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ABSTRACT 
 

Established in 1998, the Australian National Electricity Market (NEM) interconnects five regional 
market jurisdictions (Queensland, New South Wales, Victoria, South Australia, and Tasmania). 
Currently, the NEM supplies about 200 TWh of electricity to Australian businesses and households 
each year, representing most of the Australian population. Compared with similar networks in Europe 
and North America, it is both significantly larger in terms of generation and more diverse in terms of 
generation type, ownership, and structure. Since its establishment in 1988, some of the rules governing 
the determination of wholesale electricity spot prices in the NEM, including minimum (floor) and 
maximum (ceiling) prices, have changed markedly. This chapter undertakes an empirical analysis of 
these changes over the long term, yielding useful findings for the design of new electricity markets and 
the redesign of existing markets.  

 
 

 
1. INTRODUCTION 

 
Established on 13 December 1998, the Australian National Electricity Market (NEM) operates on one 

of the world’s longest interconnected power systems, stretching along Australia’s eastern coast for a 
distance of approximately 5,000 kilometers. The NEM comprises five interconnected states that also act as 
separate price regions, namely, Queensland (QLD), New South Wales (NSW), including the Australian 
Capital Territory (ACT), South Australia (SA), Victoria (VIC), and Tasmania (TAS), collectively 
representing most of the Australian electricity market (excluding Western Australia and the Northern 
Territory). In terms of its operations, the NEM encompasses privately and publicly owned generators, 
transmission and distribution network providers, and traders. The primary objective in establishing the 
NEM was to provide a nationally integrated and efficient electricity market in what had hitherto been 
separate regional markets characterized by publicly owned and vertically integrated generators, 
distributors, and retailers.  

Key to the operation of coordinated network markets like the NEM is the rules and regulations 
covering market design. Market design begins with a thorough understanding of market participants, their 
incentives, and the economic problems or challenges a market is trying to solve. This is especially true in 
electricity markets, where the markets are necessarily complex, often involving many hundreds of 
participants, but privately and publicly owned, operating at different points in the supply of electricity. 
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These also need to evolve over time as new developments take place in a market, including the entry and 
exit of firms, changes in the generation of electricity, including low-carbon and renewable sources, and 
with changing patterns of demand. Unfortunately, while the general principles of market design are well 
known, including efficient price discovery, market certainty, and transparency, there are few guidelines 
other than the theoretical for meeting these objectives. Moreover, it is often difficult to consider the impact 
of specific often perceptibly trivial elements of market design affects market outcomes. The purpose of this 
chapter is to empirically assess the impact of some selected design rules in the NEM on wholesale 
electricity prices, and thereby gain some insight into the possible effect and any necessary changes 
suggested in this and similar markets, both current and emerging.    

The remainder of the chapter is organized as follows. Section 2 provides an overview of the NEM. 
Section 3 considers some selected design considerations. Section 4 describes the data and methodology 
employed while Section 5 discusses the results. Section 6 concludes. 

 
2. THE NATIONAL ELECTRICITY MARKET 

 
The principal goals of the NEM is to promote competition and efficiency in the production and 

consumption of electricity, encourage flexibility and choice of supplier for customer, and ensure no 
discrimination on the basis of supply technologies or on the location of customers and suppliers (ABARE, 
2004). The NEM began operating as a wholesale market for the supply of electricity to retailers and end-
users and currently comprises electricity generators in the eastern state electricity markets of Australia 
operating as a nationally interconnected grid. Originally, the member jurisdictions of the NEM included 
only the three most populous states of NSW (including the ACT), VIC, and QLD, along with SA, and a 
single non-state based member in the form of the Snowy Mountains Hydroelectric Scheme. The latter was 
seen as a special case owing to the complexity of arrangements underlying both its original construction 
and operating arrangements involving both the state governments of NSW and VIC, as well as the 
Commonwealth (federal) government. On 29 April 2006, the island state of Tasmania became an 
additional member of the NEM with the completion of the Basslink interconnector. There are currently no 
plans to expand the NEM further given the physical complications associated with very long distances. 

