations. It is also the case that the capacity factor of Hallett Power Station 

increase beyond what would be associated with peak load production duties for carbon prices 

greater than or equal to $90/tC02, respectively.  In this latter case, the capacity factor 

approaches levels more commonly associated with plant that meets intermediate duties.   

 

Panel (C): South Australia 

   

Carbon 
Price 

LADB G  QUARN TR IS A TR IS  B DRY CK  MINT HALLE  

Bau 0.609 0.105 0.556 1.000 0.005 0.000 0.005 

10 0.613 0.089 0.554 1.000 0.004 0.000 0.006 

20 0.605 0.091 0.553 1.000 0.004 0.000 0.006 

30 0.640 0.104 0.552 1.000 0.003 0.000 0.007 

40 0.719 0.102 0.552 1.000 0.003 0.000 0.017 

50 0.902 0.145 0.550 1.000 0.003 0.002 0.024 

60 0.994 0.268 0.548 1.000 0.003 0.002 0.036 

70 0.994 0.392 0.547 1.000 0.003 0.002 0.058 

80 0.993 0.535 0.548 1.000 0.002 0.002 0.158 

90 0.993 0.778 0.553 1.000 0.002 0.002 0.188 

100 0.992 0.867 0.552 1.000 0.002 0.003 0.293 

 

It is also apparent from inspection of Panel (D), Table 10 that the capacity factor of Bell Bay 

Power Station increases beyond what would be associated with peak load production duties 

for carbon prices greater than or equal to $70/tC02.  In this case, the capacity factor 

approaches levels more commonly associated with plant that meets intermediate duties.   

 

Panel (D):  Tasmania 

   

Carbon BELL BB 3 
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Price BAY  

bau 0.085 0.000 

10 0.041 0.000 

20 0.038 0.000 

30 0.060 0.000 

40 0.079 0.000 

50 0.120 0.000 

60 0.165 0.000 

70 0.264 0.002 

80 0.316 0.009 

90 0.473 0.011 

100 0.679 0.022 

 

More generally, the results cited in Table 10, Panels (A)-(D) indicate that for carbon prices 

up to and including $50/tC02, the only problems would potentially be the annual capacity 

factors associated with Bairnsdale, Somerton and Ladbroke Grove Power Stations, with the 

first two being dispatched as intermediate plant and the last being dispatched as a baseload 

plant. At a carbon price of $60/tC02, Quarantine power station also enters this list, being now 

dispatched at an annual capacity factor rate associated with intermediate plant.  For carbon 

prices greater than $60/tC02, things become more complicated with additional plant being 

driven away from their ‘normal’ annual capacity factor rates, and depending upon the actual 

carbon price level, would include Barcaldine, Braemar 1 and 2, Newport, Jeeralang A and B, 

Laverton North and Hallett power Stations.  However, this is for carbon price levels well in 

excess of current perceptions as to future carbon price trends and can therefore be discounted 

as a practical outcome. 

The results for hydro generation are depicted in Figure 8b. It is apparent from examination of 

this figure that apart from the case of Tasmania, the growth in the annual capacity factor of 

hydro generation is quite moderate for Queensland, New South Wales and Victoria. The 

capacity factor for Victoria is very small for carbon prices in the range $10/tC02 to $50/tC02 

but then climbs steadily to around 0.0794 for a carbon price of $100/tC02.  This value 

indicates an annual capacity factor of 7.9 percent – that is, for a carbon price of $100/tC02, 

hydro plant in Victoria is dispatched about 7.9 percent of the time over the three year period 

being considered. Queensland and New South Wales also experience a similar trend to that of 

Victoria in that there is very little if any growth in the annual capacity factor for carbon prices 

in the range $10/tC02 to $50/tC02, and then the capacity factor increases very slowly, albeit 

at a rate considerably less than that arising in the case of Victoria. For a carbon price of 

$100/tC02, the capacity factors for Queensland and New South Wales are 0.1294 and 0.1330, 

respectively. Thus, at this carbon price level, hydro plant in Queensland and New South 

Wales is dispatched 12.9 and 13.3 percent of the time over the three year period being 

considered. 

 

The noticeable difference is the case of hydro generation in Tasmania. The annual capacity 

factor for BAU is 0.3213 (e.g. 32.1 percent) but increases significantly over the carbon price 

range of $10/tC02 to $40/tC02 to around 0.5894 (e.g. 58.9 percent). It remains at close to this 

level for carbon prices higher than $40/tC02 which is consistent with the observed trends in 

production from hydro generation in Tasmania outlined in Table 9, Panels (A)-(D). For 

example, at a carbon price of $100/tC02, the annual capacity factor for hydro generation in 
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Tasmania has increased to 60.3 percent. Note that the increase in the magnitude of the 

capacity factor of hydro generation over and above the levels recorded in the other states in 

the NEM is because hydro generation in Tasmania meets all types of production duties – 

namely, baseload, intermediate and peak production duties whereas mainland hydro plant 

(apart from pump storage) is assumed to shadow peak load gas plant in order to meet peak 

production duties.  

 

 
 

For the NEM, the annual capacity factor values for hydro generation increases slightly over 

the carbon price range of $10/tC02 to $60/tC02 with most of this increase arising between the 

$20/tC02 and $40/tC02 carbon price band, reflecting, in part, the accompanying increase in 

the capacity factor of hydro generation recorded for Tasmania over this particular carbon 

price band.  However, the rate of increase in the annual capacity factor for hydro generation 

in the NEM is much less than the equivalent rate of increase in the capacity factor in 

Tasmania. The NEM-wide annual capacity factor grows very slowly for carbon prices greater 

than $60/tC02, reflecting the contributions from New South Wales and Victoria, respectively. 

In order to gauge the magnitude of the NEM hydro generation annual capacity factor, in 

percentage terms, at BAU is was 12.0 percent, at a carbon price of $60/tC02 it was 20.8 

percent, increasing to 23.6 percent for a carbon price of $100/tC02.          

While the annual capacity factor results cited above give some indication of how frequently 

different types of plant are dispatched during a year, they do not necessarily provide an 

indication of how the intensity of this dispatch might change with carbon price levels. The 

intensity of dispatch will give a clear indication how fuel substitution in response to changes 

in carbon price levels evolves between different types of generation technologies. We will 

investigate this issue across a number separate categories including vintage (age) of coal-fired 

plant, different types of gas-fired plant (e.g. NGCC, OCGT, gas thermal and peak OCGT 

0 10 20 30 40 50 60 70 80 90 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

carbon price / ($ per tonne)

p
ro

p
o
rt

io
n

Figure 8b. Three Year Averaged Annual Capacity Factor By State: Hydro Generation

 

 

QLD

NSW

VIC

TAS

NEM



47 

 

plant) and across regions for hydro generation. These comparisons will be performed for all 

carbon price scenarios considered and for the three calendar years being investigated. 

We will investigate the issue of the intensity of dispatch by calculating the average level of 

dispatch for each plant during each year being investigated for each carbon price level 

including BAU. We will then divide this value by the maximum thermal MW rating of each 

plant to express the intensity level as a proportion of installed capacity.  A value of unity 

would signify that the plant is dispatched throughout the year at its maximum thermal MW 

rating. A value less than unity would signify that the plant is either not dispatched or 

dispatched at a rating less than that plant’s maximum for at least some part of the year.  For 

must run plant such as coal and NGCC plant, with non-zero minimum stable operating 

capacities, these plants will not be able to be dispatched at levels less than the proportional 

value associated with its minimum stable operating capacity relative to its installed capacity.  

For example, for the Victorian brown coal plant, this value is typically 0.6.    

In order to collate the plant related results into state-wide results according to vintage, plant 

type and regional classifications, we averaged the plant results across the relevant categories 

of plant located at nodes within each state module. NEM results were then calculated by 

averaging across the state results. The results plotted in various figures below were then 

obtained by averaging the proportional values obtained for each year over the three calendar 

years being considered. 

The first set of results relate to the intensity of dispatch of coal-fired plant according to coal 

type (e.g. black or brown coal) and vintage (age) of black coal plant. The results are listed in 

Figures 9a-9e. The intensity of dispatch of coal-fired generation by state and by carbon price 

is outlined in Figure 9a.   
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It is evident from examination of Figure 9a that Victoria and South Australia experience the 

greatest decline in the state average production intensity measure. Victoria experiences the 

greatest decline from 0.9977 for BAU to 0.6198 for a carbon price of $100/tC02. This later 

value can be interpreted as an average production value for coal-fired generation for a carbon 

price of $100/tC02 that is 62 percent of total installed coal-fired generation capacity in 

Victoria. This, in turn, also represents a considerable reduction in the intensity of coal-fired 

generation in Victoria in response to carbon price increases, falling from 99.8 percent of 

installed capacity under BAU to 62 percent of installed capacity for a carbon price of 

$100/tC02.  In aggregate terms, this is marginally above the production intensity factor 

associated with the minimum stable operating capacity for Victorian brown coal-fired plant 

of 0.6 (e.g. 60 percent of installed capacity).  

As noted above, South Australia also experiences a noticeable decline in the intensity of coal-

fired generation in response to increases in the carbon price level. In the case of South 

Australia, however, the intensity factor fell from 0.6576 under BAU to 0.4511 for a carbon 

price of $100/tC02. However, unlike Victoria, in the case of South Australia, most of the 

reduction occurs over the carbon price range $10/tC02 to $40/tC02 with the intensity factor 

for a carbon price of $40/tC02 being 0.4852.  

The intensity factors for coal-fired generation in Queensland and New South Wales appear to 

be relatively constant with values of 0.6223 and 0.6994 occurring under BAU and intensity 

values of 0.6188 and 0.6475 arising for a carbon price of $100/tC02. The intensity factor for 

the NEM for coal generation also declines but at a much more moderate rate than in the case 

of Victoria and South Australia. For the NEM, the intensity rate under BAU was 0.7442 or 

74.4 percent of total installed capacity. Most of the decline occurs in the carbon price range 

of $10/tC02 to $50/tC02 with the latter carbon price having an associated intensity rate of 

0.6406.  The intensity rate continues to decline albeit at a slower rate for higher carbon price 

levels achieving a value of 0.5843 or 58.4 percent of total coal-fired generation installed 

capacity for a carbon price of $100/tC02.  

Perhaps the most surprising finding made in relation to state based coal-fired generation 

intensity results outlined in Figure 9a concerned the finding that the intensity rate for the 

aggregate black-coal generation fleets in Queensland and New South Wales remained fairly 

constant as the carbon price level increased, especially when compared against the results that 

were found in the cases of Victoria and South Australia. In order to further investigate the 

findings made in Figure 9a in relation to the intensity of production in coal generation in 

Queensland and New South Wales, we also investigated the intensity of dispatch of old, 

medium and new vintage black coal generation plant in Queensland, New South Wales and 

where appropriate, South Australia.  The question of vintage (age) of plant is quite important 

as newer vintage coal plant would be expected to have much better thermal and carbon 

emission intensity factors than medium and particularly old vintage coal generation plant.  In 

an operating environment containing carbon prices and variable carbon generation costs, this 

would produce a distinct competitive advantage for newer vintage coal generation plant when 

compared with the cost structure and true supply offers of older coal generation plant.  

The intensity of dispatch of old vintage black coal plant is depicted in Figure 9b.  Note that 

for our purposes, old vintage black coal plant is defined to include Collinsville, Gladstone 

and Swanbank B Power Stations in Queensland; Liddell, Munmorah and Wallerawang C 

Power Stations in New South Wales; and Playford B Power Station in South Australia. 
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It is apparent from inspection of Figure 9b that the intensity factor of old vintage Queensland 

plant remains fairly constant as a function of the carbon price level, with an intensity factor of 

0.3520 under BAU and a value of 0.3288 for a carbon price of $100/tC02.  When one takes 

into account the production intensity factor associated with the minimum stable operating 

capacities of the Queensland power stations which is 0.3233, it is clear that this plant is 

operating at average production levels that are close to their minimum stable operating levels 

– average production levels that are probably not viable on commercial ground. For the other 

two states, each experience a decline in dispatch intensity for carbon prices in the range of 

$10/tC02 to $40/tC02, after which, further rates of decline emerge much more slowly. For a 

carbon price of $100/tC02, the intensity rates for New South Wales and South Australia are 

0.4295 and 0.4004, respectively.  These two rates are slightly higher than the rate associated 

with the minimum stable operating capacity levels of 0.4. Thus, at these rates, for a carbon 

price of $100/tC02, this plant is also operating at production levels very close to their 

minimum stable operating levels. In the case of South Australia, inspection of Figure 9b also 

indicates that this had been the case, in fact, for carbon prices of $40/tC02 and higher. In 

contrast, in the case of New South Wales, the actual intensity rate of old vintage black coal 

plant is well above the equivalent minimum stable operating capacity rate for carbon prices 

less than $100/tC02.  Overall, this indicates that the old vintage black coal-fired plant in 

Queensland and South Australia, in particular, are not viable at carbon prices of $40/tC02 or 

higher.    

 

The intensity of dispatch of medium vintage black coal plant is depicted in Figure 9c.  Note 

that medium vintage black coal plant is defined to include Stanwell, Callide B, and Tarong 

Power Stations in Queensland, Bayswater, Eraring, and Vales Point Power Stations in New 

South Wales and Northern Power Station in South Australia. 
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The main result that can be discerned from examination of Figure 9c is the significant decline 

in the production intensity rate of Northern Power Station [e.g. South Australia (SA)]. This 

occurs in two steps: in the carbon price band of  $10/tC02 to $30/tC02 and in the second band 

of $50/tC02 to $80/tC02.  At a carbon price of $80/tC02 or greater, the production intensity 

rate is close to the equivalent minimum stable operating capacity rate of 0.55. The result for 

Queensland involves an overall decline in production intensity which, however, principally 

occurs in the carbon price range of $60/tC02 to $80/tC02, after which it tailors off 

significantly for higher carbon price levels. This encompasses an intensity rate of 0.7918 

under BAU, falling to 0.7617 for a carbon price of $60/tC02, falling further to 0.6948 for a 

carbon price of $80/tC02 and to 0.6788 for a carbon price of $100/tC02. Thus, for a carbon 

price of $100/tC02, the average production intensity rate of medium vintage black coal plant 

is Queensland is 67.9 percent of the total installed capacity of such plant in Queensland, 

falling from 79.2 percent under BAU.  

In the case of New South Wales, the intensity rate actually increases over a wide range of the 

carbon price levels considered relative to BAU pointing to the more intensive dispatch of 

New South Wales medium vintage coal plant relative to BAU at these carbon price levels. 

Inspection of Figure 9c indicates that the production intensity rate increases relative to BAU 

over the carbon price range $10/tC02 to $40/tC02 involving an increase from 0.7698 to 

0.8325 and then a decline to 0.7599 for a carbon price of $100/tC02. Note that this latter 

intensity rate is slightly less than the equivalent rate corresponding to BAU of 0.7698. 

However, the production intensity rate associated with all carbon price levels less than 

$100/tC02 are greater than the BAU intensity rate of 0.7698 (e.g. approximately 77 per cent 

of installed medium vintage coal generation capacity in New South Wales).  

It should also be noted that the NEM wide production intensity rate appears to closely track 

the Queensland intensity rate in qualitative terms over the carbon price range $10/tC02 to 

$100/tC02. This suggests that the production intensity rate increases associated with New 

South Wales largely balance out the reduction in production intensity rate associated with 

South Australia. Finally, it should also be recognised that the production intensity rates 

achieved for Queensland and New South Wales, in particular, are well above the rate 

associated with the minimum stable operating capacity of 0.40 for all carbon price levels. For 

example, for a carbon price of $100/tC02, the production intensity rates for medium vintage 

black coal generation plant in Queensland and New South Wales are 0.6788 and 0.7599, 

respectively. These rates are well above 0.40. 
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The production intensity of dispatch of new vintage black coal plant is depicted in Figure 9d.  

We define new vintage black coal plant to include Callide C, Tarong North, Kogan Creek and 

Millmerran Power Stations in Queensland and Redbank and Mt Piper Power Stations in New 

South Wales. The first major result from inspection of Figure 9d is that the production 

intensity rates for Queensland new vintage black coal plant remains at very high levels, 

increasing from a BAU rate of 0.9768 to a rate of 0.9994 for a carbon price of $20/tC02 and 

then remaining at this or even higher rates with a slight decline occurring over the carbon 

price range of $90/tC02 to $100/tC02 with an intensity rate of 0.9910 being obtained for a 

carbon price of $100/tC02. This means that for a carbon price of $100/tC02, average 

production levels associated with the new vintage black coal generation plant is 99.1 percent 

of the total installed capacity of such plant in Queensland. 

