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TNSP Name Abbreviations 

The following table lists the TNSP name abbreviations used in this report and the State in which the TNSP operates.

	Abbreviation
	TNSP name
	State

	ANT
	AusNet Services Transmission
	Victoria

	ENT
	ElectraNet
	South Australia

	PLK
	Powerlink
	Queensland

	TNT
	TasNetworks Transmission
	Tasmania

	TRG
	TransGrid
	New South Wales


1
Introduction

Economic Insights has been asked to update the electricity transmission network service provider (TNSP) multilateral total factor productivity (MTFP) and multilateral partial factor productivity (MPFP) results presented in the Australian Energy Regulator’s 2016 TNSP Benchmarking Report (AER 2016). The update involves including data for the 2015–16 financial and March years (as relevant) reported by the TNSPs in their latest Economic Benchmarking Regulatory Information Notice (EBRIN) returns. It also includes a number of specification changes based on the AER’s recent review of TNSP economic benchmarking and a small number of revisions to TNSP data, mainly relating to further refinement of MVA factors for lines and cables.

This year we have also been asked to provide more detailed analysis of the drivers of TNSP productivity change. We examine the contribution of each individual output and input to total factor productivity (TFP) change. We also examine the impact of redundancy payments (which are currently included as part of TNSP operating costs) on productivity change.
1.1
The AER’s review of TNSP economic benchmarking
AER (2014) produced initial benchmarking results for Australia’s five TNSPs operating in the NEM. As well as presenting a range of partial performance indicators, AER (2014) also presented economic benchmarking results for MTFP and MPFP measures developed in Economic Insights (2014b). These measure the relative productivity of transmission networks and track productivity changes over time. Productivity is measured as the ratio of the quantity of total outputs produced to the quantity of inputs used. These results were then refined and updated in Economic Insights (2015, 2016) and AER (2015, 2016a). 

The main area where there is not yet a consensus position on the economic benchmarking of electricity networks is the appropriate measurement of outputs for transmission networks. The whole of business benchmarking of transmission networks is relatively new (although transmission networks have benchmarked their own costs at a more specific level for some time). Economic Insights (2014a, p.2) noted:
‘While economic benchmarking of distribution network service providers (DNSPs) is relatively mature and has a long history, there have been very few economic benchmarking studies undertaken of TNSPs. Economic benchmarking of transmission activities is in its relative infancy compared to distribution. As a result, in this report we do not apply the above techniques to assess the base year efficiency of TNSPs. We present an illustrative set of MTFP results using an output specification analogous to our preferred specification for DNSPs but caution against drawing strong inferences about TNSP efficiency levels from these results. However, output growth rates and opex input quantity growth rates can be calculated with a higher degree of confidence and used to forecast opex partial productivity growth for the next regulatory period which is a key component of the rate of change formula.’
The original TNSP productivity measures had five outputs: energy throughput, ratcheted maximum demand, voltage–weighted entry and exit connections, circuit length and (minus) energy not supplied.

Submissions from TNSPs on AER (2016a) raised a number of issues and potential refinements to TNSP economic benchmarking, mainly regarding the specification of outputs. The AER decided to undertake a review of TNSP economic benchmarking based on these and related submissions and asked Economic Insights to prepare an issues paper to focus input to the review (Economic Insights 2017a). A range of stakeholders made submissions on the issues paper and participated in a forum held on 31 May 2017. After consideration of the issues raised, a position paper was prepared by Economic Insights (2017b).
The main issues considered in the position paper were:

· the merits of replacing voltage–weighted connections by the number of end–users
· the merits of placing a cap on the weight given to the reliability variable

· whether the weights applied to the other four outputs should be updated, and
· ‘additive’ versus multiplicative incorporation of capacity–related outputs.
Voltage–weighted connections versus end–user numbers

The voltage–weighted connections output measure used in previous reports has the advantage of attempting to adjust the number of entry and exit points for the relative ‘size’ of each connection point using accessible information and in a simple way. However, Economic Insights (2017b) accepted the criticisms of the measure made by AusNet (2017a) that the voltage of the connection point is not necessarily closely related to the capacity of the connection point and that the number of connection points does not necessarily reflect the complexity of the task the TNSP has to perform. Furthermore, Economic Insights (2013) noted that the measure does not score well against the second selection criterion for outputs, namely that the output should directly reflect a service provided to customers. 

Substituting jurisdictional end–user numbers for voltage–weighted connections has the advantage of focusing on the service provided to electricity customers. It also uses robust data that is currently readily available. It provides a direct measure of the scale of the transmission task, is a good proxy for the complexity of the task facing the TNSP and has the advantage of being similar to the current treatment of DNSP outputs. It also leads to the two smaller TNSPs, TNT and ENT, having similar productivity levels to the larger TNSPs whereas they have considerably higher productivity levels using the voltage–weighted connections output. 

It needs to be recognised that the output specification cannot take account of all operating environment factors (OEFs) and unusual circumstances facing a TNSP such as the need to connect a larger number of smaller renewable energy generators than other TNSPs. This may be best dealt with through the application of separate OEF analysis. Future refinement of a connections–based output using a transformer capacity weighting instead of a voltage weighting may assist with this. Economic Insights (2017b) thus supported expansion of the TNSP EBRIN data collection to include the MVA rating of each TNSP entry and exit point. This will allow eventual development of a more TNSP–specific specification or OEF.

Capping the weight on reliability

While it is important to retain the reliability output in the model in recognition of the vital role of transmission in the electricity supply chain, the current treatment which leads to a one–off outage at one terminal station leading to reduction in ANT’s output for the entire 2009 year of 50 per cent and of the industry’s output by 13 per cent is not realistic. There is thus a solid case for capping the share given to the reliability output in the TNSP productivity model. Economic Insights (2017b) favoured placing a cap on the value of energy not served (ENS) as a share of gross revenue of 5.5 per cent, the value consistent with a 95 per cent probability of the cap not being binding, and with the cap taking effect by reducing the price of ENS in those years where the cap is binding. 

Updating other output weights

Given that changes are being made to the output specification, output cost shares need to be updated. Leontief cost function–based shares using the latest data set appear to present the most plausible and stable results and have the advantage of being consistent with the approach adopted in the index number method component of the parallel economic benchmarking of DNSPs. Economic Insights (2017b) recommended using these shares for a reasonable length of time to permit changes observed over time to be attributed more clearly to productivity changes.

Incorporation of capacity–related outputs

TNSPs have argued that the separate inclusion of the key system capacity variables of ratcheted maximum demand and line length on the output side does not mirror the ‘multiplicative’ inclusion of line capacity on the input side. It has been claimed that this will potentially disadvantage large TNSPs relative to small TNSPs. Economic Insights (2017b) found that a case had not been made that the current treatment of the output and input specifications is inappropriate for an index number method productivity model or that a preferable or more tractable option had been identified. 

Position

Following assessment of the issues, Economic Insights (2017b) recommended making the following three changes to the TNSP economic benchmarking model:

1) substitution of jurisdictional end–user numbers for the current voltage–weighted connections output

2) adoption of revised output cost share weights derived from a Leontief cost function model applied to data for the 2006 to 2015 period, and

3) application of a cap of 5.5 per cent of gross revenue on the output share of energy not served with the cap being achieved by changes in the price of energy not served rather than its quantity.

1.2
Review of submissions on the position paper

The five TNSPs and the Energy Networks Association (ENA) made brief submissions on the Economic Insights (2017b) position paper. We have carefully considered these submissions. The key responses to the four topics outlined in the preceding section are reviewed in this section.
Most discussion in the submissions focussed on whether end–user numbers should be substituted for the voltage–weighted connections variable. AusNet (2017b, p.2) supported the change noting it ‘removed the outliers that indicated specification issues with the current model’. It further noted that the change ‘maintains comparability with the DNSP benchmarking specification’ and that entry points do not need to be included and could instead be dealt with through an operating environment factor (OEF). AusNet (2017b, p.3) went on to note that accepting this change ‘would mark a significant improvement in the robustness of the model’.
TransGrid (2017) stated it is ‘broadly supportive of Economic Insight’s position to modify the output specifications as described in the position paper’. 

The other three TNSPs were less supportive of the change. ElectraNet (2017, p.1) noted that the number of downstream customers may not ‘directly influence the number and size of exit points required by the TNSP’ and that ‘a transmission connection point serving a 20MW load in a given location requires the same effort to serve whether it delivers energy to one large customer or 20,000 small customers’. Powerlink (2017a, p.2) was also of the view that the inclusion of end–user numbers did not ‘provide any direct measure of the scale or complexity of the transmission task’. However, it needs to be recognised that transmission is an integral part of the overall electricity supply network which is in place to serve end–users, including residential, commercial and industrial customers. The inclusion of an end–user numbers variable provides focus on transmission’s role in the supply chain by capturing an important aspect of scale and complexity. 
TasNetworks (2017a, p.2) noted that it serves a geographically dispersed population and is obliged to connect a large number of small hydro generators. It supported further developments of OEFs to address the unusual circumstances facing each TNSP.

