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Forecasting the impact of generation mix on 

wholesale electricity prices in Australia 

Andrew C. Worthington and Helen Higgs  

Abstract 

This paper examines the impact of the generation mix, encompassing both fossil fuels 

(black and brown coal and natural gas) and renewables (hydro and wind power) 

across a range of technologies on daily spot electricity prices across the five regional 

electricity markets in the Australian National Electricity Market from January 2006 to 

June 2012. The main objective is to gain insights into the emergent effect of current 

government policy and industry developments regarding the choice of generation on 

wholesale electricity prices. This is because different generation mixes imply different 

market properties regarding energy costs (including the costs of the initial investment, 

operations and maintenance, and the costs of fuel and capital). Using least squares and 

quantile regressions, we find that the changing generation mix used for producing 

electricity exerts a strong influence on wholesale prices, with prices expected to 

increase markedly with the increasing utilization of gas-fired generation used to 

support the intermittent and variable production from renewables and from the policy 

driven use of renewables wind power associated with the current renewable energy 

target and carbon taxation in Australia. 

Key words: wholesale spot electricity prices, generation mix, emission controls and 

taxation 
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1. INTRODUCTION 

In just over a decade, the electricity industry in Australia has experienced rapid and far 

reaching changes in market structure, operations, competitiveness, ownership and efficiency. 

Where the industry was once characterized by large vertically-integrated state government-

owned entities operating in distinct regional markets, it is now increasingly characterized by 

the separation of generation, transmission and distribution functions across a large number of 

competing commercialized and privatized companies. The ongoing process of restructuring 

and deregulation has already gone far in promoting a competitive and efficient national 

electricity market in Australia. And already a small but growing literature has examined price 

behavior in these markets, including Higgs and Worthington (2005), Worthington et al. 

(2005), Chan and Gray (2006), Becker at al. (2007) and Higgs (2009).   

Alongside these policy-driven developments have been rather more subtle changes in the 

technology used to produce electricity in Australia. Endowed with substantial reserves of 

black and brown coal, for much of its history and today, the Australian electricity industry 

has drawn on solid fossil fuels to provide most of its capacity and generated electricity, 

especially base load production, with renewables largely restricted to hydropower from the 

Snowy Mountains Hydroelectric Scheme (about 55 percent of capacity) and Tasmania (29 

percent) with smaller-scale operations in some of the other states. However, as no new large 

hydroelectric projects are planned in Australia and their potential is regardless very limited, 

other renewable electricity generation technologies are projected to overtake hydroelectricity 

as the largest source of electricity generated from renewable energy. 

More recently, the development of gas reserves in South Australia, Queensland and 

elsewhere has widened the choice of fossil fuels in use, especially in peaking plants. With 

greenhouse gas emissions about 40 and 50 percent of those from brown and black thermal 

coal, respectively, gas has lower capital costs than coal-fired plants but higher fuel costs. 

Nonetheless, growth in gas-fired electricity generation has surged alongside the discovery of 

new and larger gas reserves, and is expected to continue for some time. Lastly, wind energy 

production has emerged as a primary and growing source of renewable energy in Australia, 

primarily in South Australia and Victoria. While relatively insignificant at the national level, 

South Australia now has a penetration of wind energy production comparable to Denmark 

and exceeding that of Spain and Germany. A number of renewable technologies also show 

future promise (though none are presently commercial viable) as potential wholesale 
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suppliers of electricity in Australia, including photovoltaic, tidal/wave, bio, and geothermal 

generation. There are currently no plans for nuclear generation. 

However, apart from the existing and newly-discovered natural resource endowments that 

have done much to foster the existing generation mix in the Australian electricity industry, 

the pattern of generation technologies is also evolving in response to climate change policy. 

Most notable is the Commonwealth government’s primary emissions reduction policy in the 

form of a national renewable energy target (RET) scheme intended to deliver a 20 percent 

share of renewable energy in Australia’s generation mix by 2020 through the requirement for 

electricity retailers to source a proportion of their electricity from renewable sources 

developed after 1997. This is complemented by the introduction on 1 July 2012 of a carbon 

tax of A$23 per tonne of emitted CO
2
 on selected fossil fuels consumed by major industrial 

emitters. This fixed price is scheduled to increase by 5 per year until transitioning to a 

flexible-price emissions-trading scheme (ETS) in 2015/16 when the permits available will be 

set in line with a pollution cap. 

While the exact effects of these changes remain economically and politically contentious, it is 

generally accepted that the RET and carbon tax together will drive the development of low-

emission generation capacity (currently hydro and wind, and perhaps in the future, solar, 

geothermal, bio and wave) and a movement away from high-emission generation (black and 

brown coal, and to a lesser extent, natural gas). However, there is substantial uncertainty over 

the timing and technical and economic feasibility of these changes with it being likely that 

coal will remain the most important base load fuel source for some time and gas called upon 

to complement the variable and intermittent output from wind (and indeed from most 

potential renewables). It is also clear that while wholesale electricity prices have remained 

relatively stable in Australia and not directly accountable for the substantial increases in retail 

prices experienced in recent years (purportedly from network costs associated with ageing 

distribution infrastructure), that wholesale prices will increasingly respond to the varying cost 

structures of the technologies and the fuels used in generating electricity.  

The purpose of this paper is to use existing data from the operation of the Australian National 

Electricity Market to gain insights into the effect of these very long-term changes in 

generation mix on wholesale electricity prices. Fortunately, the Australian market comprises 

distinct regional markets, each characterized by its own peculiar generation mix. Using panel 

data techniques and relatively high-frequency data, we can then provide meaningful estimates 
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of the effects of generation mix using both the substantial cross-sectional variation in these 

regional generation mixes and the time-series variation in their development.  

The structure of the remainder of the paper is as follows. Section II briefly discusses the 

Australian electricity market. Section III describes the data used and the variables specified, 

while Section IV details the empirical model specification. Section V contains the results and 

Section VI concludes.           

2. THE AUSTRALIAN NATIONAL ELECTRICITY MARKET   

Established in December 1998, the Australian National Electricity Market (NEM) 

encompasses the five state-based regional markets of New South Wales (NSW), Queensland 

(QLD), South Australia (SA), Tasmania (TAS) and Victoria (VIC) operating as an 

interconnected grid coordinated by the Australian Energy Market Operator (AEMO). At 

present, the NEM, with a registered capacity of about 50,000 MW, annually provides about 

200 TWh of electricity worth A$11 billion to almost eight million end-use business and 

household consumers representing nearly 19 million individuals. Key market participants 

other than the market operator are the nearly 200 large publicly and privately owned 

generators, the 5 state-based transmission networks (linked by cross-border interconnectors), 

13 major distribution networks, and some 30 electricity retailers depending on the region. 

A system of regional interconnectors (both regulated and unregulated) is used to import and 

export electricity into and from regions when demand in an adjoining region exceeds local 

supply or when the price of electricity in an adjoining region is so low as to displace local 

supply. The market determines a separate price for each region, with the regions typically 

operating as an ‘integrated’ market with price alignment about 60–80 percent of the time 

(ACCC 2011). For the remaining 20–40 percent of the time, the regional markets operate 

separately because interregional power transmission is very much constrained by the physical 

transfer capacity of the regional interconnectors and the physical losses experienced through 

transmission over the long distances between regions.  

In each regional market, generators are required to submit bidding schedules on a half-hourly 

day-before basis. Matching expected demand in the next five minutes against the bid stack 

for that half-hour period sets prices and the price offered by the last generator (plant are 

dispatched on a least-cost basis) to meet total demand sets the five-minute price. The pool 

price is the time-weighted average of the six five-minute periods comprising each half-hour 

trading period. This is the price generators receive for the electricity they dispatch into the 
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pool, and is the price customers pay to receive generation in that half hour period. Spot prices 

currently range between a floor price of –$1,000 per MWh and a cap of $12,500 per MWh. 

At present, wholesale electricity costs account for about 40 percent of retail electricity costs 

in Australia, network tariffs up to 50 percent, retail operating costs between 4 and 8 percent, 

and retail margins between about 3 and 5 percent (Garnaut 2011) 

A number of characteristics, including climate, geography, history, demography, and 

economics, have combined to create a system of electricity markets in the NEM with strong 

regional features. In terms of consumption, NSW accounts for about 37 percent of total NEM 

consumption, QLD and VIC each have about 25 percent, SA about 6 percent and TAS less 

than 5 percent. With generation, black and brown coal represent about 58 percent of technical 

capacity (but 80 percent of generation) across the NEM, but disproportionally  more in NSW, 

QLD, and VIC, while gas-fired production represents 10 percent of generation (about half 

that of the installed capacity), though this is concentrated in SA. Hydroelectric generation (in 

NSW, VIC and TAS) accounts for around 16 per cent of registered capacity, but less than 6 

per cent of output. Lastly, wind currently represents only about 3 per cent of capacity and 2 

per cent of output across the NEM. In terms of the import and export of electricity to and 

from other regions, in recent years NSW, SA and TAS have been mostly net importers 

whereas QLD and VIC are mostly net exporters. Combined together, prices vary significantly 

across the regions and time, with prices being generally higher in NSW, SA, and TAS and 

lower in QLD and VIC.  