The other noticeable result outlined in Figure 9d is the sizeable reduction in the production 

intensity rate for New South Wales for a carbon price of $10/tC02, amounting to a fall from 

BAU of 0.8276 to 0.5755 for a carbon price of $10/tC02. This principally reflects a sharp 

decline in production from Redbank Power Station which has a particularly poor carbon 

intensity factor and is very susceptible to variable carbon costs. Specifically, Redbank Power 

Station’s production is cut from its maximum thermal MW rating under BAU to its minimum 

stable operating level with the introduction of a $10/tC02 carbon price. The New South 

Wales new vintage black coal generation production intensity rate then increases steadily 

over carbon prices in the range $20/tC02 to $100/tC02, reflecting an increase in the 

production intensity of Mt Piper Power Station production relative to its production levels 

arising under BAU and $10/tC02 carbon price level.
11

  

                                                 
11

 It should be noted that Mt Piper’s production intensity rate did not fall with the introduction of a $10/tC02 

carbon price relative to BAU. The production intensity rate for Mt Piper for BAU, $10/tC02 and $20/tC02 was 
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Figure 9c. Average Production By State: Medium Black Coal Vintage Plant
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It should be noted that the NEM wide production intensity rate for new vintage black coal 

generation plant appears to closely track the New South Wales intensity rate in qualitative 

terms over all carbon prices considered. Furthermore, it should also be recognised that the 

production intensity rates achieved for Queensland and New South Wales are well above the 

rate associated with the minimum stable operating capacities of 0.40 for all carbon price 

levels. For example, for a carbon price of $100/tC02, the production intensity rates for new 

vintage black coal generation plant in Queensland and New South Wales are 0.9910 and 

0.6907, respectively, while the NEM wide rate is 0.8408. These rates are all well above the 

minimum stable operating capacity rate of 0.40 that is applicable for this type of plant.  

It is also apparent that the production intensity rate in Queensland is much higher in 

magnitude than the corresponding production intensity rates in New South Wales. One 

possible explanation why the production intensity rate is much higher in Queensland relative 

to New South Wales is that most of the Queensland new vintage black coal generation plant 

are newer than the equivalent plant in New South Wales and has much better thermal and 

carbon emission intensity factors.  This would translate into a competitive advantage in 

favour of Queensland plant relative to New South Wales plant. Nothwithstanding this 

consideration, however, the Mt Piper Power Station is very competitive with other competing 

thermal plant located in New South Wales and unambiguously and significantly increases its 

production intensity relative to BAU at all carbon price levels considered. This means that it 

is dispatched more intensively as the carbon price level is increased.   

 

 

                                                                                                                                                        
0.6768, 0.7435 and 0.8143, respectively. The production intensity rate then steadily increased with the carbon 

price level obtaining an intensity rate of  0.9814 for a carbon price of $100/tC02.   
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The intensity of dispatch of Victorian brown coal generation plant is depicted in Figure 9e.  

Note that in this figure, ‘LY A’ denotes Loy Yang A Power Station, ‘LY B’ denotes  Loy 

Yang B Power Station, ‘E BRIX’ denotes Energy Brix Power Station, ‘HAZWD’ denotes 

Hazelwood Power Station, ‘YALLN’ denotes Yallourn Power Station and ‘ANGLS’ 

Anglesea Power Station. Figure 9e permits assessment of what carbon price levels would be 

consistent with any remaining competitive advantage of the Victorian brown coal generation 

plant being extinguished. Operation at minimum stable operating levels for any extended 

period of time would seriously cut into revenue earned by the power stations, thus calling into 

question their continued financial and operational viability and setting up competitive 

conditions justifying the moth-balling of these power plants.  

It is evident from inspection of Figure 9e that all power stations except Loy Yang A operate 

at or very close to their minimum stable operating capacity (corresponding to a proportion 

value of 0.6 in Figure 9e) for at least some carbon price levels in the carbon price range being 

considered. For example, from Figure 9e, critical carbon price levels for Energy Brix, 

Hazelwood and Yallourn appear to be $50/tC02, $60/tC02 and $80/tC02, respectively. It is at 

these carbon price levels that competitive average dispatch levels are driven to each power 

stations minimum stable operating capacity level. Similarly, carbon prices in the range 

$80/tC02 to $100/tC02 seem consistent with driving the competitive dispatch of all remaining 

power stations except for Loy Yang A to levels at or very close to their minimum stable 

operating levels.   

It is also apparent given the significant rates of decline in production intensity rates observed 

for these generation plants that carbon prices in the range $10/tC02 to $30/tC02 would cause 

severe damage to the viability of Energy Brix and Hazelwood Power Stations while also 

beginning to  damage the viability of Yallourn, Loy Yang B and Anglesea Power Stations. 

Moreover, carbon prices in the range of $30/tC02 to $60/tC02 would severely damage the 
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Figure 9d. Average Production By State: New Black Coal Vintage Plant
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competitive positions of Yallourn, Loy Yang B and Anglesea Power Stations while also 

beginning to damage the viability of Loy Yang A Power Station. 

 

 

The next set of results relate to the intensity of dispatch of gas-fired plant according to plant 

type. The results are listed in Figures 10a-10c. The intensity of dispatch of gas-fired 

generation by state and by carbon price is outlined in Figure 10a. 

It is evident from examination of Figure 10a that all states experience an increase in the 

production intensity of gas-fired generation as a function of carbon price. Queensland 

experiences the greatest rate of increase. In this case, two key step changes are evident.  First, 

in the carbon price range of BAU to $30/tC02, the intensity rate is constant indicating a rate 

associated with NGCC and intermediate OCGT plant that are being dispatched at their 

minimum stable operating levels according to their initial must run configurations. The first 

step change emerges for carbon prices in the range of $30/tC02 to $50/tC02 and involves an 

increase in the production intensity rate from 0.2992 to 0.5430 and principally involves the 

dispatch of NGCC plant at production levels close to or at their maximum MW thermal 

capacity levels. The second noticeable step change occurs for carbon prices in the range of 

$60/tC02 to $80/tC02 and involves an increase in the production intensity rate from 0.5516 to 

0.8681. This step change can be attributed to the dispatch of Braemar and Barcaldine Power 

Stations at production levels close to or at their maximum thermal capacity levels.  For the 

first power station, this involves the dispatch at pre-existing must run configurations  as well 

as, additionally, an increase in the frequency of dispatch of Braemar at hours outside of the 

initial must run configuration.  
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Figure 9e. Victorian Average Production: Brown Coal Plant
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In the case of New South Wales, the production intensity rate is also fairly constant over the 

carbon price range of BAU to $30/tC02, reflecting the dispatch of NGCC plant and OCGT 

Uranquinity Power Station at their minimum stable operating capacity levels and according to 

their initial must run configurations. The production intensity rate increases significantly over 

the carbon price range of $30/tC02 to $60/tC02 encompassing an increase from 0.5456 to 

0.7604 which primarily reflects the dispatch of NGCC plant at production levels close to their 

maximum thermal MW capacities. For carbon prices greater than $60/tC02, the production 

intensity rate remains fairly constant implying that the intensity of dispatch of gas-fired 

generation does not really increase further for carbon prices greater than $60/tC02.  This 

result is consistent with the trends observed in both production and annual capacity factor 

results for New South Wales gas plant outlined in Tables 8, Panels (A)-(D) and Figure 8a. 

The other noticeable feature is the relative prominence of baseload and intermediate gas-fired 

plant as components of gas fleets in Queensland and New South Wales when compared 

particularly with Victoria and Tasmania. This is indicated by the higher production intensity 

rates recorded for New South Wales and Queensland, especially at lower carbon price levels, 

when compared with the other three states.  

South Australia’s production intensity rate increases slowly over the carbon price range of 

BAU to $70/tC02, going from a rate of 0.1720 to 0.2705 before increasing more steeply to a 

rate of 0.4217 for a carbon price of $100/tC02. The production intensity rates associated with 

Victoria and Tasmania are relatively constant for carbon prices in the range of BAU to 

$40/tC02 before beginning to increase more steeply. The smaller magnitudes associated with 

the production intensity rates in Victoria and Tasmania for carbon prices in the range 

$10/tC02 to $40/tC02 indicate that must run baseload and intermediate gas plant constitute a 

much lower proportion of the total capacity of each state’s respective gas-fired generation 

fleet than is the case with New South Wales, Queensland and South Australia. At a carbon 

price of $100/tC02, the production intensity rates of gas-fired generation in Victoria and 

Tasmania are 0.4875 and 0.1532, respectively, representing average dispatch at 48.7 percent 

and 15.5 percent of installed gas generation capacity in Victoria and Tasmania. Both of these 

values are significantly less than the corresponding production intensity rates for Queensland 

and New South Wales of 0.8771 and 0.7736 which represent 87.7 percent and 77.4 percent of 

installed gas generation capacity in Queensland and New South Wales, respectively. 

However, the Victorian result of 0.4875 is higher than the corresponding South Australian 

production intensity rate of 0.4217 for a carbon price of $100/tC02.  This reinforces the 

significant increase in the intensity of dispatch experienced in Victoria over the carbon price 

range of $50/tC02 to $100/tC02 and as depicted in Figure 10a. 
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The intensity of dispatch of NGCC plant is depicted in Figure 10b.  Note that for our 

purposes, NGCC plant is defined to include Townsville, Condamine,
12

 and Swanbank E 

Power Stations in Queensland; Smithfield and Tallawara Power Stations in New South 

Wales; and the Pelican Point and New Osbourne Power Stations in South Australia. These 

power stations are baseload gas-fired power stations and are assumed to supply power 24 

hours a day during the year. They are also assumed to have minimum stable operating 

capacities ranging from 50% to 76% of installed capacity (see Table 2 for further details). 

It is apparent from inspection of Figure 10b that the production intensity rates for NGCC 

plant increases dramatically for carbon price in the range of $30/tC02 to $50/tC02 for both 

Queensland and New South Wales and for carbon prices in the range of $20/tC02 to 

$40/tC02 in the case of South Australia. In all three cases, the dramatic increase is produced 

by production increasing from minimum stable operating capacities to the maximum thermal 

MW capacity limit of this plant over these carbon price ranges.    

 

 

 

                                                 
12

 Note that Condamine Power Station comes online in 2009. 
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Figure 10a. Average Production By State: Gas Generation

 

 

QLD

NSW

VIC

SA

TAS

NEM



57 

 

 

The intensity of dispatch of OCGT/Gas Thermal plant is depicted in Figure 10c.  Recall that 

OCGT/Gas Thermal plant is defined to include Barcaldine, Roma, Oakey and Braemar Power 

Stations in Queensland; Uranquinity Power Station in New South Wales; Valley Power, 

Jeeralang A and B, Bairnsdale, Somerton, Laverton North and Newport Power Stations in 

Victoria; Ladbroke Grove, Quarantine, Torrens Island A and B, Dry Creek, Mintaro and 

Hallett Power Stations in South Australia; and Bell Bay and Bell Bay Three Power Stations 

in Tasmania.  

The most noticeable feature in Figure 10c is the significant increase in production intensity 

rate for OCGT plant in Queensland for carbon prices in the range $60/tC02 to $80/tC02, with 

the intensity rate increasing from 0.0803 to 0.7225. This result is being driven principally by 

the more intensive dispatch of Barcaldine and Braemar Power Stations. In this context, it 

should be noted that the production intensity rates associated with Roma and Oakey Power 

Stations remain constant and at a very small values for all carbon prices considered. In 

contrast, the production intensity rate for New South Wales (for Uranquinity Power Station) 

displays little variation over the range of carbon prices being considered. Further support for 

these conclusions can also be found in Table 10, Panel (A). 

The production intensity rate of Victoria OCGT plant is constant over carbon prices in the 

range BAU to $40/tC02 and then begins to increase for carbon prices greater than $40/tC02, 

rising from 0.0834 to 0.4875 for a carbon price of $100/tC02. The main OCGT plant driving 

this growth are Bairnsdale and Somerton Power Stations who have production intensity rates 

greater than 0.95 for a carbon price of $100/tC02. Other contributors are Jeeralang A and B 

and Newport Power Stations who have production intensity rates between 0.3 and 0.5 for a 

carbon price of $100/tC02 as outlined in Table 10, Panel (B).  
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Figure 10b. Average Production By State: NGCC Plant
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The production intensity rate for OCGT plant in South Australia has similar qualitative 

properties to that of Victoria, although lying above the equivalent path associated with 

Victoria for all carbon prices considered. In the case of South Australia, the production 

intensity rate is constant over carbon price in the band BAU to $30/tC02 and then the 

production intensity rate increases over the remaining carbon price range. This increase 

encompasses a rise in the production intensity rate from 0.2117 to 0.5714 for a carbon price 

of $100/tC02. In the case of South Australian, OCGT plant that particularly contributes to the 

increase in the production intensity rate for carbon prices in the band $60/tC02 to $100/tC02  

include Ladbroke Grove, Quarantine, and Torrens Island B power stations as outlined, for 

example, in Table 10, Panel (C). 

The results for Tasmania also mirror qualitatively the results documented above in relation to 

Victoria and South Australia. In this particular case, the production intensity rate is very 

small and constant over the carbon price range $10/tC02 to $40/tC02, and then begins to 

increase over the carbon price band $50/tC02 to $100/tC02, increasing from 0.0120 to 0.1532 

for a carbon price of $100/tC02. Increased production in response to increased carbon price 

levels of the Bell Bay OCGT plant is the key driving force behind the reported increase in the 

Tasmanian production intensity rate for OCGT plant at these higher carbon price levels as 

depicted in Figure 10c and as documented, as well, in Table 10, Panel (D).    

 

The next set of results relate to the intensity of dispatch of hydro generation plant. The results 

are listed in Figures 11a-11b. The intensity of dispatch of hydro generation by state and by 

carbon price is outlined in Figure 11a. 
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Figure 10c. Average Production By State: OCGT Plant
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It is evident from examination of Figure 11a that the production intensity rates of hydro 

generation increases as a function of carbon price with very modest increases occurring in 

Queensland, New South Wales and Victoria predominately in the carbon price ranges of 

$50/tC02 to $70/tC02 for Queensland and New South Wales and $50/tC02 to $100/tC02 for 

Victoria. The increase in production intensity rates for these particular carbon price bands 

encompassed increases from 0.0894 to 0.1279 for Queensland, 0.0793 to 0.1052 for New 

South Wales and 0.0134 to 0.0784 for Victoria. Recall that these values can be interpreted, 

for the upper limits of the above-mentioned carbon price bands, as denoting 12.8 percent, 

10.5 percent and 7.8 percent of installed hydro generation capacity in Queensland, New 

South Wales and Victoria, respectively. 

The other noticeable trend in Figure 11a is the significant increase in production intensity rate 

of hydro generation plant in Tasmania over the carbon price range of BAU to $40/tC02. In 

this carbon price band, this expansion in the hydro generation production intensity rate 

encompasses an increases from 0.2983 to 0.5622, and increasing very marginally to 0.5726 

for a carbon price of $100/tC02, which equates, in the later case, to 57.3 percent of installed 

hydro generation capacity in Tasmania. 

In Figure 11b, we have re-produced Figure 11a but with the results for hydro generation in 

Tasmania now being disaggregated into hydro generation in four particular regions. These 

regions are denoted as ‘TAS1’, ‘TAS2’, ‘TAS3’, and ‘TAS4’ in Figure 11b and encompass the 

hydro generation power stations located in the Sheffield and Farrell nodes; Hadspen and 

Palmerston nodes; Tarraleah and Liapootah nodes, and Gordon nodes, respectively – see 

Figure 5 for further details.  

It is apparent from inspection of Figure 11b that growth in regional Tasmanian hydro 

production intensity rates occurs over the carbon price bands: BAU to $20/tC02 for the 
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Figure 11a. Average Production By State: Hydro Generation
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‘TAS4’ region, growing from 0.8103 to 0.9996; BAU to $30/tC02 for plant in the ‘TAS3‘ 

region, with the intensity rate growing from 0.2593 to 0.4295; BAU to $30/tC02 for the 

‘TAS2’ region, encompassing growth in the order of 0.5365 to 0.7003; and BAU to $50/tC02 

for hydro plant located in the ‘TAS1’ region, reflecting growth from 0.0692 to 0.6602. For 

carbon price levels above the upper carbon price limits of the above-mentioned bands by 

region, further growth in production intensity rates is very marginal, increasing to 0.6705, 

0.6897, 0.4173 and unity for plant located in the ‘TAS1’, ‘TAS2’, ‘TAS3’, and ‘TAS4’ 

regions, respectively. These latter numbers equate to 67.0, 69.0, 41.7 and 100.0 percent of 

installed hydro generation capacity in the ‘TAS1’, ‘TAS2’, ‘TAS3’, and ‘TAS4’ regions. 

 

 

4.4. Carbon Emission Impacts 

The first set of results is associated with the reduction in carbon emissions for the three years 

2007, 2008 and 2009 for the various carbon price scenarios considered and is documented in 

Figures 12a-12c. The results cited in these three figures relate, respectively, to the percentage 

change in aggregate annual carbon emissions from BAU, percentage reduction in carbon 

emissions from coal generation and percentage change in carbon emissions from gas 

generation.   

The BAU baseline was determined by summing daily C02 emissions time series produced by 

the model for each generator located at a node within each state module over the three 

consecutive annual dispatch horizons relating to calendar years 2007, 2008 and 2009. The 

aggregate state figures were then obtained by summing the former figures across all 

generators within the state to calculate the state aggregate carbon emission totals for the 

various years. The NEM aggregate was then calculated by totalling the aggregate state carbon 

emission totals.   
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Figure 11b. Average Production By State and Selected Regions: Hydro Plant
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The percentage change in the aggregate annual level of carbon emissions from BAU are 

outlined in Figure 12a, for 2007, 2008 and 2009. It is evident from inspection of this figure 

that the introduction of the carbon prices produced overall reductions in emissions from 

BAU.  It is also apparent from inspection of the slopes of all three curves in this figure that 

the steepest rates of decline in aggregate carbon emission occur for carbon prices in the range 

of $30/tC02 to $60/tC02. The next steepest rates of decline occur for carbon prices in the 

range $10/tC02 to $30/tC02. The rate of reduction in carbon emissions from BAU continues 

for carbon prices in the range $60/tC02 to $100/tC02 but at a slower rate of decline than 

occurred for carbon prices in the range $10/tC02 to $60/tC02. Examination of Figure 12a also 

indicates that the qualitative path of emissions reductions is similar for each respective year. 