AusNet (2017b, p.3) also supported expanding the EBRINs to include data on the MVA capacity of transformers at each connection point. It noted this should involve consultation with TNSPs to ensure data collected was of sufficient consistency. We concur with this as it will allow future testing of a potentially more appropriate basis for weighting connection points and also support development of relevant OEFs.

There was general support for capping the weight given to the energy not served output. The ENA (2017, p.2) noted that ‘capping the contribution of a supply reliability measure, is a reasonable and sensible move to mitigate against the significant impacts on transmission output results, of one-off outages’. And Powerlink (2017a, p.2) stated it ‘considers that a cap to reduce the influence of unserved energy on the benchmarking results would be a reasonable addition to the framework’.
There was also general support for updating the weights for non–reliability outputs provided the new weights were left in place for a reasonable time. The ENA (2017, p.2) stated the ‘use of the Leontief model is supported, as long as the modelling and outcomes are robust, and is retained by the AER for a number of years’. AusNet (2017b, p.4) stated ‘we support the Position Paper’s preferred, updated output weights, which have been calculated using the Leontief cost function’. And, Powerlink (2017a, p.3) noted it ‘considers that testing the stability of the estimates from time to time (say, every 5 years) appears to be consistent with a reasonable benchmarking framework’.
AusNet (2017b, p.5) was the only submission to raise the subject of additive versus multiplicative capacity measures. It noted that benchmarking measures should continue to evolve as additional issues are identified and that ‘while we recognise that calculating a scale efficiency factor would require engineering and economic analysis and a degree of judgement, this should not preclude it from being explored as a further model refinement’. At this time a practical way of improving the current inclusion of circuit length and ratcheted maximum demand on the output side and lines and transformer inputs taking account of their carrying capacity has not been presented. However, the subject is worthy of further analysis when the specification is next reviewed
.
Having reviewed and considered submissions on the position paper we are of the view that the revised specification proposed in the position paper should be adopted. There was general support for all aspects of the revisions other than substitution of end–user numbers for the voltage–weighted number of connections. On balance, we view moving to incorporating end–user numbers as beneficial in capturing important aspects of scale and complexity, removing some anomalous results, and utilising robust data that is already available. We also support extension of the EBRINs to include the MVA capacity of transformers at each connection point to support future evaluation of a potentially more appropriate basis for weighting connection points and development of relevant OEFs.
1.3
Submissions received on the draft report
The AER sought submissions from the 5 included TNSPs on the draft of its annual benchmarking report and the draft of the current report. Three of the TNSPs provided submissions.
ANT (2017c, p.1) supported many of the changes proposed in the Economic Insights (2017b) position paper, including the use of end–user numbers rather than voltage–weighted connection numbers, updating output weights and placing a cap on the value of energy not served. ANT noted ‘the results under the revised mode specification appear far more intuitive and sensible than under the original benchmarking model’.

ANT (2017c, p.2) sought clarification of whether the cap of 5.5 per cent on the weight of energy not served was relative to total revenue or total revenue plus the value of energy not served. It is relative to total revenue plus the value of energy not served – defined as gross revenue in Economic Insights (2017b). Given that energy not served receives a negative weight, all output weights are taken relative to gross revenue so that their sum is always one.
PLK (2017b, p.1) restated its reservations regarding the use of end–user numbers as an output measure for TNSPs but supported using a cap on the influence of energy not served. PLK also supported the extension of reporting to include analysis of the key drivers of TFP change for TNSPs.
TND (2017b, p.1) noted that energy trading over the Basslink interconnector was responsible for large changes in its reported throughput but were ‘not necessarily a function of TasNetwork’s performance’ and thus throughput should not be included as a TNSP output. TND also restated its reservations regarding the use of end–user numbers as an output when around half its energy supplied goes to four large industrial users.
ENT and TRG did not make submissions on the draft report.
1.4
Specification used for productivity measurement
The TNSP MTFP and TFP measures use the new specification with five outputs included:

· Energy throughput (with 23.1 per cent share of gross revenue)

· Ratcheted maximum demand (with 19.4 per cent share of gross revenue)

· End–user numbers (with 19.9 per cent share of gross revenue)

· Circuit length (with 37.6 per cent share of gross revenue), and

· (minus) Minutes off–supply (with the weight based on current AEMO VCRs capped at a maximum absolute value of 5.5 per cent of gross revenue).

The TNSP MTFP and TFP measures include four inputs:

· Opex (total opex deflated by a composite labour, materials and services price index)

· Overhead lines (quantity proxied by overhead MVAkms)

· Underground cables (quantity proxied by underground MVAkms), and

· Transformers and other capital (quantity proxied by transformer MVA). 

In all cases, the annual user cost of capital is taken to be the return on capital, the return of capital and the tax component, all calculated in a broadly similar way to that used in forming the building blocks revenue requirement.

For comparison purposes, we also present results in section 4 that use the original TNSP output specification. This differs from the specification above in using voltage–weighted connection numbers instead of end–user numbers, in using the original output cost shares for outputs other reliability and in not imposing a cap on the weight attributed to reliability.
1.5
Data revisions

Data revisions have mainly focused on further refinements to estimated MVA factors for lines and cables. ANT has revised the rating of its overhead 500kV and 330kV lines. In line with other changes ANT has made to MVA ratings, we apply the revised values for the entire time period. ENT has again supplied exit connection voltages at the upstream side of connections rather than the downstream side as used in previous TNSP economic benchmarking. We have assumed ENT’s voltage–weighted connections output measured at the downstream side is the same in 2016 as it was in 2015.
In previous economic benchmarking of NSPs we have assumed a composition of operating expenditure (opex) of 62.6 per cent labour costs and 37.4 per cent non–labour costs. In response to debate about the currency of this estimated split and its appropriateness, the AER has sought data from TNSPs on the composition of their opex. Across all TNSPs, the proportion of labour (from in–house labour, field services contracts and non–field services contracts) was 70.4 per cent. We use the updated proportion in this report for all years. As part of the same data collection exercise, the AER also gathered data on redundancy payments for all TNSPs in all of the 11 years covered in the current analysis. 
2
Industry–level Transmission Productivity Results
Transmission industry–level total output, total input and TFP indexes are presented in figure 2.1 and table 2.1. Opex and capital partial productivity indexes are also presented in table 2.1.
Figure 2.1
Industry–level transmission output, input and total factor productivity indexes, 2006–2016
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Table 2.1
Industry–level transmission output, input and total factor productivity and partial productivity indexes, 2006–2016
	Year
	Output
	Input
	TFP
	
