	
	


	
	



4
Productivity in Electricity supply
This chapter reviews the key drivers of measured productivity change in the Electricity supply subdivision of Australia’s utilities division. As noted in chapter 3, multifactor productivity (MFP) in Electricity supply (ES) is estimated to have grown at a rate slightly faster than the market sector average over the longer term, although the growth path has been more variable (figure 4.1).
Figure 4.1
Multifactor productivity in Electricity supply and in the market sector, 1974-75 to 2009-10
Index 2006-07 = 100
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Data source: Authors’ estimates; ABS (Experimental Estimates of Industry Multifactor Productivity, Australia: Detailed Productivity Estimates, 2009-10, Cat. no. 5260.0.55.002).
4.1
Structure of the Electricity supply subdivision
It was also noted in chapter 3 that the Electricity supply subdivision of the utilities division is comprised of four sub-groups: 
1. electricity generation
2. electricity transmission
3. electricity distribution 
4. on selling electricity and electricity market operation. 
The MFP series shown in figure 4.1 is therefore an aggregation of the underlying trends in productivity growth within the various sub-groups of Electricity supply. While estimating MFP at the sub-group level is outside the scope of this project, understanding the activities of the different sub-groups and their relative importance to aggregate subdivision output and inputs is important in explaining developments at the subdivision level.

The main activities of businesses within the four sub-groups of Electricity supply are outlined in table 4.1.
 
Table 4.1
Main activities of businesses in Electricity supply sub-groups

	Sub-group
	Primary activities

	Electricity generation
	Electricity production using fossil fuels, hydro-electric processes, or other sources including renewable

	Electricity transmission
	Transmission of high-voltage power from generators to low-voltage distributors

	Electricity distribution
	Low voltage distribution of electricity to final consumers

	On selling electricity and 
electricity market operation
	Retailing of electricity and electricity market operation


Relative importance of the different sub-groups

In relation to their shares of subdivision output and employment, the dominant sub-groups within the Electricity supply subdivision are electricity distribution and electricity generation (table 4.2). Some differences can arise, however, in relation to output shares and shares of other important variables such as capital investment. For example in 2006-07 the transmission sector accounted for just 11 per cent of subdivision output, but 18 per cent of new capital investment.
Table 4.2
Shares of Electricity supply output and employment:
by ANZSIC group, 2006-07
Per cent
	
	Share of output (industry value added)a
	
Share of employmenta
	Share of
net capital expenditure

	Electricity generation
	35
	22
	30

	Electricity transmission
	11
	6
	18

	Electricity distribution
	47
	62
	48

	On selling electricity and
electricity market operation
	7
	11
	4

	Electricity supply subdivision
	100
	100
	100


a Industry value added (gross output less intermediate inputs) and net capital expenditure are both measured in current price terms, while employment is measured in employee numbers.
Source: Derived from ABS (Electricity, Gas, Water and Waste Services, Australia, 2006-07, Cat. no. 8226.0).
Electricity supply is capital intensive, with capital accounting for around 74 per cent of total subdivision income, on average, over the past ten years. This compares with the average for the market sector as a whole of around 40 per cent.
 Within the generation, transmission and distribution sub-sectors, many capital assets are also comparatively long-lived, and are often large and lumpy in nature. 
In the generation sector, 44 power stations accounted for just over 70 per cent of Australia’s total electricity generation capacity in 2008-09. Within the transmission and distribution sectors, a large share of capital assets are in the form of power lines, transformers, substations and switching equipment. These assets are generally long-lived, and are usually built with enough spare capacity to meet future demand growth, not just current demand, as it is generally not economic to make incremental increases to network capacity each year. 
As will be discussed in more detail below, such investment can be a cause of temporal bias in productivity results if many such investments are made simultaneously. 
Business concentration

For most of the period covered by the productivity estimates in this report, the Electricity supply subdivision can be characterised as having a comparatively small number of businesses that accounted for the majority of output. This model is changing however, as reforms to the industry (discussed in more detail below) have allowed greater competition, particularly in the generation and retail sectors. Many new companies and businesses are being attracted to the electricity market, particularly those seeking to supply power using renewable sources of energy.
Distribution and transmission activities remain heavily dominated by a handful of companies in each state, and this situation is unlikely to change in the near future. As network activities account for a major share of subdivision output, operational decisions in a small number of electricity transmission and/or distribution businesses — particularly in relation to investment — can have a major impact on subdivision results. 
4.2
The operating environment of Electricity supply

The operating environment of the Electricity supply subdivision has changed substantially during the period covered by the MFP estimates shown in figure 4.1. Prior to the 1990s state governments owned and operated vertically integrated electricity supply businesses that were, essentially, monopolies within each jurisdiction. Extensive reforms starting around 1990-91 resulted in some key changes, including the disaggregation of government owned businesses into separate generation, transmission, distribution and retail arms, and the privatisation (full in Victoria and South Australia, partial elsewhere) or corporatisation of these businesses. The intention of the reforms was to increase the efficiency and competitiveness of Australia’s overall electricity sector.
 
In regard to the individual sub-groups within Electricity supply, the reforms have had the following impacts:
1. Generation is now competitive, with individual businesses in the eastern states of Australia competing to supply electricity every five minutes in an auction system. Western Australia also has a competitive wholesale market. Around two thirds of generation capacity remains government owned or controlled.
2. Transmission networks remain state based monopolies, with revenues earned for services subject to regulation. They remain government owned in all states except Victoria and South Australia.
3. Distribution networks are regional monopolies, with revenues subject to regulation. They remain government-owned except in Victoria and South Australia, and in the Australian Capital Territory which has joint government and private ownership.
 
4. Retail businesses operate in a contestable market, but retail price caps remain in place in all states except Victoria. Private sector ownership of retail businesses is significant and continues to grow, although governments still own retail businesses in some states (AER 2009, p. 194).

The National Energy Market
Another major operational change to electricity supply in Australia during the past decade and a half was the inter-connection and integration of electricity networks in the five eastern states — Queensland, New South Wales,
 Victoria, South Australia and Tasmania — to form a National Energy Market. The National Energy Market (NEM) began in December 1998 following the interconnection of separate networks in New South Wales, Victoria and South Australia. In 2000-01 Queensland was physically connected to the network, while an undersea link connected Tasmania in 2006.
 The NEM is one of the largest electricity networks in the world (in terms of distance covered), and the wholesale market for electricity within the NEM is one of the most active in the world (AER 2009 and 2010). Electricity networks in Western Australia and the Northern Territory remain independent of the NEM, largely due to geography and cost factors.
The introduction of the NEM was intended to improve the efficiency with which electricity services could be supplied in eastern Australia by allowing more rational location of generation and network capacity (AER 2009). For example, by interconnecting regions, more rational use of generating capacity was expected to result in peak demand being met at a lower average cost through interstate trade in power. More will be said about the impact of the NEM on productivity later in this chapter.
Renewable energy schemes
Finally, the period from the late 1990s onwards coincides with the development and introduction of a number of federal and state government policies mandating the production of electricity from renewable sources. A key policy development in this regard was the Australian Government’s Mandatory Renewable Energy Target (MRET) scheme, which was introduced in 2001. The aim of the scheme was to encourage additional generation of electricity from renewable sources to reduce emissions of greenhouse gases (AGO 2003). In 2007 the Australian Government announced that the MRET would be expanded to meet a 45 000 GWh target by 2020. 