However, for the full range of carbon prices, the greatest reduction in aggregate carbon 

emissions occurred in 2007 while 2008 experienced the smallest reduction. The results for 

2009 fell between the results for 2007 and 2008 although for carbon prices in the range of 

$70/tC02 to $100/tC02, the results closely mirrored the results obtained for 2007. 

 

The percentage reduction in carbon emissions from BAU for coal generation is listed in 

Figure 12b. The key results from inspection of Figure 12b qualitatively matches those results 

discussed in relation to aggregate carbon emission as outlined in Figure 12a. This relates both 

to the comments made about the rates of decline in carbon emission for various carbon price 

ranges and comparative analysis of the carbon emission reductions arising in the three 

successive years. The main difference between the two sets of results is the slightly larger 

overall reductions obtained in Figure 12b relative to Figure 12a. For example, for a carbon 

price of $100/tC02, the percentage reductions listed in Figure 12b are larger in magnitude 

than those listed in Figure 12a, being in the range -13.7 to -14.5 in Figure 12a and -18.8 to -

20.5 in Figure 12b.   

 

The percentage change in carbon emissions from BAU for gas generation is listed in Figure 

12c, again for years 2007, 2008 and 2009. The key results from inspection of Figure 12c is 

that carbon emissions increase significantly from BAU levels as increases in the carbon price 

promotes fuel substitution from coal to gas generation in response to the improved 

competitive position of gas generation relative to coal generation. The rate of increase is 

steepest for carbon prices in the range $30/tC02 to $80/tC02 – carbon price levels associated 

with increased dispatch of NGCC and intermediate OCGT plant from minimum stable 

operating levels to levels close to or at maximum thermal MW rating of such plant.  The 

slopes of the three curves in Figure 12c also indicate that the rate of increase is much more 

moderate for carbon prices in the ranges $10/tC02 to $30/tC02 and $80/tC02 to $100/tC02.  It 

is also apparent from examination of Figure 12c that the percentage change carbon emission 

paths are very similar qualitatively for years 2007 and 2008.  There is more variation in the 

path for 2009 with the rate of increase in carbon emissions from BAU being lower than the 

corresponding rates in 2007 and 2008 for carbon prices in the range $10/tC02 to $70/tC02, 

but then exceeding the percentage rate of increase from BAU observed for 2007 and 2008 for 

carbon prices in the range $80/tC02 to $100/tC02. For a carbon price of $100/tC02, the 

percentage increase in carbon emissions from BAU levels for gas generation is in the range 

83.2 to 88.6 percent for the three years under investigation.   

 



62 

 

 

  

 

10 20 30 40 50 60 70 80 90 100
-15

-10

-5

0

carbon price / ($ per tonne)

p
e
rc

e
n
ta

g
e
 c

h
a
n
g
e
 (

fr
o
m

 Y
e
a
rl
y
 B

A
U

)

Figure 12a. Percentage Change in Carbon Emissions from BAU By Year
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Figure 12b. Percentage Change in Carbon Emissions from BAU By Year: Coal
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The percentage change in carbon emissions from BAU for each state are more variable in 

nature, and, for calendar years 2007, 2008 and 2009, are depicted in Table 11, Panels (A)-(C) 

for aggregate carbon emissions, in Table 12, Panels (A)-(C) for carbon emissions from coal 

generation, and in Table 13, Panels (A)-(C) for carbon emissions from gas generation. We 

have also included three year averaged results obtained by averaging over the results citedin 

Panels (A)-(C) of Tables 11, 12 and 13 as a function of state and carbon price. These results 

have been documented in Panel (D) of Tables 11, 12 and 13, respectively. 

 

Table 11. Percentage Change in Carbon Emissions from BAU 

 

Panel (A): 2007 

 
Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 1.18 -1.41 -0.64 -6.43 -77.04 -0.75 

20 1.20 -2.16 -3.69 -8.71 -83.68 -2.22 

30 1.03 -0.42 -11.47 -11.85 -69.21 -4.65 

40 0.45 -0.31 -20.23 -7.93 -51.44 -7.73 

50 0.31 -2.06 -23.82 -5.27 92.57 -9.48 

60 0.59 -1.64 -27.41 -4.79 327.79 -10.52 

70 1.50 -2.14 -31.05 -4.88 635.80 -11.73 

80 0.82 -3.67 -32.41 -4.10 799.85 -12.84 

90 0.45 -4.93 -33.53 -2.17 1390.08 -13.57 

100 0.09 -5.81 -35.17 0.64 1629.56 -14.36 
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Figure 12c. Percentage Change in Carbon Emissions from BAU By Year: Gas
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Panel (B):  2008  

 
Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 1.37 -1.08 -0.36 -6.16 -76.96 -0.48 

20 1.51 -1.78 -2.45 -8.27 -83.20 -1.54 

30 1.42 -0.24 -9.61 -11.29 -69.06 -3.78 

40 1.10 0.70 -19.15 -7.34 -50.47 -6.77 

50 0.75 -1.56 -22.70 -5.57 18.33 -8.79 

60 0.86 -1.01 -26.50 -4.63 276.17 -9.86 

70 1.55 -1.58 -30.48 -4.81 588.28 -11.27 

80 1.32 -3.15 -31.62 -4.04 785.42 -12.19 

90 0.87 -4.32 -32.83 -2.28 1304.33 -12.97 

100 0.69 -5.37 -34.20 0.49 1508.07 -13.68 

 

Panel (C): 2009  

 
Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 1.21 -1.41 -0.63 -6.36 -87.53 -0.72 

20 1.51 -2.30 -2.99 -8.52 -94.09 -1.90 

30 1.83 0.28 -10.32 -10.96 -83.05 -3.76 

40 1.44 1.29 -20.34 -7.38 -61.31 -6.98 

50 1.48 -1.34 -23.52 -5.59 -8.83 -8.89 

60 1.38 -0.55 -27.46 -4.03 397.68 -9.98 

70 1.65 -0.99 -31.60 -4.14 906.97 -11.53 

80 1.69 -4.16 -32.59 -3.45 1230.74 -12.86 

90 1.01 -5.68 -33.53 -1.68 1968.02 -13.73 

100 0.68 -6.80 -34.76 0.77 2331.66 -14.48 

 

Panel (D):  2007-2009 Average Results 

 
Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 1.25 -1.30 -0.54 -6.32 -80.51 -0.65 

20 1.41 -2.08 -3.04 -8.50 -86.99 -1.89 

30 1.43 -0.13 -10.47 -11.37 -73.77 -4.06 

40 1.00 0.56 -19.91 -7.55 -54.41 -7.16 

50 0.85 -1.65 -23.35 -5.48 34.02 -9.05 

60 0.94 -1.07 -27.12 -4.48 333.88 -10.12 

70 1.57 -1.57 -31.04 -4.61 710.35 -11.51 

80 1.28 -3.66 -32.21 -3.86 938.67 -12.63 

90 0.78 -4.98 -33.30 -2.04 1554.14 -13.42 

100 0.49 -5.99 -34.71 0.63 1823.10 -14.17 

 

 

It is apparent from inspection of Panels (A)-(C) of Table 11 that Victoria experiences the 

largest percentage decline in aggregate carbon emissions from BAU, amounting, for a carbon 
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price of $100/tC02, to a percentage decline in the range of -34.2 to -35.2 percent for the three 

year period being investigated. New South Wales experiences a much smaller rate of decline 

which only becomes entrenched for carbon prices greater than $50/tC02.  South Australia 

experiences a more mixed pattern with largest percent declines being experienced for carbon 

prices in the range $10/tC02 to $40/tC02, before tailoring off, and actually becoming positive 

for a carbon price of $100/tC02. Queensland experiences relatively small rates of positive 

growth in carbon emissions from BAU for all three years and for all carbon prices 

considered, although the percentage rates of increase from BAU also tailor off for higher 

carbon price levels in the range $70/tC02 - $100/tC02. Finally, the results for Tasmania are 

very striking from first inspection but caution needs to be exercised in interpreting this result. 

Specifically, the emissions growth is coming off of a very small BAU carbon emissions base 

(e.g. aggregate carbon footprint), relating to the marginal dispatch of some OCGT gas plant 

located at the George Town node in Tasmania in order to meet episodes of peak demand. 

Thus, the massive apparent growth in carbon emission from Tasmania should be tempered 

when it is considered that this growth is coming from a very small BAU emissions base.  

 

The other noticeable feature apparent from inspecting the results listed in Table 11, Panels 

(A)-(C) is that the results for each state and the NEM, as a whole, and across all carbon prices 

considered are very similar qualitatively for each of the three years being investigated. That 

is, in relative terms, the contributions of each state in terms of the percentage change in 

carbon emissions from BAU as a function of carbon price level remains quite close in terms 

of magnitude for all three years considered as depicted in Panels (A)-(C) for 2007, 2008 and  

2009, respectively. This is also evident from inspection of the three year average results 

contained in Table 11, Panel (D) which displays the main results highlighted above.  

 

In order to gain more insight into the key driving forces behind the state based results listed 

in Panels (A)-(D) of Tables 11, the percentage change in carbon emissions from BAU by 

state (and for the NEM) is listed for all three years by fuel type in Table 12, Panels (A)-(C) 

for coal generation and in Table 13, Panels (A)-(C) for gas generation. 

 

 Table 12. Percentage Change in Carbon Emissions from BAU: Coal Generation 

 

Panel (A): 2007 

 
Carbon 
Price 

QLD NSW VIC SA NEM 

10 1.23 -1.45 -0.46 -11.51 -0.70 

20 1.26 -2.20 -3.48 -15.33 -2.19 

30 1.06 -0.58 -11.41 -25.88 -4.98 

40 -0.40 -1.00 -20.37 -26.01 -8.85 

50 -1.73 -3.14 -24.56 -24.85 -11.44 

60 -1.72 -2.84 -28.66 -27.03 -12.93 

70 -3.68 -3.41 -33.03 -29.85 -15.34 

80 -5.07 -5.03 -35.01 -33.92 -17.12 

90 -5.48 -6.38 -36.90 -34.47 -18.40 

100 -5.86 -7.37 -38.71 -34.53 -19.51 

 

Panel (B):  2008  
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Carbon 
Price 

QLD NSW VIC SA NEM 

10 1.42 -1.11 -0.17 -11.22 -0.42 

20 1.56 -1.83 -2.22 -15.01 -1.51 

30 1.43 -0.38 -9.52 -24.87 -4.06 

40 0.38 0.06 -19.30 -25.55 -7.84 

50 -1.28 -2.63 -23.25 -25.46 -10.64 

60 -1.36 -2.18 -27.65 -26.71 -12.18 

70 -3.02 -2.80 -32.33 -30.00 -14.66 

80 -4.59 -4.50 -34.16 -33.92 -16.44 

90 -5.08 -5.78 -36.06 -34.62 -17.73 

100 -5.26 -6.90 -37.77 -34.73 -18.80 

 

Panel (C): 2009 

 
Carbon 
Price 

QLD NSW VIC SA NEM 

10 1.29 -1.44 -0.47 -11.34 -0.68 

20 1.61 -2.36 -2.78 -15.21 -1.89 

30 1.90 0.20 -10.25 -23.24 -4.02 

40 1.02 0.73 -20.48 -24.84 -7.97 

50 -0.48 -2.42 -23.91 -25.82 -10.73 

60 -0.77 -1.78 -28.41 -25.80 -12.29 

70 -2.19 -2.23 -33.19 -28.42 -14.69 

80 -6.36 -5.56 -34.86 -31.51 -17.60 

90 -8.42 -7.19 -36.24 -32.53 -19.23 

100 -9.04 -8.36 -38.07 -32.72 -20.47 

   

Panel (D): 2007-2009 Average Results 

 
Carbon 
Price 

QLD NSW VIC SA NEM 

10 1.31 -1.33 -0.37 -11.36 -0.60 

20 1.48 -2.13 -2.83 -15.18 -1.86 

30 1.46 -0.25 -10.39 -24.66 -4.35 

40 0.33 -0.07 -20.05 -25.47 -8.22 

50 -1.16 -2.73 -23.91 -25.38 -10.94 

60 -1.28 -2.27 -28.24 -26.51 -12.47 

70 -2.96 -2.81 -32.85 -29.42 -14.90 

80 -5.34 -5.03 -34.68 -33.12 -17.05 

90 -6.33 -6.45 -36.40 -33.87 -18.45 

100 -6.72 -7.54 -38.18 -33.99 -19.59 

   

 

It is apparent from inspection of Panels (A)-(C), Table 12 that Victoria once again 

experiences the greatest rates of percentage reduction in emission from coal generation 

relative to BAU, followed by South Australia. Note that this mirrors the production trends 

highlighted in Table 7, Panels (A)-(D). The rate of decline in carbon emissions for coal 
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generation is much less pronounced in New South Wales and Queensland with New South 

Wales experiencing a slightly larger decline in overall terms in carbon emissions relative to 

Queensland over the three years being considered. Likely factors producing these broad 

results are the prominence of more thermally efficient and less carbon emissions intensive 

thermal black coal based generation in Queensland and New South Wales compared with the 

less thermally efficient and more carbon emissions intensive brown coal generation in 

Victoria and low-rank sub-bituminous black coal generation in South Australia.  

 

Another factor driving the differences between Queensland and New South Wales is the more 

modern coal generation fleet in Queensland compared with that of New South Wales giving 

some competitive advantage to coal generation in Queensland relative to New South Wales.  

This is likely to lead to displacement of some coal based generation in New Wales by coal 

generation located especially at the South West Queensland node, thus leading to larger 

percentage declines in carbon emissions from coal generation in New South Wales relative to 

Queensland as coal fired generation production is partially curtailed in New South Wales and 

replaced by Queensland production. 

Note further that the results cited in Table 12, Panel (D), relating to the three year averaged 

results obtained by averaging the results documented in Table 12, Panels (A)-(C) also display 

the trends outlined in the discussion above.    

 

In relation to percentage change in carbon emission from gas generation relative to BAU, it is 

apparent from inspection of Table 13, Panels (A)-(C) that there is a marked expansion in 

carbon emissions from gas generation in particularly Tasmania, Queensland and Victoria 

associated with increased carbon price levels. For example, for a carbon price of $100/tC02, 

the percentage changes are in the range of 1508.1 to 2331.7 for Tasmania, 171.0 to 176.9 for 

Queensland, 132.2 to 134.4 for Victoria, 43.7 to 46.7 for South Australia and 36.7 to 38.2 for 

New South Wales for the three years 2007, 2008 and 2009 that are being investigated.  

 

The expansion in carbon emissions for gas plant in Queensland, New South Wales and South 

Australia reflects, principally, the more intensive dispatch of NGCC plant at ratings close to 

or at their maximum MW thermal limits for carbon prices in the range of $40/tC02 to 

$60/tC02 and of intermediate and (to a less extent) peak OCGT plant for carbon prices in 

excess of $60/tC02. In the case of Queensland, the significant jump associated with a carbon 

price of $70/tC02 reflects the more intensive dispatch of Braemar and Barcaldine OCGT 

plant. The relatively smaller increases in carbon emissions in New South Wales for carbon 

prices above $50/tC02 reflect the structure and location of gas fleet in New South Wales 

which limited the expansion in production (and further additional production of carbon 

emissions) from Uranquinity Power Station for carbon price levels greater than $50/tC02. 

 

The increase in carbon emissions from gas generation observed for South Australian gas 

plant would not only reflect the improved competitive position of South Australian gas 

generation with existing coal plant in South Australia but also with similar brown coal plant 

in Victoria which would promote the export of power from South Australia to Victoria via 

the Heywood and Murraylink Interconnector’s. 

 

In the case of Tasmania, the expansion in carbon emissions from gas generation occurs for 

the carbon prices in the range of $50/tC02 to $100t/C02.  For lower carbon prices, actual 

emission from gas generation relative to BAU declines, reflecting the improvement of the 

competitive position of Tasmanian hydro generation relative to Tasmanian gas generation for 
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the respective increases in the carbon price level. This would, in turn, lead to increased 

Tasmanian hydro generation production relative to Tasmanian gas generation production and 

also point to the effective alignment of Tasmanian generation in meeting native Tasmanian 

load. At carbon prices greater than $50/tC02, a significant increase in carbon emissions from 

Tasmanian gas generation relative to BAU emerges. This trend principally reflects the 

increased dispatch of OCGT Bell Bay 1 and Bell Bay 2 units located at the George Town 

node that would be driven by the improved competitiveness of this plant relative to 

competing brown coal plant located in Victoria which promotes the increased export of 

power from Tasmania to Victoria via the Basslink Interconnector.  Recall also that this 

significant expansion in percentage terms from BAU in carbon emission from Tasmanian gas 

plant is coming from a very low BAU carbon emissions baseline, and in overall terms, would 

represent a very modest contribution to total emissions in overall terms relative to other 

mainland states.  

 

An increase in carbon emissions generated by the increased dispatch of Victorian gas plant 

also reflects the improved competitiveness of this type of plant relative to the Victorian 

brown coal generation fleet, thereby producing the displacement of production from the 

Victorian brown coal generation by the Victorian gas generation. This increase emerges for 

carbon prices in the range $60/tC02 to $100t/C02 picking up initially the dispatch of 

intermediate OCGT and gas thermal plant and for carbon prices in the range of $80/tC02 to 

$100/tC02, the increased dispatch of some peak OCGT plant. Interestingly, for carbon prices 

in the range of $10/tC02 to $50/tC02, emissions from Victorian gas plant actually declines, 

which would represent some displacement by the import of power from New South Wales 

and South Australia, in particular. 