Prior to the NEM, each state initially developed its own generation, transmission, and distribution 
network and linked it to another state's system via interconnector transmission lines (Truskett, 1999). 
However, each state’s network was (and still is) characterised by a relatively small number of participants 
and sizeable differences in electricity prices were found. The foremost objective in establishing the NEM 
was to provide a nationally integrated and efficient electricity market, with a particular aim of limiting the 
market power of generators in the separate regional markets (for the analysis of market power in electricity 
markets see Brennan and Melanie, 1998; Joskow and Kahn, 2002; Wilson, 2002 and Tamaschke et al., 
2005). 

However, a defining characteristic of the NEM is the limitations of physical transfer capacity. QLD 
has two interconnectors that together can import and export to and from NSW, NSW can export to and 
from VIC, VIC can import and export to NSW, SA and TAS, and TAS can import and export to VIC. 
There is currently no direct connector between NSW and SA and QLD connects only to NSW. During 
periods of peak demand, the interconnectors become congested and the NEM tends to separate into its 
regions, promoting price differences across markets and exacerbating reliability problems for regional 
utilities (ACCC, 2000, IEA, 2001, NEMMCO, 2008a). While the appropriate regulatory and commercial 
mechanisms do exist for the creation of an efficient national market, the limitations of the interconnectors 
between the states suggest that, for the most part, the regional spot markets are somewhat less than 
perfectly integrated. 

Generators and retailers trade electricity in the NEM through a gross pool managed by the Australian 
Energy Market Operator (AEMO). The AEMO is responsible for monitoring electricity consumption and 
the flow of energy across the power system. If there are system limitations or increases in consumption, 
AEMO makes adjustments and, if supplies are inadequate to meet consumption, AEMO may issue notices 
to the market for additional generation or directly intervene as a last resort. AEMO also monitors 
electricity voltage and frequency to make sure the system remains secure and monitors the impact of 
planned power outages to ensure the system can accommodate any loss of generation or transmission 
capacity. AEMO also operates the retail electricity markets across the NEM. These markets underpin the 
wholesale market by facilitating retail competition and enabling all customers to purchase energy from the 
supplier of their choice. 
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3. DESIGN CONSIDERATIONS 
 
In each NEM 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. Generators receive this spot price for the 
electricity they dispatch into the pool as AEMO uses the spot price for settling the financial transactions 
for all electricity traded in the NEM. 

The National Electricity Rules (NER) set a maximum spot price, also known as the market price cap 
(MPC). Currently, this is set at $13,800 per megawatt hour (MWh). The NER also set a minimum spot 
price, called the market floor price (MFP). The market floor price is currently –$1,000 per MWh. The 
Australian Energy Market Commission (AEMC) reviews the market price cap and floor price settings 
every four years to ensure they align with the NEM reliability standard. Table 1 presents the MPC from 
2009 to 2015 (AEMC, 2016).  

 
Table 1 MPC, 2009–2016 

Period MPC 
1 January 2009 to 30 June 2012 $5,000 
1 July 2012 to 30 June 2013 $12,900 
1 July 2013 to 30 June 2014 $13,100 
1 July 2014 to 30 June 2015 $13,500 
1 July 2015 to 30 June 2016 $13,800 

 

In addition to the MPC and MFP, there is an administered price period (APP) which is triggered when 
the sum of the spot prices in a single region for the previous 336 (30-minute) trading intervals (seven days) 
reaches a cumulative price threshold (CPT). The CPT is calculated according to a formula defined in the 
National Electricity Rules (NER), and published on the AEMC (2016) website. The CPT for the current 
financial year is $207,000, which is equivalent to an average spot price of $616.07/MWh over the previous 
7 days: 7.5 hours at the MPC is typically sufficient to breach the CPT and trigger an APP. An APP is also 
triggered if the sum of the prices for a market ancillary service for 2,016 dispatch intervals (equivalent to 
seven days) exceeds six times the CPT. Administered price conditions are independently assessed and 
triggered for each region of the NEM.  