The MRET remained in place until 2010, when the national Renewable Energy Target (RET) scheme was introduced. The national RET scheme aims to meet a renewable energy target of 20 per cent by 2020. Like its predecessor, the MRET, the national RET scheme requires electricity retailers to source a proportion of their electricity from renewable sources developed after 1997. (For more details 
see the Department of Climate Change and Energy Efficiency website, http://www.climatechange.gov.au/government/initiatives/renewable-target.aspx/)
The impact of the MRET on the share of renewable power sources in the mix of electricity generation capacity during the first few years of the 21th century was comparatively minor (see PC 2008b, p. 69). Growth in renewable sources of electricity supply did not increase sharply until towards the end of the decade, particularly with the development of wind farms. In 2009-10 wind farms supplied 6 175 GWh of electricity, which represented 2.7 per cent of total generation (esaa 2011, p. 22). 
At the same time there was reduced new investment in what had traditionally been the lowest cost source of electricity supply in Australia — coal-fired power. The effect on measured productivity of this change in the preferred technology of supply is also examined in more detail later in this chapter.
4.3
Measurement of outputs and inputs in Electricity supply
Before presenting and discussing changes in the estimates of output and inputs that underlie the MFP results for Electricity supply as illustrated in figure 4.1, it is useful to consider briefly how they are defined. 
Output

In this report the measure of output used to calculate MFP in Electricity supply is taken directly from published ABS data, and is value added in the subdivision, measured in real terms. In essence, real value added is simply nominal value added (nominal gross output less intermediate inputs) adjusted for the effects of price changes to outputs and intermediate inputs. It represents a volume measure of output (less intermediate inputs) in the subdivision, and is consistent with the ABS estimate of volume output for utilities as a whole. 

Prior to 1994-95 the ABS assumed that real value added in Electricity supply grew at the same rate as real gross output. This implies an assumption that, prior to 1994-95 at least, real gross output and real intermediate inputs had the same growth rate.

Real gross output was itself derived using a process that linked annual changes in real gross output to movements in annual electricity production, as published by the Energy Supply Association of Australia (esaa) (ABS 1990, p. 119). Hence, movements in annual real value added directly reflected movements in annual electricity production, at least up to 1994-95.
Post 1994-95, the ABS has derived its estimates of annual real value added in Electricity supply using a process of double deflation — that is, estimating real gross output and subtracting an estimate of real intermediate inputs. However, as the ABS does not publish time series estimates of real gross output and real intermediate inputs at the subdivision level, it is difficult to be certain about the basis for changes in the ABS real value added series after 1994-95. 
Time series data confirms the link between ABS real value added in ES and the esaa estimate of electricity production up to 1994-95 (figure 4.2). After 1994-95 however, movements in real value added are more closely related to growth in the ABS estimate of aggregate electricity production, rather than the esaa estimate.
 While real value added grows more slowly than the esaa estimate of electricity production after 1994-95, towards the end of the period covered the two series are beginning to converge. 
Figure 4.2
Output estimates in Electricity supply, 1974-75 to 2009-10
Index 1974-75 = 100
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Data sources: ABS National Accounts on dXtime (database); esaa, various years, Electricity Gas Australia; esaa’s historical database. 
There are some broader issues regarding the choice of a (volume) output measure for this subdivision that have the potential to create difficulties when measuring and interpreting productivity results. For example, unmeasured changes to the reliability of electricity supply (positive or negative) that impact on the costs of supplying electricity will also impact on MFP since these quality changes are hidden or not reflected by the standard output measure — the quantity of electricity produced. 

Similarly, changes in diurnal demand for electricity (such as increases in the demand for power to run air-conditioners on hot summer afternoons that lead to maximum electricity production each year rising faster than average daily electricity production) could impact on MFP. The latter issue is explored in greater detail later in this chapter. 
In general, measuring the volume of output in electricity supply for the purpose of estimating MFP can be complex, and data limitations tend to favour the use of simple measures like aggregate electricity production. Swan Consulting (1991, p. 4) touches on this issue, while Lawrence and Diewert (2006, p. 214-216) contains a more detailed discussion of output measurement challenges in the electricity network (transmission and distribution) sector. Box 4.1 briefly discusses some of the other productivity studies of the Australian electricity industry. 

Inputs (labour and capital)

In regard to the quantity of labour inputs, the measure used in this study is an estimate of the total number of hours worked in the subdivision each year. As noted in Appendix A, there are data quality issues associated with the accuracy of measured labour inputs at the subdivision level, so some care must be taken in interpreting changes in labour inputs over time. As noted earlier, electricity supply is a comparatively capital-intensive sector, so changes in labour inputs will tend to have less impact on MFP than equal proportionate changes in capital inputs. 
Inputs of capital services are potentially the most difficult to explain conceptually and to get right empirically. Estimation of MFP requires a measure of the quantity or volume of capital services consumed during production each year. In this report the volume measure of capital inputs — capital services — is estimated using the same broad procedure adopted by the ABS to produce estimates of capital inputs for the utilities division as a whole (see ABS 2000). 
The volume of capital services consumed during production each year is assumed to be a fixed proportion of the annual productive capital stock of the subdivision, where the latter is defined as a volume measure of the total available stock of capital assets. The productive capital stock is derived using the perpetual inventory model (PIM) approach, whereby the size of the productive capital stock each year is determined by adding new investment (in real terms) to an estimate of the existing capital stock, and then adjusting for both the expected retirement of some assets, and the decline in productive services of remaining capital goods due to ageing. Appendix B contains more information on the estimation of capital services in this report, while ABS (2000) and OECD (2001) provide detailed descriptions of the theory and practice involved in measuring capital services. 
Critically, new investment (converted into volume terms) is generally added to the productive capital stock as the investment expenditure occurs, irrespective of whether or not the assets being invested in are complete and operational, or whether they are being utilised to their maximum or expected full capacity. Similarly, existing capital assets are assumed to be fully utilised at all times, and this can be problematic in industries like utilities which have many large, indivisible capital assets, and which are prone to cyclical investment patterns.
 An alternative to the capital services approach is to use physical measures of capital assets — kilometres of power lines for example, or MW of power generation capacity — however this does not resolve the utilisation issue. 
In relation to the estimates of capital services in Electricity supply presented below the most important factor influencing trends and changes over time is the rate of (real) capital investment. When the rate of investment in new capital equipment increases, growth in capital services tends to increase, and vice versa. If there are large cycles in investment behaviour at the subdivision level, this will cause the measured growth rate of capital inputs to speed up or slow down, depending on where the subdivision is located in the investment cycle. 
4.4
Proximate drivers of MFP in Electricity supply

The proximate factors behind the longer term trends in MFP shown in figure 4.1 are reviewed below using the same basic framework used to evaluate MFP trends in the utilities division as a whole in chapter two. That is, results have been divided into three time-periods — a moderate MFP growth phase, a rapid MFP growth phase, and a negative MFP growth phase — with trends and developments in each phase then examined in more detail. For simplicity, the same terminology and time periods have been chosen as those used in the assessment of MFP trends within EGW as a whole in chapter 2. As noted in that chapter, a case can be made for using slightly different cut-off years for the MFP phases in ES, although the fundamental productivity growth trends in the subdivision do not change as a result. To keep comparisons simpler, the same phases have been used in this chapter and in the discussion of MFP in WSSD in the next chapter. 
During the moderate MFP growth phase, MFP growth in Electricity supply is estimated to have been reasonably strong (2.0 per cent per year), and is the result of strong growth in output (5.3 per cent per year) that exceeded growth in combined inputs of capital and labour (figure 4.3 and table 4.3). Note though that capital input growth is itself comparatively strong during this phase.

During the rapid MFP growth phase, very high MFP growth is associated with declining (negative) inputs of labour, a marked slowdown in capital input growth as new capital investment in the period slows considerably, and continuing positive growth in output (albeit slower compared with output growth in the previous phase). 
From the late 1990s however, output growth slows further, while strong capital input growth resumes and there is a sharp turn-around in labour inputs from a strong decline to sustained growth. With inputs now growing much faster than measured output, MFP in Electricity supply declines.
Figure 4.3
Electricity supply: MFP, output and inputs, 1974-75 to 2009-10a
Index 2006-07 = 100
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a Vertical lines represent the cut-off years for the three MFP growth phases identified for the utilities division as a whole in chapter 2. For ease of comparison, the same terminology is used to describe the phases throughout the paper (see section 2.3 and table 2.3).

Data source: Authors’ estimates. 
Table 4.3
Changes in MFP, output and inputs in Electricity supply,
by growth phasea
Annual average growth rates in each phase, per cent
	
	Moderate
MFP growth phase
(1974-75 to 1985-86)
	Rapid
MFP growth phase
(1985-86 to 1997-98)
	Negative 
MFP growth phase
(1997-98 to 2009-10)
	
Full period
(1974-75 to 2009-10)

	MFP
	2.0
	4.9
	-2.7
	1.3

	Output
	5.3  
	3.3  
	1.8  
	3.4  

	Labour 
	1.0  
	-5.8  
	4.3  
	-0.3  

	Capital
	5.8  
	0.6  
	4.7  
	3.6  


a For simplicity, the cut-off years for the growth phases used in this table are the same as those identified for the EGW division as a whole — that is, 1985-86 and 1997-98, which were reported in chapter 2 (see table 2.3).