3. DATA AND VARIABLE SPECIFICATION 

Two sets of data are used in this analysis. The first set of data consists of daily spot electricity 

prices (in $/MWh) and demand (in tens of thousands of MWh) from 1 January 2006 to 6 

September 2012 for each of the five regional markets in the NEM. These data are from the 

Australian Energy Market Operator (AEMO, 2012). All price data are originally on a half-

hourly basis representing 48 trading intervals in each 24-hour period and are averaged to 

obtain the daily average price. By way of comparison, De Vany and Walls (1999a; 1999b), 

Robinson (2000), Wolak (2000), Lucia and Schwartz (2002), Escribano et al. (2002), 

Solibakke (2002), Higgs and Worthington (2005), Worthington et al. (2005), Chan and Gray 

(2006), Koopman et al. (2007), Becker et al. (2007) and Higgs (2009) all employ daily spot 

prices in their respective analyses of the western United States, United Kingdom, 

Scandinavian and Australian electricity markets.  
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The second set of data is daily generation by generation type, the available capacity for each 

generator and the inter-regional flow, all obtained from Global Roam (2012). Daily 

generation for each regional electricity market comprises black and brown coal, gas, and 

hydro and wind generators (all in MWh). We stack the data for the five regional markets to 

form a balanced panel of data comprising a total of 12,205 daily observations. 

The dependent variable in our model is daily wholesale spot electricity prices (PCE) for each 

region. The first two independent variables specified are the lagged price and 

contemporaneous volume of demand (DMD). A positive sign is hypothesised when 

contemporaneous volume of demand is regressed against price; that is, price will increase 

with the level of demand. The next group of independent variables reflects the alternative 

technologies used for electricity generation and their impact on price. Daily generation for 

each generator in each region is aggregated into five generation types comprising black coal 

(BKCL), brown coal (BNCL), combined-cycle gas turbines (CCGT), open-cycle gas turbines 

(OCGT), hydro (HYDR) and wind (WIND) and expressed as a proportion of total regional 

generation
1
. Importantly, not all regions employ all technologies. For example, of the NEM 

generators, coal-fired generators in SA and VIC use only brown coal and NSW and QLD 

only black coal, SA does not have any hydro generation, and QLD has no wind capacity. All 

five regions generate at least some electricity from renewables (HYDR and/or WIND).  

The impact of these various technologies on spot prices will vary according to their capital 

costs and the marginal costs of production. As a general rule, capital costs (including waste 

disposal) tend to be low for fossil fuels and high for wind and hydro, while fuel costs as the 

main component of marginal costs tend to be high for fossil fuels and near-zero for most 

renewables. For the presently viable technologies in this analysis, work by Graham (2006) on 

levelised energy costs (including  initial investment, operations and maintenance, the cost of 

fuel, and the cost of capital) (in A$/MWh) are $28–38 for brown and black coal, $37–54 for 

CCGT, $55 for hydro, $63 for wind and $101 for OCGT. Note that these do not include any 

costs for greenhouse gas emissions associated with the different technologies. On this basis, 

we expect that the increased use of coal will be associated on average with lower spot prices, 

                                                 

1
 An OCGT power plant consists only of a gas turbine engine to generate electricity. In a CCGT power plant, the gas turbine 

cycle is combined with a steam turbine cycle, allowing reuse of the hot exhaust gases from the gas turbine. For this reason, the 

more modern CCGT power plants are significantly more efficient in terms of fuel use, though more expensive in terms of 

investment cost. 
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moderate to high spot prices for CCGT, hydro and wind, and high to very high prices for 

OCGT.  

The next group of variables are included to proxy other demand and supply impacts on spot 

prices. The first is the daily interregional energy flow (FLOW) in 100 MW for each region, 

which is positive (negative) if the region is exporting (importing) energy. In general, regions 

will export electricity when regional demand is being met and the price of electricity in the 

exporting region is sufficiently low to displace production in the importing region. 

Correspondingly, they will import electricity when regional demand is not being met and the 

price is sufficiently high for exporting regions to displace production in the importing region.  

A negative coefficient is hypothesized when spot prices are regressed against FLOW, though 

this effect will vary by region as some have more and larger regional interconnectors than 

others.  

At present, there are four regional interconnectors in the NEM: NSW–QLD (QNI and 

Terranora), VIC–SA (Heywood and Murraylink), TAS–VIC (Basslink), and VIC–NSW. 

Accordingly, NSW and VIC have the most and largest interregional connections and should 

then have the lowest wholesale spot prices, while SA, TAS and QLD are each only connected 

with one other regional market, and should therefore have generally higher spot prices. An 

additional complication is that the transfer capacity limits on these interconnectors are not 

symmetric. For example, the Murraylink interconnector has a theoretical limit of 220 MW in 

both directions. However, thermal limits can significantly restrict flows from SA to VIC, 

particularly at times of high demand in summer.  Likewise, the basic design limit for transfers 

to VIC from TAS on the Basslink interconnector is approximately 600 MW whereas the limit 

for transfers to TAS from VIC on the same interconnector is only 480 MW. 

The second of these additional variables is the difference between the daily available 

generation capacity and actual generation. This produces the daily slack (SLK in 100 MW) 

available for generators. We expect that larger levels of slack are associated with lower prices 

given the willingness of generators to attempt to undercut other generators in order to include 

production in the dispatch schedule. The final group of explantory variables represents 

weekly demand and seasonal factors, comprising dummy variables indicating the day-of-the-

week and month-of-the-year. Solibakke (2002), for example, found that prices in the Nordic 

electricity market increased strongly on Mondays and Saturdays, especially so during May, 

June and July. Herbert (2002: 34) also presented evidence that “…there is seasonality in 

(electricity) price risk. Not surprisingly, price risk increases in the summer…power prices 
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also increase in the winter”. Hadsell et al. (2004) also found that prices differed by month 

across five US electricity markets. Given we are primarily concerned with the impact of 

generation mix on prices in this paper, notwithstanding the abundant evidence already of day-

of-the-week and month-of-the-year effects in Australian wholesale prices in Higgs and 

Worthington (2005), we provide no detailed discussion of the hypothesized signs for these 

many variables, which we mainly include as controls.     

Table 1 presents descriptive statistics for the daily spot electricity prices, generation, FLOW 

and SLK for the five Australian electricity markets. Sample means and standard deviations for 

each region over the period and the NEM as a whole are reported. As shown, the mean prices 

for the five markets range from $38.45/MWh (QLD) to $48.96/MWh (SA). The standard 

deviations of spot electricity prices range from $44.77 (TAS) to $132.24 (SA). The 

distributional properties of the five spot electricity price series appear non-normal. All of the 

markets are significantly positively skewed (not shown) ranging from 10.04 (TAS) to 19.88 

(VIC) indicating the greater likelihood of large price increases than price falls. The kurtosis, 

or degree of excess, is also large, ranging from 144.43 for TAS to 514.33 for VIC, and as 

these all exceed three, leptokurtic (fat-tailed) distributions are indicated with relatively many 

very high or very low prices. The calculated Jarque-Bera statistic and corresponding p-value 

in Table 1 is used to test the null hypotheses that the distribution of spot electricity prices is 

normally distributed. As all p-values are less than the 0.01 level of significance, the null 

hypotheses are rejected. These spot electricity prices are then not well approximated by the 

normal distribution.  