	PFP Index

	
	Index
	Index
	Index
	Opex
	Capital

	2006
	1.000
	1.000
	1.000
	1.000
	1.000

	2007
	1.007
	1.023
	0.984
	1.005
	0.976

	2008
	1.022
	1.038
	0.985
	1.025
	0.968

	2009
	0.971
	1.107
	0.877
	0.951
	0.848

	2010
	1.054
	1.152
	0.915
	0.985
	0.887

	2011
	1.060
	1.161
	0.913
	1.041
	0.868

	2012
	1.056
	1.204
	0.877
	1.008
	0.832

	2013
	1.059
	1.205
	0.879
	1.051
	0.823

	2014
	1.064
	1.247
	0.853
	0.976
	0.812

	2015
	1.063
	1.273
	0.835
	0.966
	0.792

	2016
	1.050
	1.291
	0.813
	0.938
	0.772

	Growth Rate 2006–16
	0.49%
	2.56%
	–2.07%
	–0.64%
	–2.59%

	Growth Rate 2006–12
	0.91%
	3.09%
	–2.19%
	0.13%
	–3.07%

	Growth Rate 2012–16
	–0.14%
	1.76%
	–1.90%
	–1.80%
	–1.87%


Over the 11–year period 2006 to 2016, industry level TFP declined with an average annual rate of change of –2.1 per cent. Although total output increased by an average annual rate of 0.5 per cent, total input use increased faster, at a rate of 2.6 per cent. Since the average rate of change in TFP is the average rate of change in total output less the average rate of change in total inputs, this produced a negative average rate of productivity change. TFP change was, however, positive in three years – 2008, 2010 and 2013. In the first and third of these years, the rate of input use increase moderated to be at a lower rate than output increase, while in 2010 output increased following a downturn in 2009 due to poor reliability performance that year. 
2.1
Transmission industry output and input quantity changes
To gain a more detailed understanding of what is driving these TFP changes, we need to look at the pattern of quantity change in our five transmission output components and our six transmission input components. We also need to consider the weight placed on each of these components in forming the total output and total input indexes. Later we will present results that show the contributions of each output and each input to TFP change taking account of the change in each component’s quantity over time and its weight in forming the TFP index. First, however, we will look at the quantity indexes for individual outputs in figure 2.2 and for individual inputs in figure 2.3. In each case the quantities are converted to index format with a value of one in 2006 for ease of comparison.
Figure 2.2
Industry–level transmission output quantity indexes, 2006–2016
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From figure 2.2 we see that the output component that receives the largest weight in forming the TFP index, circuit length, increased steadily up to 2014 before levelling off. It was 9 per cent higher in 2016 than it was in 2006. The relatively modest growth in the circuit length output reflects the fact that most of the increase in end–use customer numbers over the period has been able to be accommodated by ‘in fill’ off the existing DNSP networks that does not require large extensions of the transmission network length. That is, the bulk of population growth is occurring on the fringes of cities and towns and as cities move from being low density to more medium to high density and so the required increases in transmission network length between existing generation and load centres are modest compared to the increase in customer numbers being serviced. However, the growth in transmission network length between 2006 and 2016 has still been higher than the growth in distribution network length over the period which was only 3 per cent, likely reflecting the requirement for transmission to connect new generation sources.
The output that increased the most over the period is end–user numbers with an increase of 14 per cent between 2006 and 2016. This steady increase is to be expected as the number of electricity end–use customers will increase roughly in line with growth in the population. However, we see that energy throughput for transmission peaked in 2010 and fell steadily through to 2014 and has only partially recovered since then. In 2016 transmission energy throughput was still 2 per cent less than it was in 2006. 
Maximum demand has followed a broadly analogous pattern to energy throughput although it increased more rapidly between 2006 and 2009 before levelling off and then falling markedly in 2012 again in 2014 and 2015. This fall in maximum demand and energy throughout since around 2009 partly reflects economic conditions being more subdued since the ‘global financial crisis’ but, more importantly, the increasing impact of energy conservation initiatives, more energy efficient buildings and appliances and greater penetration of local distributed generation. Transmission networks, thus, have to service a steadily increasing number of end–use customers at a time of falling throughput and lower demand. In recognition of this, we include ratcheted maximum demand as our output measure rather than maximum demand so that TNSPs get credit for having had to provide capacity to service the earlier higher maximum demands than are now observed. 
Ratcheted maximum demand increased at a similar rate to maximum demand up to 2009, increased at a slower rate in 2010 and has been relatively flat since 2011. We do observe some small increases in this output since 2009 as it is the sum of ratcheted maximum demands across the five TNSPs and maximum demand for some TNSPs increased above earlier peaks in some years even though aggregate maximum demand is still below its 2009 peak. In 2016 overall ratcheted maximum demand was 12 per cent above its 2006 level.
The last output is total energy not supplied (ENS) because of TNSP limitations. This enters the total output index as a negative output since a reduction in ENS represents an improvement and a higher level of service for end–use customers. Conversely, an increase in ENS reduces total output as end–use customers are inconvenienced more by not having supply over a wider area and/or for a longer period. ENS is not shown in figure 2.2 as it spiked upwards in 2009 associated with a transformer failure at ANT’s South Morang Terminal Station. With the exception of this event, ENS generally trended downwards to 2014 and, hence, contributed more to total output than was the case in 2006. However, ENS has again increased in 2015 and 2016. In 2016 ENS was 180 per cent higher than it was in 2006 although this needs to be viewed from the perspective that transmission outage rates are usually very low so they can appear to be very volatile in years where unusual events happen. 
Since the circuit length, end–user numbers and energy throughput outputs receive a combined weight of around 80 per cent of gross revenue in forming the total output index, in figure 2.2 we see that the total output index tends to lie close to the end–user numbers output index and be bounded by the circuit length and energy throughput indexes. Total output movements are also influenced by the pattern of movement in the ENS output (noting that an increase in ENS has a negative impact on total output and is given a weight of around 2 per cent of gross revenue on average), particularly in 2009 and again in 2016. However, the impact of these ENS events on total output is smaller than under the previous specification given the capping of this output’s weight in the new specification. 
Turning to the input side, we present quantity indexes for the four input components and total input in figure 2.3. The quantity of opex (ie opex in constant 2006 prices) increased the least of the four inputs over the 11–year period, being 12 per cent higher in 2016. Opex usage increased by 7 per cent between 2006 and 2010 before falling back to close to its 2006 level in 2013 and then increasing again through to 2016. Opex has the third largest average share in total costs at 27 per cent.
Figure 2.3
Industry–level transmission input quantity indexes, 2006–2016
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The input component with the largest average share of total cost, at 41 per cent, is transformers. The quantity of transformer input has increased steadily over the period and by 2016 was 45 per cent above its 2006 level. Given its large share of total costs, transformer inputs is an important driver of the total input quantity index.
The next key component of TNSP input is the quantity of overhead lines. This input quantity increased the second least over the period, being 22 per cent higher in 2016 than it was in 2006. It should be noted that overhead line input quantities take account of both the length of lines and the overall ‘carrying capacity’ of the lines. The fact that the overhead lines input quantity has increased substantially more than network length reflects the fact that the average capacity of overhead lines has increased over the period as new lines and replacement of old lines are both of higher carrying capacity than older lines. Overhead lines account for around 30 per cent of total TNSP costs on average.
The fastest growing input quantity is that of underground cables whose quantity was 80 per cent higher in 2016 than it was in 2006. However, this growth starts from a quite small base and so a higher growth rate is to be expected. Most of the increase in transmission underground cables input quantity has occurred since 2011. The scope to put significant parts of the transmission network underground is considerably less than it is for distribution and the cost relativity greater so the starting point for transmission is very small which leads to a higher growth rate relative to distribution. The lesser role played by underground cables in transmission is reflected in them having an average share of total costs of only 2 per cent, compared to a share in total costs of 14 per cent for distribution. 
From figure 2.3 we see that the total input quantity index lies between the quantity indexes for transformers and overhead lines (which have a combined weight of 70 per cent of total costs). The faster growing underground transmission cables quantity index lies above this group of quantity indexes in later years which in turn lie above the slower growing opex quantity index.
Figure 2.4
Industry–level transmission partial productivity indexes, 2006–2016
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From figure 2.4 we see that movements in transmission industry–level partial productivity indexes follow an essentially inverse pattern to input quantities (since a partial productivity index is total output quantity divided by the relevant input quantity index). The opex partial productivity index is consequently the highest over the period, although the level of underground cables partial productivity was temporarily higher in 2010, before declining sharply from 2011 as the increase in underground cables gathered pace. Underground transmission cables partial productivity declines the most over the period, being 42 per cent lower in 2016 than in 2006. As noted above, this is because underground transmission cables have increased rapidly from a small base. The partial productivity indexes of the other two inputs – transformers and overhead lines – decline over the period which means the quantities of those inputs have increased faster than total output. Transformer partial productivity has declined by the next largest amount, being 28 per cent lower in 2016 than in 2006. Opex partial productivity declined the least. In 2013 opex partial productivity was 5 per cent above its 2006 level but by 2016 it had fallen to be 6 per cent below its 2006 level.
2.2
Transmission industry output and input contributions to TFP change
Having reviewed movements in individual output and input components in the preceding section, we now examine the contribution of each output and each input component to annual TFP change. Or, to put it another way, we want to decompose TFP change into its constituent parts. Since TFP change is the change in total output quantity less the change in total input quantity, the contribution of an individual output (input) will depend on the change in the output’s (input’s) quantity and the weight it receives in forming the total output (total input) quantity index. However, this calculation has to be done in a way that is consistent with the index methodology to provide a decomposition that is consistent and robust. In appendix A we present the methodology that allows us to decompose productivity change into the contributions of changes in each output and each input
. 
Figure 2.5
Transmission industry output and input percentage point contributions to average annual TFP change, 2006–2016
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In figure 2.5 and table 2.2 we present the percentage point contributions of each output and each input to the average annual rate of TFP change of –2.1 per cent over the 11–year period 2006 to 2016. In figure 2.6 the red bars represent the percentage point contribution of each of the outputs and inputs to average annual TFP change which is given in the yellow bar at the far right of the graph. The contributions appear from most positive on the left to most negative on the right. If all the positive and negative contributions (red bars) in figure 2.5 are added together, the sum will equal the yellow bar of TFP change at the far right.

In figure 2.5 we see that growth in circuit length provided the highest positive contribution to TFP change over the 11–year period. Circuit length increased at an average annual rate of 0.8 per cent – less than the rates for end–user numbers and RMD – but it receives a weight of around 38 per cent in total output so it makes the highest contribution to TFP change at 0.3 percentage points.
The second highest contribution to TFP change comes from end–user numbers which have grown steadily by 1.3 per cent annually over the whole period as end–user numbers generally increase in line with population growth. As end–user numbers receive a weight of 20 per cent but have the highest growth rate of the output components, they contribute just under 0.3 percentage points to TFP change over the period. 

Ratcheted maximum demand, despite flattening out after 2011, had the second highest average annual output growth rate over the period of 1.1 per cent. Combined with its weight of around 20 per cent, this led to RMD contributing 0.2 percentage points to TFP change over the period.

Since energy throughput fell over the 11–year period at an average annual rate of –0.2 per cent and it has a weight of 23 per cent in total output, it made a marginal negative percentage point contribution to TFP change. 
Table 2.2
Transmission industry output and input percentage point contributions to average annual TFP change: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	Energy (GWh)
	–0.04%
	–0.03%
	–0.04%

	Ratcheted Max Demand
	0.22%
	0.36%
	0.00%

	Customer Numbers
	0.26%
	0.27%
	0.25%

	Circuit Length
	0.32%
	0.32%
	0.32%

	ENS
	–0.30%
	–0.02%
	–0.71%

	Opex
	–0.31%
	–0.20%
	–0.48%

	O/H Lines
	–0.61%
	–0.84%
	–0.27%

	U/G Cables
	–0.10%
	–0.07%
	–0.14%

	Transformers
	–1.53%
	–1.97%
	–0.86%

	TFP Change
	–2.07%
	–2.19%
	–1.90%


The ENS output receives a weight of only around minus 2 per cent in the total output index but, combined with an average annual change of 10 per cent, contributed –0.3 percentage points to average annual TFP change (ie the increase in ENS reduces output). 