Source: Authors’ estimates.

Do not delete this return as it gives space between the box and what precedes it.
	Box 4.1
Productivity studies into the Australian electricity industry

	Over the years there have been numerous studies into the productivity performance of the Australian electricity industry. Early productivity studies often focused on the state electricity authorities. For example, the IAC (1989) estimated total factor productivity (TFP) for three states for the period 1954-55 to 1987-88, with the estimates being based on data and methodology from Swan (1988). 

	Total factor productivity, New South Wales, Victoria and Tasmania, 1954-55 to 1987-88
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Source: IAC (1989, p. 14 and pp. 80-82)
	Over the 34 year period, the annual productivity growth in New South Wales and Victoria was estimated to be slightly above 2.5 per cent. However, productivity growth declined noticeably in New South Wales and Tasmania and less so in Victoria in the early 1970s.
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	BIE/PC (1996) contains TFP estimates for Australian electricity supply based on earlier work by Lawrence, Swan and Zeitsch (1991). The results, which cover the period from 1975-76 to 1992-93, are broadly consistent with the results in this paper — that is, they show little productivity growth in electricity supply from the mid-1970s to the mid-1980s, but strong positive growth from the mid-1980s to the mid-1990s (see below).

Murtough et al. (2001) also reviewed the various index number studies that were conducted during the late 1980s to 1990s in response to the ongoing debate at that time regarding the impact of electricity reforms. The overall view was that from the mid‑1970s to the mid-1980s there was negligible productivity growth in the Australian electricity supply industry but during the mid-1980s to the early 1990s there was a marked increase (Murtough et al. 2001, p. 10). Again, many of these studies focussed on the states and some focussed exclusively on electricity generation or distribution. 

In addition, Murtough et al. (2001) identified a number of production frontier studies that benchmarked individual electricity firms against an estimated best practice frontier, along with studies that have employed data envelopment analysis (DEA) or stochastic frontier analysis (SFA). 

	(continued on next page)
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	Box 4.1
(continued)

	More recently, Abbott (2006) produced TFP estimates for Australian electricity supply covering the 30 year period from 1968-69 to 1998-99. Again the broad trends in productivity measured by Abbott are consistent with the MFP results for electricity supply presented in this paper, despite some differences in the definition and measurement of capital, labour and other inputs.

	Productivity growth in Australian electricity supply, 1968-69 to 2009-10
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	Data sources: Abbott (2006); authors’ estimates; BIE/PC (1996).

	Studies of productivity within electricity distribution (as opposed to electricity supply overall) include ESC and PEG (2006), PEG (2008b) and Lawrence (2009a). 
IPART (2010) estimated TFP for state owned electricity generators, distributors, and the single transmission business in New South Wales. Estimates generally cover the last ten to fifteen years, and the report included detailed assessments of the driving forces behind the observed productivity trends. TFP growth was found to be around zero among generators, and negative in transmission and distribution businesses. 
Interest in the industry’s productivity performance remains strong. For instance, the Australian Energy Market Commission (AEMC) is reviewing the possible use of a total factor productivity methodology in determining regulated prices and revenues for electricity and gas network service providers — see AEMC (2010) and Lawrence and Kain (2010). 

	

	


4.5
Explaining the moderate MFP growth phase (1974‑75 to 1985-86)
Annual output growth was positive and strong during this phase, and exceeded total input growth. Hence MFP growth was also positive. However the average rate of growth in capital inputs during the period was particularly high, and exceeded growth in output (see figure 4.3 and table 4.3). Industry data relating to changes in the amount of physical supply capacity in operation — that is, physical measures of electricity generation capacity and transmission and distribution infrastructure — indicate a significant increase in supply capacity at the time (figures 4.4 and 4.5). In percentage terms, the annual rates of increase in physical supply capacity that were occurring in the late 1970s and early 1980s have never been exceeded, and contrast sharply with annual rates of growth in new supply capacity in subsequent decades, particularly in relation to generation capacity.  
Figure 4.4
Annual change in electricity generation capacitya and average annual capacity factor,b 1974-75 to 2009-10
Per cent
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a Generation plant installed includes all principal generation plant identified by the Energy Supply Association of Australia (esaa) in its various Electricity Gas Australia reports. b Capacity factor is a measure of the extent to which electricity generation capacity is being utilised. It is calculated as the ratio of total power produced each year to the maximum possible quantity of power that could have been produced had all generation plant been run for 24 hours each day of the year. The capacity factor shown above is the average annual capacity factor across all generation types — coal, hydro, gas, wind etc.

Data sources: Authors’ estimates based on esaa, various years, Electricity Gas Australia; esaa’s historical database.
Figure 4.5
Annual change in physical network (transmission and distribution) capacity and capacity utilisation,a
1974-75 to 2009-10
Per cent and index 1974-75 = 100
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a(Network capacity is measured by the product of total installed transformer capacity (measured in MVa) and the aggregate length of transmission and distribution lines (in circuit kilometres). It is a physical measure of network supply capacity. A proxy for capacity utilisation in the network sector is estimated using the ratio of total electricity supplied to network capacity. In this graph the ratio is expressed as an index with
1974-75 = 100.
Data sources: Derived from esaa, various years, Electricity Gas Australia; esaa’s historical database.

Some key examples of the new generation capacity that became operational during this period include the Eraring and Bayswater power stations in New South Wales, major parts of the Yallourn and Loy Yang power stations in Victoria, the Gladstone and Tarong stations in Queensland, and the Muja power station in Western Australia. Also constructed during this phase was a significant amount of network capacity (transmission and distribution infrastructure), required to connect the new generators to demand centres.

Despite the comparatively rapid growth in electricity production (output) during the moderate MFP growth phase, the extent of the augmentations to the physical supply system meant that average rates of capacity utilisation during the phase were kept low (figures 4.4 and 4.5). In essence, lumpy capital investments put temporary downward pressure on MFP during the phase because the investments added to inputs of capital services as they were made, even though the supply capacity embodied in the new assets was underutilised at the time.
 The excess supply capacity constructed during the phase did, however, provide a platform for future output growth. 
4.6
Explaining the rapid MFP growth phase (1985-86 to 1997-98)
The lead up to the rapid MFP growth phase was characterised by a significant excess of supply capacity. An Industry Commission inquiry into the electricity generation and distribution sector in 1991 found that ‘... poor investment decisions (led) to excess capacity and gross overstaffing during the 1980s’ (IC 1991). Industry reports from the time also refer to significant over-capacity in the sector, along with an expectation that the capacity overhang was expected to continue into the 2000s (see Electricity Supply Association of Australia 1993, pp. 16-17).