Table 1 

 

 

PCE % BKCL  % BNCL % CCGT % OCGT % HYDR % WIND FLOW SLK 

NSW  Mean $41.42 93.08% 0% 3.32% 0.28% 2.94% 0.38% -21272 99543 

  Std. Dev. $76.04 3.87% 
0% 

2.14% 0.59% 2.29% 0.61% 9717 21802 

QLD  Mean $38.45 85.47% 
0% 

8.92% 4.18% 1.43% 
0% 

15467 75764 

  Std. Dev. $67.52 5.30% 
0% 

4.09% 2.00% 0.62% 
0% 

6977 17074 

SA  Mean $48.96 
0% 

32.26% 49.53% 2.71% 
0% 

15.50% -2160 30102 

  Std. Dev. $132.24 
0% 

10.10% 10.12% 2.81% 
0% 

11.61% 4193 4125 

TAS  Mean $42.04 
0% 0% 

11.59% 0.55% 83.75% 4.10% -2853 29517 

  Std. Dev. $44.77 
0% 0% 

7.47% 1.58% 8.47% 3.52% 5675 6889 

VIC  Mean $39.48 
0% 

91.62% 1.53% 1.30% 4.29% 1.27% 8198 69641 

  Std. Dev. $74.48 
0% 

4.79% 2.10% 1.75% 3.13% 1.29% 10521 10997 

ALL  Mean $42.07 35.71% 24.78% 14.98% 1.80% 18.48% 4.25% -524 60914 

  Std. Dev. $84.19 43.90% 36.03% 18.67% 2.38% 32.93% 7.97% 14655 30582 
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We employ two panel unit root tests. Levin, Lin and Chu t-statistic and p-value are –39.2075 

and less than 0.01 and Im, Pesaran and Shin W-stat and p-value are –40.8734 and less than 

0.01. Both panel unit root tests thus reject the null hypothesis of non-stationarity or a unit root 

at the 0.01 level of significance. The panel of spot electricity price series is then stationary. 

Similar results (supplied upon request) are obtained for all quantitative explanatory variables. 

Contrary to previous empirical work by De Vany and Walls (1999a; 1999b), which found 

that spot electricity prices contained a unit root, this study concurs with Lucia and Schwartz 

(2001), Higgs and Worthington (2005), Worthington et al. (2005) and Higgs (2009) that 

electricity prices are stationary. 

In terms of generation, NSW and QLD have black coal base generators. Electricity 

generation in NSW consists of 93.08 percent BKCL, 3.32 percent CCGT, 2.94 percent HYDR, 

0.38 percent WIND and 0.28 percent OCGT. The percentages of electricity generation for 

QLD are 85.47 percent BKCL, 8.92 percent CCGT, 4.18 OCGT and 1.43 HYDR. SA 

predominately utilizes 49.53 percent of generation by CCGT, 32.26 percent BNCL, 15.50 

percent WIND and 2.71 percent OCGT. In VIC, 91.62 percent of electricity is generated by 

BNCL, 4.29 by HYDR, 1.53 by CCGT, 1.30 percent by OCGT and 1.27 by WIND. TAS has 

83.75 percent of its generation by HYDR, 11.59 percent by CCGT and 4.10 percent by WIND 

and 0.55 percent by OCGT. 

With interconnectivity across regional spot electricity markets in the NEM, Table 1 also 

presents the average daily inter-regional quantity flows. On average NSW, SA and TAS 

import respectively 21271.72 MW, 2160.00 MW and 2852.55 MW of power from 

interconnected regions on a daily basis, while QLD and VIC export respectively 15466.75 

MW and 8198.11 MW of power per day to the other regional markets. Over this sample 

period, NSW imports on average 21271.72 MW of electricity from QLD and VIC with the 

highest daily inter-regional import of 55252.00 MW and export of 6641.5 MW while QLD 

exports on average 15466.75 MW of electricity to NSW and with a maximum daily export of 

30281.50 MW. According to the slack, which is the difference between the daily available 

capacity and generation, NSW, QLD and VIC have the highest average slack of 99543.44 

MW, 75764.17 MW and 69641.48 MW, respectively, while SA and TAS, which depend on 

gas and renewable generation, have the lowest average slack of 30101.66 MW and 29516.96 

MW, respectively. 

  



 

10 

4. MODEL SPECIFICATION 

The time-series data supplied by each regional electricity market on electricity generation is 

combined to form a panel or pooled data set combining time-series and cross-sectional 

observations. A number of ways are possible to incorporate the structure of pooled data in 

estimating supply equations for the wholesale electricity markets. The estimated model may 

have a common, fixed, or random intercept term. In this study the fixed and random effects 

models are not appropriate. Instead, we incorporate the regional effects in a fixed effects 

model by incorporating regional interaction terms with all explanatory variables. As for the 

random effects model, the data do not meet the requirement that the number of panels has to 

exceed the number of explanatory variables. 

Pooled interaction regression model 

In the common or pooled effects regression model where we pool all the data for the five 

regional markets together, a simple assumption is that the parameters do not vary across 

sample observations. The basic motivation for pooling time-series and cross-sectional data is 

that if the model is properly specified, pooling produces more efficient estimates. One 

advantage of pooled time series models is that it “…allows parameters to vary in some 

systematic and/or random way across partitions of the sample data, or even from observation 

to observation” (Judge et al. 1988, p. 468). However, while used extensively in practice, we 

assume that the wholesale electricity price is homogeneous across regional markets.  

The pooled model with interaction terms for each region is written as: 
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 (1) 

where i refers to the ith cross-sectional regional market, Ri, i = 1, 2, …, N (N = 5) cross-

sectional regional markets, t = 1, 2, …, T time-series observations for each regional market, T 

refers to the time period (2,441 observations) for each regional market, Dj are six dummy 

variables for each day of the week with a value of one for D2 (Monday) and zero otherwise, 

having a value of one for D3 (Tuesday) and zero otherwise and so on (Sunday is the reference 

category), Mj are eleven dummy variables for each month with a value of one for M2 

(February) and zero otherwise, having a value of one for M3 (March) and zero otherwise, and 

so on (January is the reference category), the dependent and remaining explanatory variables 
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are previously defined, i, i, i, i, i, i and i are the slope coefficients to be estimated and 

the eit are independent and identically distributed random variables with E[eit] = 0 and E[eit
2
] 

= e
2
.  

Quantile pooled interaction regression model 

In addition to the pooled interaction model, we include quantile regression. Following 

seminal work by Koenker and Bassett (1978), quantile regression provides estimates of the 

linear relationship between a set of characteristics or explanatory variables and a specified 

quantile of the dependent variable (here spot prices). The quantile regression is associated 

with the ordering of the sample observations of the dependent variable. In contrast, standard 

ordinary least squares (OLS) regression analyses are concerned with the impact of the 

explanatory variables on the conditional mean of the dependent variable resulting from the 

solution of minimising the sum of squared residuals. Where the median replaces the 

conditional mean, we estimate the parameters by minimising the sum of the absolute 

residuals. This ensures that there is symmetry of positive and negative residuals producing 

the same number of observations above and below the median. Minimising asymmetric 

weights will then produce different weights to positive and negative residuals resulting in 

different quantile regressions. With quantile regression, we thus obtain a more 

comprehensive picture of the effect of the explanatory variables on various weights of the 

dependent variable.  

This is particularly apt given the (non-normal) distributional properties of our spot prices. For 

instance, there is the suggestion of different generation behaviour when prices are very high 

at times of peak demand and all available generation capacity (including interregional) is 

called upon, when prices are more moderate and peak load plants are being avoided, and 

when prices are low and base load is either being wound back or exported to other regions. 

To the extent that these characteristics are valued differently across a given distribution of 

spot electricity prices, the exogenous variables may influence the parameters of the 

conditional distribution of the dependent variable differently. Neglecting this possibility 

could undermine the reliability of the results (Koenker and Bassett, 1978; Zietz et al., 2007). 

In sum, the quantile regression procedure is less sensitive to outliers and provides a more 

robust estimator (Koenker and Hallock, 2001; Bassett et al. 2002). Quantile regression 

models may also have better properties than OLS models in the presence of 
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heteroscedasticity (Deaton, 1997). Finally, unlike OLS, quantile regression models allow for 

a full characterisation of the conditional distribution of the dependent variable. 

The OLS model minimises the sum of squared residuals: 
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where yi is the dependent variable at observation i, xji is the j explanatory variable at 

observation i. By contrast, quantile model involves instead the minimisation of a weighted 

sum of the absolute deviations in a median regression context: 
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where the weight hi is defined as hi = 2q if the residual for observation i is strictly positive or 

as hi = 2 – 2q if the residual for observation i is negative or zero. The variable q (0 < q < 1) is 

the quantile to be estimated. The  resulting minimization problem  is  formulated as  a  linear 

function of  parameters and can  be  solved  efficiently  by  linear  programming methods. In 

this study, the standard errors and covariance for the quantile regression coefficient estimates 

are obtained by the bootstrapping method which provides robust results (Koenecker and 

Hallock, 2001; Bassett et al. 2002; Hao and Naiman, 2007).  