When an APP is triggered, the AEMO publishes a market notice to advise of the start of an APP from 
the beginning of the trading interval immediately after that in which the CPT was exceeded. Market prices 
and generation dispatch continue to be calculated normally. However, the administered price cap (APC) 
and administered floor price (AFP) are invoked to apply upper and lower limits on the dispatch prices for 
energy and market ancillary service prices. The value of the APC is currently $300/MWh at all times. The 
AFP for energy is –$300/MWh. Market ancillary service prices are never negative.  

As the prices are capped for individual dispatch intervals, the spot price for a trading interval in an 
APP will reach the cap value only if each of the six dispatch interval prices in a (30-minute) trading 
interval is at least equal to the cap value. APCs are applied after all other price modifiers, such as over-
constrained dispatch and non-physical loss re-runs, as well as market suspension pricing and the setting of 
the MPC when load is about to be shed or has been shed and cannot be restored. Once invoked, the APP 
continues at least to the end of the current trading day at 04:00 hours. 

Clearly, the MPC and MFP, and through them, the APC and AFP, play a major role in limiting and 
regulating wholesale spot electricity prices in the NEM. As the MPC especially is subject to regular 
revision and openly advised to market participants, we should be able to see the impact of setting market 
prices caps and floors in similar markets impact on market outcomes as an essential part of market design.   

 
4. DATA AND METHOD 

 
The data employed in this study consists of daily spot electricity prices from January 1, 2009 to 31 

December 2015 for each of the five wholesale electricity markets (NSW, VIC, QLD, SA, and TAS). We 
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obtain all data from the AEMO originally on a half-hourly basis representing 48 trading intervals in each 
24-hour period. We then calculate a series of daily arithmetic means from the 48 trading interval data, 
yielding 2,556 observations for each market. The prices are in Australian dollars ($) per MWh. De Vany 
and Walls (1999a; 1999b), Robinson (2000), Wolak (2000), Lucia and Schwartz (2002), Solibakke (2002), 
Higgs and Worthington (2005), Worthington et al. (2005), Chan and Gray (2006), Becker et al. (2007), 
Higgs (2009), Higgs et al. (2015), among others, also employ daily spot prices in their respective analyses 
of the western United States, United Kingdom, Scandinavian and Australian electricity markets. 
Importantly, the use of daily prices may lead to the loss of at least some ‘news’ impounded in the more 
frequent trading interval data, but believe this frequency corresponds better to not only the MPC and MFP, 
but also the longer term APC and AFP. 

Table 2 presents descriptive statistics of the daily spot electricity prices for each of the five markets, 
including sample means, medians, maximums, minimums, standard deviations, skewness, kurtosis, the 
Jarque–Bera (JB) statistic and the Augmented Dickey–Fuller (ADF) test and their p-values. The spot 
electricity prices range from $39.00/MWh (VIC) to $50.25/MWh (SA). The highest average spot 
electricity prices are in SA ($50.25/MWh), QLD ($44.12/MWh) and NSW ($41.80). The standard 
deviations of spot electricity prices range from $41.96 (TAS) to $105.59 (SA). The coefficient of variation 
measures the degree of variation relative to the mean. This suggests that, NSW and TAS are less variable 
than QLD, SA and VIC. 

 

Table 2 Summary statistics of daily spot prices ($/MWh), 1 January 2009 to 31 December 2015 

  NSW QLD SA TAS VIC 
Mean 41.8014 44.1164 50.2494 40.7281 39.0060 
Median 33.1047 30.9458 34.8215 35.9584 31.5400 
Maximum 1281.9800 1885.9200 2347.7110 835.1585 2376.0640 
Minimum 16.7975 –13.9785 –103.1569 –181.6919 –8.9371 
Std. Dev. 56.3627 70.6294 105.5912 41.9641 63.9646 
Skewness 16.0103 15.9034 13.8367 11.5940 25.1240 
Kurtosis 308.2369 334.8069 228.9717 179.4012 797.7544 
CV 1.3483 1.6010 2.1013 1.0303 1.6399 
JB 10031753 11832947 5519792 3371265 67537973 
JB p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
ADF -8.7799 -14.2282 -38.5850 -14.9609 -40.6476 
ADF p-value <0.0001 <0.0001 <0.0000 <0.0001 <0.0001 
Observations 2,556 2,556 2,556 2,556 2,556 