During this second phase annual output continued to grow steadily although the rate of growth was slower, on average, than it was during the preceding phase. With a marked slowdown in the rate of supply augmentation however, the average rate of capacity utilisation increased significantly (figures 4.4 and 4.5), and this helped to bolster MFP growth. That is, the high rate of MFP growth during this phase was partly the result of more efficient use of the previously built infrastructure.
The slowdown in input growth during this phase was quite strong in the case of labour, which was strongly negative at the time. Industry and other reports identify improved labour practices and significant shedding of labour in the sector during the period, particularly during the early to mid-1990s. Reforms to the structure and governance of the sector that made electricity businesses more competitive were nominated as a primary driver of these changes (see IC 1991 for example).  
Where labour shedding was due to decisions by electricity businesses to outsource certain activities, a positive effect on MFP would have been expected if the outsourced services were subsequently provided more efficiently than in-house provision. In cases where the labour that was shed was surplus to actual needs, this would have had a direct positive effect on MFP. Both effects would tend to permanently improve the level of productivity in Electricity supply, and hence the average rate of productivity growth over this phase. 
In summary, strong MFP growth in Electricity supply from the mid-1980s to the late 1990s appears to be the result of two main factors: structural reforms that allowed the sector to use labour more efficiently; and the availability of significant amounts of excess supply capacity — both generation and network capital — arising from high rates of investment in lumpy supply capacity in the previous phase. The latter allowed output to grow comparatively strongly throughout the period despite the significant winding back of capital expenditure programs.
4.7
Explaining the negative MFP growth phase (1997-98 to 2009-10)
As noted earlier, negative MFP growth in Electricity supply from the late 1990s to 2009-10 is associated with rapid growth in inputs of capital and a turn-around from labour shedding to net hiring, with both substantially exceeding growth in output (table 4.3). In the remainder of this chapter various issues and factors that might explain how this combination of inputs and outputs has come to characterise ES over an extended period of time are examined. 
Rising capital services inputs
The estimates of growth in capital services in Electricity supply developed in this study are broadly consistent with industry estimates of growth in physical measures of capital infrastructure, such as electricity generation capacity and network capacity. Further, cyclical or industry-wide trends over time in the amount of physical supply capacity in-situ, along with associated changes in the efficiency with which that capacity is utilised, are clearly influential in explaining broader movements in MFP. 
Data from esaa show that augmentation of both generation and network capacity was particularly strong during the negative MFP growth phase relative to the rapid MFP growth phase, though modest relative to the earlier moderate MFP growth phase (figure 4.6).
Increased capital expenditure in the subdivision in recent years has been attributed to a number of factors, including the need to: meet growing peak demand for electricity; deliver rising standards of supply; respond to the electricity needs of a growing population; and replace ageing infrastructure that is reaching the end of its economic life (see AER 2009, IPART 2010, and Sims 2010). 

Figure 4.6
Average annual change in generation and network capacity,a by MFP growth phase
Per cent
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a( See footnote to figure 4.5 for definitions of generation and network capacity. MFP growth phases are as per table 4.3.
Data sources: Authors’ estimates based on esaa, various years, Electricity Gas Australia; esaa’s historical database.

Peak demand

In relation to the peak demand issue, electricity demand varies throughout the day, and the maximum or peak amount of power being demanded at some point each day is usually much higher than the average amount of electricity demanded throughout the day as a whole. For example, electricity demand tends to rise during the morning around breakfast time, and then drop away during the course of the day before rising again in the late afternoon/early evening. It is important to note that peak demand on any one day might last for just a short period of time. 

While daily peak demand is influenced by factors such as the day of the week, seasonal changes and climatic conditions, some general rules apply. Within the week, peak daily demand is nearly always higher on weekdays than on weekends. Within the year, peak daily demand is generally higher in summer (cooling) and winter (heating) compared with spring and autumn. But even within summer and winter, peak demand can vary from day to day depending on the severity of temperature and other climatic conditions. For example, absolute peak summer demand in most regions occurs in the late afternoon or early evening period of a very hot working day, primarily due to cooling requirements. However, on mild summer days, peak demand can occur at breakfast time rather than later in the day, and may be no more than the highest peak daily demand recorded during spring or autumn.  
The challenge for the electricity industry is to ensure that enough supply capacity (generation and network) is available to meet the expected peak demand whenever it might occur, not just the average amount of electricity demanded
. Hence, growth in peak demand over time determines required supply capacity, not growth in average demand.

If peak demand is not met, customers will be faced with outages (including blackouts) until supply and demand can be rebalanced. Operators of the electricity system therefore face a continuous daily process of anticipating likely peak demand, and ensuring that enough supply capacity is in place to satisfy it. This is irrespective of how long demand is at absolute peak levels each year. For example, electricity distribution business ENERGEX claims that 13 per cent of their network capacity is only used for a few hours a few times a year.

This complicates productivity measurement. While input requirements in ES are largely determined by changes over time in peak demand, the ABS measure of output in ES is based on growth in aggregate annual electricity production. The latter is effectively a measure of growth in average daily demand, not peak demand.
If peak demand grows at a different rate to average demand, this will tend to show up as changes to measured productivity (ceteris paribus) due to unmeasured changes in the average rate of capital utilisation. For example, if peak demand is growing faster than average demand, this will tend to lower the average rate of capacity utilisation in the sector, and thereby depress measured productivity. This issue is explored below.
Summer versus winter peaking 

The cost to generators and network service providers (particularly in relation to capital costs) of meeting a given quantity of peak demand is generally higher in summer than in winter. This is because high ambient temperatures reduce the capacity of electricity networks to deliver a specific load or quantity of power (PB Associates 2006). As a result, transmission and distribution businesses must invest in network capacity on the basis of when absolute peak demand occurs during the year (summer versus winter), as well as the magnitude of peak demand. 
If absolute peak demand shifts from winter to summer, this tends to require additional supply capacity, thereby lowering measured productivity growth (and vice versa). 
Changing peak demand in Australia

The nature of peak electricity demand has changed in most states during the past 10 to 15 years. ENERGEX (2009a, p. 46) reports that prior to the early 2000s peak electricity demand in south east Queensland typically occurred in winter, but is now occurring in summer (figure 4.7). This is confirmed by esaa data (table 4.4) which also shows that peak demand in New South Wales has shifted from regularly occurring in winter to occasionally peaking in summer.
 In Victoria, peak demand prior to the mid-1990s also consistently occurred in winter but now occurs in summer (Energy Efficient Strategies 2004). 

In south-west Western Australia (which accounts for 80 to 85 per cent of that state’s electricity consumption) peak demand switched from winter to summer in 1993-94 and has remained summer dominant since (Raphael Ozsvath, Western Power, pers. comm., 19 May 2011). In contrast, Tasmania is still winter-peaking, primarily due to cold winters and comparatively mild summers.
As noted earlier, summer peaks are more costly to meet than equivalent-sized winter peaks, so the shift to summer peaking in Western Australia, Queensland, New South Wales and Victoria will have put downward pressure on MFP levels during the late 1990s and 2000s. 
Figure 4.7
Changes in seasonal and diurnal electricity demand in south-east Queensland
MW
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Data source: ENERGEX (2009b, p. 4).
Table 4.4
Season of peak electricity demand, by state, 1996-97 to 2009-10
	
	New South Wales & ACT
	

Victoria
	

Queensland
	
South Australia
	
Western Australia
	

Tasmania

	1996-97
	Winter
	Summer
	Winter
	Summer
	Summer
	Winter

	1997-98
	Winter
	Summer
	Summer
	Summer
	Summer
	Winter

	1998-99
	Winter
	Summer
	Summer
	Summer
	Summer
	Winter

	1999-00
	Winter
	Summer
	Winter
	Summer
	Summer
	Winter

	2000-01
	Summer
	Summer
	Summer
	Summer
	Summer
	Winter

	2001-02
	Winter
	Summer
	Summer
	Summer
	Summer
	Winter

	2002-03
	Summer
	Summer
	Summer
	Summer
	Summer
	Winter

	2003-04
	Winter
	Summer
	Summer
	Summer
	Summer
	Winter

	2004-05
	Winter
	Summer
	Summer
	Summer
	Summer
	Winter

	2005-06
	Summer
	Summer
	Summer
	Summer
	Summer
	Winter

	2006-07
	Winter
	Summer
	Summer
	Summer
	Summer
	Winter

	2007-08
	Winter
	Summer
	Summer
	Summer
	Summer
	Winter

	2008-09
	Summer
	Summer
	Summer
	Summer
	Summer
	Winter

	2009-10
	Summer
	Summer
	Summer
	Summer
	Summer
	Winter


Source: Authors’ estimates derived from data in esaa, various years, Electricity Gas Australia; esaa’s historical database.

Extent of summer peak demand
Apart from the general shift of peak demand from winter to summer, the next key question is to what extent has peak demand risen over time relative to average demand?