5. EMPIRICAL RESULTS 

The results displayed in Table 2 provide the estimated coefficients, standard errors and p-

values of the null hypothesis that the parameters individually are equal to zero. Columns 3 to 

5 present the estimated results of the pooled interaction model while columns 6 to 8, 9 to 11, 

12 to 14, 15 to 17, and 18 to 20 present the results  for the quantile regression model for 

values of tau = 0.05, 0.25, 0.50 (median), 0.75 and 0.95. Also included in Table 2 are 

statistics for the R
2 

(OLS)
 
and pseudo R

2
 (quantile).  

It is inevitable that including regional interaction terms will lead to the problem of 

multicollinearity. The pooled interaction model is used to test for multicollinearity, with 

variance inflation factors (VIF) being calculated (not shown). As a rule of thumb, a VIF 

greater than ten indicates the presence of harmful collinearity. Among the explanatory 

variables, the VIFs for the percentage of black coal generation in NSW and QLD, brown coal 

in VIC and SA, hydro in TAS and all interaction terms for the slack variables range from 

12.27 to 68.11. Typical symptoms of multicollinearity are insignificant t-tests and high R
2
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and F-tests suggesting good explanatory power. However, the collinear variables are not 

omitted from the model as this could lead to model specification bias. The adjusted R
2
 of 

0.2387 suggests the pooled interaction regression model has relatively high explanatory 

power. Given the data are mainly time-series and limited cross-sectional in nature, the 

presence of heteroskedasticity of variances of the regression disturbances is likely and 

therefore the least squares estimates are inconsistent if heteroskedasticity is evident. 

Accordingly, the estimated heteroskedastic consistent covariance matrix is corrected for an 

unknown form of heteroskedasticity.  

The model first discussed is the pooled interaction regression. Sixty percent of the estimated 

coefficients are significant at least at the 10 percent level of significance. Using the F-statistic 

(31.1080) and p-value (<0.0010), the null hypothesis that all slope coefficients are jointly 

zero is rejected at the 1 percent level. The short-run price elasticities of supply/demand at the 

means for NSW, QLD, SA, TAS and VIC are respectively 0.195, 0.253, 0.120, 0.911 and 

0.153 (inelastic) indicating, for example, that in NSW a 10 percent increase in the wholesale 

spot price of electricity is associated with a 1.95 percent increase in the quantity of electricity 

supplied in the short-run. The long-run price elasticities at the means for NSW, QLD, SA, 

TAS and VIC are respectively 0.265, 0.409, 0.131, 1.595 and 0.166. The long-run price 

elasticity of 0.265 indicates a ten per cent increase in wholesale price is associated with a 

2.65 percent increase in quantity supplied in NSW suggesting that the supply elasticity is 

significantly more elastic in the long run. Similar elasticities are obtained for the other 

regional markets with the exception of TAS. In general, supply is usually more elastic in the 

long run than the short run as it is generally assumed that in the long-run more factors of 

production, such as additional/new plants, can be utilized to increase supply. In TAS, the 

short-run price elasticity of supply of 0.911 (inelastic) and the long-run price of 1.595 

(elastic) are more pronounced then in the other regional markets. This is because TAS has 

predominantly hydroelectricity generation where additional water can be released to easily 

increase supply.  
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Table 2 

 

Panel least squares 
  

Quantile regression 
(tau = 0.05) 

Quantile regression 
(tau = 0.25) 

Quantile regression 
(Median) 

Quantile regression 
(tau = 0.75) 

Quantile regression 
(tau = 0.95) 

Variable Region Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value 

PCE NSW 0.266 0.021 <0.001 0.007 0.008 0.345 0.168 0.073 0.021 0.514 0.072 <0.001 0.845 0.045 <0.001 0.742 0.177 <0.001 

  QLD 0.382 0.023 <0.001 0.004 0.011 0.739 0.112 0.059 0.058 0.552 0.110 <0.001 0.904 0.036 <0.001 0.887 0.329 0.007 

  SA 0.080 0.012 <0.001 0.002 0.004 0.559 0.021 0.019 0.263 0.231 0.091 0.011 0.618 0.081 <0.001 0.967 0.255 <0.001 

  TAS 0.429 0.036 <0.001 0.074 0.055 0.177 0.524 0.073 <0.001 0.773 0.012 <0.001 0.910 0.024 <0.001 0.918 0.111 <0.001 

  VIC 0.075 0.022 0.001 <0.001 0.011 0.986 0.028 0.035 0.422 0.259 0.032 <0.001 0.634 0.062 <0.001 -0.046 0.308 0.880 

DMD NSW 10.002 1.568 <0.001 2.114 0.170 <0.001 1.327 0.280 <0.001 0.572 0.414 0.167 1.040 0.190 <0.001 5.172 0.875 <0.001 

  QLD 10.734 2.896 <0.001 0.946 0.359 0.008 0.943 0.250 <0.001 0.828 0.165 <0.001 1.548 0.454 0.001 8.408 2.013 <0.001 

   SA 111.832 4.665 <0.001 7.307 0.725 <0.001 6.653 0.661 <0.001 6.962 1.265 <0.001 8.061 1.165 <0.001 49.239 10.222 <0.001 

  TAS 16.732 13.103 0.202 3.289 3.461 0.342 1.245 1.629 0.445 2.335 0.534 <0.001 6.455 1.310 <0.001 18.675 6.946 0.007 

  VIC 18.310 2.303 <0.001 1.323 0.381 0.001 0.640 0.224 0.004 0.767 0.215 <0.001 1.542 0.298 <0.001 2.382 1.592 0.135 

BNCOAL SA -263.796 20.555 <0.001 11.746 3.243 <0.001 6.416 1.737 <0.001 -3.912 4.525 0.387 -16.945 3.440 <0.001 -103.016 146.291 0.481 

  VIC -170.363 34.671 <0.001 3.571 4.659 0.443 16.682 2.997 <0.001 8.058 0.880 <0.001 -8.494 4.071 0.037 -0.127 37.256 0.997 

BKCOAL NSW -149.923 35.995 <0.001 -7.061 3.594 0.050 10.454 4.991 0.036 13.474 7.151 0.060 -7.101 5.063 0.161 -61.416 18.178 0.001 

 
QLD -114.902 45.390 0.011 8.640 5.199 0.097 9.425 2.606 <0.001 3.575 2.511 0.155 -8.479 6.334 0.181 -74.004 23.552 0.002 

OCGT NSW 2004.791 305.179 <0.001 48.537 26.839 0.071 55.516 28.631 0.053 89.546 28.664 0.002 174.085 76.358 0.023 3632.194 2034.887 0.074 

  QLD 341.697 122.134 0.005 96.567 11.167 <0.001 78.309 8.035 <0.001 57.461 9.003 <0.001 55.446 14.991 <0.001 215.021 74.880 0.004 

  SA 502.080 73.330 <0.001 -7.560 9.913 0.446 -2.616 7.243 0.718 37.084 2.514 <0.001 114.771 21.196 <0.001 829.838 493.966 0.093 

  TAS 566.057 118.589 <0.001 81.515 31.727 0.010 53.699 20.221 0.008 53.829 14.269 <0.001 167.987 40.180 <0.001 1894.381 1062.838 0.075 

  VIC 817.909 106.831 <0.001 250.464 26.042 <0.001 332.642 20.816 <0.001 344.572 11.499 <0.001 314.102 49.748 <0.001 2182.390 418.241 <0.001 

CCGT NSW -381.637 105.472 <0.001 35.363 9.694 <0.001 24.239 7.697 0.002 10.338 7.101 0.146 -25.230 9.160 0.006 -115.421 42.489 0.007 

  QLD -120.578 71.947 0.094 12.698 8.413 0.131 15.994 4.452 <0.001 9.815 4.517 0.030 -4.832 4.993 0.333 -96.159 43.885 0.029 

  SA -272.254 23.714 <0.001 44.793 5.634 <0.001 49.694 2.534 <0.001 39.030 8.904 <0.001 15.788 8.060 0.050 -116.975 151.216 0.439 

  TAS -1.979 56.558 0.972 38.436 13.805 0.005 26.866 9.246 0.004 14.907 1.920 <0.001 -7.346 5.736 0.200 -35.204 23.725 0.138 

  VIC -188.972 94.464 0.046 115.516 17.937 <0.001 165.722 9.662 <0.001 120.106 11.973 <0.001 52.324 11.405 <0.001 92.304 28.256 0.001 

HYDR NSW 382.931 90.512 <0.001 -5.069 7.145 0.478 40.400 12.449 0.001 94.896 17.857 <0.001 69.133 17.653 <0.001 417.704 110.889 <0.001 

  QLD 1234.665 261.022 <0.001 225.295 27.538 <0.001 281.566 29.474 <0.001 215.545 53.851 <0.001 199.034 29.828 <0.001 231.234 110.805 0.037 