These broad trends are also contained in the three year averaged results listed in Table 13, 

Panel (D). Recall that these results were obtained by averaging, as a function of state and 

carbon price, the results cited in Table 13, Panels (A)-(C) across the three year period 2007 to 

2009.    

   

Table 13. Percentage Change in Carbon Emissions from BAU: Gas Fired Generation 

 

Panel (A): 2007 

 
Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 -0.28 -0.40 -9.30 0.20 -77.04 -1.66 

20 -0.48 -1.06 -13.79 -0.09 -83.68 -2.67 

30 0.40 4.10 -14.20 6.43 -69.21 1.58 

40 25.17 18.87 -13.19 15.64 -51.44 13.46 

50 60.09 28.41 11.05 20.25 92.57 27.61 

60 67.97 31.88 31.55 24.19 327.79 35.25 

70 152.55 33.72 62.32 27.65 635.80 56.87 

80 172.54 34.76 90.33 34.77 799.85 68.33 

90 173.58 35.78 125.51 39.93 1390.08 78.03 

100 173.61 38.15 132.38 46.47 1629.56 83.25 

 

Panel (B):  2008 
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Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 0.00 -0.18 -9.45 0.49 -76.96 -1.46 

20 0.03 -0.50 -13.55 0.58 -83.20 -2.12 

30 1.00 3.74 -13.83 6.53 -69.06 1.70 

40 22.52 18.64 -12.22 16.58 -50.47 13.52 

50 61.10 28.60 3.30 20.54 18.33 26.53 

60 66.78 32.18 27.97 24.36 276.17 34.48 

70 137.02 33.06 56.92 28.27 588.28 53.38 

80 176.21 35.09 88.35 35.19 785.42 68.78 

90 176.87 36.83 119.83 40.20 1304.33 77.81 

100 176.91 37.98 134.38 46.75 1508.07 83.83 

 

Panel (C): 2009  

 
Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 -0.28 -0.53 -8.91 0.03 -87.53 -1.42 

20 -0.26 -0.77 -13.41 0.06 -94.09 -2.04 

30 0.57 2.67 -14.13 4.80 -83.05 0.76 

40 8.77 16.84 -13.41 15.03 -61.31 10.08 

50 35.79 28.88 -4.05 20.38 -8.83 22.85 

60 39.02 33.57 20.60 23.91 397.68 29.76 

70 68.99 33.83 48.57 27.02 906.97 42.87 

80 142.86 35.09 81.97 32.55 1230.74 68.73 

90 166.20 36.60 103.25 37.92 1968.02 80.79 

100 171.05 36.66 132.22 43.74 2331.66 88.59 

 

Panel (D):  2007-2009 Average Results 

 
Carbon 
Price 

QLD NSW VIC SA TAS NEM 

10 -0.19 -0.37 -9.22 0.24 -80.51 -1.51 

20 -0.24 -0.78 -13.58 0.18 -86.99 -2.28 

30 0.66 3.50 -14.05 5.92 -73.77 1.35 

40 18.82 18.12 -12.94 15.75 -54.41 12.35 

50 52.33 28.63 3.43 20.39 34.02 25.66 

60 57.92 32.54 26.71 24.15 333.88 33.16 

70 119.52 33.54 55.94 27.65 710.35 51.04 

80 163.87 34.98 86.88 34.17 938.67 68.61 

90 172.22 36.40 116.20 39.35 1554.14 78.88 

100 173.86 37.60 132.99 45.65 1823.10 85.22 

 

 

It is also apparent from inspection of Tables 12a-12c and Tables 13a-13c that the results for 

each state and the NEM, as a whole, by fuel type across all carbon prices considered are very 

similar qualitatively for each of the three years being investigated. That means that, in 

relative terms, the contributions of each state in terms of the percent change in carbon 
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emissions from BAU for coal and gas generation, as a function of the carbon price level, 

remains quite close in quantitative terms for all of the three years considered.   

 

4.5. Transmission Power Flow and Congestion Implications 

Recall that nodal based price variations within a state and between states is possible when 

branch congestion arises on one or more transmission lines. This is possible, in the current 

setting, if the introduction of a carbon price signal causes the dispatch patterns to change 

significantly from the ‘BAU’ dispatch patterns.  

Information about the size of power flows and incidence of branch congestion within each 

state for years 2007-2009 are listed in Tables 14 and 15. These tables provide information on 

power flows and the incidence of branch congestion on intra-state transmission branches 

located within each state. It should be noted that we exclude the inter-state Interconnectors 

from the results cited in Tables 14-15.  

Note that the last row of Table 14 Panel A, lists the number of intra-state transmission 

branches included in each state module. For example, in Queensland, there are 12 intra-state 

branches with this number excluding the QNI and Directlink Interconnectors. Recall that for 

the NEM as a whole, the model contains a total of 72 transmission branches which can be 

broken down into 66 intra-state transmission branches and 6 inter-state Interconnectors. 

Information on average power flows is listed in Table 14, Panels (A)-(D). The values in these 

tables depict the overall average power flows expressed as a proportion of the thermal limit 

for intra-state transmission branches in each state with the results listed in Table 14, Panels 

(A)-(C) relating, more specifically, to results obtained for calendar years 2007, 2008 and 

2009, respectively. These results were calculated by determining the average MW power 

flow for each calendar year on each intra-state transmission branch in each state and 

expressing this as a proportion of that transmission branches maximum thermal MW rating. 

The values cited in Panels (A) to (C) of Table 14 were then obtained by averaging across the 

proportion results obtained for all of the intra-state branches in each state in order to get the 

aggregate state results reported in Table 14 for each respective carbon price level (including 

BAU). The results listed in Table 14, Panel (D) were calculated by averaging across the 

results cited in Panels (A)-(C) of Table 14 according to state and carbon price level, thus 

providing average power flows for the three year period encompassing calendar years 2007 to 

2009.  

Branch congestion is defined to arise when the MW power transfer on the transmission 

branch (in either a positive or negative direction) is equal to the transmission branches rated 

MW thermal limit. Note that in this study our focus in assessing branch congestion is strictly 

associated with MW limits associated with thermal limits of the major transmission branches 

included in the model, and not related, for example, to limits associated with voltage or 

oscillatory stability limits. Thus, we are concerned with assessing the adequacy of the 

transmission network from the viewpoint of its thermal capabilities. Recall further that for 

Queensland, New South Wales and Tasmania, these thermal MW limits were provided by 

state transmission service providers Powerlink, Transgrid and Transend, respectively. For 

Victoria and South Australia, the authors provided thermal limit estimates based on 

comparable branches in the other three states.  
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In the context of the definition of branch congestion adopted above and given how the 

proportion results listed in Table 14, Panels (A)-(D) were calculated, an increase in the 

proportion values cited in these tables would be indicative of a tendency towards a more 

congested network, at least, in qualitative terms. This observation reflects the fact that higher 

proportion values indicate that average power flows experienced over a particular calendar 

year or the complete three year period [in the case of Table 14, Panel (D)] are closer to the 

aggregate thermal limit of intra-state transmission branches in each state.   

It is evident from inspection of Panels (A)-(C) of Table 14, that the dispatch patterns in each 

calendar year considered share similar qualitative patterns. For Queensland, for all three 

calendar years considered, average power flows represented, in proportional terms, some 22 

to 24 percent of aggregate thermal capacity of all intra-state transmission branches. 

Moreover, this result remained the same for all carbon price levels considered. Thus, branch 

flows did not appear to be influenced by carbon price levels in the case of Queensland.  

In the cases of New South Wales and Victoria, the average power flows increased over the 

carbon price range of $10/tC02 to $70/tC02, before beginning to decline in proportional 

terms for carbon prices in the range $80/tC02 to $100/tC02. In proportional terms, the 

average power flows recorded in the tables were within the range of 35 to 42 and 30 to 35 

percent of aggregate thermal capacity of all intra-state branches in New South Wales and 

Victoria, respectively. In both cases, the average level of power flows for a carbon price of 

$100/tC02 was greater than the comparable level associated with BAU, with the difference 

being slightly smaller in scope for Victoria when compared with New South Wales.  

For South Australia, there was a reduction in average power flows expressed as a proportion 

of aggregate thermal capacity of intra-state transmission branches for carbon prices in the 

range $10/tC02 to $30/tC02. This was then followed by an increase in average power flow 

proportions recorded for the carbon price range of $40/tC02 to $100/tC02 with particular 

acceleration occurring over the carbon price range of $80/tC02 to $100/tC02, although this 

was slightly moderated for 2009 when compared with the results for 2007-2008 – for 

example, compare Table 14, Panel (C) with comparable results cited in Table 14, Panels (A)-

(B). For a carbon price of $100/tC02, the average power flow proportions were slightly 

higher or the same (in the case of 2009) as the average power flow proportion values 

associated with BAU.   

In the case of Tasmania, there is a very noticeable increase in the average power flow 

proportions recorded for carbon prices in the range of $10/tC02 to $50/tC02, encapsulating 

increases, in proportional terms, from 28 to 32 percent associated with BAU to 56 to 58 

percent of aggregate thermal capacity for intra-state transmission branches for a carbon price 

of $50/tC02. The other noticeable feature is that the average flow proportions remain at the 

levels associated with the $50/tC02 carbon price level for all higher carbon price levels 

considered. Note further, that slightly higher average power flow proportion values are 

recorded in 2009 when compared with 2007-2008 – compare the results cited in Panel (C) 

with the comparable results listed in Panels (A)-(B) of Table 14, for example. 

It is also apparent that the broad trends reported above are also discernible from inspection of 

the three year averaged results cited in Table 14, Panel (D). 

 

Table 14. Average MW Power Flows as a Proportion of Thermal MW Capacity Limit: 

Intra-State Transmission Branches 
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Panel (A): 2007 

Carbon 
Price 

QLD NSW VIC SA TAS 

bau 0.23 0.35 0.31 0.29 0.28 

10 0.24 0.35 0.32 0.25 0.29 

20 0.24 0.36 0.33 0.24 0.40 

30 0.24 0.38 0.34 0.20 0.46 

40 0.23 0.39 0.34 0.24 0.54 

50 0.23 0.39 0.33 0.25 0.56 

60 0.23 0.40 0.34 0.25 0.56 

70 0.23 0.42 0.35 0.25 0.56 

80 0.23 0.41 0.34 0.26 0.56 

90 0.23 0.39 0.33 0.28 0.56 

100 0.23 0.38 0.32 0.30 0.56 

No of 
Branches 

12 21 9 11 13 

 

Panel (B): 2008 

Carbon 
Price 

QLD NSW VIC SA TAS 

bau 0.23 0.36 0.31 0.30 0.30 

10 0.24 0.36 0.32 0.26 0.30 

20 0.24 0.36 0.33 0.24 0.40 

30 0.24 0.39 0.34 0.21 0.45 

40 0.24 0.39 0.34 0.24 0.54 

50 0.23 0.39 0.34 0.26 0.56 

60 0.23 0.40 0.34 0.26 0.56 

70 0.23 0.42 0.35 0.26 0.56 

80 0.23 0.41 0.34 0.26 0.56 

90 0.23 0.40 0.33 0.28 0.56 

100 0.23 0.38 0.33 0.31 0.56 

 

Panel (C): 2009 

Carbon 
Price 

QLD NSW VIC SA TAS 

bau 0.23 0.35 0.30 0.29 0.32 

10 0.23 0.35 0.32 0.25 0.33 

20 0.24 0.36 0.32 0.24 0.44 

30 0.24 0.38 0.34 0.21 0.48 

40 0.23 0.40 0.34 0.23 0.56 

50 0.23 0.39 0.33 0.24 0.58 

60 0.23 0.40 0.34 0.25 0.58 

70 0.23 0.41 0.34 0.25 0.58 
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80 0.22 0.42 0.33 0.26 0.58 

90 0.22 0.41 0.33 0.27 0.58 

100 0.23 0.40 0.32 0.29 0.58 
 

Panel (D): 2007-2009 Average Results 

Carbon 
Price 

QLD NSW VIC SA TAS 

bau 0.23 0.35 0.31 0.29 0.30 

10 0.24 0.35 0.32 0.25 0.31 

20 0.24 0.36 0.33 0.24 0.41 

30 0.24 0.38 0.34 0.21 0.46 

40 0.23 0.39 0.34 0.24 0.55 

50 0.23 0.39 0.33 0.25 0.57 

60 0.23 0.40 0.34 0.25 0.57 

70 0.23 0.42 0.35 0.25 0.57 

80 0.23 0.41 0.34 0.26 0.57 

90 0.23 0.40 0.33 0.28 0.57 

100 0.23 0.39 0.32 0.30 0.57 

Information on branch congestion is reported in Table 15, Panels (A)-(D). The values in this 

table are proportion values depicting the amount of time (e.g. total number of hours) within 

the yearly dispatch horizon that branch congestion occurred within each state with the results 

listed in Panels (A)-(C) of Table 15 relating to congestion results obtained for calendar years 

2007, 2008 and 2009, respectively. These results were calculated by counting the number of 

hours within each calendar year that each respective intra-state transmission branch 

experienced branch congestion.
13

  For each intra-state transmission branch within a state 

module, the count for each branch was added to that determined for other intra-state 

transmission branches within each state and aggregated across all intra-state transmission 

branches within each state module in order to obtain an aggregated state total. To obtain the 

proportion values listed in Table 15, Panels (A)-(C), we then divided this aggregate state 

number by the total effective number of hours over which power flows occurred on all intra-

state transmission branches within the state. This latter value was calculated as the total 

number of hours in the yearly dispatch period multiplied by the number of intra-state 

branches in each state module. Note that the results cited in Table 15, Panel (D) were 

calculated by averaging across the results cited in Panels (A)-(C) of Table 15 according to 

state and carbon price scenario, thus producing average results for the three year period being 

investigated, notably calendar years 2007 to 2009.  

It is apparent from inspection of Panels (A)-(C) of Table 15 that the qualitative patterns 

recorded for each state as a function of carbon price are very similar for each calendar year 

considered. For Queensland and Victoria, the overall incidence of aggregate branch 

congestion on intra-state transmission branches is very small in magnitude and declines as the 

carbon price level increases. In the case of Victoria, the greatest degree of reduction arises 

over the carbon price range $50/tC02 to $60/tC02, followed by a marginal increase over the 

carbon price range $90/tC02 to $100/tC02. The incidence of aggregate congestion on intra-

                                                 
13

 Recall that branch congestion is defined as arising when the MW power transfer on the transmission branch is 

equal to the transmission line’s rated MW thermal limit. 
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state transmission branches in South Australia is also very small in magnitude with 

reductions in branch congestion particularly arising over the $10/tC02 to $40/tC02 carbon 

price range. This is followed by a slight increase over the carbon price interval $50/tC02 to 

$100/tC02, albeit with a relative decline occurring for a carbon price of $90/tC02 when 

compared with comparable results associated with carbon prices in the band $60/tC02 to 

$100/tC02.   

The results associated with New South Wales are more mixed in character. First, the 

aggregate congestion results on intra-state transmission lines is of a higher order of 

magnitude when compared with comparable results associated with Queensland, Victoria and 

South Australia. Second, for carbon prices on the range of $10/tC02 to $30/tC02, changes 

relative to BAU results are variable although definite reductions in aggregate congestion on 

intra-state transmission branches relative to BAU arise for carbon prices in range $50/tC02 to 

$100/tC02, especially for calendar years 2007 and 2008. In the case of 2009 there is an 

increase in aggregate congestion for carbon prices in the range $80/tC02 to $90/tC02 to levels 

comparable to the BAU result for this particular year, followed by a reduction in aggregate 

congestion for a carbon price of $100/tC02.  It is certainly the case, however, that for all three 

calendar years being considered that the level of aggregate congestion on intra-state 

transmission branches is lower for a carbon price of $100/tC02 relative to the comparable 

BAU results. 

In the case of Tasmania, the degree of aggregate branch congestion on all intra-state 

transmission branches increases ambiguously with the carbon price level, although the rate of 

increase levels out for carbon prices in the range $80/tC02 to $100/tC02. For the higher band 

of carbon price levels, the extent of congestion is of a slightly higher order of magnitude than 

is the case of New South Wales with Tasmania experiencing congestions levels, in 

percentage terms of 12.9 to 14.1 of time (measured by the total number of effective hours in 

the dispatch period). This contrasts with comparable values for New South Wales being in 

the range of 6.5 to 7.7 percent of time. 

It is also evident that the broad trends mentioned above are also discernible from inspection 

of the three year averaged results cited in Table 15, Panel (D). In particular, note that the 

increase in aggregate congestion for New South Wales experienced in 2009 for carbon prices 

in the range of $80/tC02 to $90/tC02 have helped to moderate the three year average decline 

in aggregate congestion being experienced in New South Wales at these two carbon price 

levels. However, for carbon prices in the range $40/tC02 to $100/tC02, the aggregate level of 

congestion is lower than the comparable three year BAU average result. This conclusion also 

extends to the cases of Queensland, Victoria, and South Australia, albeit at much lower 

congestion magnitudes when compared with the results associated with New South Wales. 

Tasmania experiences the unambiguous increase in aggregate congestion alluded to above 

with the results tailoring off at 13.6 percent of total annual dispatch time for carbon prices in 

the range $80/tC02 to $100/tC02.        