All four inputs made negative contributions to average annual TFP change. That is, the use of all four inputs increased over the 11–year period. The two inputs with the largest shares in the total input index are overhead lines and transformers with shares of 41 per cent and 30 per cent, respectively. Since transformers have the second highest input average annual growth rate at 3.7 per cent, they make the largest negative contribution to TFP change at –1.5 percentage points. 
Overhead lines has a lower average annual growth rate at just over 2 per cent and, when combined with its 30 per cent share of total inputs, it makes the second most negative contribution to TFP change at –0.6 percentage points. 

Opex has the lowest average annual input growth rates of 1.1 per cent. But combined with its weight in total input of 27 per cent, it has the third most negative contribution to TFP change at –0.3 percentage points, around the same as that for the ENS output. 
Despite having the highest input average annual growth rate of 5.9 per cent, underground subtransmission cables only have a weight of 2 per cent in total inputs and so make the least negative contribution to TFP change of the four inputs at –0.1 percentage points. 
Figure 2.6
Transmission industry output and input percentage point contributions to average annual TFP change, 2006–2012
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We next look at contributions to average annual TFP change for the period up to 2012 and then for the period after 2012. The results for the period from 2006 to 2012 are presented in figure 2.6 and table 2.2. Average annual TFP change for this period was slightly more negative at –2.2 per cent. From figure 2.6 we can see a similar pattern of contributions to TFP change for most outputs and inputs for the period up to 2012 as for the whole period with one minor exception. The contributions from the transformers and overhead lines were both somewhat more negative in the period up to 2012 at –2.0 percentage points and –0.8 percentage points, respectively. 
Figure 2.7
Transmission industry output and input percentage point contributions to average annual TFP change, 2012–2016
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Contributions to average annual TFP change for the period from 2012 to 2016 are presented in figure 2.7 and table 2.2. Average annual TFP change improves slightly for this period with a growth rate of –1.9 per cent. The most significant change relative to the earlier period is the contribution of ENS to TFP change which has changed from being a marginally negative contributor up to 2012 to being the second most negative contributor after 2012. For the period since 2012 it has contributed –0.7 percentage points to TFP change. As noted above, ENS increased significantly in 2015 and 2016.
At the same time, the contribution of the RMD output falls from 0.4 percentage points to zero as maximum demand stays below its peak levels prior to 2012. This leads to RMD being virtually unchanged from 2012 onwards.

Partly offsetting these more negative and less positive contributions from ENS and RMD, respectively, are less negative contributions from transformer and overhead lines inputs. The contribution of transformer inputs improves by 1.1 percentage points to –0.9 while the contribution of overhead lines improves by 0.6 percentage points to –0.3. The rate of increase in these two inputs reduces after 2012 compared to the period before 2012. 

In tables 2.3 and 2.4, respectively, we present the annual changes in each output and each input component and their percentage point contributions to annual TFP change for each of the years 2007 to 2016. Taking 2016 as an example, the results are broadly similar to the average annual results for the period 2012 to 2016 described above, except for the contributions of circuit length and ENS on the output side and the inputs excluding opex. 
Table 2.3
Transmission industry output and input annual changes, 2006–2016
	Year
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016

	GWh
	2.13%
	–1.17%
	1.12%
	0.80%
	–1.22%
	–2.49%
	–2.52%
	–3.02%
	5.56%
	–0.75%

	RMD
	5.72%
	1.17%
	1.87%
	0.83%
	1.21%
	0.00%
	0.05%
	0.04%
	0.00%
	0.00%

	EndUs
	1.30%
	1.32%
	1.57%
	1.24%
	1.30%
	1.17%
	1.15%
	1.06%
	1.30%
	1.40%

	Kms
	0.40%
	1.32%
	0.78%
	1.39%
	1.03%
	0.00%
	1.93%
	1.16%
	0.30%
	0.01%

	ENS
	55.43%
	–28.6%
	162%
	–202%
	5.50%
	1.84%
	7.40%
	–49.5%
	107%
	44.76%

	Opex
	0.23%
	–0.52%
	2.40%
	4.67%
	–4.95%
	2.85%
	–3.97%
	7.93%
	1.02%
	1.66%

	O/H
	4.55%
	0.96%
	3.98%
	–0.41%
	4.16%
	3.05%
	–0.50%
	1.51%
	1.12%
	1.68%

	U/G
	1.96%
	0.18%
	0.56%
	–2.21%
	2.79%
	22.73%
	–1.60%
	1.83%
	33.05%
	–0.01%

	Trform
	1.93%
	3.44%
	11.56%
	6.89%
	1.75%
	3.69%
	2.86%
	1.97%
	2.08%
	1.11%


Table 2.4
Transmission industry output and input percentage point contributions to annual TFP change, 2006–2016
	Year
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016

	GWh
	0.50%
	–0.28%
	0.27%
	0.19%
	–0.29%
	–0.58%
	–0.59%
	–0.71%
	1.31%
	–0.18%

	RMD
	1.14%
	0.23%
	0.38%
	0.17%
	0.24%
	0.00%
	0.01%
	0.01%
	0.00%
	0.00%

	EndUs
	0.26%
	0.27%
	0.32%
	0.25%
	0.26%
	0.24%
	0.23%
	0.21%
	0.26%
	0.29%

	Kms
	0.15%
	0.51%
	0.30%
	0.54%
	0.39%
	0.00%
	0.74%
	0.44%
	0.11%
	0.00%

	ENS
	–1.35%
	0.72%
	–5.32%
	5.92%
	–0.08%
	–0.03%
	–0.10%
	0.57%
	–1.94%
	–1.39%

	Opex
	–0.07%
	0.16%
	–0.68%
	–1.22%
	1.26%
	–0.67%
	0.94%
	–2.16%
	–0.28%
	–0.41%

	O/H
	–1.50%
	–0.29%
	–1.17%
	0.12%
	–1.25%
	–0.94%
	0.16%
	–0.44%
	–0.32%
	–0.48%

	U/G
	–0.04%
	0.00%
	–0.01%
	0.04%
	–0.05%
	–0.39%
	0.03%
	–0.03%
	–0.57%
	0.00%

	Trform
	–0.67%
	–1.28%
	–4.64%
	–2.88%
	–0.75%
	–1.62%
	–1.24%
	–0.82%
	–0.89%
	–0.50%

	TFP
	–1.58%
	0.03%
	–11.6%
	4.27%
	–0.26%
	–4.00%
	0.17%
	–2.93%
	–2.16%
	–2.67%


The contribution of the circuit length output goes to zero in 2016 as there is no change in circuit length that year while the contribution of ENS becomes more negative at –1.4 percentage points in 2016. The negative contribution from growth in transformer inputs further moderates to –0.5 percentage points in 2016. The contribution of underground cables goes to zero in 2016 as there is no increase in underground capacity that year while the contribution of overhead lines becomes more negative by 0.2 percentage points as the increase in overhead capacity accelerates that year.
2.3
Impact of redundancy payments on TFP and opex partial productivity
Reform of electricity networks over the last several years have been accompanied by increased levels of redundancy payments as NSPs have restructured their operations to improve efficiency and reduce previous excess staffing levels. Redundancy payments are currently included in the opex data used in the AER’s economic benchmarking. However, some concern has been expressed (eg Ausgrid 2016) that redundancy payments are an ‘abnormal’ expense and their inclusion delays recognition of efficiency improvements inefficient NSPs may have already made or be in the process of making. Consequently, we examine the effects excluding redundancy payments from opex would have on both industry–level TFP and opex partial productivity in this section. We note that some TNSPs are more affected by this than others and this differential impact will be examined further later in the report. Furthermore, we note that redundancy payments have generally been less significant  for TNSPs than they have been for DNSPs. 
Table 2.5
Average annual transmission industry TFP and opex PFP change including and excluding redundancy payments: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	TFP change including redundancy payments
	–2.07%
	–2.19%
	–1.90%

	TFP change excluding redundancy payments
	–2.00%
	–2.17%
	–1.75%

	Opex PFP change including redundancy payments
	–0.64%
	0.13%
	–1.80%

	Opex PFP change excluding redundancy payments
	–0.39%
	0.18%
	–1.25%


Redundancy payments were less than 1 per cent of the value of industry opex from 2006 to 2013. Since then the proportion of opex comprising redundancy payments has increased somewhat and was around 3 per cent in 2015 and 2016. 