  TAS -19.765 40.408 0.625 16.998 11.302 0.133 12.753 6.012 0.034 5.018 1.241 <0.001 -7.565 3.128 0.016 -18.280 19.035 0.337 

  VIC -17.464 72.073 0.809 20.869 10.814 0.054 34.687 5.397 <0.001 32.702 3.346 <0.001 20.016 4.667 <0.001 42.550 49.667 0.392 

WIND NSW 287.950 304.871 0.345 103.858 30.321 0.001 108.994 23.764 <0.001 89.089 6.152 <0.001 36.784 24.986 0.141 -111.444 88.851 0.210 

  SA -147.422 22.798 <0.001 -3.551 3.616 0.326 0.685 2.091 0.743 2.426 3.339 0.467 -4.586 3.191 0.151 -73.428 147.436 0.619 

  TAS -114.129 48.028 0.018 -26.961 14.061 0.055 -26.251 5.465 <0.001 -24.630 2.634 <0.001 -23.853 4.202 <0.001 -41.159 30.295 0.174 

  VIC 51.733 146.444 0.724 -81.502 20.891 <0.001 -44.016 12.600 0.001 -48.236 8.853 <0.001 -36.717 10.413 <0.001 -61.642 86.657 0.477 

FLOW NSW -0.074 0.017 <0.001 0.004 0.002 0.104 -0.001 0.002 0.512 -0.003 0.001 <0.001 -0.010 0.001 <0.001 -0.031 0.014 0.027 

  QLD -0.001 0.024 0.965 -0.013 0.004 0.001 -0.022 0.003 <0.001 -0.012 0.006 0.034 -0.002 0.002 0.315 -0.003 0.022 0.898 

  SA 0.111 0.041 0.007 0.014 0.008 0.071 0.034 0.005 <0.001 0.025 0.006 <0.001 0.002 0.006 0.715 0.033 0.022 0.143 

  TAS -0.075 0.047 0.107 -0.079 0.014 <0.001 -0.047 0.011 <0.001 -0.031 0.002 <0.001 -0.018 0.005 0.001 -0.038 0.020 0.059 
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Panel least squares 
  

Quantile regression 
(tau = 0.05) 

Quantile regression 
(tau = 0.25) 

Quantile regression 
(Median) 

Quantile regression 
(tau = 0.75) 

Quantile regression 
(tau = 0.95) 

Variable Region Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value 

  VIC -0.017 0.020 0.413 -0.022 0.003 <0.001 -0.022 0.002 <0.001 -0.020 0.002 <0.001 -0.014 0.002 <0.001 -0.015 0.011 0.200 

SLK NSW -0.040 0.010 <0.001 -0.013 0.001 <0.001 -0.015 0.002 <0.001 -0.012 <0.001 <0.001 -0.008 0.001 <0.001 -0.021 0.004 <0.001 

  QLD -0.055 0.014 <0.001 -0.011 0.002 <0.001 -0.009 0.001 <0.001 -0.009 0.002 <0.001 -0.013 0.001 <0.001 -0.030 0.007 <0.001 

  SA -0.244 0.045 <0.001 -0.083 0.010 <0.001 -0.070 0.005 <0.001 -0.061 0.005 <0.001 -0.048 0.005 <0.001 -0.054 0.026 0.038 

  TAS -0.015 0.046 0.739 -0.031 0.012 0.008 -0.020 0.007 0.005 -0.017 0.003 <0.001 -0.011 0.004 0.010 -0.022 0.015 0.146 

  VIC -0.029 0.019 0.134 <0.001 0.003 0.946 -0.003 0.002 0.069 <0.001 0.002 0.838 0.001 0.001 0.376 0.004 0.004 0.368 

MON NSW -26.825 6.450 <0.001 -4.827 0.643 <0.001 -1.960 0.983 0.046 1.091 0.790 0.167 2.817 0.664 <0.001 -5.150 3.728 0.167 

  QLD -10.636 6.795 0.118 -0.604 0.712 0.397 0.204 0.552 0.712 1.526 0.864 0.077 4.187 1.278 0.001 0.795 7.290 0.913 

  SA -30.122 5.998 <0.001 -2.281 0.895 0.011 -1.197 0.592 0.043 0.064 0.460 0.890 2.111 1.151 0.067 -2.423 4.096 0.554 

  TAS 4.067 5.961 0.495 2.685 1.371 0.050 3.574 0.518 <0.001 4.435 0.328 <0.001 7.038 1.126 <0.001 5.292 2.683 0.049 

  VIC -30.619 6.608 <0.001 -2.571 0.770 0.001 -1.038 0.638 0.104 0.698 1.354 0.606 2.591 0.864 0.003 -2.697 2.637 0.306 

TUE NSW -33.137 6.685 <0.001 -5.236 0.706 <0.001 -3.128 0.799 <0.001 -1.312 0.924 0.156 -1.474 0.873 0.091 -16.696 2.749 <0.001 

  QLD -15.634 7.026 0.026 -0.603 0.744 0.418 -0.061 0.507 0.904 -0.162 0.187 0.387 -1.971 0.727 0.007 -15.595 3.334 <0.001 

  SA -50.096 6.089 <0.001 -2.743 0.908 0.003 -1.910 0.541 <0.001 -2.417 0.511 <0.001 -2.950 0.828 <0.001 -21.572 5.484 <0.001 

  TAS 2.187 5.954 0.713 3.272 1.286 0.011 2.898 0.643 <0.001 1.933 0.387 <0.001 1.028 0.572 0.072 -2.056 3.027 0.497 

  VIC -40.133 6.895 <0.001 -2.776 0.611 <0.001 -1.880 0.851 0.027 -1.752 0.690 0.011 -2.811 0.727 <0.001 -5.391 2.646 0.042 

WED NSW -31.329 6.676 <0.001 -5.478 0.622 <0.001 -3.645 0.879 <0.001 -1.910 0.635 0.003 -2.320 0.739 0.002 -15.900 2.333 <0.001 

  QLD -12.443 6.950 0.073 -0.512 0.676 0.449 -0.135 0.521 0.796 -0.403 0.372 0.279 -2.329 0.759 0.002 -13.568 3.066 <0.001 

  SA -48.259 6.087 <0.001 -2.868 0.892 0.001 -2.487 0.561 <0.001 -2.581 0.654 <0.001 -3.423 0.847 <0.001 -21.862 5.544 <0.001 

  TAS 0.871 5.907 0.883 2.827 1.293 0.029 2.365 0.540 <0.001 0.977 0.266 <0.001 0.707 0.570 0.215 -3.565 3.725 0.339 

  VIC -43.216 6.932 <0.001 -3.360 0.787 <0.001 -2.394 0.714 0.001 -1.705 1.108 0.124 -3.705 0.661 <0.001 -4.821 2.051 0.019 

THU NSW -28.562 6.732 <0.001 -5.267 0.595 <0.001 -3.453 0.827 <0.001 -1.395 0.616 0.024 -1.795 0.554 0.001 -15.496 2.732 <0.001 

  QLD -13.268 7.034 0.059 -0.568 0.791 0.473 0.063 0.453 0.889 0.102 0.515 0.843 -1.987 0.736 0.007 -8.318 10.174 0.414 

  SA -42.720 6.145 <0.001 -3.023 0.857 <0.001 -2.239 0.573 <0.001 -2.883 0.549 <0.001 -3.670 0.805 <0.001 -21.114 5.789 <0.001 

  TAS 3.460 5.890 0.557 3.114 1.419 0.028 2.307 0.689 0.001 1.558 0.401 <0.001 0.778 0.529 0.141 -2.729 2.427 0.261 

  VIC -33.609 6.973 <0.001 -2.808 0.782 <0.001 -2.257 0.856 0.008 -1.652 0.875 0.059 -3.488 0.623 <0.001 -4.597 1.790 0.010 

FRI NSW -28.755 6.562 <0.001 -5.512 0.697 <0.001 -3.114 0.715 <0.001 -1.786 0.896 0.046 -2.289 0.539 <0.001 -16.643 2.127 <0.001 

  QLD -13.873 6.820 0.042 -0.927 0.728 0.203 -0.915 0.495 0.065 -1.029 0.274 <0.001 -2.471 0.663 <0.001 -13.534 3.166 <0.001 

  SA -52.141 6.025 <0.001 -2.563 0.696 <0.001 -2.107 0.622 0.001 -1.802 0.471 <0.001 -3.888 0.802 <0.001 -21.617 4.439 <0.001 