Notes: Prices are in $ per MWh; JB–Jarque–Bera test statistic; ADF–Augmented Dickey–Fuller test: H0: 
unit root (nonstationary), H1: no unit root (stationary); NSW–New South Wales, QLD–Queensland, SA–
South Australia, TAS-Tasmania, VIC–Victoria; CV–Coefficient of variation. 
 
The distributional properties of the spot price series appear nonnormal. All of the markets are 

significantly positively skewed ranging from 11.5940 (TAS) to 25.1240 (VIC) indicating the greater 
likelihood of large price increases than price falls. The kurtosis, or degree of excess, is also large, ranging 
from 179.4012 for TAS to 797.7544 for VIC, and as the kurtosis, or degree of excess, in all of these 
electricity markets exceeds three, there are leptokurtic (fat-tailed) distributions. The calculated JB statistics 
and corresponding p-values in Table 2 test the null hypotheses that the distribution of spot electricity prices 
is normally distributed. All p-values are less than the 0.01 level of significance indicating that the null 
hypothesis is rejected. These spot electricity prices are then not well approximated by the normal 
distribution. The ADF statistics also reject the null hypothesis of nonstationarity or a unit root at the 0.01 
level of significance. The spot price series in the five markets are then stationary. 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 (2002), Higgs and Worthington (2005), Worthington 
et al. (2005), Higgs (2009) and Higgs et al. (2015) that wholesale electricity prices are stationary.  

Figure 1 depicts the trends in the spot prices for each electricity market from 1 January 2009 to 30 
December 2015. As shown, all five series also visually appear to be stationary with extreme spikes 
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between 2009 and 2011 for NSW, SA, TAS and VIC, while QLD encountered extreme spikes from 2014 
to 2015. 

 
Figure 1 Daily NEM electricity prices, 1 January 2009 to 30 December 2015 
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We employ the following model to examine the wholesale spot electricity prices for each of the five 

markets. The following price equation accommodates each market’s own prices and the prices of its own 
market lagged one period. We also include dummy variables reflecting the changes in the MPC, which is 
the primary focus of our analysis.  

The equation is specified as: 

   
it

4

1t
iti1it10it εMPCPαP +++= ∑

=
− βα

       
where Pit are the daily spot electricity prices of market i (i = 1, 2, …, 5) at time t; MPC12/13 = 1 for days 
from 1 July 2012 to 30 June 2013 and MPC12/13 = 0 otherwise; MPC13/14 = 1 for days from 1 July 2013 
to 30 June 2014 and MPC13/14 = 0 otherwise; MPC14/15 = 1 for days from 1 July 2014 to 30 June 2015 
and MPC14/15 = 0 otherwise and MPC15/16 = 1 for days from 1 July 2015 to 31 December 2015 and 
MPC15/16 = 0 otherwise and εit are independent and identically distributed random variables with E(εit) = 
0, and for market i at time t. 
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5. ANALYSIS AND DISCUSSION 

 
Table 3 provides the estimated coefficients, standard errors, and p-values of the parameters for each of 

the five regional markets. The standard errors and p-values all employ White’s corrections for 
heteroscedasticity of an unknown form. Also included in Table 3 are statistics for R2 and adjusted R2 as 
measures of goodness-of-fit, F-statistics and p-values for the joint hypothesis test that all slope coefficients 
are zero, and Durban–Watson (DW) statistics and p-values for tests of serial correlation. 