In most states, the ratio of peak summer demand to average annual demand has been trending upwards over the past ten to fifteen years, with quite substantial increases in some states over the period for which data are available (figure 4.8). The summer peak demand problem is particularly acute in South Australia and has been a long-standing challenge for the electricity supply sector in that state (Government of South Australia 2003).
Figure 4.8
Peak summer to average annual demand ratio,a 1989 to 2011
Ratio
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a( Peak summer demand information is not available for all states prior to 1996-97. Peak demand and average annual demand are measured in megawatt hours (MWh).
Data sources: Authors’ estimates from data in esaa, various years, Electricity Gas Australia; esaa’s historical database.
Similarly, the rise of relative peak summer demand in Victoria during the 2000s has been particularly rapid, with the ratio of peak to average demand growing from 1.5 in 1996-97 to just under 2.0 during the very hot summer of 2008-09. That is, peak electricity demand in Victoria during summer in early 2009 was almost double the average daily demand for electricity in Victoria during 2008-09 as a whole.
 

A graphical illustration of the problem of peak demand

While not directly related to the time period covered by the analysis of productivity in this report, a comparison of daily peak electricity demand within the NEM in 2009-10 versus 2010-11 (see figure 4.9) highlights the effect that peak demand can have on capital requirements, and the efficiency with which the generation and network capacity is used. This figure also illustrates a number of features of peak daily demand mentioned earlier, including that peak daily demand is typically lower on weekends compared with weekdays, and is typically lower during the milder seasons (spring and autumn) compared with the more extreme seasons (winter and summer).
The summer of 2009-10 was comparatively hot, and maximum daily demand for electricity within the NEM (largely driven by air-conditioner use) rose above 30 GW on 27 occasions (figure 4.9). In contrast, summer in 2010-11 in Australia was comparatively cool, and maximum daily demand exceeded 30 GW on just 7 occasions.
 For the remainder of summer 2010-11, maximum daily demand was comparatively low. 

However, when a spell of hotter weather did eventually occur in south-east Australia in late January/early February 2011, maximum daily demand increased dramatically, reaching a final peak for the summer of 34.888 GW, which was well above the absolute summer peak of the previous year (33.667 GW). 

So while average and daily maximum summer demands were generally higher in 2009-10, ultimately more generation and network capacity was needed to meet the one short period of extremely high demand for electricity within the NEM (that finally peaked on 2 February 2011), than at any time during the longer, hotter summer of the previous year. In fact, total electricity supplied in summer 2010-11 was around 5 per cent lower than the previous summer, despite the fact that peak demand in 2010-11, when it finally occurred, was around 4 per cent higher. 

Figure 4.9
Peak (maximum) daily electricity demand in the NEM,
2010-11 versus 2009-10a
GW
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a Peak daily demand is defined as the maximum of the 48 half-hourly electricity demand estimates published each day by the Australian Energy Market Operator (AEMO) across the National Electricity Market.

Data source: Derived from AEMO aggregated monthly price and demand data sets, http://www.aemo.com.au/data/price_demand.html.
Drivers of growth in peak demand

The increase in the peakiness of electricity demand is generally attributed to growing penetration and ownership of air-conditioners, particularly in the residential sector (see PC 2005; AER 2010; Energy Efficient Strategies 2006; Office of Energy, Government of Western Australia 2004 and IPART 2010). 
The proportion of homes in Australia with a cooler/air-conditioner has risen significantly over the past decade and a half (figure 4.10). The growth in cooler penetration rates
 was strong across most states, but less rapid in the Northern Territory where penetration rates were already quite high, even in the mid 1990s (figure 4.11).

Figure 4.10
Australian homes with an air-conditioner or evaporative cooler, 1974-75 to 2010-11
Per cent 
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Data source: Authors’ estimates derived from ABS (Environmental Issues: Energy Use and Conservation, Cat. no. 4602.0.55.001, March 2011) and Energy Efficient Strategies (2006).
Figure 4.11
Dwellings with a cooler,a June 1994 to March 2011, by jurisdiction
Per cent
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a(A cooler refers to an air-conditioner or evaporative cooler.

Data source: ABS (Environmental Issues: Energy Use and Conservation, Cat. no. 4602.0.55.001, March 2011).
The relationship between temperature change and air-conditioner use (and hence power demand) on hot summer days is illustrated in figure 4.12, which compares diurnal power demand in a power supply region in Brisbane on two consecutive days — one very hot (max 35.6 degrees centigrade), and the other comparatively mild (max of 23.3 degrees centigrade). Power consumption on the hot day peaked at a level 65 per cent higher than peak consumption the following day.

Figure 4.12
Impact of temperature on diurnal power demand in a region of Brisbanea
Mega Volt Ampere
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a(Albany Creek/Arana Hills region. Peak demand on consecutive days in November 2006.

Data source: Reproduction of data from ENERGEX (2009a, p. 46).

Apart from air-conditioning, growing penetration and ownership rates of other residential appliances, such as dishwashers, televisions and refrigerators, may also be contributing to growing relative peak demand. For example, dishwasher penetration increased from 25 per cent of households in 1995 to 45 per cent of households in 2008, while the number of households with a second refrigerator rose from 22 per cent to 30 per cent over the same period (ABS 2008). According to ENERGEX (2010), penetration and ownership rates of certain electrical appliances have increased significantly in south east Queensland during the past decade, and these changes are contributing to the challenge of meeting peak demand in that state (table 4.5). 
However, the rise in ownership and use of these appliances could only be contributing to the increase in relative peak demand if they were being used proportionately more often during the late afternoon/early evening peak period, rather than being used more evenly throughout the day.  
Table 4.5
The changing south east Queensland (SEQ) homea
	Appliances
	1999
	2009

	SEQ homes with air-conditioning

	23 per cent

	72 per cent
(34 per cent with 2 or more)

	Homes with at least one personal computer
	48 per cent
	98 per cent

	Number of televisions in average SEQ family

	1

	3
(25 per cent are high-energy use)

	SEQ homes with a dishwasher
	31 per cent
	50 per cent

	Microwave ovens 
(less than 30 per cent in 1989)
	72 per cent
	97 per cent


a Reproduction of data contained in a slide presentation given by ENERGEX in 2010.
Source: ENERGEX 2010.
Growth in physical capital to accommodate growing peak demand

Peak electricity demand in Australia is generally supplied by gas turbine peaking plants. These plants are specifically designed to meet peak-load demand, and while expensive to run, they are quick to start up and shut down. They can be called on to operate at short notice, such as when supply from baseload and/or intermediate stations
 is unexpectedly unavailable. Primarily however, gas turbine plants are referred to as peaking plants on the basis that they typically supply power during periods when electricity demand is in excess of the total available capacity of baseload and intermediate generators (see AER 2009, p. 53).
Data from esaa show that there was a significant increase in the proportion of gas turbine plants in the aggregate generation mix late in the first decade of the 2000s, which is consistent with the strong growth in the ratio of peak to average demand during the period (figures 4.13 and 4.14).

Amount of additional peaking capacity?

While difficult to quantify with precision, the increase in peak to average demand between 1997 and 2010 is estimated to have required an additional 6 300 MW of (peak) generation capacity, compared with what would otherwise have been the case. This estimate is made by holding fixed the ratio of peaking to non-peaking capacity from 1996-97 forward. The additional peaking capacity represents around 13 per cent of current generation capacity, and while it is critical in terms of meeting peak summer demand during extremely hot periods, it sits idle for the majority of the year. (It represents an investment of around $6.2 billion, which is around 6 per cent of total capital investment in Electricity supply over the period.)

Impact on capacity factors?

Assuming there was no pre-existing surplus of supply capacity, persistent growth in the ratio of peak to average demand since the late 1990s should have shown up as a decline in the (average) rate of capacity utilisation. Data from esaa (shown earlier in figure 4.4) indicate a slight decline in average capital utilisation in the generation sector over the first decade of the 2000s as a whole, with a sharper drop in the final few years of the decade. 

In relation to network capacity, the utilisation ratio has fallen significantly since 1997-98, consistent with the view that growth in relative peak demand has resulted in a reduction in network system efficiency (figure 4.5). 

Figure 4.13
Shares of electricity generation capacity, 1954-55 to 2009-10
Per cent
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a Refers to principal generation capacity as reported by esaa.

Data sources: esaa, various years, Electricity Gas Australia; esaa’s historical database.

Figure 4.14
Gas turbine share of total generation capacity,a 1975 to 2009
Per cent
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a Based on principal generating capacity as reported by esaa.
Data sources: esaa, various years, Electricity Gas Australia; esaa’s historical database.