  TAS 2.971 5.842 0.611 3.420 1.444 0.018 2.063 0.559 <0.001 1.151 0.269 <0.001 0.295 0.696 0.672 -3.082 2.906 0.289 

  VIC -41.721 6.741 <0.001 -3.384 0.700 <0.001 -2.425 0.675 <0.001 -1.639 0.655 0.012 -3.629 0.697 <0.001 -3.772 2.211 0.088 

SAT NSW -11.632 5.663 0.040 -1.285 0.407 0.002 -1.287 0.366 <0.001 -1.067 0.425 0.012 -0.975 0.430 0.023 -7.054 0.863 <0.001 

 
QLD -5.903 5.724 0.302 -0.558 0.511 0.274 -0.113 0.331 0.732 -1.679 0.148 <0.001 -2.529 0.460 <0.001 -9.380 2.382 <0.001 

  SA -14.605 5.608 0.009 -0.778 0.698 0.265 -0.743 0.452 0.100 -1.571 0.651 0.016 -2.257 0.551 <0.001 -11.205 1.726 <0.001 

  TAS -1.712 5.587 0.759 0.176 1.548 0.910 -0.415 0.590 0.481 -0.480 0.266 0.071 -0.779 0.444 0.079 -4.830 3.100 0.119 

  VIC -10.103 5.650 0.074 -0.478 0.492 0.332 0.166 0.453 0.715 -0.117 0.272 0.668 -1.771 0.317 <0.001 0.783 1.422 0.582 

FEB NSW 10.557 7.272 0.147 -0.245 0.730 0.737 -0.670 0.850 0.431 -0.305 0.545 0.576 -0.977 0.644 0.129 -5.913 2.633 0.025 

  QLD 6.639 7.304 0.363 0.904 1.072 0.399 -0.504 0.636 0.428 -1.078 0.258 <0.001 -2.669 1.604 0.096 -13.489 15.645 0.389 
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Panel least squares 
  

Quantile regression 
(tau = 0.05) 

Quantile regression 
(tau = 0.25) 

Quantile regression 
(Median) 

Quantile regression 
(tau = 0.75) 

Quantile regression 
(tau = 0.95) 

Variable Region Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value 

  SA -35.368 7.250 <0.001 -0.144 0.787 0.855 0.761 0.552 0.168 1.147 0.667 0.086 0.499 1.092 0.648 -15.346 143.938 0.915 

  TAS -3.492 7.244 0.630 -1.469 1.802 0.415 0.429 0.617 0.487 0.210 0.569 0.712 -1.931 0.561 0.001 -10.094 4.599 0.028 

  VIC -23.254 7.319 0.002 -0.473 0.663 0.475 0.321 1.235 0.795 1.263 0.214 <0.001 -1.003 1.065 0.346 43.647 63.927 0.495 

MAR NSW 3.779 7.192 0.599 0.231 0.764 0.763 -1.989 0.722 0.006 -0.178 0.220 0.418 -1.110 0.543 0.041 -4.708 1.234 <0.001 

  QLD -9.030 7.175 0.208 0.909 0.968 0.348 -0.153 0.502 0.760 -1.068 0.233 <0.001 -2.856 1.055 0.007 -11.049 13.003 0.396 

  SA -15.513 7.121 0.029 -3.363 1.062 0.002 -0.424 0.830 0.609 0.832 0.686 0.225 0.340 0.921 0.712 -16.885 145.596 0.908 

  TAS -1.763 7.107 0.804 -1.919 1.017 0.059 -1.406 0.786 0.073 -0.602 0.058 <0.001 -0.188 0.770 0.807 -5.670 4.202 0.177 

  VIC -17.078 7.206 0.018 2.320 0.612 <0.001 1.077 0.661 0.103 1.167 0.480 0.015 -0.295 0.946 0.755 -3.047 62.984 0.961 

APR NSW 12.033 7.801 0.123 0.910 0.629 0.148 -0.652 0.986 0.509 0.456 1.212 0.707 -0.383 0.733 0.602 6.437 1.194 <0.001 

  QLD -2.141 7.935 0.787 0.627 0.952 0.511 -0.245 0.662 0.712 -0.281 0.502 0.576 -1.381 1.186 0.245 -3.658 12.567 0.771 

  SA -9.539 7.492 0.203 -1.741 1.185 0.142 1.627 0.787 0.039 2.658 0.252 <0.001 1.745 1.227 0.155 -16.247 146.423 0.912 

  TAS 1.505 7.335 0.837 -0.189 0.925 0.838 -0.625 0.685 0.361 -0.247 0.070 <0.001 0.284 0.754 0.707 -5.235 6.629 0.430 

  VIC -4.122 7.642 0.590 1.314 0.719 0.068 2.863 0.739 <0.001 3.212 1.134 0.005 0.753 0.853 0.378 0.973 61.730 0.987 

MAY NSW -1.614 7.356 0.826 -0.822 0.669 0.219 -1.693 0.657 0.010 -0.260 0.765 0.734 -1.505 0.540 0.005 -12.180 1.704 <0.001 

  QLD -2.336 8.047 0.772 0.678 1.080 0.530 1.869 0.667 0.005 0.617 0.394 0.117 -2.094 0.829 0.012 -9.722 11.799 0.410 

  SA -20.157 7.305 0.006 -1.883 0.940 0.045 -0.292 0.699 0.676 1.363 0.837 0.104 1.493 1.296 0.249 -23.778 144.790 0.870 

  TAS -6.755 7.979 0.397 -1.436 1.362 0.292 -0.704 0.845 0.404 -0.353 0.783 0.652 -2.092 1.119 0.062 -7.740 5.988 0.196 

  VIC -30.007 7.625 <0.001 -0.539 0.788 0.494 2.859 0.745 <0.001 2.186 0.940 0.020 -1.560 1.132 0.168 -2.558 63.559 0.968 

JUN NSW -4.886 7.700 0.526 -1.715 0.878 0.051 -1.334 0.891 0.134 -0.718 0.322 0.026 -3.316 0.719 <0.001 65.517 2.911 <0.001 

  QLD 10.271 7.815 0.189 3.717 1.017 <0.001 3.321 0.629 <0.001 0.968 0.349 0.006 -1.980 1.163 0.089 99.124 27.135 <0.001 

  SA -43.917 7.261 <0.001 0.473 1.461 0.746 2.990 0.594 <0.001 2.805 0.418 <0.001 0.443 1.645 0.788 -38.958 144.172 0.787 

  TAS 1.266 9.104 0.889 -2.543 1.769 0.151 -0.929 0.932 0.319 -1.205 0.864 0.164 -2.888 1.099 0.009 12.365 8.770 0.159 

  VIC -33.957 7.705 <0.001 3.158 0.747 <0.001 2.146 0.875 0.014 0.952 1.170 0.416 -3.126 1.434 0.029 4.315 64.762 0.947 

JUL NSW -20.559 7.764 0.008 -0.687 0.768 0.371 -2.194 0.789 0.005 -0.545 0.808 0.500 -3.755 0.880 <0.001 -22.638 4.245 <0.001 

  QLD 5.414 7.658 0.480 3.211 1.110 0.004 3.886 0.606 <0.001 2.064 1.181 0.081 -0.398 1.123 0.723 -0.422 12.870 0.974 

  SA -33.667 7.193 <0.001 3.389 0.923 <0.001 3.733 0.613 <0.001 4.131 0.110 <0.001 1.581 1.973 0.423 -28.933 144.814 0.842 

  TAS -5.772 9.617 0.548 -3.950 4.049 0.329 -0.598 1.086 0.582 -0.890 0.343 0.009 -3.963 1.041 <0.001 -11.816 7.379 0.109 

  VIC -35.409 7.600 <0.001 0.849 1.151 0.461 1.721 0.787 0.029 1.735 1.273 0.173 -2.340 1.484 0.115 13.526 64.450 0.834 

AUG NSW -12.697 7.375 0.085 0.637 0.663 0.337 -0.929 0.691 0.179 -0.008 0.607 0.990 -2.641 0.674 <0.001 -16.137 2.845 <0.001 

  QLD 3.572 8.115 0.660 3.021 1.209 0.013 3.028 0.522 <0.001 1.149 0.121 <0.001 -1.427 0.993 0.151 -8.271 11.740 0.481 

  SA -32.827 7.272 <0.001 1.881 1.285 0.143 1.482 0.631 0.019 1.845 0.234 <0.001 0.746 1.756 0.671 -29.837 144.287 0.836 

  TAS -2.752 8.902 0.757 -1.936 2.035 0.341 -0.632 1.031 0.540 -1.312 0.752 0.081 -3.849 1.017 <0.001 -13.762 5.132 0.007 

  VIC -34.755 7.474 <0.001 3.080 0.906 0.001 2.139 0.769 0.005 1.322 1.347 0.327 -1.959 1.105 0.076 -3.373 63.138 0.957 

SEP NSW -5.933 7.860 0.450 1.026 0.716 0.152 -2.098 0.720 0.004 -1.932 0.231 <0.001 -2.876 0.558 <0.001 -14.831 1.779 <0.001 