The impacts of excluding redundancy payments on average annual TFP change and opex PFP change for the whole 11–year period and for the periods before and after 2012 are presented in table 2.5. For the period as whole, average annual TFP change improves from –2.1 per cent to –2.0 per cent when redundancy payments are excluded. While there is little impact on average annual TFP growth from excluding redundancy payments for the period up to 2012, there is a  small improvement  in average annual TFP  change  for the period after 2012 from –1.9 per cent to –1.75 per cent when they are excluded. 
Figure 2.8
Transmission industry opex partial productivity including and excluding redundancy payments, 2006–2016
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The impact of excluding redundancy payments is more pronounced for opex partial productivity change. For the period as a whole, average annual opex PFP change improves from –0.6 per cent to –0.4 per cent when redundancy payments are excluded. There is a more marked improvement in average annual opex PFP change for the period after 2012 from –1.8 per cent to –1.3 per cent when redundancy payments are excluded. 

The impact on opex partial productivity of excluding redundancy payments is illustrated in figure 2.8. While the bars for opex PFP including and excluding redundancy payments are very similar in height up to 2012, the bars excluding redundancy payments become higher than the bars including redundancy payments from 2013 onwards.
3
TNSP Multilateral Productivity Results

In this section we present updated TNSP MTFP and MPFP results. TNSP MTFP indexes are presented in figure 3.1 and table 3.1. The results presented in this section use the new specification recommended in Economic Insights (2017b) using end–user numbers instead of voltage–weighted connections, updated output weights and a cap on the share of ENS.
Figure 3.1
TNSP multilateral total factor productivity indexes, 2006–2016
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From figure 3.1 we see that MTFP levels form a relatively tight band. The MTFP levels of three TNSPs – ENT, TRG and PLK – have declined over the 11–year period while that of TNT has increased over the period and that of ANT has remained relatively flat. ENT and TRG started the period having the highest MTFP levels but with average annual rates of MTFP change of –2.9 and –3.3 per cent, respectively, finished the period with towards the lowest MTFP levels. PLK’s MTFP has had close to the industry average annual TFP rate of change at –2.0 per cent and has been the lowest MTFP level in most years. However, its MTFP increased in 2016 and it was then close to the MTFP levels of TRG, ENT and ANT. ANT, on the other hand, started the period with the lowest MTFP level, initially improved its performance before falling back in 2008 and 2009 due to increases in ENS and increases in input usage. Its MTFP subsequently improved markedly and it had the highest MTFP level from 2011 to 2014 and the second highest MTFP level in 2015 and 2016. TNT’s MTFP level was in the middle of the range up until 2013 but increased noticeably in 2014 and 2015 with the introduction of restructuring and reform initiatives.
MTFP levels are an amalgam of opex MPFP and capital MPFP levels. Opex MTFP indexes are presented in figure 3.2 and table 3.2 while capital MPFP indexes are presented in figure 3.3.
Figure 3.2  TNSP multilateral opex partial productivity indexes, 2006–2016
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From figure 3.2 we see that the two largest TNSPs – ANT and TRG – have had the highest opex MPFP levels over the 11–year period, likely reflecting economies of scale. TNT, on the other hand, had the lowest opex MPFP levels from 2006 to 2013 but a marked increase in opex MPFP in 2015 took it the middle of the range and gave it an average annual opex MPFP growth rate for the period of 3.9 per cent. ANT’s opex MPFP average annual change over the period was marginally positive while those for TRG, PLK and ENT were negative but, with the exception of ENT, less so than for their respective MTFP change over the period.
Table 3.1
TNSP multilateral total factor productivity indexes, 2006–2016
	Year
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016

	ANT
	0.828
	0.910
	0.844
	0.736
	0.885
	0.927
	0.875
	0.898
	0.907
	0.832
	0.828

	ENT
	1.000
	0.976
	0.986
	0.969
	0.934
	0.892
	0.845
	0.818
	0.807
	0.826
	0.752

	PLK
	0.871
	0.805
	0.836
	0.758
	0.793
	0.786
	0.771
	0.748
	0.713
	0.697
	0.713

	TNT
	0.884
	0.952
	0.923
	0.869
	0.878
	0.825
	0.861
	0.807
	0.873
	0.952
	0.918

	TRG
	0.995
	0.960
	1.006
	0.895
	0.838
	0.848
	0.792
	0.823
	0.785
	0.753
	0.719


Table 3.2
TNSP multilateral opex partial productivity indexes, 2006–2016
	Year
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016

	ANT
	1.477
	1.675
	1.717
	1.242
	1.517
	1.717
	1.719
	1.749
	1.682
	1.555
	1.495

	ENT
	1.000
	0.938
	1.046
	0.988
	0.944
	0.873
	0.815
	0.866
	0.853
	0.836
	0.742

	PLK
	1.026
	0.948
	0.959
	0.982
	1.040
	1.081
	1.066
	1.081
	1.009
	0.911
	0.933

	TNT
	0.731
	0.796
	0.693
	0.686
	0.695
	0.724
	0.756
	0.779
	0.860
	1.166
	1.076

	TRG
	1.455
	1.489
	1.620
	1.606
	1.421
	1.573
	1.461
	1.589
	1.332
	1.406
	1.380


Figure 3.3  TNSP multilateral capital partial productivity indexes, 2006–2016
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From figure 3.3 we can see that capital MPFP levels have generally declined over the 11–year period. The one exception is ANT whose capital MPFP has been virtually constant especially over the later period since 2010.  In 2016, PLK improved its capital MPFP level by 2.2 per cent while ANT improved its by 0.5 per cent. The capital MPFPs of the other three TNSPs declined in 2016 with changes ranging from –2 per cent for TNT to –8 per cent for ENT.
Contributions of each of the three capital components making up overall capital productivity will be examined further in section 5.

4
TNSP Productivity Results Using Old Specification

To facilitate comparison with previous TNSP economic benchmarking, in this section we present MTFP, MPFP and industry–level productivity results using the original TNSP specification used in Economic Insights (2014a,b, 2015, 2016) updated to 2016. The original specification uses voltage–weighted connections instead of end–user numbers, different output weights and does not have a cap on the share of ENS.
4.1
TNSP multilateral results using original specification
TNSP MTFP indexes using the original specification are presented in figure 3.1 while opex MPFP and capital MPFP indexes using the original specification are presented in figures 4.2 and 4.3, respectively.
Figure 4.1
TNSP multilateral total factor productivity indexes using original specification, 2006–2016
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From figure 4.1 we see that using the original specification leads to a much wider spread of MTFP levels with that for TNT lying well above those of the other TNSPs and appearing to be an outlier. We also see a large downwards spike in ANT’s MTFP level in 2009 associated with the (uncapped) increase in ENS resulting from transformer failure at the South Morang Terminal Station.
From figure 4.2 we see broadly similar relativities in opex MPFP levels using the original specification except that TNT’s opex MPFP level ends up being the highest in 2015 and 2016 following its rapid increase in 2015 under the original specification whereas it finishes mid–field using the new specification. The downward spike in ANT’s opex MPFP level in 2009 is also considerably more pronounced using the old specification.
Figure 4.2  
TNSP multilateral opex partial productivity indexes using original specification, 2006–2016
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Figure 4.3  
TNSP multilateral capital partial productivity indexes using original specification, 2006–2016
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From figure 4.3 we see a considerably wider spread of capital MPFP levels using the old specification compared to using the new specification. Under the original specification the two smaller TNSPs, TNT and ENT, have capital MPFP levels that are, on average, 72 per cent and 32 per cent, respectively, higher than that of PLK which has the highest capital MPFP level of the three larger TNSPs. It is important to note that the input sides of the original and new specifications are identical – all the changes that have been made using the new specification apply to the output side only. 
4.2
Industry–level TFP results using original specification

Transmission industry–level total output, total input and TFP indexes are presented in figure 4.4 using the original specification.
Figure 4.4
Industry–level transmission output, input and total factor productivity indexes using original specification, 2006–2016
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As noted above, the input indexes used in the original and new specifications are identical so the input index plotted in figure 4.4 is the same as that presented in figure 2.1. There are, however, noticeable differences in the output indexes and, hence, the TFP indexes between the original and new specifications. The original output index in figure 4.4 increases at an average annual rate of 0.8 per cent whereas that for the new specification in figure 2.1 increases at a slower average annual rate of 0.5 per cent. As a result, TFP under the original specification in figure 4.4 changes at an average annual rate of –1.8 per cent compared to –2.1 per cent for the TFP under the new specification in figure 2.1.
There are two primary reasons for the difference in output and TFP growth rates between the original and new specifications. These relate to the substitution of end–user numbers for voltage–weighted connection numbers in the new specification and the updating of weights for the non–ENS outputs.

Figure 4.5
Industry–level transmission output quantity indexes covering original and new specifications, 2006–2016
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The effects of these changes can be seen from figure 4.5 which plots all of the output components used in the two specifications. Voltage–weighted connections (used in the previous specification) can be seen to have increased by far the most of the various output components over the period. It increased by 27 per cent between 2006 and 2016, nearly twice the corresponding increase for end–user numbers of 14 per cent. Thus, substituting end–user numbers for voltage–weighted connection numbers will reduce the growth in total output, even though end–user numbers grows the most of the new specification’s included outputs over the period.
The second reasons for slower total output growth under the new specification can also be seen in figure 4.5. While energy and RMD both get broadly similar weights under the original and new specifications, the new specification places more weight on the circuit length output compared to the original specification. Since circuit length increases less than either end–user numbers or voltage–weighted connection numbers, this redistribution of weight towards circuit length will also reduce the total output and, hence, the TFP growth rate over the period.