Table 15. Proportion of Time that Power Flows occurred at Maximum MW Thermal 

Rating: Intra-State Transmission Lines 

Panel (A): 2007 

Carbon 
Price 

QLD NSW VIC SA TAS 

Bau 0.002 0.082 0.006 0.011 0.016 
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10 0.002 0.070 0.006 0.010 0.022 

20 0.002 0.076 0.006 0.007 0.049 

30 0.002 0.081 0.007 0.004 0.068 

40 0.002 0.076 0.006 0.001 0.113 

50 0.002 0.069 0.005 0.002 0.125 

60 0.001 0.072 0.001 0.003 0.127 

70 0.001 0.072 0.001 0.004 0.128 

80 0.001 0.074 0.001 0.003 0.129 

90 0.001 0.071 0.001 0.000 0.129 

100 0.001 0.065 0.002 0.004 0.129 

 

Panel (B): 2008 

Carbon 
Price 

QLD NSW VIC SA TAS 

Bau 0.002 0.082 0.006 0.012 0.016 

10 0.002 0.070 0.006 0.010 0.021 

20 0.002 0.074 0.006 0.006 0.046 

30 0.002 0.084 0.007 0.004 0.065 

40 0.002 0.077 0.006 0.001 0.113 

50 0.001 0.071 0.005 0.002 0.132 

60 0.001 0.074 0.001 0.003 0.135 

70 0.001 0.071 0.001 0.004 0.137 

80 0.001 0.075 0.001 0.004 0.138 

90 0.001 0.072 0.001 0.001 0.138 

100 0.001 0.067 0.001 0.004 0.138 

 

Panel (C): 2009 

Carbon 
Price 

QLD NSW VIC SA TAS 

Bau 0.002 0.080 0.005 0.009 0.016 

10 0.002 0.067 0.005 0.008 0.022 

20 0.002 0.070 0.005 0.005 0.047 

30 0.002 0.082 0.006 0.004 0.069 

40 0.001 0.076 0.006 0.001 0.114 

50 0.001 0.069 0.005 0.002 0.128 

60 0.001 0.070 0.002 0.003 0.135 

70 0.000 0.068 0.001 0.003 0.137 

80 0.000 0.082 0.001 0.005 0.141 

90 0.000 0.082 0.002 0.002 0.141 

100 0.000 0.077 0.002 0.004 0.141 

 

Panel (D): 2007-2009 Average Results 
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Carbon 
Price 

QLD NSW VIC SA TAS 

Bau 0.002 0.081 0.006 0.011 0.016 

10 0.002 0.069 0.006 0.009 0.022 

20 0.002 0.073 0.006 0.006 0.047 

30 0.002 0.082 0.007 0.004 0.067 

40 0.002 0.076 0.006 0.001 0.113 

50 0.001 0.070 0.005 0.002 0.128 

60 0.001 0.072 0.001 0.003 0.132 

70 0.001 0.070 0.001 0.004 0.134 

80 0.001 0.077 0.001 0.004 0.136 

90 0.001 0.075 0.001 0.001 0.136 

100 0.001 0.070 0.002 0.004 0.136 
 

In order to gauge how congestion patterns responded to the imposition of different carbon 

price signals, in Table 16, Panels (A)-(B), we have included congestion results for those 

individual intra-state transmission branches that experienced congestion over the three year 

period being investigated. The results for Queensland and New South Wales are listed in 

Panel (A) of Table 16 while the results for Victoria, South Australia and Tasmania are 

reported in Panel (B) of Table 16.   

 

The values reported in Table 16 are proportion values depicting the amount of time (e.g. total 

number of hours) within the yearly dispatch horizon that branch congestion occurs on each 

individual transmission branch, averaged over the three year period 2007-2009. These results 

were calculated by counting the number of hours within each calendar year that each 

respective transmission branch experienced branch congestion. To obtain the proportion 

values cited in Table 16, we then divided the number of congestion hours in each calendar 

year for each transmission branch by the total number of hours in the calendar year dispatch 

period. We then averaged these results across the three calendar years 2007, 2008 and 2009 

being considered for each respective transmission branch in order to obtain the average 

results reported in Table 16.  

 

It follows from inspection of Table 16, Panel (A) that one intra-state transmission branch 

experienced congestion over the three year period in Queensland.  This was line 5, the 

transmission branch connecting Central West Queensland and Gladstone nodes – see Figure 1 

for further details. It is apparent from inspection of Table 16 Panel (A), that the degree of 

congestion on this branch declines with increases in the carbon price level, decreasing from 

five percent of time for BAU to 1 percent of time for a carbon price of $100/tC02. It should 

be noted in this context that the term ‘time’ represents the average total number of hours in a 

calendar year. 

 

The results for New South Wales indicate significant congestion on lines 15, 16 and line 20, 

representing transmission branches connecting Lismore to Armidale, Armidale to Tamworth 

and Bayswater to Sydney nodes - see Figure 2 for details.  The qualitative patterns vary also 

as a function of carbon price.  Specifically, congestion diminishes on the Lismore to 

Armidale branch as the carbon price level increases, declining from 75 percent of time under 

BAU to 19 percent of time for carbon prices in the range of $90/tC02 to $100/tC02. On the 

Armidale to Tamworth transmission branch, congestion increases from no congestion under 

BAU to 37 percent of time for carbon prices in the range $80/tC02 to $90/tC02 before 
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tailoring off slightly to 30 percent for a carbon price of $100/tC02.  In the case of the 

Bayswater to Sydney branch, the congestion pattern as a function of carbon price is more 

mixed. Inspection of Panel (A) of Table 16 indicates that congestion increases over the range 

of carbon prices $10/tC02 to $40/tC02, representing an increase from 80 percent associated 

with BAU to 94 percent of time for a carbon price of $30/tC02, with most of the increase 

arising for the carbon price range of $20/tC02 to $30/tC02. The degree of congestion then 

declines relative to the level associated with a $30/tC02 carbon price for higher carbon prices 

with congestion being lower than the corresponding BAU level for carbon prices in the range 

$90/tC02 to $100/tC02, although exceeding the BAU level for carbon prices in the range 

$40/tC02 to $80/tC02.  

 

Other intra-state transmission branches experiencing congestion include lines 19, 24 and 30, 

connecting Liddell and Newcastle, Sydney and Mt Piper and Wollongong and Canberra, 

respectively – see Figure 2. Congestion on the latter two branches is very small in magnitude 

and does not vary with carbon price while congestion on the first branch (e.g. Liddell to 

Newcastle) is of a higher order of magnitude with values in the range 6 percent to 23 percent 

of time. Furthermore, congestion on this branch increases with carbon prices in the range of 

$10/tC02 to $50/tC02 before beginning to decline for higher carbon price levels, falling from 

23 percent associated with a carbon price of $50/tC02 to 11 percent for a carbon price of 

$100/tC02. This latter value is slightly larger than the corresponding value associated with 

BAU. Finally, the Bayswater to Sydney transmission branch is the most congested intra-state 

branch in New South Wales by a considerable margin – see Panel (A), Table 16. 

 

In relation to Victoria and South Australia, it is apparent from examination of Panel (B) Table 

16 that only one intra-state transmission branch in each respective state experiences the 

incidence of branch congestion. These branches are lines 43 and 56 connecting Hazelwood 

and Greater Melbourne/Geelong and Riverlands and Mid North, respectively – see Figures 3 

and 4 for further details. In both of these cases, inspection of Table 16, Panel (B), indicates 

that branch congestion generally declines as the carbon price level increases, declining from 7 

percent to 1 percent and 12 percent to 4 percent, respectively.  This also indicates that the 

level of congestion is less for both branches for all carbon prices considered when compared 

against the level of congestion arising under BAU. 

 

It is also apparent from inspection of Panel (B), Table 16 that four intra-state transmission 

branches experience congestion in Tasmania. These are lines 60, 61, 65 and 68 connecting 

George Town and Sheffield, Sheffield and Burnie, Hadspen and Palmerston, and Waddamana 

and Tarraleah – see Figure 5. The most noticeable feature of this set of results is that for all 

four transmission branches, the level of congestions increases with the carbon price level 

relative to BAU congestion levels. For branches 60, 61 and 65, the most noticeable increase 

occurs in the carbon price range of $40/tC02 to $50/tC02 while a similar increase occurring 

for carbon prices in the range $20/tC02 to $30/tC02 for transmission branch 68. The other 

noticeable result is that for all four transmission branches, the increase in congestion tailors 

off with the level of congestion associated with a carbon price of $60/tC02 for branches 60 

and 61 and $80/tC02 for line 65. Thus, for all carbon prices greater than these two above-

mentioned values, the level of congestion remains unchanged on these three particular 

branches. For transmission branch 68, the level of congestion tailors off over the carbon price 

range $40/tC02 to $60/tC02, falling from 63 percent to 45 percent of time and then remains at 

this level for carbon prices greater than $60/tC02.  Note also that the Hadspen and Palmerston 

transmission branch (line 65) is the most congested intra-state branch in Tasmania.   
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Table 16 Averaged Proportion of Time during 2007-2009 that Branch Congestion 

Occurred: Specific Intra-State Transmission Lines  

 

Panel (A): QLD and NSW 

State QLD NSW NSW NSW NSW NSW NSW 

Nodes CWQ-
GLAD 

LISM-
ARMD 

ARMD-
TAMWT
H 

LIDDELL-
NEWCAS 

BAYSW-
SYD 

SYD-MT 
PIPER 

WOLLON
-CANB 

Carbon 
Price 

line 5 line 15 line 16 line 19 line 20 line 24 line 30 

bau 0.05 0.75 0.00 0.06 0.80 0.02 0.00 

10 0.05 0.50 0.01 0.06 0.80 0.02 0.00 

20 0.04 0.48 0.02 0.14 0.81 0.02 0.00 

30 0.05 0.49 0.02 0.18 0.94 0.02 0.00 

40 0.03 0.42 0.02 0.17 0.90 0.02 0.00 

50 0.03 0.29 0.06 0.23 0.79 0.02 0.00 

60 0.02 0.28 0.07 0.22 0.85 0.02 0.00 

70 0.01 0.20 0.20 0.14 0.83 0.02 0.01 

80 0.01 0.17 0.37 0.16 0.82 0.02 0.01 

90 0.01 0.19 0.37 0.13 0.78 0.02 0.00 

100 0.01 0.19 0.30 0.11 0.76 0.02 0.00 
 

Panel (B): VIC, SA and TAS 

State VIC SA TAS TAS TAS TAS 

Nodes HAZELW-
MELB 

RIVLAND-
MID NRTH 

GEORG T-
SHEFFLD 

SHEFFLD-
BURNIE 

HADSP-
PALMST 

WADDAM
-TARRAL 

Carbon 
Price 

line 43 line 56 line 60 line 61 line 65 line 68 

bau 0.07 0.12 0.00 0.01 0.00 0.21 

10 0.07 0.10 0.00 0.03 0.02 0.22 

20 0.07 0.07 0.03 0.04 0.08 0.47 

30 0.08 0.05 0.05 0.06 0.10 0.66 

40 0.07 0.01 0.14 0.23 0.47 0.63 

50 0.06 0.02 0.31 0.26 0.61 0.49 

60 0.02 0.03 0.37 0.26 0.64 0.45 

70 0.02 0.04 0.37 0.26 0.66 0.45 

80 0.01 0.04 0.37 0.26 0.68 0.45 

90 0.01 0.01 0.37 0.26 0.68 0.45 

100 0.01 0.04 0.37 0.26 0.68 0.45 
 

In Table 17, Panels (A)-(D), the average MW power flow on each inter-state Interconnector 

is reported. The values in these tables depict the overall average MW power flows for the 

respective inter-state Interconnectors, with the results listed in Table 17, Panels (A)-(C) 

relating to results obtained for calendar years 2007, 2008 and 2009. These results were 

calculated by determining the average MW power flow for each calendar year on each inter-
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state Interconnector for each carbon price level considered (including BAU). The results 

listed in Table 17, Panel (D) were calculated by averaging across the results cited in Panels 

(A)-(C) of Table 17 according to state and carbon price level, providing average power flow 

results for the three year period encompassing years 2007 to 2009.  

It should be noted that average power flow values with a positive sign in Table 17 indicate 

power flows from Queensland to New South Wales on the QNI and Directlink 

Interconnectors, from New South Wales to Victoria on the ‘NSW-VIC’ Interconnector, from 

Victoria to Tasmania on the Basslink Interconnector and from Victoria to South Australia on 

the Heywood and Murraylink Interconnectors. 

Inspection of Panels (A)-(C) of Table 17 indicates that, on average, Queensland is a net 

exporter of power to New South Wales. Furthermore, the average amount of power exported 

to New South Wales increases as a function  of carbon price over the carbon price range 

$10/tC02 to $80/tC02 (to $90/tC02 in 2009 for QNI) before tailoring off slightly at higher 

carbon price levels. It is also interesting to note that for 2009 and for carbon prices in the 

range $80/tC02 to $100/tC02, the average power flow levels cited in Panel (C) of Table 17 all 

exceed the upper MW voltage stability limit of 1078MW for power flows from Queensland 

to New South Wales conventionally associated with QNI. This eventuates with the 

commissioning of additional gas-fired generation plant in the SW Queensland node – 

notably, Braemar 2 and Condamine Power Stations. Furthermore, this is likely to be 

exacerbated in future years with commissioning of additional gas generation plant including 

Darling Downs Power Station in 2010 and additional proposed/committed plant that is 

located at this node. 

It is also apparent from examination of Panels (A)-(C) Table 17 that New South Wales is a 

net exporter of power to Victoria, with average power levels exported to Victoria broadly 

increasing with carbon price level for carbon prices in the range $10/tC02 to $70/tC02 before 

beginning to tailor off slightly at higher carbon price levels.  

In the case of Victoria, for carbon prices in the range $10/tC02 to $30/tC02 [to $20/tC02 in 

2007 – see Panel (A) of Table 17], Victoria is a net exporter of power to Tasmania on the 

Basslink Interconnector, with the average amount of power being exported to Tasmania 

declining unambiguously as the carbon price level increases in this particular band. For 

higher carbon price levels, however, this turns around with Victoria becoming a net importer 

of power from Tasmania and with the magnitude of average imported power increasing 

unambiguously with the carbon price level – see Panel (A)-(C) of Table 17. A similar 

situation to that associated with Basslink emerges for the Heywood Interconnector with 

Victoria, on average, being a net power exporter to South Australia for carbon prices in the 

range $10/tC02 to $30/tC02, before becoming a net importer of power from South Australia 

for higher carbon price levels. Note further that the average amount of power imported into 

Victoria from South Australia on the Heywood Interconnector increases as a function of 

carbon price for carbon prices in the range $40/tC02 to $100/tC02. The sign of the average 

power flows on the Murraylink Interconnector indicated, on average, that Victoria is a net 

importer of power from South Australia on this Interconnector with the only evidence of 

power flows from Victoria to South Australia arising in 2009 for carbon prices of $20/tC02 

and $30/tC02 respectively, albeit at very low levels. Note that the three year average results 

associated with these carbon price levels indicate small net power transfers from South 

Australia – see Table 17, Panel (D). More generally, the average level of power transfers 

from South Australia to Victoria on the Murraylink Interconnector increases unambiguously 

in magnitude as a function of carbon price for carbon prices in the range $40/tC02 to 

$100/tC02. 
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It is also evident from comparing the qualitative patterns of average power flows as a 

function of carbon price listed in Panel (D) of Table 17 with those patterns cited in Panels 

(A)-(C) of the same table that the same trends mentioned above are also discernible from 

inspection of the three year averaged results.   