  QLD 0.482 8.891 0.957 1.704 1.002 0.089 0.466 0.637 0.464 -0.106 0.092 0.251 -2.071 1.122 0.065 -6.323 12.291 0.607 

  SA -28.174 7.614 <0.001 -4.125 0.835 <0.001 -1.818 0.961 0.059 0.185 1.007 0.854 -0.812 0.889 0.361 -22.430 145.788 0.878 

   TAS -4.665 8.293 0.574 -4.555 2.479 0.066 -0.862 0.888 0.332 -0.825 0.541 0.127 -2.214 0.832 0.008 -14.626 5.112 0.004 

  VIC -24.477 7.840 0.002 1.847 0.879 0.036 1.053 0.699 0.132 0.944 1.604 0.556 -1.302 1.246 0.296 5.289 62.712 0.933 
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Panel least squares 
  

Quantile regression 
(tau = 0.05) 

Quantile regression 
(tau = 0.25) 

Quantile regression 
(Median) 

Quantile regression 
(tau = 0.75) 

Quantile regression 
(tau = 0.95) 

Variable Region Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value Coef. Std. error p-value 

OCT NSW 4.562 7.920 0.565 1.301 0.749 0.082 -2.211 0.766 0.004 -2.285 0.269 <0.001 -3.030 0.644 <0.001 -8.581 2.026 <0.001 

  QLD 1.251 8.549 0.884 1.129 1.015 0.266 0.881 0.564 0.119 -0.586 0.451 0.194 -2.598 1.116 0.020 -8.878 10.612 0.403 

  SA -15.354 7.729 0.047 -2.608 1.406 0.064 -2.281 0.460 <0.001 -1.719 0.614 0.005 -1.609 0.820 0.050 -16.685 143.661 0.908 

  TAS -5.542 7.629 0.468 -6.377 2.106 0.003 -2.761 0.777 <0.001 -1.819 0.406 <0.001 -1.415 0.966 0.143 -9.593 3.777 0.011 

  VIC -24.009 7.728 0.002 0.420 0.873 0.631 0.848 0.654 0.195 0.541 0.793 0.495 -1.711 0.945 0.070 -2.804 62.782 0.964 

NOV NSW -3.764 7.669 0.624 1.738 0.667 0.009 -1.494 0.803 0.063 -2.167 0.114 <0.001 -2.531 0.565 <0.001 -8.528 2.139 <0.001 

  QLD -2.449 7.814 0.754 0.335 1.202 0.780 -0.023 0.626 0.971 -1.060 0.517 0.040 -2.597 1.294 0.045 7.922 41.028 0.847 

  SA -17.916 7.526 0.017 -1.521 1.870 0.416 -1.263 0.617 0.041 -0.874 0.404 0.031 -0.657 0.900 0.465 -22.854 145.305 0.875 

  TAS -3.827 7.490 0.609 -4.230 1.959 0.031 -1.421 0.690 0.040 -1.432 0.052 <0.001 -1.292 0.561 0.021 -9.862 3.185 0.002 

  VIC -26.161 7.712 0.001 -1.016 1.403 0.469 -1.540 0.851 0.070 -0.915 0.752 0.224 -1.697 1.220 0.164 -3.451 62.762 0.956 

DEC NSW 14.185 7.651 0.064 -0.037 0.778 0.963 -1.948 0.852 0.022 -1.657 0.645 0.010 -0.797 0.651 0.221 5.031 4.814 0.296 

  QLD -4.835 7.501 0.519 -0.357 1.020 0.727 -2.018 0.528 <0.001 -1.008 0.113 <0.001 -0.764 0.960 0.426 -1.845 15.702 0.907 

  SA -15.256 7.525 0.043 -1.968 0.824 0.017 -1.726 0.639 0.007 -0.934 0.479 0.051 0.626 0.867 0.470 -0.449 147.156 0.998 

  TAS -5.887 7.370 0.424 -4.766 1.187 <0.001 -2.492 0.714 0.001 -1.298 0.260 <0.001 -1.269 0.711 0.074 -1.469 4.043 0.717 

  VIC -14.361 7.528 0.057 0.137 0.844 0.871 -1.049 0.715 0.142 -0.869 0.750 0.247 -0.716 0.797 0.369 -3.819 59.753 0.949 

 
R2 0.247     0.165 

  
0.198 

  
0.267 

  
0.346   

 
0.350   
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The positive FLOW coefficient (0.112) for SA suggests that on average the spot price 

increases by $11.20/MWh with the increase of electricity flow into SA. The negative FLOW 

coefficients for NSW (-0.074), QLD (-0.001), TAS (-0.075) and VIC (-0.017) suggest that 

the interconnector across the NEM, spot prices will fall by $7.40/MWh for NSW, 10 

cents/MWh for QLD, $7.50/MWh for TAS and $1.70/MWh for VIC. The SLK variable 

represents the difference between the daily available generation capacity generation and daily 

actual generation. All estimated SLK coefficients are negative which indicate that as the daily 

available capacity increases the spot price will decrease. The SLK variable has the largest 

impact on SA with a MW increase in SLK, the spot price will decrease by $24.40 and the 

smallest impact is on TAS with an increase in SLK will reduce the spot price by $1.50.  

Relative to Sunday, electricity prices are lower from Monday to Friday across all regions 

(excluding TAS) and electricity prices are dearest on Saturday. For TAS, electricity prices are 

dearest from Monday to Friday and cheapest on Saturday as compared to Sunday. Spot price 

is lowest on Tuesday in NSW and QLD, on Friday in SA, Wednesday in VIC and on 

Saturday in TAS. Generally (and relative to January), spot prices are higher in the February, 

March and April and lower in September, October and November. As a comparison, 

Solibakke (2002), for example, found that price volatility in the Nordic spot electricity 

market increased strongly on Mondays and Saturdays and was especially strong during May, 

June and July. Herbert (2002: 34) also presented evidence that “…there is seasonality in 

(electricity) price risk. Not surprisingly, price risk increases in the summer…power prices 

also increase in the winter”. And Hadsell et al. (2004) found that volatility behaviour differed 

by month across five US electricity markets. Higgs and Worthington (2005) found that 

volatility in the QLD and SA markets is shown to be highest on Monday, falling 

progressively through the week. In the NSW market, however, volatility increases during the 

week and falls over the weekend. Volatility is lowest on Wednesday in SA, on Friday in QLD 

and VIC and on Saturday in NSW. 

In relation to generation mix, the cheapest electricity is produced by BNCL, BKCL and 

CCGT while the most expensive is OCGT, HYDR and WIND. For BNCL, a one percent 

increase in generation will reduce the spot price by $2.64 for SA and $1.71 for VIC. A one 

percent increase in BKCL generation will reduce the spot price by $1.50 for NSW and $1.15 

for QLD. Electricity generated by CCGT has the greatest impact on NSW, SA and VIC with 

the reduction in spot price of $3.82, $2.73 and $1.89 respectively. Generation by OCGT will 
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increase spot prices by $20.05 for NSW, $8.18 for VIC, $5.66 for TAS, $5.02 for SA and 

$3.42 for QLD.  It would then be more effective (in terms of minimizing the change to the 

wholesale price) to use CCGT rather than OCGT as peaking plants. The renewable 

generation HYDR is cheapest for TAS and its connected regional market, VIC, with a one 

percent increase in its generation reduces electricity prices by 19 cents and 18 cents 

respectively. A one percent increase in HYDR generation, electricity prices will increase spot 

prices by $12.35 in QLD and $3.83 in NSW.  As for NSW, it is more cost effective to use 

HYDR than OCGT. A one percent increase in WIND generators tend to reduce the spot 

prices by $1.48 for SA and $1.14 for TAS but increase the spot prices by $2.88 for NSW and 

$0.52 for VIC. 

The final part of the empirical results examines the impact of quantile regressions on the 

estimated coefficients. The results of the quantile regression at the 5th, 25th, 50th 75th and 

95th are shown in Table 2. According to goodness of fit, the adjusted R
2
s for the 50th, 75th 

and 95th quantile regressions are larger than the pooled interaction regression model. As for 

the quantile regression coefficients, casual inspection suggests a pattern roughly in line with 

the whole sample result, with the possible emergence of stable estimates for the lagged price, 

contemporaneous demand, slack, flow, day-of-week and month-of-year dummies. For 

example, across all quantiles, relative to Sunday, Tuesday, Wednesday and Friday electricity 

prices are lower than Monday, Thursday and Saturday prices. For TAS, spot prices are 

consistently lower on Saturday. As for the monthly effects, generally (and relative to 

January), prices are higher in the winter months of March, April and June and lower in 

September and October.  