5
TNSP outputs, inputs and productivity change
In this section we review the outputs, inputs and productivity change results for the five NEM TNSPs using the new output specification and weightings.
5.1
AusNet Services Transmission
In 2016 AusNet Services Transmission (ANT) transported 49,224 GWh of electricity over 38,811 circuit kilometres of lines and cables. It forms a critical part of Victoria’s energy supply chain serving 2.8 million end–users. ANT is the third largest TNSP in the NEM in terms of both energy throughput and circuit length but it serves the second largest number of end–users.

ANT’s productivity performance
ANT’s total output, total input and TFP indexes are presented in figure 5.1 and table 5.1. Opex and capital partial productivity indexes are also presented in table 5.1.

Figure 5.1
ANT’s output, input and total factor productivity indexes, 2006–2016
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Over the 11–year period 2006 to 2016, ANT’s TFP increased at an average annual rate of 0.3 per cent. Its total output increased by an average annual rate of 0.8 per cent, faster than its rate of increase in total input use of 0.5 per cent. This differs from the situation for the transmission industry as a whole where input use increased considerably more than output growth over this period. ANT’s TFP change was quite negative in 2009 as output decreased due to the South Morang Terminal Station transformer failure and input use also increased markedly. Since 2010, input use has remained relatively flat leading to TFP change following output change closely since 2010. After quite strong growth in output up to 2012 at an average annual rate of 1.9 per cent, output has declined in the period since at a rate of –0.9 per cent. This has produced negative average annual TFP change since 2012 of –1.5 per cent.
Table 5.1
ANT’s output, input and total factor productivity and partial productivity indexes, 2006–2016
	Year
	Output
	Input
	TFP
	
	PFP Index

	
	Index
	Index
	Index
	Opex
	Capital

	2006
	1.000
	1.000
	1.000
	1.000
	1.000

	2007
	1.071
	0.987
	1.085
	1.126
	1.072

	2008
	1.008
	0.980
	1.029
	1.170
	0.987

	2009
	0.853
	1.047
	0.815
	0.775
	0.827

	2010
	1.150
	1.060
	1.085
	1.040
	1.098

	2011
	1.150
	1.035
	1.111
	1.152
	1.099

	2012
	1.121
	1.029
	1.090
	1.199
	1.061

	2013
	1.150
	1.033
	1.113
	1.215
	1.086

	2014
	1.156
	1.052
	1.099
	1.159
	1.084

	2015
	1.093
	1.051
	1.039
	1.097
	1.024

	2016
	1.083
	1.053
	1.028
	1.050
	1.024

	Growth Rate 2006–16
	0.79%
	0.52%
	0.27%
	0.49%
	0.23%

	Growth Rate 2006–12
	1.91%
	0.48%
	1.43%
	3.03%
	0.98%

	Growth Rate 2012–16
	–0.88%
	0.59%
	–1.47%
	–3.33%
	–0.89%


The partial productivity indexes in table 5.1 show that negative average annual rates of change of TFP after 2012 were mirrored in negative rates of change in both opex PFP and capital PFP. 
ANT’s output and input quantity changes

Quantity indexes for ANT’s individual outputs are presented in figure 5.2 and for individual inputs in figure 5.3. In each case the quantities are converted to index format with a value of one in 2006 for ease of comparison.

From figure 5.2 we see that the output component that receives the largest weight in forming ANT’s TFP index, circuit length, has remained virtually unchanged over the 11–year period. This contrasts with the transmission industry as whole where circuit length was 9 per cent higher in 2016 than it was in 2006. 

ANT’s maximum demand and energy throughput outputs have, however, grown considerably more than for the industry as a whole. ANT’s maximum demand increased considerably more rapidly between 2006 and 2009 with an increase of 27 per cent compared to only 9 per cent for the industry. Although ANT’s maximum demand has fluctuated since then, it briefly eclipsed its 2009 peak in 2014 and in 2016 was 20 per cent above its 2006 level. Again, this contrasts with the industry’s 2016 maximum demand being only 4 per cent above its 2006 level. In 2016 ANT’s ratcheted maximum demand was 28 per cent above its 2006 level whereas the industry’s RMD was only 12 per cent above its 2006 level.
Similarly, we see that energy throughput for ANT has shown a steadier pattern for ANT than for the industry as a whole. ANT’s throughput increased through to 2010 and has fluctuated at close to this level since then whereas throughput for the industry fell steadily from 2010 to 2014 and has only partially recovered since then. In 2016 ANT’s transmission energy throughput was 9 per cent above its 2006 level whereas for the industry it was still 2 per cent less than it was in 2006. 

Figure 5.2
ANT’s output quantity indexes, 2006–2016
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The output that increased the second most over the period for ANT is end–user numbers with an increase of 15 per cent between 2006 and 2016, slightly higher than the increase of 14 per cent for the industry. Again, this steady increase is to be expected as the number of electricity end–use customers will increase roughly in line with growth in the population. 

The output that is not shown in figure 5.2 is total energy not supplied (ENS). ANT’s ENS spiked upwards in 2009 to 13 times its 2006 level associated with the transformer failure at the South Morang Terminal Station. With the exception of 2009, ANT’s ENS generally trended downwards to 2014 and, hence, contributed more to total output than was the case in 2006. However, ENS has again increased in 2015 and 2016. In 2016 ANT’s ENS was triple its 2006 level. The industry’s ENS has followed a broadly similar pattern to that of ANT.
Since the circuit length, end–user numbers and energy throughput outputs receive a combined weight of around 80 per cent of gross revenue in forming the total output index, in figure 5.2 we see that the total output index tends to lie close to the end–user numbers output index and be bounded by the circuit length and energy throughput indexes. Total output movements are also influenced by the pattern of movement in the ENS output, particularly in 2009 and again in 2016 (noting that an increase in ENS has a negative impact on total output and is given an average weight of around 3 per cent of gross revenue on average for ANT). However, the impact of these ENS events on total output is smaller than under the previous specification given the capping of this output’s weight at 5.5 per cent for every year in the new specification. 

Turning to the input side, we present quantity indexes for ANT’s four input components and total input in figure 5.3. We see that, in line with ANT’s near constant circuit length output, ANT’s input quantities for both overhead lines and underground cables have remained virtually constant over the whole period.

The quantity of opex increased the next least of ANT’s four inputs over the 11–year period, being 3 per cent higher in 2016 but with significant variation over the intervening years. Opex usage increased by 11 per cent between 2006 and 2010 before falling back to be 6 per cent below its 2006 level in 2013 and then increasing again through to 2016. ANT’s overall opex increase between 2006 and 2016 was around half the increase for the industry. Opex has the third largest average share in ANT’s total costs at 25 per cent.

Figure 5.3
ANT’s input quantity indexes, 2006–2016
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The input component with the largest average share of total cost, at 39 per cent, is transformers. ANT’s quantity of transformers increased steadily to 2014 before levelling off and by 2016 was 12 per cent above its 2006 level – a considerably smaller increase that the industry’s 45 per cent. Given its large share of total costs, transformer inputs is an important driver of the total input quantity index.

From figure 5.3 we see that ANT’s total input quantity index generally lies between the quantity indexes for transformers and overhead lines (which have a combined weight of 75 per cent of total costs). Fluctuations in the total inputs index are driven by variations in opex use.
ANT’s output and input contributions to TFP change

In table 5.2 we present the percentage point contributions of each output and each input to ANT’s average annual rate of TFP change of 0.3 per cent over the 11–year period 2006 to 2016. 

Table 5.2
ANT’s output and input percentage point contributions to average annual TFP change: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	Energy (GWh)
	0.21%
	0.21%
	0.21%

	Ratcheted Max Demand
	0.49%
	0.80%
	0.01%

	Customer Numbers
	0.29%
	0.30%
	0.28%

	Circuit Length
	–0.01%
	0.00%
	–0.02%

	ENS
	–1.01%
	–0.22%
	–2.20%

	Opex
	–0.09%
	0.23%
	–0.58%

	O/H Lines
	0.04%
	0.00%
	0.09%

	U/G Cables
	0.00%
	0.00%
	0.00%

	Transformers
	–0.46%
	–0.71%
	–0.10%

	TFP Change
	0.29%
	1.43%
	–1.47%


There are several key differences in factors contributing to ANT’s TFP growth compared to the industry results presented earlier in table 2.2. Circuit length growth provides no contribution to ANT’s TFP growth whereas it is the largest contributor for the industry. RMD and energy contribute 0.5 and 0.2 percentage points, respectively, to ANT’s TFP growth compared to 0.2 and zero percentage points, respectively, for the industry, reflecting stronger growth in demand in Victoria compared to the market overall. ENS contributes –1.0 percentage points for ANT compared to –0.3 percentage points for the industry, making ENS the largest negative contributor for ANT versus the fourth most negative contributor for the industry. Transformer input growth contributes –0.5 percentage points to ANT’s TFP change compared to –1.5 percentage points for the industry, reflecting the much smaller growth in ANT’s transformer input quantity. And opex use also makes a smaller negative contribution to ANT’s TFP change at –0.1 percentage points compared to –0.3 for the industry, again reflecting the industry’s higher increase in opex usage over the period.