Quantifying the impact of peak demand on MFP
An estimate of the extent to which growing relative peak demand has impacted on MFP has been made using an index of peak summer demand each year as the measure of output for the subdivision rather than the ABS estimate of real value added. As noted earlier, the latter largely reflects changes in aggregate electricity production, and this has grown more slowly than an index of peak demand since the late 1990s (figure 4.15). Peak or maximum demand is more variable from year to year than real value added, reflecting the fact that it is inherently more variable than average annual electricity demand.
Figure 4.15
Electricity supply: Real value added and peak summer demand,a 1974-75 to 2009-10
Index 1997-98 = 100
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a(Index of annual concurrent peak demand in the NEM from 1989-90 onward. 
Data sources: ABS National Accounts on dXtime (database); AEMO, http://www.aemo.com.au.
Substituting the index of peak demand for the standard measure of output (from 1988-89 onwards) and re-estimating MFP on that basis provides an indication of the extent to which the change in relative peak demand has contributed to the observed decline in productivity since the late 1990s (figure 4.16). On this basis, around one half of the decline in the level of MFP between 1997-98 and 2009-10 is potentially the result of an increase in the ratio of peak to average demand. 
Figure 4.16
Electricity supply: Impact on MFP of increasing relative peak demanda
Index 2006-07 = 100
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a There is only limited information available regarding (relative) peak summer demand prior to 1998-99. The analysis in this figure shows only the impact on MFP of changes to relative peak summer demand since 
1998-99. Also, the analysis uses changes in coincident peak summer demand in the NEM as a proxy for national peak demand.  
Data source: Authors’ estimates.
Implications of the peak demand ‘problem’ for MFP analysis and interpretation
While growth in relative peak demand was largely accommodated by building new supply infrastructure, some have claimed that it could have been better addressed through demand management. Were that true, some part of the decline in MFP due to growing peak demand should be seen as representing genuine inefficiency. The issue of the efficient level of investment in ES is, however, contentious (see, Garnault 2011; Mountain and Littlechild 2009 and IPART 2010). Any judgment on the matter is outside the scope of this study, though it is being considered as part of a Productivity Commission inquiry into benchmarking of electricity networks (due to report in April 2013).

Looking ahead, any further growth in the ownership and use of air-conditioners in Australia may put further downward pressure on measured productivity in the sector if relative peak demand increases. However, if policy or other changes are introduced that lead to a reduction in the peakiness of electricity demand (such as greater use of demand management), this will tend to have an ameliorating effect on measured productivity in ES. 
Ageing infrastructure and cyclical investment behaviour

The second reason identified as a cause of negative productivity growth in ES since the late 1990s is that of lumpy capital investments, and associated lags in the time taken before new supply capacity is fully utilised. 

Electricity supply is characterised by periodic surges and declines in the rate of growth of generation and network capacity. The strong growth in capital and labour inputs in ES from the late 1990s to 2009-10 is the most recent of a number of investment surges in ES that have occurred over time (see figure 4.17). It is consistent with the observation that much of the growth in capital and labour inputs during the period has been associated with a major program of infrastructure renewal or replacement (see AER 2010; Sims 2010; Industry and Investment NSW 2010 and IPART 2010, pp. 8, 38, 45). 
Figure 4.17
Electricity supply: Real capital investment, 1961-62 to 2009-10a
$ million, constant 2006-07 dollars
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a From 1974-75 to 2009-10, real capital investment is the sum of investment in two types of capital goods: non-dwelling construction; and plant, machinery and equipment. Estimates prior to 1974-75 were derived by splicing on an index of (total) capital investment in the Electricity supply subdivision that was itself derived from unpublished ABS data on (current price) gross fixed capital formation in the subdivision. The latter was deflated using a capital goods price index also provided by the ABS. Further details available in Appendix A.
Data sources: Authors’ estimates based on ABS (Cat. nos: 8208.0, 8226.0, 8155.0 and 5204.0); ABS unpublished data. 
Infrastructure assets built in the mid-to-late 1960s that had a lifespan of 30 to 40 years would likely have been up for replacement or refurbishment from the mid-to-late 1990s onwards. Similarly many of the assets built in the investment boom of the late 1970s/early 1980s would also have been at or near retirement or renewal age from the early 2000s onwards. Refurbishment and replacement of these assets would also be contributing to the surge in investment since the late 1990s, and particularly in the past five years or so. 

While estimated input growth in ES has slowed in recent years, it is probably too early to say whether the subdivision is about to enter a phase of significantly slower growth in measured inputs. For example, further growth in relative peak demand and/or the early closure of coal-fired power stations for environmental reasons would maintain pressure on current rates of investment in the sector. However, the historical record indicates that the rapid growth in inputs during the past five to ten years is unlikely to be maintained indefinitely.

Given the periodic or cyclical component to capital infrastructure investment in ES, some part of the recent build up in capital capacity (particularly in the network) is likely to be in the form of lumpy capital assets that are designed to underpin growth in demand well into the future, not just to meet current demand. The consequences for MFP are twofold: first, MFP growth in recent years will have been lower than would otherwise have been the case. An increase in investment in long-lived capital assets that will not be fully utilised until sometime in the future will have put (temporary) downward pressure on MFP. Second, once the current investment cycle is completed, output is likely to grow while labour and capital input growth is likely to moderate. These developments will have positive effects on measured MFP. Underlying growth in MFP will not be clear until these developments play out.
Hidden quality changes — the case of underground versus overhead distribution of electricity
Another issue raised during industry and stakeholder consultations for this project was that a mandated shift towards underground electricity cabling may also have contributed to lower measured productivity because the former has a higher capital cost (per circuit kilometre) than the latter.
 
The capital costs of installing underground cables are greater than those for equally rated overhead lines, with the ratio rising as the voltage of the line increases. Cost ratios can range from about 2:1 at 11 kV to 20:1 or more at 400 kV, but the cost for each individual line is highly location specific, depending on many local factors, including the ground conditions (Energy Networks Association 2006). An inquiry into electricity distribution in Queensland estimated the cost of undergrounding all electricity cabling in that state to be in the order of $50-60 billion, around ten times the current value of these assets (Department of Natural Resources, Mines and Energy 2004).
Although there are benefits to underground cabling as well as costs, some of the benefits — such as improved amenity values, reduced risk of vehicular accidents and reduced bushfire risk
 — do not always accrue to the electricity sector, and hence are not reflected in the subdivision’s productivity statistics. (In fact, these benefits are not systematically accounted for as an increase in the output of any sector.) 
Data from esaa show that, while the aggregate quantity of underground cabling in place remains small relative to overhead cabling, the installation of underground cabling has been growing much faster than overhead lines, and grew particularly quickly during the recent negative phase of MFP (figures 4.18 and 4.19). In fact, the majority of new transmission and distribution cabling laid during the negative MFP growth phase was underground (56 411 circuit kilometres out of a total 88 046). This is in marked contrast to earlier periods when the vast majority of new electricity lines were installed above ground. 
It has not been possible to measure the extent to which the switch to underground cabling has contributed to the observed decline in ES MFP in the negative MFP growth phase. However, electricity distribution represents a significant share of subdivision costs, and the majority of all new distribution cabling is now underground rather than overhead.

The switch to underground cabling identified above is a cause of negative MFP growth in ES, and represents an increase in costs to electricity businesses. What is not established in this assessment is whether or not the costs of the policy change (including those represented by a loss in measured productivity) exceed the benefits. Comparison of these costs and benefits is beyond the scope of this paper. 

Figure 4.18
Shares of electricity lines,a 1974-75 to 2009-10
Per cent of total
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a Overhead cabling excludes 500 kV lines as there is no underground equivalent to overhead lines of this type in Australia.
Data sources: esaa, various years, Electricity Gas Australia; esaa’s historical database.