Table 17. Average MW Power Flows: Inter-State Interconnectors 

 

Panel (A): 2007 

Carbon 
Price 

QNI DirectLink NSW-VIC Basslink Heywood MurrayLin
k 

bau 565.20 32.17 44.30 389.23 19.86 -40.85 

10 644.43 48.18 94.40 345.46 48.38 -11.10 

20 661.67 51.66 95.21 171.57 57.48 -2.76 

30 655.70 50.46 281.84 -38.51 38.52 -6.92 

40 688.54 57.81 390.42 -312.59 -29.99 -59.15 

50 767.40 74.72 404.31 -388.40 -63.74 -84.21 

60 799.48 79.57 522.31 -405.73 -81.61 -90.03 

70 950.80 93.50 663.86 -423.27 -92.78 -89.89 

80 961.35 92.36 612.80 -432.50 -115.08 -110.13 

90 944.24 89.26 533.29 -465.22 -137.70 -132.32 

100 925.91 85.75 534.21 -478.52 -169.15 -158.70 

Panel (B): 2008 

Carbon 
Price 

QNI DirectLink NSW-VIC Basslink Heywood MurrayLin
k 

bau 562.77 30.89 87.79 396.37 17.89 -43.00 

10 637.22 45.92 137.51 352.93 46.17 -13.47 

20 645.11 47.51 112.74 194.43 55.35 -6.35 

30 643.64 47.22 285.84 3.64 39.11 -9.04 

40 664.89 52.13 423.99 -295.31 -30.47 -60.77 

50 757.77 71.93 441.49 -373.08 -60.66 -82.66 

60 776.25 74.59 553.81 -394.19 -80.74 -90.69 

70 913.64 88.32 689.79 -412.56 -94.76 -92.63 

80 957.99 90.54 637.12 -423.85 -114.56 -111.06 

90 936.40 86.65 577.31 -453.56 -136.29 -131.47 

100 927.37 84.98 553.46 -465.18 -167.32 -159.11 

Panel (C): 2009 

Carbon 
Price 

QNI DirectLink NSW-VIC Basslink Heywood MurrayLin
k 

bau 604.22 19.72 17.61 398.69 32.08 -30.38 

10 685.82 36.20 70.80 359.65 60.82 -0.35 

20 702.99 39.66 41.04 182.28 70.59 7.11 

30 707.33 40.54 267.74 11.51 57.34 8.93 

40 721.43 43.83 423.83 -281.61 -14.02 -43.59 
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50 833.83 67.75 410.86 -397.50 -46.42 -68.69 

60 842.71 69.00 533.24 -423.72 -69.00 -78.50 

70 946.50 79.51 676.32 -438.10 -83.78 -81.10 

80 1112.60 89.04 625.63 -446.65 -99.82 -96.20 

90 1126.16 84.39 560.86 -465.89 -122.08 -116.77 

100 1118.35 81.73 514.70 -475.41 -149.07 -141.56 
 

Panel (D) 2007-2009 Average Results 

Carbon 
Price 

QNI DirectLink NSW-VIC Basslink Heywood MurrayLin
k 

bau 577.40 27.59 49.90 394.76 23.28 -38.08 

10 655.82 43.43 100.90 352.68 51.79 -8.31 

20 669.92 46.28 83.00 182.76 61.14 -0.67 

30 668.89 46.07 278.47 -7.79 44.99 -2.34 

40 691.62 51.26 412.75 -296.50 -24.83 -54.50 

50 786.33 71.47 418.89 -386.33 -56.94 -78.52 

60 806.15 74.39 536.45 -407.88 -77.12 -86.41 

70 936.98 87.11 676.66 -424.64 -90.44 -87.87 

80 1010.65 90.65 625.18 -434.33 -109.82 -105.80 

90 1002.27 86.77 557.15 -461.56 -132.02 -126.85 

100 990.54 84.15 534.12 -473.04 -161.85 -153.12 
 

Information on congestion on inter-state Interconnectors is listed in Table 18, Panels (A)-(D). 

The values reported in the table are proportion values depicting the amount of time (e.g. total 

number of hours) within the yearly dispatch horizon that branch congestion occurred on each 

inter-state Interconnector and with the results cited in Panels (A)-(C) of Table 18 relating to 

congestion occurring in calendar years 2007, 2008 and 2009, respectively. These results were 

calculated by counting the number of hours in each calendar year that each respective 

Interconnector experienced branch congestion.  To obtain the proportion values reported in 

Table 18, Panels (A)-(C), we then divided the number of congestion hours by the total 

number of hours in the calendar year dispatch period. The results listed in Table 18, Panel (D) 

were calculated by averaging across the results cited in Panels (A)-(C) of Table 18 according 

to carbon price scenario.  

It is evident from examination of Table 18, Panels (A)-(D) that no congestion was recorded 

for QNI and Heywood Interconnectors. One reason for this is that we have employed thermal 

MW limits in assessing branch congestion which can often exceed the MW limits associated 

with voltage stability limits. For example, the MW thermal limit adopted in this study for 

QNI is significantly higher than the conventional 1078 MW voltage stability limit associated 

with Queensland to New South Wales power flows on QNI.
14

  

There is evidence of very slight congestion on the Directlink Interconnector especially for 

carbon prices in the range $40/tC02 to $60/tC02, with the congestion rising slightly with the 

carbon price in this band and being more pronounced in relative terms in 2007 and 2008 

                                                 
14

 Recall that this MW thermal limit was kindly provided to the authors by the New South Wales transmission 

service provider Transgrid. 
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when compared with 2009. There is also evidence of very slight congestion on the NSW-VIC 

Interconnector linking the Tumut and Murray nodes – see Figure 2.
15

 Congestion arose for all 

carbon prices considered (including BAU) but became most prominent in relative terms for 

carbon prices in the range $70/tC02 to $90/tC02, before declining somewhat for a carbon 

price of $100/tC02. 

The Basslink Interconnector experienced no congestion for carbon prices in the band $0/tC02 

(e.g. BAU) to $50/tC02, followed by the onset of some congestion which arose in extent with 

the carbon price level for carbon prices greater than $50/tC02. For a carbon price of 

$100/tC02, the amount of congestion, averaged over the three year period under 

investigation, arose over 20.8 percent of the time. Moreover, the level of congestion on 

Basslink appeared most prominent in 2009 relative to comparable results associated with 

2007 and 2008 – for example, compare the results for Basslink in Panel (C) with comparable 

results listed in Panels (A)-(B) of Table 18. This contrasts with the NSW-VIC Interconnector 

which experienced average congestion over the three year period at less than 1 percent of the 

time for this carbon price, and a maximum rate of 2.7 percent of time associated with a 

carbon price of $70/tC02, as contained in Panel (D), Table 18. 

There is also evidence of congestion on the Murraylink Interconnector with the extent of 

congestion increasing with the carbon price level. Specifically, the level of congestion on 

Murraylink, averaged over the three year period being investigated, arose 32.5 percent of the 

time for a carbon price of $100/tC02 – see Panel (D) Table 18. The extent of congestion on 

Murraylink appears to be more prominent in 2007 and 2008 when compared with comparable 

results associated with 2009 – compare the results for Murraylink in Panels (A)-(B) of Table 

18 with comparable results listed in Panel (C).  

It is also apparent that the trends mentioned above in relation to Panels (A)-(C) of Table 18 

are also discernible from inspection of the three year averaged congestion results cited more 

generally in Table 18, Panel (D).    

Table 18. Proportion of Time that Power Flows occurred at Maximum MW Thermal 

Rating: Inter-State Interconnectors 

 

Panel (A): 2007 

 

Carbon 
Price 

QNI DirectLink NSW-VIC Basslink Heywood MurrayLin
k 

0 0.000 0.000 0.004 0.000 0.000 0.042 

10 0.000 0.001 0.002 0.000 0.000 0.053 

20 0.000 0.000 0.002 0.000 0.000 0.060 

30 0.000 0.000 0.001 0.000 0.000 0.070 

40 0.000 0.004 0.003 0.000 0.000 0.085 

50 0.000 0.010 0.005 0.000 0.000 0.133 

60 0.000 0.011 0.006 0.028 0.000 0.156 

                                                 
15

 Note that with the re-drawing of boundaries following the abolition of the Snowy Mountains region, the 

Murray node was allocated to Victoria and the Tumut node to New South Wales. Thus, the ‘NSW-VIC’ 

Interconnector is defined as the transmission branch connecting the Tumut and Murray nodes which are both 

listed in Figure 2. Before the abolition of the Snowy Mountains regions, the NSW-VIC Interconnector was 

historically defined as the transmission branch connecting the Murray and Dederang nodes – see Figures 2 and 

3.  



83 

 

70 0.000 0.000 0.027 0.070 0.000 0.152 

80 0.000 0.000 0.017 0.085 0.000 0.195 

90 0.000 0.000 0.010 0.207 0.000 0.241 

100 0.000 0.000 0.005 0.188 0.000 0.373 
 

Panel (B): 2008 

 

Carbon 
Price 

QNI DirectLink NSW-VIC Basslink Heywood MurrayLin
k 

bau 0.000 0.000 0.003 0.000 0.000 0.029 

10 0.000 0.000 0.003 0.000 0.000 0.041 

20 0.000 0.000 0.002 0.000 0.000 0.046 

30 0.000 0.000 0.002 0.000 0.000 0.060 

40 0.000 0.003 0.004 0.000 0.000 0.071 

50 0.000 0.011 0.007 0.000 0.000 0.109 

60 0.000 0.012 0.010 0.023 0.000 0.134 

70 0.000 0.000 0.028 0.046 0.000 0.131 

80 0.000 0.000 0.019 0.072 0.000 0.168 

90 0.000 0.000 0.012 0.148 0.000 0.217 

100 0.000 0.000 0.010 0.189 0.000 0.350 
 

 

Panel (C): 2009 

 

Carbon 
Price 

QNI DirectLink NSW-VIC Basslink Heywood MurrayLin
k 

bau 0.000 0.000 0.007 0.000 0.000 0.038 

10 0.000 0.000 0.006 0.000 0.000 0.057 

20 0.000 0.000 0.006 0.000 0.000 0.063 

30 0.000 0.000 0.006 0.000 0.000 0.066 

40 0.000 0.000 0.007 0.000 0.000 0.060 

50 0.000 0.003 0.008 0.000 0.000 0.104 

60 0.000 0.004 0.011 0.048 0.000 0.117 

70 0.000 0.000 0.026 0.080 0.000 0.117 

80 0.000 0.000 0.018 0.115 0.000 0.140 

90 0.000 0.000 0.012 0.167 0.000 0.178 

100 0.000 0.000 0.008 0.246 0.000 0.252 
 

 

Panel (D): 2007-2009 Average Results 

 

Carbon 
Price 

QNI DirectLink NSW-VIC Basslink Heywood MurrayLin
k 

bau 0.000 0.000 0.005 0.000 0.000 0.036 

10 0.000 0.000 0.004 0.000 0.000 0.050 

20 0.000 0.000 0.003 0.000 0.000 0.056 
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30 0.000 0.000 0.003 0.000 0.000 0.065 

40 0.000 0.002 0.005 0.000 0.000 0.072 

50 0.000 0.008 0.007 0.000 0.000 0.115 

60 0.000 0.009 0.009 0.033 0.000 0.136 

70 0.000 0.000 0.027 0.065 0.000 0.133 

80 0.000 0.000 0.018 0.091 0.000 0.168 

90 0.000 0.000 0.011 0.174 0.000 0.212 

100 0.000 0.000 0.008 0.208 0.000 0.325 

 

5. Practical Limitations 

The results are based on the thermal and hydro based generation structure existing in 2007.  

In the simulations performed, account is taken of the fact that coal and gas-fired base 

load/intermediate plant is modelled as having minimum stable operating levels. This 

precludes the possibility of driving production output of particularly coal fired plant to zero.  

Instead, in response to increases in carbon prices, production levels of coal fired plant will be 

driven to the minimum stable operating level. This will put an effective ceiling on the level of 

carbon emission reductions that can be secured.  

 

Second, a large portion of the existing gas-fired generation fleet is designed for peak load 

production duties. This reflects the historical development of the national generation fleet 

which saw coal fired generation as being predominantly responsible for supplying base load 

power while the gas fired fleet was seen as predominantly being available to supply peak load 

production duties. In practice, engineering features, pipeline capacity and gas storage 

capacity of much of the existing peak load gas fleet will prevent this plant from being able to 

switch from peak to base load or intermediate production duties for any extended period of 

time without significant additional pipeline infrastructure construction. However, the current 

version of the ANEM model does not accommodate this practical consideration and 

subsequent dispatch of gas plant relative to other competing plant will only reflect relative 

cost differentials and not the engineering efficacy of the resulting dispatch patterns. As such, 

it is possible (and likely for higher carbon prices) that some (cheaper) peak load plant will be 

dispatched in a manner analogous to intermediate or even base load plant.  

 

Third, the results obtained depend crucially on model assumptions including ramping rates 

used for coal fired generation which could have influenced the price outcomes obtained for 

NSW and VIC, in particular. 

 

Thus, the emission reductions obtained from the model for carbon prices in the range of 

$50/tC02 and $70/tC02, in particular, should be interpreted with care for these three reasons.  

Deep sustained cuts in carbon emissions within the NEM are unlikely to be obtained in 

practice until a significant portion of the existing black and brown coal fleet can be retired or 

mothballed. This will not be possible, however, until either new plant is constructed or the 

existing plant is retro-fitted to a more carbon emissions friendly form of production 

technology which can also meet base load production duties. In the short to medium term and 

in an environment containing carbon prices in the range $30/tC02 to $70/tC02, the 

technology of choice, ignoring the nuclear option and further expansion in hydro generation, 

on both cost and carbon emissions grounds would be Natural Gas Combined Cycle plant. 

Given the aforementioned implementation problems for gas to meet base load demand, DG 
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has an important role in helping transform the energy industry to reduce carbon emissions.  

Research into the efficacy of policies promoting the construction of new base load gas plant 

as well as the cost of converting existing generators into base load gas generators would help 

inform this debate.  

6. Concluding Remarks 

In this manuscript, we have focused our analysis on investigating the possible roles that key 

supply side policy initiatives currently available to Governments might play in pursuit of the 

policy goal of curbing growth in carbon emissions within the National Electricity Market 

(NEM). These policy instruments involved the introduction of a carbon price signal.  

It was argued that to address the consequences of such policy initiatives on key participants 

within the NEM would require a model containing many of the salient features of the national 

wholesale electricity market. Such features would include intra-regional and inter-state trade, 

realistic transmission network pathways and the competitive dispatch of all generation with 

price determination based upon marginal cost and branch congestion characteristics.  

In order to capture these linkages, we used an agent based model of the Australian National 

Electricity Market (NEM) called the ANEM model.  The ANEM model was developed with 

the intension of modelling strategic trading interactions over time in a wholesale power 

market that operated over realistically rendered transmission grid.  The particular model that 

was used contained 286 generators, 72 transmission lines including six inter-state 

Interconnectors and 53 regional nodes/demand centres.   

A DC OPF algorithm was used to determine optimal dispatch of generation plant and 

wholesale prices within the agent based model. This algorithm employed an augmented 

SCQP problem involving the minimization of a positive definite quadratic form subject to a 

set of linear constraints in the form of equality and inequality constraints. The objective 

functions involve quadratic and linear variable cost coefficients and bus admittance 

coefficients. The solution values were the real power injections and branch flows associated 

with the energy production levels for each generator and voltage angles for each node.  

The equality constraint is a nodal balance condition which ensured that at each node, power 

take-off by demand side participants located at that node equalled power injection by 

generators located at that node and net power transfers from other connected nodes.  The 

shadow price associated with this constraint gave the LMP (or spot price) associated with that 

node. The inequality constraints ensure that real power transfers on connected transmission 

branches remained within permitted thermal limits and that the real power produced by each 

generator remained within permitted lower and upper thermal limits while also meeting 

hourly ramp up and ramp down constraints.  

The solution algorithm that was utilised in the simulations involved applying the ‘competitive 

equilibrium’ solution.  This meant that all generators submitted their true marginal cost 

coefficients and no strategic bidding was possible.  This type of solution permitted 

assessment to be made of the true cost of generation and dispatch. Moreover, in order to 

make the model response to the various scenarios more realistic, we took explicit account of 

that fact that baseload and intermediate coal and gas plant have ‘non-zero’ must run MW 

capacity levels termed minimum stable operating levels. The dispatch of the thermal plant 

was also optimised around assumed availability patterns for specified hydro generation units.  
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A number of broad conclusions are available from this set of scenarios when compared with 

the ‘Business-As-Usual’ (BAU) baseline results. The major results are: 

Average Price Results 

Tasmania experienced higher averages price levels for BAU and lower carbon price levels 

when compared with the other states while also experiencing relatively more modest growth 

in average price levels compared with other mainland states as the carbon price level 

increased.  For the mainland states, Queensland consistently had the lowest average price 

levels, followed by South Australia and then New South Wales.  Victoria consistently has the 

highest average price levels for each year that was investigated. 

There was evidence of qualitative change in price volatility arising between the period 2007-

2008 and 2009. Specifically, for the period 2007-2008, Tasmania experienced the least price 

volatility, followed by Victoria, South Australia, New South Wales and Queensland. In 2009, 

however, a qualitative change occurred with Queensland experiencing the least volatility, 

followed by Tasmania, South Australia, Victoria and finally New South Wales. The 

qualitative pattern of price volatility as a function of carbon price level remained broadly 

similar over the three year period being investigated.  In particular, the level of price 

volatility in Queensland remained fairly constant while New South Wales and Victoria 

experienced slight declines in volatility as the carbon price level increased. On the other 

hand, South Australia and Tasmania experienced increases in price volatility as the carbon 

price increased, as did the NEM overall.  

For all states and all years considered, we found that there was less than complete pass-

through of carbon price into average prices. Tasmania was found to have a much lower rate 

of carbon price pass-through than the other mainland states. The rate of carbon price pass-

through was highest for Queensland whilst the pass-through rate for New South Wales, 

Victoria and South Australia, as a function of carbon price, was more variable in scope. 

Specifically, South Australia has higher pass-though rates than New South Wales and 

Victoria for small to moderate carbon price levels but experienced lower pass-through rates 

for higher carbon price levels than the comparable pass-through rates of New South Wales 

and Victoria. 

In assessing the implications for retail contract tariffs of the average wholesale price levels 

obtained from model simulation runs involving carbon prices, we found that, depending upon 

the assumption made about the flow through rate, for the mainland states, we could expect 

retail contract prices in the order of 7c/KWh – 18c/KWh for a carbon price of $20/tC02, 

10c/KWh - 21c/KWh for a $30/tC02 carbon price, 11c/KWh – 25c/KWh for a carbon price of 

$40/tC02 and 16c/KWh – 46c/KWh for a carbon price of $100/tC02. For the NEM, we got 

the equivalent retail contract prices of 9c/KWh – 16c/KWh, 11c/KWh – 20c/KWh, 13c/KWh 

– 23c/KWh and 23c/KWh – 41c/KWh for carbon prices of $20/tC02, $30/tC02, $40/tC02 and 

$100t/C02, respectively. Because most basic regulated retail tariff rates are currently in the 

range of 20c/KWh – 27c/KWh, then according to the methodology employed in this paper, 

these regulated tariff rates could accommodate carbon prices in the range of $40/tC02 to 

$50/tC02. 