Comparing the periods before 2012 and after 2012 in table 5.2, the main differences for ANT are the fall in the contribution of RMD of 0.8 percentage points before 2012 to near zero after 2012 as maximum demand flattens out and the much more negative contribution of ENS after 2012 of –2.2 percentage points versus –0.2 percentage points before 2012 as ENS increased in the last two years of the period. ANT is unusual in having the same contribution of 0.2 percentage points being made by energy in both periods whereas energy makes a negative contribution for most other TNSPs. On the input side, the contribution of opex becomes negative after 2012 at –0.6 percentage points compared to 0.2 percentage points before 2012 as opex change goes being negative (ie opex decreasing) before 2012 to being positive (ie opex increasing) after 2012. This is partly offset by a reduction in the negative contribution of transformers input before 2012 of –0.7 percentage points to only –0.1 percentage points after 2012 as transformer inputs level off from 2014 onwards.
Figure 5.4
ANT’s output and input percentage point contributions to annual TFP change, 2015–16
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In figure 5.4 we present the contributions of outputs and inputs to ANT’s TFP change of –1.1 per cent in the 2016 year. The increase in ENS in 2016 leads to it making the largest negative contribution to TFP change at –2.0 percentage points. But stronger growth in energy throughput in 2016 leads to it making the largest positive contribution at 0.8 percentage points. Given their large weight in total costs, small reductions in overhead lines and transformer input quantities in 2016 each make positive contributions to TFP change of around 0.3 percentage points. But the increase in opex usage in 2016 led to opex making a more negative contribution in the latest year of –0.8 percentage points. ANT’s TFP change in 2016, although negative at –1.1 per cent, was considerably better than TFP change in 2016 for the industry as a whole which was –2.7 per cent. 

Impact of redundancy payments on ANT’s TFP and opex partial productivity

Table 5.3
Average annual ANT TFP and opex PFP change including and excluding redundancy payments: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	TFP change including redundancy payments
	0.27%
	1.43%
	–1.47%

	TFP change excluding redundancy payments
	0.28%
	1.43%
	–1.45%

	Opex PFP change including redundancy payments
	0.49%
	3.03%
	–3.33%

	Opex PFP change excluding redundancy payments
	0.51%
	3.01%
	–3.25%


Unlike DNSPs in the ACT, NSW and Queensland, ANT has not incurred significant redundancy payments. For 6 years of the 11 year period 2006 to 2016, ANT made no redundancy payments. And for the other 5 years, redundancy payments exceeded 0.4 per cent of total opex in only two years. These were 2013 when redundancy payments made up 0.8 per cent of opex and 2015 when they made up 1.2 per cent. In 2016 they made up 0.4 per cent of opex.

The impacts of excluding redundancy payments on ANT’s average annual TFP change and opex PFP change for the whole 11–year period and for the periods before and after 2012 are presented in table 5.3. There are only very minor differences in both average annual TFP change and average annual opex PFP change for the period as a whole and for the periods up to and then after 2012 from including or excluding redundancy payments. 

5.2
ElectraNet
In 2016 ElectraNet (ENT) transported 14,428 GWh of electricity over 5,524 circuit kilometres of lines and cables. It forms a critical part of South Australia’s energy supply chain serving just over 850,000 end–users. ENT is the fourth largest of the five TNSPs in the NEM in terms of energy throughput, circuit length and the number of end–users.

ENT’s productivity performance
ENT’s total output, total input and TFP indexes are presented in figure 5.5 and table 5.4. Opex and capital partial productivity indexes are also presented in table 5.4.

Figure 5.5
ENT’s output, input and total factor productivity indexes, 2006–2016
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Over the 11–year period 2006 to 2016, ANT’s TFP decreased at an average annual rate of change of –2.6 per cent. Its total output declined over the period with an average annual rate of change of –0.5 per cent. This compares to an industry growth in output of 0.5 per cent per annum on average. ENT’s average annual rate of increase in input use of 2.1 per cent was less than the rate of increase in total input use for the industry of 2.6 per cent. However, when combined with its decline in output, this gives ENT an average annual change in TFP of –2.6 per cent compared to the industry’s average annual change of –2.1 per cent. ENT’s TFP change was positive in 2008 and 2015. Input use declined in 2008 to produce positive TFP change that year despite a marginal reduction in output. And in 2015 ENT’s output growth was stronger leading to positive TFP growth. ENT had negative TFP change for the other 9 years. In 2016 TFP change was –7.8 per cent, mainly as the result of a sizable reduction in output associated with outages. For the period after 2012, the rate of average annual growth in input usage moderated somewhat but the average annual reduction in output increased leading to a small improvement in TFP change from –2.8 per cent before 2012 to –2.2 per cent after 2012.
Table 5.4
ENT’s output, input and total factor productivity and partial productivity indexes, 2006–2016
	Year
	Output
	Input
	TFP
	
	PFP Index

	
	Index
	Index
	Index
	Opex
	Capital

	2006
	1.000
	1.000
	1.000
	1.000
	1.000

	2007
	0.979
	1.008
	0.972
	0.937
	0.989

	2008
	0.979
	0.989
	0.990
	1.044
	0.963

	2009
	0.988
	1.024
	0.965
	0.989
	0.952

	2010
	0.971
	1.033
	0.940
	0.952
	0.931

	2011
	0.968
	1.076
	0.900
	0.882
	0.905

	2012
	0.983
	1.160
	0.847
	0.820
	0.856

	2013
	0.982
	1.162
	0.844
	0.873
	0.830

	2014
	0.987
	1.183
	0.835
	0.859
	0.822

	2015
	1.005
	1.199
	0.839
	0.834
	0.838

	2016
	0.953
	1.229
	0.775
	0.754
	0.782

	Growth Rate 2006–16
	–0.48%
	2.06%
	–2.55%
	–2.83%
	–2.46%

	Growth Rate 2006–12
	–0.29%
	2.47%
	–2.76%
	–3.30%
	–2.59%

	Growth Rate 2012–16
	–0.77%
	1.45%
	–2.22%
	–2.11%
	–2.25%


The partial productivity indexes in table 5.4 show that the small moderation in negative average annual rates of change of TFP after 2012 were mirrored in reduced negative rates of change in both opex PFP and capital PFP. 

ENT’s output and input quantity changes

Quantity indexes for ENT’s individual outputs are presented in figure 5.6 and for individual inputs in figure 5.7. In each case the quantities are converted to index format with a value of one in 2006 for ease of comparison.

From figure 5.6 we see that the output component that receives the largest weight in forming ENT’s TFP index, circuit length, declined marginally in 2007 and has then remained virtually unchanged for the remainder of the 11–year period. This contrasts with the transmission industry as whole where circuit length was 9 per cent higher in 2016 than it was in 2006. 

ENT’s maximum demand and energy throughput outputs have shown quite a different pattern compared to the industry as a whole. ENT’s maximum demand increased though to 2011 and peaked in 2013 after a small reduction in 2012. However, ENT’s maximum demand fell substantially between 2013 and 2015. Despite a small recovery in 2016, ENT’s maximum demand was 18 per cent below its 2006 level in 2016. This contrasts with the industry’s 2016 maximum demand being 4 per cent above its 2006 level. In 2016 ENT’s ratcheted maximum demand was 11 per cent above its 2006 level while the industry’s RMD was 12 per cent above its 2006 level. In ENT’s case, this reflects growth in maximum demand up to 2013 before the substantial fall occurred.
Similarly, we see that energy throughput for ENT has had a different pattern compared to the industry as a whole. ENT’s throughput decreased by 13 per cent between 2006 and 2008 whereas the industry’s throughput increased by 1 per cent over the same period. ENT’s throughput has trended up somewhat since 2008 and in 2016 was 6 per cent below its 2006 level compared to the industry’s throughput then being 2 per cent less than it was in 2006. 

Figure 5.6
ENT’s output quantity indexes, 2006–2016
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The output that increased the second most over the period for ENT is end–user numbers with an increase of 10 per cent between 2006 and 2016, less than the increase of 14 per cent for the industry. ENT’s end–user numbers remained largely unchanged between 2006 and 2008 before a more rapid increase in 2009 followed by reducing increases in subsequent years. This is a less steady pattern that for the industry overall but reflects South Australia’s lower rate of population growth. 
The output that is not shown in figure 5.6 is total energy not supplied (ENS). ENT’s ENS has been relatively volatile and spiked upwards in 2016 to 10 times its 2006 level after having been less than its 2006 level in 2015. However, ENT’s ENS levels were considerably higher than its 2006 level in the period from 2010 to 2014. Overall, ENT’s ENS will have had an increasing negative impact on its total output over the period.
Since the circuit length, end–user numbers and energy throughput outputs receive a combined weight of around 83 per cent of ENT’s gross revenue in forming the total output index, in figure 5.6 we see that the total output index tends to lie close to the circuit length output index and be bounded by the end–user numbers and energy throughput indexes. Total output movements are also influenced by the pattern of movement in the ENS output, particularly in 2010 to 2012 and again in 2016 (noting that an increase in ENS has a negative impact on total output and is given an average weight of around 3 per cent of gross revenue on average for ENT). However, the impact of these ENS events on total output is smaller than under the previous specification given the capping of this output’s weight at 5.5 per cent for every year in the new specification. 