Figure 4.19
Electricity cabling installed, by type, 1974-75 to 2009-10
Circuit kilometres, per cent
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Data sources: esaa, various years, Electricity Gas Australia; esaa’s historical database.
Other hidden quality issues

Apart from undergrounding of electricity cabling, measured productivity in ES during the past decade or so may also have been adversely affected by regulatory and other changes that were targeted at improving the reliability of electricity supply. 
There is some evidence of higher reliability standards being required in ES and that additional expenditures were needed to meet these standards (see New South Wales Minister for Energy 2007; Endeavour Energy 2011, p. 19 and IPART 2010, p. 64). Additional data and research are required to quantify the extent to which this factor contributed to the decline in measured productivity in the subdivision after 1997-98. 
Changes to the source of electricity generation due to climate change policy
While the debate regarding climate change and the appropriate public policy response has been particularly prominent in Australia during the past few years, the issue has influenced investment decisions in the electricity sector for considerably longer. 
The 1997 esaa annual report describes a looming challenge to coal as the dominant electricity fuel source in Australia because of two main factors. First, a more competitive market was expected to make gas more attractive to investors, as gas-fired power plants could be made smaller and modular, and had shorter lead times for construction and expansion, thereby making them less risky compared with the large investments needed to achieve economies of scale with coal-fired power stations. Second, greenhouse gas abatement policies would work against coal, and in favour of gas and renewables (esaa 1997, p. 4). 
The Managing Director of esaa at the time of the report cited above, Keith Orchison, has recently written that:

... in a world managed by power engineers, ground would long since have been broken at Macquarie Generation’s Bayswater B site to construct two more 1000 MW coal-burning units to sustain the state’s baseload supply well beyond 2020 and to underpin some large-scale, energy-intensive industrial development with low-priced fuel. (Business Spectator, 13 January 2011). 

As noted earlier, coal-fired power’s share of total generation capacity fell quite considerably during the 2000s (although its share of total energy production has not fallen by as much) as new generation capacity shifted towards combined-cycle gas plants (figure 4.13). Government policies have supported rapid growth in non-hydro renewable generation capacity (especially wind power), although they supply only a small share of total output (2.8 per cent of principal electricity generation in 2009‑10). 
Examination of the size, type and decade of first operation of Australia’s current mix of generating capacity also provides insights into the effects of actual and anticipated energy policy changes on the generation sector over time, and the effects of uncertainty regarding the future profitability of higher-emission sources of supply such as coal (figure 4.20). In this figure, generating capacity in place in 2009-10 is grouped according to the decade it was commissioned and by the type of plant (coal, gas, hydro etc). A separate line indicates how many of the current stock of generation plants were commissioned in each decade. For example, of the 264 power stations operating in 2009-10, 101 were first commissioned in the 2000s, 49 were commissioned in the 1990s, and 21 were commissioned prior to 1959.

The information in figure 4.20 indicates that:
1. A large share of Australia’s current generation capacity is accounted for by a comparative small number of large coal-fired power stations that were built in the 1970s and 1980s. The prevailing philosophy at the time was that Australia should consolidate its energy future by focussing on its core comparative advantage — cheap and plentiful supplies of coal.
2. Comparatively little of our current generation capacity was built in the 1990s, which is consistent with the marked decline in new investment in the sector in that decade.

3. Since 2000, just under one half of new baseload and intermediate power needs have been met by combined-cycle gas plants.
4. 38 per cent (101 out of a total of 264) of the power stations in operation in 2009-10 were constructed after 2000. However, these plants only account for 27 per cent of aggregate generation capacity.
5. The average size (in terms of maximum generation capacity) of the power stations that were built in the 1990s and 2000s is substantially smaller than that of those stations built in previous periods. Stations operating in 2009-10 that were commissioned in the 1990s and the first decade of the 2000s average 140 MW each, versus 367 MW for stations originally built in the 1970s and 537 MW for those built in the 1980s.
6. Most of Australia’s currently operating hydro power stations are comparatively old.
7. Wind power continues to grow in response to government initiatives, but remains only a small contributor.
In essence, from the late 1990s onwards Australia began to shift away from coal as the primary source of new baseload and intermediate generation capacity. These needs were largely being supplied by combined cycle gas turbine (CCGT) power stations and, to a much lesser extent, renewable energy plants. 

In comparison, the increased importance of open-cycle gas turbine plants was, as noted earlier, largely a response to growing peak demand for electricity. Arguably, this development would have occurred irrespective of climate-change considerations.

Figure 4.20
Generation capacity in 2009-10, by size, age (based on decade of first operation), and type of planta
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a(Plants commissioned between 1938 and 1959 have been aggregated into a single group. Includes principal and non-principal power generators (see esaa 2011, p. 126). 23 power producers (representing 770 MW of capacity) are excluded because no year of commission is available. 
Data source: Based on esaa 2011, Electricity Gas Australia 2011, June, esaa, Melbourne.
Evidence on costs
Although coal-fired power has traditionally been the cheapest way to produce baseload power in Australia (see box 4.2), improvements in the technology and efficiency of CCGT plants have narrowed the gap (AER 2009, p. 52; ACIL Tasman 2009, p. 83).
 Nevertheless, the cost disadvantage of combined-cycle gas relative to coal-fired power will have contributed to the loss in measured productivity in electricity supply during the last 10 to 15 years. 
Do not delete this return as it gives space between the box and what precedes it.
	Box 4.2
The costs of electricity sources

	The levelised cost of electricity (LCOE) is a widely‑used measure of the cost of different electricity generation technologies. Estimates of the LCOE are sensitive to assumptions about factors such as capital costs, the useful life of assets and the technical efficiency of generation technologies. As such, they should be treated as an indicative guide to the relative costs of various technologies.

The Electric Power Research Institute (EPRI 2010) reported estimates of the LCOE of various sources of electricity in Australia, including:

· coal‑fired electricity (without carbon capture and storage) — A$78–91/MWh

· combined‑cycle gas turbines (without carbon capture and storage) — A$97/MWh

· wind — A$150–214/MWh

· medium‑sized (five megawatt) solar photovoltaic systems — A$400–473/MWh.

Smaller domestic photovoltaic systems are likely to have higher costs again. The high LCOE for solar photovoltaic is one of the reasons that policies that subsidise solar photovoltaic have high implicit abatement subsidies.

	Sources: PC (2011c, p. 81); EPRI (2010). 

	


	


Continued investment in CCGT plants in preference to coal-fired plants (to meet new baseload demand growth) will tend to put further downward pressure on measured productivity growth in the sector (ceteris paribus). However the productivity losses may be reduced if CCGT plants improve their efficiency. Early closure of otherwise productive coal-fired power stations would also contribute to downward pressure on measured productivity in ES.

The size of the negative effect on measured MFP due to the growth in renewable power sources is likely to have been small, but will have been increasing over time. Moreover it will continue to grow into the future as more renewables (particularly wind power) are brought into the system under the RET scheme. More broadly, given these cost differentials, until the energy sector completes its ongoing process of structural adjustment in response to climate change policies (current and future), further downward pressure on measured productivity in the sector can be anticipated. On the other hand, there will be gains in the form of emissions reductions. In addition, there may be scope for greater relative efficiency of renewable generation technology in the future.
In summary, four key factors — growing relative peak demand, cyclical investment, unmeasured quality improvements to output, and a shift to higher cost supply sources in response to climate change — have been identified in this research as  possible explanations for the negative MFP growth measured in ES since the late 1990s. 
While the recent surge in new investment in ES may be having only a temporary effect on MFP in ES, the other three factors are structural, and reflect more permanent increases in the quantity of inputs required to produce each unit of measured output in the sector. 

Other issues

Impact of the NEM on productivity
The motivation behind the introduction of the NEM was a desire to raise the efficiency and productivity of electricity supply in eastern Australia by taking advantage of potential cost savings arising from a system of interconnected state networks. 
In practice, interregional flows of electricity since the start of the NEM indicate the benefits from having an interconnected system (figure 4.21).  