Production Trends 

The introduction of the carbon prices produced overall reductions in production from coal-

fired generation when compared to production levels associated with BAU. The steepest rates 
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of decline in production relative to BAU occurred for carbon prices in the range of $30/tC02 

to $70/tC02.  Production from gas generation increased significantly from BAU levels as 

increases in the carbon price promoted fuel substitution from coal to gas. The rate of increase 

is steepest for carbon prices in the range $30/tC02 to $80/tC02 – carbon price levels 

associated with increased dispatch of both NGCC and intermediate OCGT plant from 

minimum stable operating levels to levels close to or at maximum thermal MW rating of such 

plant.  Production from hydro generation also increased significantly from BAU levels as 

increases in the carbon price produces fuel substitution from thermal sources of generation to 

hydro generation in response to the improved competitive position of hydro generation. The 

percentage rate of increase relative to BAU is steepest for carbon prices in the range 

$10/tC02 to $40/tC02.  

 

Victoria experienced the largest percentage decline in aggregate production from BAU and 

which was particularly pronounced over the carbon price range of $10/tC02 to $60/tC02. In 

contrast, Tasmania experienced a significant increase in production relative to BAU which 

was particularly prominent for carbon prices in the range of $10/tC02 to $50/tC02. The 

results for New South Wales and South Australia were more mixed, especially at lower 

carbon price levels.  However, for carbon prices in the band $40/tC02 to $100/tC02, the 

percentage change in aggregate production of both states relative to BAU levels become 

positive although the percentage rates associated with New South Wales were of a lower 

order of magnitude than those relating to South Australia. In the case of Queensland, the 

percentage change in aggregate production relative to BAU is positive for all carbon price 

levels and is of a slightly higher order of magnitude than the results associated with New 

South Wales. 

 

Victoria experienced the greatest rates of percentage reduction in production from coal-fired 

generation relative to BAU levels, followed closely by South Australia. The rates of change 

in production from coal generation in both Queensland and New South Wales are more 

variable in scope especially for carbon prices in the range $10/tC02 to $40/tC02 and much 

less pronounced when definitive percentage reduction trends emerge for carbon price levels 

higher than $40/tC02 when compared to Victoria and South Australia.  

A marked expansion arose in production from gas generation in particularly Tasmania, 

Queensland and Victoria associated with increased carbon price levels. In the case of 

Tasmania, the expansion occurred particular for carbon prices in the band $50/tC02 to 

$100t/C02. It should be recognised that this significant expansion in production from 

Tasmanian gas generation is coming from a very low BAU production base. 

 

A noticeable expansion also emerged in production from hydro generation in especially 

Victoria, New South Wales and Tasmania associated with increased carbon price levels. The 

significant expansion in production from hydro generation in Victoria and New South Wales 

became very apparent for carbon prices in the band $50/tC02 to $100/tC02. In contrast, the 

growth in production from hydro generation in Tasmania mainly occurred over carbon price 

band $10/tC02 to $60/tC02 with little further growth in percentage terms occurring at higher 

carbon price levels. The expansion in production from hydro generation in Queensland is 

much more moderate in both scope and only begins to emerge for carbon prices in the range 

$60/tC02 to $70/tC02 and with little further expansion occurring at higher carbon price 

levels.  

Annual Capacity Factors 
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The annual capacity factor results, averaged over the three year period 2007-2009, provide an 

indication of how frequently different types of plant are dispatched during a year. The annual 

capacity factor of gas generation was relatively flat for carbon prices in the range $10/tC02 to 

$50/tC02, principally representing the dispatch of NGCC, gas thermal or intermediate OCGT 

plant in the case of Queensland, New South Wales, South Australia, and Victoria. The very 

small values obtained for Tasmania at this carbon price range pointed to the dispatch of 

OCGT plant to meet peak load conditions in Tasmania. At higher carbon price levels, there 

tended to be a smooth increase in the annual capacity factor particularly for Victoria, South 

Australia and Tasmania, signifying dispatch of gas plant over periods of time in which no 

dispatch had occurred previously at lower carbon price levels. This could relate to the 

additional dispatch of intermediate OCGT units or to the new dispatch of peak gas plant.  

A significant portion of the existing OCGT gas-fired generation fleet located particularly in 

Victoria and South Australia is designed for peak load production duties.  In practice, 

engineering features, pipeline capacity and gas storage capacity of much of the existing 

OCGT peak load gas fleet will prevent this plant from being able to switch from peak to 

baseload or intermediate production duties for any extended period of time without 

significant additional pipeline infrastructure construction. An attempt was made to gauge the 

extent of this possibility. For carbon prices up to and including $50/tC02, the only potential 

problems seemed to relate to Bairnsdale, Somerton and Ladbroke Grove Power Stations, with 

the first two being dispatched as intermediate plant and the last being dispatched as a 

baseload plant. For a carbon price of $60/tC02, Quarantine power station also entered this 

list, being dispatched at an annual capacity factor rate associated with intermediate plant.  For 

carbon prices greater than $60/tC02, things become more complicated with additional plant 

being driven away from their ‘normal’ annual capacity factor rates. Depending upon the 

actual carbon price level, this additional plant included Barcaldine, Braemar 1 and 2, 

Newport, Jeeralang A and B, Laverton North and Hallett Power Stations. It should be noted 

that these carbon price levels remain well above current perceptions as to future carbon price 

trends. 

The growth in the annual capacity factor of hydro generation is quite moderate for 

Queensland, New South Wales and Victoria. The annual capacity factor for Victoria was very 

small for carbon prices in the range $10/tC02 to $50/tC02 but then climbed steadily to around 

7.9 per cent for a carbon price of $100/tC02.  Queensland and New South Wales also 

experience a similar trend with very little if any growth in the annual capacity factor for 

carbon prices in the range $10/tC02 to $50/tC02, followed by slowly increasing trend. 

Tasmania is the noticeable exception. Given the predominance of hydro generation in this 

state, the annual capacity factor associated with BAU was 32.1 percent but increased 

significantly over the carbon price range of $10/tC02 to $40/tC02 to around 58.9 percent. It 

remained close to this level for carbon prices higher than $40/tC02.  

 

Production Intensity Rates 

 

Annual capacity factor results do not necessarily provide an indication of how the intensity of 

dispatch might change with carbon price levels. Intensity of dispatch will give a clear 

indication how fuel substitution in response to changes in carbon price levels evolves 

between different types of generation technologies. We investigated this issue across a 

number separate categories including vintage (age) of coal-fired plant, different types of gas-

fired plant (e.g. NGCC, OCGT, gas thermal and peak OCGT plant) and across regions for 

hydro generation.  The intensity of dispatch is calculated by dividing the average level of 
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dispatch for each plant during each year by the maximum MW rating of each plant in order to 

express the intensity level as a proportion of installed capacity.   

 

Coal Plant 

 

Victoria experienced the greatest decline in the intensity of coal-fired production, from 99.7 

percent of installed capacity under BAU to 62.0 percent for a carbon price of $100/tC02. 

South Australia also experienced a noticeable decline in the intensity of coal-fired generation 

with the intensity factor falling from 65.8 percent of installed capacity under BAU to 45.1 

percent for a carbon price of $100/tC02. The intensity factors for coal-fired generation in 

Queensland and New South Wales appear to be relatively constant with values of 62.2 and 

69.9 percent of installed capacity under BAU and 61.9 and 64.7 percent for a carbon price of 

$100/tC02.  

Old vintage black coal plant was defined to include Collinsville, Gladstone and Swanbank B 

Power Stations in Queensland; Liddell, Munmorah and Wallerawang C Power Stations in 

New South Wales; and Playford B Power Station in South Australia. The intensity factor of 

old vintage Queensland plant remained fairly constant as a function of the carbon price level, 

with an intensity factor of 35.2 percent of installed capacity under BAU and a value of 32.9 

percent for a carbon price of $100/tC02.  For New South Wales and South Australia, each 

state experienced a decline in dispatch intensity for carbon prices in the range of $10/tC02 to 

$40/tC02, after which, further rates of decline emerge much more slowly. For a carbon price 

of $100/tC02, the intensity rates for New South Wales and South Australia were 42.9 and 

40.0 percent of installed capacity, respectively. Old vintage black coal-fired plant in 

Queensland and South Australia, in particular, appears not viable at carbon prices of 

$40/tC02 or higher – at these carbon prices, their dispatch levels are driven to minimum 

stable operating levels.    

Medium vintage black coal plant was defined to include Stanwell, Callide B, and Tarong 

Power Stations in Queensland, Bayswater, Eraring, and Vales Point Power Stations in New 

South Wales and Northern Power Station in South Australia. A significant decline in the 

production intensity rate of Northern Power Station (e.g. South Australia) arose. For a carbon 

price of $80/tC02 or greater, the production intensity rate is close to the equivalent minimum 

stable operating capacity rate of 55 percent of installed capacity. In the case of Queensland, 

an overall decline in production intensity also emerged, principally over the carbon price 

band  $60/tC02 to $80/tC02. This decline encompassed an intensity rate of 79.2 percent of 

installed capacity under BAU, falling to 69.5 percent for a carbon price of $80/tC02 and to 

67.9 percent for a carbon price of $100/tC02. For New South Wales, the intensity rate 

actually increased over a wide range of the carbon price levels considered relative to BAU 

encompassing an increase from 77.0 percent of installed capacity under BAU to 83.2 percent 

for a carbon price of $40/tC02, followed then by a decline to 76.0 percent for a carbon price 

of $100/tC02. It should be noted that, for all carbon price levels considered, the production 

intensity rates achieved in Queensland and New South Wales, in particular, are well above 

the rate associated with the minimum stable operating capacity. 

New vintage black coal plant is defined to include Callide C, Tarong North, Kogan Creek and 

Millmerran Power Stations in Queensland and Redbank and Mt Piper Power Stations in New 

South Wales. The production intensity rates for Queensland new vintage black coal plant 

remained at very high levels, increasing from a BAU rate of 97.7 percent of installed capacity 
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increasing to 99.1 percent for a carbon price of $100/tC02. There was a sizeable reduction in 

the production intensity rate for New South Wales for a carbon price of $10/tC02, amounting 

to a fall from BAU of 82.8 percent of installed capacity to 57.6 percent for a carbon price of 

$10/tC02. This drop reflected a sharp decline in production from Redbank Power Station 

which is particularly susceptible to variable carbon costs imposts. The production intensity 

rate then increased steadily over carbon prices in the range $20/tC02 to $100/tC02, reflecting 

an increase in the production intensity of Mt Piper Power Station relative to its production 

levels arising under BAU and $10/tC02 carbon price level. It should also be noted that the 

production intensity rates achieved for Queensland and New South Wales are well above the 

rate associated with the minimum stable operating capacities for all carbon price levels. 

Furthermore, the production intensity rate in Queensland is significantly higher than the 

corresponding rate in New South Wales. 

We also investigated the intensity of dispatch of Victorian brown coal generation plant. Our 

principal finding was that all power stations except Loy Yang A operate at or very close to 

their minimum stable operating capacity for at least some carbon price levels in the carbon 

price range being considered. Specifically, the critical carbon price levels for Energy Brix, 

Hazelwood and Yallourn appear to be $50/tC02, $60/tC02 and $80/tC02 – at these carbon 

price levels competitive average dispatch levels were driven to minimum stable operating 

capacity levels. Carbon prices in the range $80/tC02 to $100/tC02 seem consistent with 

driving the competitive dispatch of all remaining power stations except for Loy Yang A to 

levels at or very close to their minimum stable operating levels. It was also evident that 

carbon prices in the range $10/tC02 to $30/tC02 would cause severe damage to the viability 

of Energy Brix and Hazelwood Power Stations while also beginning to damage the viability 

of Yallourn, Loy Yang B and Anglesea Power Stations. Carbon prices in the range of 

$30/tC02 to $60/tC02 would severely damage the competitive positions of Yallourn, Loy 

Yang B and Anglesea Power Stations while beginning to damage the viability of Loy Yang A 

Power Station. 

 

Gas Plant 

All states experienced an increase in the production intensity of gas-fired generation as a 

function of carbon price. Queensland experienced the greatest rate of increase. In this case, 

two key step changes emerged.  The first step change arose for carbon prices in the range of 

$30/tC02 to $50/tC02 and involved an increase in the production intensity rate from 29.2 

percent of installed capacity to 54.3 percent involvings the dispatch of NGCC plant at 

production levels close to or at their maximum MW thermal capacity levels. The second 

noticeable step change occurred for carbon prices in the range of $60/tC02 to $80/tC02 

relating to an increase in the production intensity rate from 55.2 to 86.8 percent and involved 

the increased dispatch of Braemar and Barcaldine Power Stations at production levels close 

to or at their maximum thermal capacity levels.  

In the case of New South Wales, the production intensity rate increased significantly over the 

carbon price range of $30/tC02 to $60/tC02 encompassing an increase from 54.6 percent of 

installed capacity to 76.0 percent and primarily reflected the dispatch of NGCC plant at 

production levels close to their maximum thermal MW capacities. For carbon prices greater 

than $60/tC02, the production intensity rate remains fairly constant.  
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South Australia’s production intensity rate increased slowly over the carbon price range of 

BAU to $70/tC02, going from a rate of 17.2 percent of installed capacity to 27.0 percent 

before increasing more steeply to a rate of 42.2 percent for a carbon price of $100/tC02. The 

production intensity rates associated with Victoria and Tasmania are relatively constant for 

carbon prices in the range of BAU to $40/tC02 before beginning to increase more steeply. At 

a carbon price of $100/tC02, the production intensity rates for Victoria and Tasmania are 48.7 

and 15.3 percent of installed capacity, respectively. Both of these values are significantly less 

than the corresponding production intensity rates for Queensland and New South Wales 

although the Victorian result is higher than the corresponding South Australian production 

intensity rate. 

NGCC plant is defined to include Townsville, Condamine, and Swanbank E Power Stations 

in Queensland; Smithfield and Tallawara Power Stations in New South Wales; and Pelican 

Point and New Osbourne Power Stations in South Australia.  The production intensity rates 

for NGCC plant increases dramatically for carbon price in the range of $30/tC02 to $50/tC02 

for both Queensland and New South Wales and for carbon prices in the range of $20/tC02 to 

$40/tC02 in the case of South Australia.    

OCGT/Gas Thermal plant is defined to include Barcaldine, Roma, Oakey and Braemar Power 

Stations in Queensland; Uranquinity Power Station in New South Wales; Valley Power, 

Jeeralang A and B, Bairnsdale, Somerton, Laverton North and Newport Power Stations in 

Victoria; Ladbroke Grove, Quarantine, Torrens Island A and B, Dry Creek, Mintaro and 

Hallett Power Stations in South Australia; and Bell Bay and Bell Bay Three Power Stations 

in Tasmania.  

There is a significant increase in the production intensity rate for OCGT plant in Queensland 

for carbon prices in the range $60/tC02 to $80/tC02, with the intensity rate increasing from 

8.0 percent of installed capacity to 72.2 percent, reflecting the more intensive dispatch of 

Barcaldine and Braemar Power Stations. In contrast, the production intensity rate for New 

South Wales (Uranquinity Power Station) displays little variation over the range of carbon 

prices being considered.  

The production intensity rate of Victoria OCGT plant begins to increase for carbon prices 

greater than $40/tC02, rising from 8.3 percent of installed capacity to 48.7 percent for a 

carbon price of $100/tC02. The main OCGT plant driving this growth are Bairnsdale and 

Somerton Power Stations, and, to a less extent, Jeeralang A and B and Newport Power 

Stations. The production intensity rate for OCGT plant in South Australia has similar 

qualitative properties to that of Victoria, although lying above the equivalent Victorian path 

for all carbon prices considered.  For South Australia, the production intensity rate is constant 

over carbon price in the band BAU to $30/tC02 and then begins to increase over the 

remaining carbon price range, encompassing a rise from 21.2 percent of installed capacity to 

57.1 percent for a carbon price of $100/tC02. This increase is produced principally by the 

more intensive dispatch of Ladbroke Grove, Quarantine, and Torrens Island B Power 

Stations.   

The results for Tasmania also mirror qualitatively the results documented above in relation to 

Victoria and South Australia, and begins to increase over the carbon price band $50/tC02 to 

$100/tC02, increasing from 1.2 percent of installed capacity to 15.3 percent. The increased 

production intensity is mainly produced by the more intensive dispatch of Bell Bay Power 

Station. 
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Hydro Plant 

The production intensity rates of hydro generation increased as a function of carbon price 

with very modest increases occurring in Queensland, New South Wales and Victoria 

predominately in the carbon price ranges of $50/tC02 to $70/tC02 for Queensland and New 

South Wales and $50/tC02 to $100/tC02 for Victoria. The increase in production intensity 

rates for these particular carbon price bands encompassed increases from 8.9 to 12.8 per cent 

of installed capacity for Queensland, 7.9 to 10.5 percent for New South Wales and 1.3 to 7.8 

percent for Victoria.  