The disparity between spot electricity price and generation mix is more evident, particularly 

at the right tail of the distribution. Brown coal is generally known as the cheapest generation 

mix. The pooled interaction regression model suggests that a one percent increase in BNCL 

generation in SA and VIC is associated with a reduction in spot price (per MWh) respectively 

of $2.64 and $1.71. Results for the 75th and 95th percentile regressions suggest a one percent 

increase in BNCL leads to a reduction in the spot price of 18 cents and $1.01 for SA and 10 

cents and 47 cents for VIC respectively. As for the lower quantiles of 5th and 25th the spot 

prices increase by 11 cents and 5 cents for SA and 2 cents and 16 cents for VIC respectively. 

This indicates that the pooled interaction model overestimates the negative impact of BNCL 

as compared to the quantile regressions. Similar results are obtained for BKCL generation in 

NSW and QLD.  
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The most expensive generation mix is OCGT with a one percent increase in generation 

produces increases in spot price of $20.05 for NSW, $8.18 for VIC, $5.66 for TAS, $5.02 for 

SA and $3.42 for QLD according to the pooled interaction model. For NSW, increases in spot 

price for a one percent increase in OCGT production range from 45 cents (5th quantile) to 

$1.67 (75th quantile). These are much lower than the pooled interaction model of $20.05, 

while the top 95th percentile regression produces a larger increase of $19.08 in spot price. 

Similar results are obtained for QLD. In TAS, the quantile regression suggests spot price 

increases for a one percent increase in OCGT production range from 57 cents (25th quantile) 

to $1.72 (75th quantile) which are lower than $5.66 for the interaction model but the spot 

piece spikes to $29.82 in the 95th quantile. Similar results are obtained for VIC where the 

spot price increases to $21.59 in the 95th quantile as compare to the $8.18 in the pooled 

regression model. These results suggest that the spot prices can be more volatile in the higher 

quantiles. As for SA, one percent generation in OCGT reduces the spot price at the 5th by 8 

cents while at the 25th, 50th, 75th and 95th quantiles increase the spot price by 1 cent, 24 

cents, 91 cents and $8.31 respectively.  

The pooled interaction estimates for CCGT suggest reductions in spot price for a one percent 

increase in generation for each region. This is contrary to the quantile regression estimates 

with increases in spot price in the 5th, 25th and 50th quantiles. The savings are only realised 

in the 95th quantile in all regions with the exception of TAS.  

According to the pooled interaction model, one percent increase in HYDR generation leads to 

increases in spot prices for NSW ($3.83) and QLD ($12.35) but decreases for TAS (20 cents) 

and VIC (18 cents). The spot price for HYDR generation in NSW is lower for all quantiles 

with the exception of the 95th quantile ranging from a reduction of 4 cents (5th quantile) to 

an increase of spot price to 95 cents (50th quantile) and with a higher increase in spot price of 

$2.74 in the 95th quantile. As for QLD, a one percent increase in HYDR is associated with 

similar spot price increases across all quantiles ranging from $1.58 (75th quantile) to $5.27 

(95th quantile). This is much lower than $12.35 for the pooled interaction model. In TAS 

with the highest HYDR generation, it is expected the spot price will decrease as generation 

increases. The quantile regression results show that in the lower quantiles the spot prices 

increase. As for the 5th, 25th and median quantiles regressions, a one percentage increase in 

HYDR generation leads to an increase in the spot price of 20 cents, 14 cents and one cent 

respectively, while the 75th and 95th quantile HYDR generation reduces the spot price by 5 

cents and one cent respectively. The pooled model suggests that as generation in HYDR 
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increase in VIC the spot price falls by 18 cents. The contrary is evident across all quantile 

regressions with spot prices increasing from 15 cents (5th quantile) to 41 cents (25th 

quantile).   

Generation by WIND indicates that the spot price increases for NSW ($2.88) and VIC (52 

cents) and decreases for SA ($1.48) and TAS ($1.14) from the pooled interaction results. For 

WIND generation, the NSW spot prices increase across all quantiles ranging from 13 cents 

(75th quantile) to $1.63 (95th quantile). The VIC spot price increase from WIND generation 

according to the pooled regression is not evident across the quantiles. The VIC spot prices 

decrease from $0.19 in the 95th quantile to $0.81 in the 5th quantile. As for SA, WIND 

generation reduces spot prices in all quantiles ranging from $0.01 in the 25th and 50th 

percentile to $0.58 in the 95th quantile. The TAS spot prices decrease with WIND generation 

by about $0.25 across all quantiles and with a higher fall in spot price of $0.42 in the 95th 

quantile. The quantile regressions demonstrate that the increases/decreases in spot prices are 

not as pronounced in the lower quantiles but in the 95th quantile or the spike/abnormal spot 

prices some of these changes are amplified. Overall the pooled interaction model tends to 

overestimate the estimated coefficients for generation mix as compared to the quantile 

regressions. And in general, it is cheapest (in terms of minimizing the change to the 

wholesale price) to use BNCL and BKCL, then OCGT WIND, and HYDR and finally CCGT 

across all OLS and quantile regressions and all regional markets. A more complete picture of 

the impact of the explanatory variables especially the composition of generation mix on spot 

electricity prices is evident through the estimates of a family of quantile regressions. 

6. CONCLUDING REMARKS 

This study presents an analysis of electricity prices across the five Australian regional 

markets in the NEM. We use panel least squares and quantile regressions to evaluate the 

effects of a number of supply and demand factors on daily prices, including generation mix, 

but also interconnector flow, generation capacity, and seasonal factors. As expected 

generation mix exerts a strong influence on electricity prices, with prices being generally 

lower with the use of brown and black coal and higher with the use of gas and renewable 

technologies, all of which have lower GHG emissions. This suggests the likelihood of higher 

wholesale prices as the electricity industry moves toward renewable energy targets in 

developing low-emission technologies such as gas and wind power. There are also 

indications that the price effects of increasing the share of renewables is ‘cheaper’ in some 
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regions than others, with wind capacity suggestively best developed in SA and TAS and 

hydro in VIC and TAS (notwithstanding than are no plans in place for new hydro 

developments). In other results, flow across the regional interconnectors generally reduces 

regional prices as does slack generation capacity.  

Of course, this analysis ignores any allowance for the recently introduced system of carbon 

taxation intended to reflect the contribution of both black and brown coal to GHG emissions. 

The expectation is that this will ultimately add to wholesale prices derived from these sources 

of generation, with estimates of a 10 percent increase in wholesale prices overall. Likewise, 

there is no allowance for the longer term changes in generation technology. For example, 

there is the argument that with the widespread shift to CCGT because of its relatively lower 

GHG emissions, there will be a significant reduction in the cost per kilowatt of generation, 

for example, through ‘learning by doing’ and the exploitation of scale economies (Naughton 

2000). Finally, natural gas production in Australia is currently centered on conventional 

sources, and gas is largely produced from the offshore Carnarvon Basin in WA, the 

Cooper/Eromanga basin in SA and QLD, and VIC, together accounting for 96 percent of 

Australia’s conventional natural gas production. This is well-reflected in the share of gas in 

electricity generation in South Australia (WA is not part of the NEM and therefore not 

included in this analysis).  

However, very recently, coal seam gas (CSG) production has increased rapidly, with 

Australia’s annual CSG production increasing from just 1 petajoule (PJ) in 1996 to 240 PJ in 

2010-11, now accounting for about 10 per cent of Australia’s total gas production. Of this, 

Queensland and New South Wales are the main sources, with Queensland producing 234 PJ 

(or 97 per cent) from the Bowen (121 PJ) and Surat (113 PJ) basins and CSG accounting for 

about 17 percent of natural gas-based electricity generation. In New South Wales, about 6 PJ 

was produced from the Sydney Basin. Nonetheless, exploration in Queensland continues 

apace in the Bowen, Galilee and Surat basins while in New South Wales exploration 

continues in the Sydney, Gunnedah, Gloucester and Clarence-Moreton basins. One result 

should be a dramatic increase in the share of generation by natural gas (including CSG), 

particularly in regions like QLD and NSW where it has been conventionally less important, 

and this likewise has the potential to affect the longer term applicability of our results.  
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