The interregional trade data indicate the following:

5.  New South Wales is a net importer of electricity. It relies on local baseload generation, but has limited peaking capacity at times of high demand.
6. Victoria has substantial low cost baseload capacity, making it a net exporter of electricity.
7. Queensland’s installed capacity exceeds the region’s peak demand for electricity, making Queensland a significant net exporter.
8. South Australia imported over 25 per cent of its energy requirements in the early years of the NEM. New investment in generation — mostly in wind capacity — has reduced this dependence since 2005-06.
9. Tasmania has been a net importer since its interconnection with the NEM in 2006, partly because drought has constrained its ability to generate hydroelectricity (AER 2010, p. 27). A return to average rainfall could see it switch from being a net importer to being a net exporter, as was initially expected when Tasmania joined the NEM.
Figure 4.21
Interregional trade as a percentage of regional electricity consumption, 1998-99 to 2009-10
Per cent
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Data sources: AEMO, http://www.aemo.com.au; AER (2009).
More broadly, competitive pressures within the NEM are believed to have increased the utilisation and performance of generation assets and lowered operating costs, thereby driving real efficiency gains through the NEM-wide dispatch of generation (ERIG 2007, p. 3). Such gains would have had positive effects on MFP in Electricity supply.
The NEM continues to evolve in response to supply and demand developments, and in response to policy and regulatory changes. Problems and limitations in the operation and management of the NEM were identified in the ERIG (Energy Reform Implementation Group) review, particularly in relation to planning and investment decision making. 
An efficient national transmission system requires improved locational signals to generators, better efficiency incentives for Transmission Network Service Providers (TNSPs), and proper national planning, coordination and system integration for national, market-wide grid development. (ERIG 2007, p. 1). 

The AEMC is currently undertaking a wide ranging Transmission Frameworks Review that is exploring many of these issues.

Labour inputs
The strong growth in labour inputs in Electricity supply in the past five to ten years has contributed to the poor MFP outcome in the sector. The rise in labour inputs is confirmed by examination of company annual reports, particularly those of the major electricity distribution companies that collectively account for the majority of labour inputs in the sector. Labour inputs have been increased to upgrade and augment network infrastructure, to assist distribution businesses respond to ageing workforces, and to prepare for skills transfer as older workers retire. Apprenticeship and other training programs have also expanded in many electricity businesses. 
  
While the ABS accounts for the fact that some labour is used to produce own-account capital, there is a possibility that in periods where there is a marked change in the amount of this activity — such as has been occurring during the past five years — some adjustments will be missed.
 If the result is an under-estimate of output (real value added) then there will be a downward bias to MFP estimates. This bias should be offset in the future, however, once the current period of capacity renewal and augmentation, and its associated workforce, concludes. 
�	More information regarding the industry classification scheme used by the ABS to define the sub-groups can be found in ABS (2006). More information regarding the structure and operation of the various component parts of the electricity sector can be found in AER (2009).


�	Capital and labour shares of total income are indicators of the extent to which businesses and industries use more or less capital and labour in production. They are also used as weights to add together labour and capital inputs for the purpose of measuring MFP. ABS (2000, p. 369) contains a formal derivation of total income, and of the capital and labour shares of total income. 


�	BIE/PC (1996) and PC (2002) outline the reform process and its effects in detail, as does AER (2009), which also contains detailed historical and background information on the development of the electricity sector, and a description of the current regulatory environment.


�	Note also that there is no separation of the transmission and distribution networks in south-west Western Australia — a single network business produces an integrated transmission/distribution service within this part of the state.


�	Including the electricity network within the Australian Capital Territory.


�	The NEM is a dynamic system, and there are ongoing discussions and decisions being made regarding the number, location, capacity and other characteristics of current and future interconnections.


�	The full ABS description of output in ES, GS and WSSD is Industry Gross Value Added, chain volume measures, as reported in the ABS National Accounts, Cat. no. 5204.0. For more information on data and data sources see appendix A.


�	The discrepancies between esaa and ABS estimates of aggregate electricity production were not able to be adequately explained.


�	The ABS nominate the issue of capital utilisation as a possible cause of bias in capital services estimates in EGWW (see ABS 2007, p. 44). 


�	Abbott (2006, p. 453) also finds comparatively slow productivity growth in electricity supply during this period, which he attributes to an excessive build-up in capital stock in advance of demand.


�	Once produced, electricity cannot be easily stored — exceptions being in relation to battery banks and pumped storage systems. 


�	Direct quote from ENERGEX website, http://www.energex.com.au/network/peak_demand/peak�_demand.html (accessed 11 April 2011).


� Smith (2005, p. 8) states that: ‘... prior to 2003 in NSW, summer peak demand had never exceeded the previous winter peak demand. However, in the summer of 2002-03, fuelled by extreme temperatures, peak demand of 12,456 MW exceeded the preceding winter peak for the first time.’ esaa data indicate that the summer peak in the combined NSW/ACT region in 2000�01 was also above the winter peak, but is otherwise consistent with the winter peaking to occasionally summer peaking assessment.  


�	Growing peak to average electricity demand is not peculiar to Australia. A report by the Electric Power Research Institute (EPRI) showed that summer peak demand in the United States grew at 2.1 per cent per year from 1996 to 2006, while average demand grew by 1.7 per cent (EPRI 2009).


�	For the purpose of this analysis, summer is defined to be the period from 1 November to 28 February.


�	Penetration refers to the proportion of homes that have a cooler, whereas ownership refers to the total number of coolers owned divided by the total number of households.


�	For detailed information regarding energy appliance usage patterns (including air-conditioner use) and typical summer and winter peak demand load patterns in the residential and commercial sectors, see EMET Consultants Pty Limited (2004). 


� ‘The classifications of base, intermediate and peak are based on typical hours of running or capacity factors, and mode and cost of operation. Generation classified as base has a long term capacity factor (proportion of capacity in use) close to one, and low operating costs, but can take many hours to start. Peak generation has a long term capacity factor closer to zero, and higher operating costs, but can start rapidly. Intermediate generation falls in between.’�AER (2007, p. 65)


� Figure 4.13 also shows the growth in combined-cycle gas plants, a comparatively new source of baseload and intermediate capacity that is taking over from coal-fired power stations as the latter lose favour due to their carbon intensity. This issue is discussed in more detail later in this chapter.


�	In most states undergrounding of electricity cabling is now required or mandatory for all new developments, while there are also policies and programs aimed at undergrounding existing cabling in some circumstances  (IPART 2002, p. 36).


�	The 2009 Victorian Bushfires Royal Commission (2010), recommended: ‘... the progressive replacement of all SWER (single-wire earth return) power lines in Victoria with aerialbundled cable, underground cabling or other technology that delivers greatly reduced bushfire risk.’ http://www.royalcommission.vic.gov.au/Assets/VBRC-Final-Report-Recommendations.pdf, (Recommendation 27).


�	Figure 4.20 includes principal and non-principal power stations, as defined by esaa (2011). Power stations that provide their output to the retail electricity market and have their output subject to the control of electricity market operators are categorized as principal power stations. They accounted for 91 per cent of total power generating capacity in 2009-10. Non-principal power stations accounted for the other 9 per cent of capacity, and are typically much smaller in size, on average, than principal power stations. The output of non-principal power stations is not generally subject to the control of the electricity market operators. Non-principal power stations often provide electricity to a single end-user, rather than to the retail market. Many wind farms are classified as non-principal power stations on this basis, as their output is often tied to a particular production facility, such as a factory or a desalination plant. For more information see esaa (Electricity Gas Australia 2011, Appendix 6a).


�	If a disproportionate amount of new plant added in the 1990s was de-commissioned prior to 2009-10, this would partly invalidate this result. However, examination of esaa historical data shows that this is not the case.


�	This is putting to one side the issue of environmental or external costs associated with fossil fuel based power sources. For a detailed discussion of the external costs associated with different power generation sources see ATSE (2009). 


�	See: http://www.aemc.gov.au/Market-Reviews/Open/Transmission-Frameworks-Review.html.


�	IPART (2010 pp. 5, 53) discusses the driving forces behind labour input growth in New South Wales electricity distributions businesses between 2001-02 and 2008-09.


�	The ABS adds the value of new capital assets produced in-house for future use in-house (which is comparatively large in utilities, mining, and communications) to output, on the basis that these assets are produced using labour and capital inputs that could otherwise have been used to produce final goods and services. In essence, the adjustments are made to ensure that firms that contract out the construction of capital goods (or purchase completed capital goods) are treated the same as firms that choose to produce their own capital goods. 
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