There was a significant increase in production intensity rate of hydro generation plant in 

Tasmania over the carbon price range of BAU to $40/tC02 with this expansion involving an 

increase from 29.8 percent to 56.2 percent of installed capacity followed by a very marginally 

increase to 57.3 percent for a carbon price of $100/tC02. Examination of regional breakdown 

of intensity rate of Tasmanian hydro production indicates that the key increases in production 

intensity occurs over the carbon price bands: BAU to $20/tC02 for hydro plant located at the 

Gordon node, growing from 81.0 percent of installed capacity to 100.0 percent; BAU to 

$30/tC02 for plant located at the Tarraleah and Liapootah nodes, increasing from 25.9 

percent of installed capacity to 42.9 percent; BAU to $30/tC02 for hydro plant located at the 

Hadspen and Palmerston nodes, encompassing growth from  53.6 to 70.0 percent; and BAU 

to $50/tC02 for hydro plant located in the Sheffield and Farrell nodes, reflecting growth from 

6.9 to 66.0 percent. Note that the nodal location of this hydro plant is listed in Figure 5. 

 

Carbon Emissions 

The introduction of the carbon prices produced overall reductions in emissions from BAU 

with this reduction in emissions being closely linked to changes in production trends by state 

and generation fuel type.  The steepest rates of decline in aggregate carbon emission occurred 

for carbon prices in the range of $30/tC02 to $60/tC02.  

 

The percentage reduction in carbon emissions from BAU for coal generation qualitatively 

matched those results obtained more generally for aggregate carbon emission.  The main 

difference was that the percentage carbon emission reductions for coal fired generation was 

slightly larger in magnitude – e.g. for the three year period under investigation and for a 

carbon price of $100/tC02, the reduction was in the range  -18.8 to -20.5 percent for coal 

generation produced carbon emissions compared with -13.7 to -14.5 for aggregate carbon 

emissions (e.g. from all sources of generation).   

 

The percentage change in carbon emissions from BAU for gas generation increased 

significantly from BAU levels as increases in the carbon price promoted fuel substitution 

from coal to less carbon emission intensive gas-fired. The rate of increase is steepest for 

carbon prices in the range $30/tC02 to $80/tC02 – carbon price levels associated with 

increased dispatch of NGCC and intermediate OCGT plant from minimum stable operating 

levels to levels close to or at maximum thermal MW rating of such plant.  For a carbon price 

of $100/tC02, the percentage increase in carbon emissions from BAU levels for gas 

generation is in the range 83.2 to 88.6 percent for the three years under investigation. 
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Victoria experienced the largest percentage decline in aggregate carbon emissions from BAU, 

amounting, for a carbon price of $100/tC02, to a percentage decline in the range of -34.2 to -

35.2 percent for the three year period being investigated.  New South Wales experienced a 

much smaller rate of decline which only became entrenched for carbon prices greater than 

$50/tC02.  South Australia experienced a more mixed pattern with largest percent declines 

being experienced for carbon prices in the range $10/tC02 to $40/tC02, before tailoring off, 

and even becoming positive for a carbon price of $100/tC02. Queensland experienced 

relatively small rates of positive growth in carbon emissions from BAU. The results for 

Tasmania are very striking indicating very substantial increases in carbon emissions relative 

to BAU. However, caution needs to be exercised in interpreting this result because the 

emissions growth is coming off of a very small BAU carbon emissions base. 

 

Victoria also experienced the greatest rates of percentage reduction in emission from coal 

generation relative to BAU, followed by South Australia. The rate of decline in carbon 

emissions for coal generation is much less pronounced in New South Wales and Queensland 

with New South Wales experiencing a slightly larger decline in overall terms in carbon 

emissions relative to Queensland over the three year period being considered.  

 

There was a marked expansion in carbon emissions from gas generation in particularly 

Tasmania, Queensland and Victoria associated with increased carbon price levels. The 

expansion in carbon emissions for gas plant in Queensland, New South Wales and South 

Australia reflects, principally, the more intensive dispatch of NGCC plant at ratings close to 

or at their maximum MW thermal limits for carbon prices in the range of $40/tC02 to 

$60/tC02 and of intermediate and (to a less extent) peak OCGT plant for carbon prices in 

excess of $60/tC02. Tasmania, in particular, experienced significant expansion in carbon 

emissions from gas generation especially for carbon prices in the range of $50/tC02 to 

$100t/C02.  This trend principally reflects the increased dispatch of Bell Bay Power Station 

located at the George Town.  Recall also that this significant expansion in percentage terms 

from BAU in carbon emission from Tasmanian gas plant is coming from a very low BAU 

carbon emissions baseline. 

 

Power Flows 

Intra-state Transmission Branches 

 

In relation to the size of power flows on intra-state branches, in the case of Queensland, the 

average power flows did not appear to be influenced by carbon price levels. In relation to 

New South Wales and Victoria, average power flows increased over the carbon price range of 

$10/tC02 to $70/tC02, before beginning to decline at higher carbon price levels. For South 

Australia, there was a reduction in average power flows for carbon prices in the range 

$10/tC02 to $30/tC02, followed by an increase in average power flows for carbon price range 

of $40/tC02 to $100/tC02, with particular acceleration occurring over the carbon price range 

of $80/tC02 to $100/tC02. In the case of Tasmania, there was a very noticeable increase in 

the average power flow for carbon prices in the range of $10/tC02 to $50/tC02 with average 

power flows remaining at this level for carbon prices greater than $50/tC02. 

 

Recall that branch congestion is defined to arise when the MW power transfer on the 

transmission branch (in either a positive or negative direction) is equal to the transmission 

branches rated MW thermal limit.  
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For Queensland and Victoria, the overall incidence of aggregate branch congestion on intra-

state transmission branches was very small in magnitude and declined as the carbon price 

level increased. For both states, branch congestions was experienced only on one intra-state 

transmission branch – these being the transmission branches connecting Central West 

Queensland and Gladstone and Hazelwood and Greater Melbourne/Geelong, respectively. 

The incidence of aggregate congestion on intra-state transmission branches in South Australia 

was also very small in magnitude with reductions in branch congestion particularly arising 

over the $10/tC02 to $40/tC02 carbon price band. Moreover, this congestion was confined to 

only one branch - that connecting Riverlands and Mid North South Australia. 

 

The results associated with New South Wales are more mixed in character. The aggregate 

congestion results on intra-state transmission lines is of a higher order of magnitude when 

compared with comparable results associated with Queensland, Victoria and South Australia. 

While congestion results relative to BAU are variable for carbon prices in the band $10/tC02 

to $30/tC02, definite reductions in aggregate congestion relative to BAU emerged for carbon 

prices in the range $50/tC02 to $100/tC02. 

 

The results for New South Wales indicated significant congestion on branches connecting 

Lismore to Armidale, Armidale to Tamworth and Bayswater to Sydney.  The qualitative 

patterns, however, varied with congestion diminishing on the Lismore to Armidale branch, 

increasing on the Armidale to Tamworth branch and initially increasing and then declining on 

the Bayswater to Sydney branch, as the carbon price level increased. Other intra-state 

transmission branches experiencing congestion in New South Wales included branches 

connecting Liddell and Newcastle, Sydney and Mt Piper and Wollongong and Canberra.  

Congestion on the latter two branches was very small in magnitude and did not vary with 

carbon price while congestion on the first branch was of a higher order of magnitude and 

initially increased for carbon prices in the band $10/tC02 to $50/tC02 before beginning to 

decline for higher carbon price levels. It should also be recognised that the Bayswater to 

Sydney transmission branch was the most congested intra-state branch in New South Wales 

by a considerable margin. 

 

In the case of Tasmania, there is a very noticeable increase in average power flows for carbon 

prices in the range of $10/tC02 to $50/tC02 with average power flows then remaining at 

levels close to the $50/tC02 results for  carbon prices greater than $50/tC02. It was the case 

that four intra-state transmission branches experienced congestion in Tasmania. These were 

the branches connecting George Town and Sheffield, Sheffield and Burnie, Hadspen and 

Palmerston, and Waddamana and Tarraleah. For these four transmission branches, the level 

of congestions increased with the carbon price level before beginning to tailor off at carbon 

price levels greater than and equal to $60/tC02 for the first two and last branch mentioned 

above, and $80/tC02 for the third branch. It should also be noted that the Hadspen and 

Palmerston transmission branch was the most congested intra-state branch in Tasmania.   

 

Interconnector Flows 

Queensland was a net exporter of power to New South Wales. The average amount of power 

exported to New South Wales increased as a function of carbon price over the carbon price 

range $10/tC02 to $80/tC02 before tailoring off slightly at higher carbon price levels. 
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New South Wales was also a net exporter of power to Victoria, with average power levels 

exported to Victoria broadly increasing with carbon price level for carbon prices in the range 

$10/tC02 to $70/tC02 before tailoring off slightly at higher carbon price levels.  

In the case of Victoria, for carbon prices in the range $10/tC02 to $30/tC02, Victoria was a 

net exporter of power to Tasmania on the Basslink Interconnector, with the average amount 

of power being exported declining unambiguously as the carbon price level increased in this 

particular band. At higher carbon price levels, this turned around with Victoria becoming a 

net importer of power from Tasmania with the magnitude of average imported power 

increasing unambiguously with the carbon price level. 

In relation to power transfers between Victoria and South Australia, a similar situation to that 

of Basslink emerged for the Heywood Interconnector with Victoria being a net power 

exporter to South Australia for carbon prices in the band $10/tC02 to $30/tC02, before 

becoming a net importer of power from South Australia for higher carbon price levels. 

Moreover, the average amount of power imported into Victoria from South Australia on the 

Heywood Interconnector increased as a function of carbon price for carbon prices in the band 

$40/tC02 to $100/tC02. Victoria was also a net importer of power from South Australia on 

the Murraylink Interconnector with the average level of power transfers from South Australia 

to Victoria on Murraylink increasing unambiguously with carbon price for carbon prices in 

the band $40/tC02 to $100/tC02. 

No branch congestion was recorded for the QNI and Heywood Interconnectors. A possible 

reason for this outcome is that we employed thermal MW limits in assessing branch 

congestion which often exceeds the MW limits associated with other potential limits relating 

to voltage stability or Surge Impedance considerations, for example.  

There was evidence of slight congestion on the Directlink Interconnector especially for 

carbon prices in the range $40/tC02 to $60/tC02 and with congestion being more pronounced 

in relative terms in 2007 and 2008 when compared with 2009. There was also evidence of 

slight congestion on the NSW-VIC Interconnector.  Specifically, some congestion arose for 

all carbon prices considered (including BAU) but became most prominent in relative terms 

for carbon prices in the band $70/tC02 to $90/tC02. 

The Basslink Interconnector experienced no congestion for carbon prices in the band $0/tC02 

to $50/tC02, followed by the onset of some congestion which increased in extent with the 

carbon price level for carbon prices greater than $50/tC02. Furthermore, the level of 

congestion on Basslink appeared to be more prominent in 2009 relative to comparable results 

associated with 2007 and 2008. There was also evidence of some congestion on the 

Murraylink Interconnector with the extent of congestion increasing with the carbon price 

level and appeared to be more prominent in 2007 and 2008 when compared with comparable 

results associated with 2009.  
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Appendix A. Derivation of Variable Cost Components
16

 

 

Recall from the discussion in Section 2(c) that the variable cost concept underpinning each 

generator’s variable cost as well as the system-wide variable cost incorporates fuel, variable 

operation and maintenance (VO&M) costs and carbon cost components. This Appendix 

derives the total variable cost in section D whose three component parts  (1) fuel cost, (2) 

variable operational and material costs, and (3) carbon Emissions and Costs, are discussed in 

sections A to C respectively.   

(A)  Fuel Cost  FUELCOST  = fuel price*heat input function 

The heat input function (for generator i ) is defined to be a second order polynomial 

function that models the thermal properties of generator i  and is represented by 

(A.1)   
2**

ii GiGiii ppY   , 

where: 

 iY heat input (i.e. the amount of fuel consumed) by generator i  measured in terms 

of  hGJ / ; 

 
iGp  energy generated (i.e. generation output produced in sMW ' ) by generator i ; 

 i  intercept term of heat input function – heat rate base associated with minimum 

stable capacity level of generator i  and measured in terms of  hGJ / ; 

 i  linear term – heat rate increment of generator i  measured in terms of 

 MWhGJ / ; and 

 i quadratic term – squared heat rate increment of generator i  measured in terms of 

 hMWGJ 2/ .    

The total fuel cost (for generator i ), measured in terms of  h/$ , is given by 

(A.2)     2***)*(
ii GiGiiiiii ppfuelpriceYfuelpriceFUELCOST    

                                 .***** 2

ii GiiGiiii pfuelpricepfuelpricefuelprice    

The price of fuel variable  ifuelprice  is measured in terms of  GJ/$  and can be 

represented as 

(A.3) iii ehTransportCiceTotalFuelfuelprice argPr   

where: 

 iiceTotalFuel Pr  is the sum of the source (basic) fuel price and all relevant taxes 

levied on the fuel source, measured in terms of  GJ/$ ; and 

                                                 
16

 We assume that all units are defined in terms of the ‘Metric Unit System’ where ‘GJ’ refers to ‘giga-joules’, 

‘MW’ is a standard unit of electrical power equal to 1000 kilowatts or one million watts and ‘MWh’ refers to 

‘megawatt-hour’ , that is 1 megawatt acting over a period of an hour. 
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 iehTransportC arg  is any additional costs incurred in transporting the fuel to 

generator i , also measured in terms of  GJ/$ . 

 

(B) Variable Operational and Material (O&M) Costs  VOMC  

Variable operational and material expenses for generator i  are a component of total variable 

costs and can be represented as 

(B.1)  
ii Gvi pomVOMC * , 

where iVOMC  is measured in terms of  h/$ . Coefficient 
ivom is a constant parameter 

measured in terms of  MWh/$  that captures the incremental cost of generation and is used 

to recover maintenance costs that are a direct function of generation.  Thus, as represented in 

(B.1), variable (O&M) costs are assumed to be a constant proportion of the output (power 

generated) of generator i , namely 
iGp . 

(C) Carbon Emissions and Costs  CARBC  

Carbon emissions are modeled as a quadratic function of generation output produced 

(defined in sMW ' ) by each generator i and can be represented as 

(C.1)   
2**

ii GiGiii ppCE   , 

where: 

 iCE the carbon emissions produced by generator i  measured in terms of  htC /02  

where '02'tC  denotes the ‘tonnes of C02’ measurement unit; 

 
iGp  generation output produced (in sMW ' ) by generator i ; 

 i  intercept term of carbon emissions function – the amount of carbon emissions 

associated with start-up and minimum stable capacity level running of generator i  and 

measured in terms of  htC /02 ; 

 i  linear term – carbon emissions increment of generator i  measured in terms of 

 MWhtC /02 ; and 

 i quadratic term – squared carbon emission increment of generator i  measured in 

terms of  hMWtC 2/02 . 
17

   

The total carbon cost (for generator i ), measured in terms of  h/$ , is given by multiplying 

a carbon price by the amount of carbon emissions generated by each generator i  as 

determined by equation (C.1).  This can be represented as 

(C.2)  2***)*(
ii GiGiiiiii ppecarbonpricCEecarbonpricCARBC    

                                 .***** 2

ii GiiGiiii pecarbonpricpecarbonpricecarbonpric    

                                                 
17

 It should be noted that in the current version of the model, we have assumed that coefficient ii  ,0

implying that the quadratic term disappears from (C.1) and is not used in emission calculations. 
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The ‘price of carbon’ variable  iecarbonpric  is the carbon price and is defined in terms of 

 02/$ tC .  This price might be an economy wide price signal from a ‘national Cap-&-Trade 

Carbon Trading Scheme’ or carbon tax which is assumed to be exogenous, that is 

iecarbonpricecarbonpric i  .  Therefore, 

(C.3)        .***** 2

ii GiGiii pecarbonpricpecarbonpricecarbonpricCARBC    

and is measured in terms of  h/$ . As such, the carbon cost has the same basic unit of 

denomination as both fuel and variable O&M costs. 

 

(D) Total Variable Costs  TVC  

Total variable costs [measured in terms of  h/$ ]  iTVC  for generator i  is defined as the 

sum of fuel costs, variable (O&M) expenses and carbon costs, that is, the cost components 

given (A.2), (B.1) and (C.3), giving 

(D.1)   iiii CARBCVOMCFUELCOSTTVC   

                   
iiii GvGiGiii pomppfuelprice **** 2  

                    .*** 2

ii GiGii ppecarbonpric    

                 

    
ii Giviiiii pecarbonpricomfuelpriceecarbonpricfuelprice *****    

  2***
iGiii pecarbonpricfuelprice         

             ,** 2

ii GiGii pp    

where 

 iiii tcarbonfuelprice  *cos*  , measured in 








h

$
; 

    iviii ecarbonpricomfuelprice
i

 **  , measured in 








MWh

$
; and 

 iiii ecarbonpricfuelprice  **  , measured in 








hMW 2

$
. 

Performing the multiplications outlined in (D.1), namely, 


















h
MW

MWh
p

iGi

$$
*  

and 


















h
MW

hMW
p

iGi

$$
* 2

2

2 , establishes that iFUELCOST ,  iVOMC , iCARBC  

and iTVC  given in (A.2), (B.1), (C.2) and (D.1) are all measured in terms of 








h

$
. 

The Short Run Marginal Cost  SRMC  function, measured in terms of  MWh/$ , is 

calculated from (D.1) by 
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(D.2)  
i

i

Gii

G

i

i p
p

TVC
SRMC **2  


















 .  

It is evident from inspection of (D.2) that the marginal cost function is linear in hourly real 

energy production of each generator. The intercept of the marginal cost function is the linear 

coefficient of the variable cost function  i  and its slope is given by the quadratic 

coefficient of the variable cost function  i , parameters that subsequently enter into the 

linear and quadratic parts of the objective function used in the DC OPF algorithm. 

 