With respect to the goodness-of-fit, the adjusted R2 range from 0.0597 for VIC to 0.2928 for TAS. 
Note that these goodness of fit results are lower than for most pricing models, but the modelling here is 
very much more parsimonious in terms of the explanatory variables specified. The calculated F-tests (p-
value) are respectively 56.3222 (0.0000) for QLD; 110.1504 (0.0000) for NSW; 41.4344 (0.0000) for SA; 
212.5346 (0.0000) for TAS and 33.4340 (0.0000) for VIC. Using the F-statistic, the null hypothesis that all 
slope coefficients are jointly zero is rejected at the 1% level of significance. This suggests that all of the 
estimated models are useful.  

The calculated Breusch-Pagan tests (p-values) (not shown in the table) for heteroscedasticity are 
47.46195 (<0.0001) for QLD; 211.8707 (<0.0001) for NSW; 72.4095 (<0.0001) for SA; 630.6499 
(<0.0001) for TAS and 60.0708 (<0.0001) for VIC, respectively. The null hypothesis of no 
heteroscedasticity is rejected at the 0.01 level of significance and therefore the standard errors and p-values 
have incorporated White’s (1980) heteroskedastic consistent covariance matrix for unspecified forms of 
heteroscedasticity. To test for multicollinearity, variance inflation factors are calculated (results not 
shown). As a rule of thumb, a variance inflation factor (VIF) significantly greater than ten indicates the 
presence of harmful collinearity (Gujarati and Porter, 2009). The VIFs for all explanatory variables are less 
than 10 for each of the electricity markets. The VIFs range from 1.14610 to 1.4470 for QLD; from 1.1452 
to 1.5797 for NSW; from 1.1456 to 1.2947 for SA; from 1.1636 to 1.9872 for TAS and from 1.1448 to 
1.4064 for VIC. This suggests that multicollinearity is not a serious problem for the models as a whole. 
The Durbin-Watson statistics range from 1.8927 for TAS to 2.0221 (4 – 2.0221 = 1.9779 for negative 
serial correlation) for QLD. With the Durbin-Watson’s test statistics being close to two, this suggests that 
there is no evidence of serial correlation in each of the five models (Gujarati and Porter, 2009). 

The average daily equilibrium price (α0) is $23.46 for QLD, $21.93 for NSW, $32.28 for SA, $17.36 
for TAS and $26.34 for VIC. All five electricity spot markets exhibit a significant own mean spillover 
from their own lagged electricity price with the exception of VIC. In all cases, the mean spillovers are 
positive. For example, in QLD, a $1.00/MWh increase in its own spot price Granger-causes an increase of 
$0.25/MWh in its price over the next day. Likewise, a $1.00/MWh increase in the TAS lagged spot price 
Granger-causes a $0.53/MWh increase the next day. As a comparison, Worthington et al. (2005) found 
only two of the five Australian spot electricity markets exhibit a positive significant own-mean spillover 
from their own-lagged electricity price while Higgs (2009) found three out of four Australian spot 
electricity markets exhibit a positive significant own mean spillover from their own lagged electricity 
price. 

 The introduction of the four MPC variables is specified using dummy variables that take valuse of 
one for the days where a specific MPC is in place and zero elsewhere. At least two of the four MPCs are 
significant at the 5% level of significance for the five electricity markets. The market price cap for 2012/13 
(MPC12/13) has the greatest impact on spot prices for all markets with the exception of TAS with 
MPC12/13 ranging from $ 5.53 (TAS) to $ 26.82 (QLD). Under the MPC12/13 dummy variable, the QLD 
daily spot electricity prices from 1 July 2012 to 30 June 2013 are on average  $26.82 higher than their daily 
spot electricity prices prior to 2012. NSW, SA, and VIC exhibit similar trends with a reduction in price 
from 2012/13 to 2014/15 and a slight increase in price in 2015/16. This suggests that the greatest impact of 
the market price cap was due to the sharp jump in the MPC from the $5,000 prior to 2012 to $12,900. For 
QLD, all estimated MPC coefficients are significant at the 5% level of significance. These MPCs suggest a 
decreasing trend from $26.82 for MPC12/13 to $20.35 for MPC13/14; $15.92 for MPC14/15 and $8.65 for 
MPC15/16. Similar MPC trends are evident in the other four markets with average daily spot prices 
deceasing from 2013/14 to 2014/15 then increasing once again in 2015/16. For TAS, the MPCs have only 
slight impact on price with MPC12/13 of $ 5.53, MPC13/14 of $2.50, MPC14/15 of $0.23 and with an 
increase in price in MPC15/16 of $10.57. 
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Table 3 Estimated price equations 

    QLD     NSW   
 

 SA     TAS     VIC   

 Coefficient Std. 
Error p-value Coefficient Std. 

Error p-value Coefficient Std. 
Error p-value Coefficient Std. 

Error p-value Coefficient Std. 
Error p-value 

α0 23.4563 2.9419 <0.0001 21.9334 4.5392 <0.0001 32.2790 4.2017 <0.0001 17.3594 4.4528 0.0001 26.3437 3.0048 <0.0001 
PCE(–1) 0.2500 0.1003 0.0127 0.4022 0.1480 0.0066 0.2554 0.0999 0.0106 0.5266 0.1444 0.0003 0.1941 0.1254 0.1216 
MPC12/13 26.8185 4.6595 <0.0001 11.0317 4.2173 0.0090 19.7691 6.0610 0.0011 5.5296 2.8565 0.0530 19.9519 5.4364 0.0002 
MPC13/14 20.3537 3.6441 <0.0001 9.3045 3.9005 0.0171 13.6766 5.5936 0.0146 2.4952 2.0774 0.2298 15.1463 4.4922 0.0008 
MPC14/15 15.9205 7.5167 0.0343 –0.9218 1.8942 0.6266 –3.0290 3.8806 0.4351 0.2269 1.4807 0.8782 –1.8941 2.1897 0.3871 
MPC15/16 8.6546 2.3826 0.0003 4.1123 3.7197 0.2690 11.3119 5.4178 0.0369 10.5726 4.2956 0.0139 4.9833 3.0646 0.1041 
R2 0.0995 

  
0.1777 

  
0.0752 

  
0.2942 

  
0.0615 

  Adj. R2 0.0977 
  

0.1761 
  

0.0734 
  

0.2928 
  

0.0597 
  F-stat. 56.3222 

 
<0.0001 110.1504 

 
<0.0001 41.4344 

 
<0.0001 212.5346 

 
<0.0001 33.4340 

 
<0.0001 

DW  2.0221     1.9622     2.0026     1.8927     1.9979     
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6. CONCLUDING REMARKS 

 
This chapter examined the role of market price caps on wholesale electricity prices in the Australian 

NEM. While MFPs do not appear to exert a major influence on prices, with relatively few negative prices 
over the sample period from 2009 to 2015, MPCs appear to be much more influential, especially given the 
relatively common occurrence of large volatile shifts in prices. This is important, because while the MPC 
is in in itself an important element of market design, it also has to ability to determine APCs and APPS, 
which carry with them quite different operational impacts. 

In all of the markets and for nearly all levels of MPC, there is an impact on the wholesale spot price 
of electricity. This suggests that MPCs are indeed an important element of market design. Further, in most 
of the regional markets examined in this analysis, higher MPCs have the effect of reducing spot prices, but 
this has declined in line with the slower increase in MPCs given falling inflation. The exception would 
appear to be Tasmania, which in the last few years of the sample has been subject to continuing regional 
supply problems resulting from a long drought in a regional relatively heavily reliant on hydropower.  

Of course, this is only an introductory analysis and much more work is needed to more fully examine 
the impact of market design on market outcomes as a means of ensuring market objectives are met. One 
possibility would be to consider a fuller parametrization of market design elements beyond price caps and 
floors. Another would be to include consideration of the ways bids determine prices. A final dimension 
would be to consider the impact of market design on not just the level of prices, but also its volatility.  
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