Figure 5.7
ENT’s input quantity indexes, 2006–2016
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Turning to the input side, we present quantity indexes for ENT’s four input components and total input in figure 5.7. We see that, in line with ENT’s near constant circuit length output, ENT’s input quantity for overhead lines has increased only marginally over the whole period. Its underground cables input quantity increased by 350 per cent in 2012 but the length of underground cables increased from only 9 to 27 kilometres in that year reflecting this input’s very small share of costs.

The quantity of opex increased the third most of ENT’s four inputs over the 11–year period, being 26 per cent higher in 2016 than it was in 2006. Opex usage increased by 18 per cent between 2010 and 2012. ENT’s overall opex increase between 2006 and 2016 was over twice  the increase for the industry. Opex has the second largest average share in ENT’s total costs at 31 per cent.

The input component with the largest average share of ENT’s total cost, at 43 per cent, is transformers. ENT’s quantity of transformers increased steadily from 2007 to 2014 before levelling off and by 2016 was 30 per cent above its 2006 level – a smaller increase that the industry’s 45 per cent. Given its large share of total costs, transformer inputs is an important driver of the total input quantity index.

From figure 5.7 we see that ENT’s total input quantity index generally lies close to the quantity indexes for transformers and opex (which have a combined weight of 73 per cent of total costs). 

ENT’s output and input contributions to TFP change

In table 5.5 we present the percentage point contributions of each output and each input to ENT’s average annual rate of TFP change of –2.6 per cent over the 11–year period 2006 to 2016. 

Table 5.5
ENT’s output and input percentage point contributions to average annual TFP change: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	Energy (GWh)
	–0.13%
	–0.27%
	0.08%

	Ratcheted Max Demand
	0.20%
	0.31%
	0.03%

	Customer Numbers
	0.20%
	0.27%
	0.09%

	Circuit Length
	–0.05%
	–0.08%
	0.00%

	ENS
	–0.81%
	–0.56%
	–1.19%

	Opex
	–0.70%
	–0.89%
	–0.41%

	O/H Lines
	–0.08%
	–0.13%
	0.00%

	U/G Cables
	–0.14%
	–0.18%
	–0.09%

	Transformers
	–1.11%
	–1.21%
	–0.95%

	TFP Change
	–2.55%
	–2.76%
	–2.22%


There are some differences in factors contributing to ENT’s TFP growth compared to the industry results presented earlier in table 2.2. Circuit length growth provides a marginally negative contribution to ENT’s TFP growth whereas it is the largest positive contributor for the industry. ENS contributes –0.8 percentage points for ENT compared to –0.3 percentage points for the industry, making ENS the second most negative contributor for ENT versus the fourth most negative contributor for the industry. Transformer input growth contributes –1.1 percentage points to ENT’s TFP change compared to –1.5 percentage points for the industry, reflecting the smaller growth in ENT’s transformer input quantity. And, opex use also makes a more negative contribution to ENT’s TFP change at –0.7 percentage points compared to –0.3 for the industry, again reflecting the industry’s lower increase in opex usage over the period.

Comparing the periods before 2012 and after 2012 in table 5.5, the main differences for ENT are that all outputs contribute less to TFP growth after 2012 with negative contribution from ENS doubling from –0.6 percentage points before 2012 to –1.2 percentage points after 2012. However, all inputs also make less negative contributions after 2012 with the contribution of opex going from –0.9 percentage points before 2012 to –0.4 percentage points after 2012. Overall, TFP average annual change improves somewhat from –2.8 per cent before 2012 to –2.2 per cent after 2012.
Figure 5.8
ENT’s output and input percentage point contributions to annual TFP change, 2015–16
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In figure 5.8 we present the contributions of outputs and inputs to ENT’s TFP change of –7.8 per cent in the 2016 year. The increase in ENS in 2016 leads to it making by far the largest negative contribution to TFP change at –8.3 percentage points. Stronger growth in energy throughput in 2016 leads to it making the largest positive contribution at 1.4 percentage points. However, the increase in opex usage in 2016 led to opex making a more negative contribution in the latest year of –1.4 percentage points. ENT’s large negative TFP change in 2016, driven largely by ENS, was considerably worse than TFP change in 2016 for the industry as a whole which was –2.7 per cent. 

Impact of redundancy payments on ENT’s TFP and opex partial productivity

Table 5.6
Average annual ENT TFP and opex PFP change including and excluding redundancy payments: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	TFP change including redundancy payments
	–2.55%
	–2.76%
	–2.22%

	TFP change excluding redundancy payments
	–2.54%
	–2.76%
	–2.20%

	Opex PFP change including redundancy payments
	–2.83%
	–3.30%
	–2.11%

	Opex PFP change excluding redundancy payments
	–2.82%
	–3.31%
	–2.09%


Unlike DNSPs in the ACT, NSW and Queensland, ENT has not incurred large redundancy payments. For 7 years of the 11 year period 2006 to 2016, ENT made no redundancy payments. And for the other 4 years, redundancy payments were 0.1 per cent of total opex in 2006, 0.4 per cent in 2015 and 2.0 per cent in 2014. 

The impacts of excluding redundancy payments on ENT’s average annual TFP change and opex PFP change for the whole 11–year period and for the periods before and after 2012 are presented in table 5.6. There are only very minor differences in both average annual TFP change and average annual opex PFP change for the period as a whole and for the periods up to and then after 2012 from including or excluding redundancy payments. 

5.3
Powerlink
In 2016 Powerlink (PLK) transported 52,872 GWh of electricity over 14,756 circuit kilometres of lines and cables. It forms a critical part of Queensland’s energy supply chain serving just around 2.2 million end–users. PLK is the second largest of the five TNSPs in the NEM in terms of energy throughput but is the largest in terms of circuit length. It serves the third largest number of end–users.

PLK’s productivity performance
PLK’s total output, total input and TFP indexes are presented in figure 5.9 and table 5.7. Opex and capital partial productivity indexes are also presented in table 5.7.

Figure 5.9
PLK’s output, input and total factor productivity indexes, 2006–2016
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Over the 11–year period 2006 to 2016, PLK’s TFP decreased at an average annual rate of change of –2.4 per cent. Its total output increased over the period with an average annual rate of change of 1.6 per cent. This was considerably higher than the industry average annual growth in output of 0.5 per cent. However, PLK’s average annual rate of increase in input use of 4.0 per cent was well above the rate of increase in total input use for the industry of 2.6 per cent, giving PLK an average annual change in TFP of –2.4 per cent compared to the industry’s average annual change of –2.1 per cent. PLK’s TFP change was positive in 2008 and 2010. In both these years PLK’s output growth was very strong leading to positive TFP growth despite input growth also being strong in those years. PLK had negative TFP change for the other 9 years. In 2016 TFP change was marginally negative at –0.1 per cent, mainly as the result of moderation in the rates of growth of both outputs and inputs. For the period after 2012, the rate of average annual growth in input usage moderated somewhat but so did the average annual increase in output increased leading to little alteration in average annual TFP change compared to the period before 2012.

Table 5.7
PLK’s output, input and total factor productivity and partial productivity indexes, 2006–2016
	Year
	Output
	Input
	TFP
	
	PFP Index

	
	Index
	Index
	Index
	Opex
	Capital

	2006
	1.000
	1.000
	1.000
	1.000
	1.000

	2007
	0.961
	1.037
	0.927
	0.931
	0.925

	2008
	1.042
	1.106
	0.943
	0.935
	0.946

	2009
	1.023
	1.181
	0.866
	0.965
	0.830

	2010
	1.103
	1.239
	0.891
	1.006
	0.849

	2011
	1.104
	1.247
	0.886
	1.052
	0.831

	2012
	1.112
	1.283
	0.866
	1.030
	0.812

	2013
	1.127
	1.354
	0.832
	1.035
	0.771

	2014
	1.124
	1.402
	0.802
	0.982
	0.746

	2015
	1.155
	1.469
	0.787
	0.886
	0.755

	2016
	1.169
	1.487
	0.786
	0.886
	0.754

	Growth Rate 2006–16
	1.56%
	3.97%
	–2.41%
	–1.21%
	–2.82%

	Growth Rate 2006–12
	1.76%
	4.16%
	–2.40%
	0.49%
	–3.46%

	Growth Rate 2012–16
	1.26%
	3.69%
	–2.43%
	–3.74%
	–1.86%


The partial productivity indexes in table 5.7 show that the reduced negative rate of change in capital PFP after 2012 was largely offset by the average annual opex PFP rate of change turning from positive before 2012 to negative after 2012. 
PLK’s output and input quantity changes

Quantity indexes for PLK’s individual outputs are presented in figure 5.10 and for individual inputs in figure 5.11. In each case the quantities are converted to index format with a value of one in 2006 for ease of comparison.

From figure 5.10 we see that the output component that receives the largest weight in forming PLK’s TFP index, circuit length, increased relatively steadily through to 2014 before levelling off. In 2016, PLK’s circuit length was 26 per cent higher than it was in 2006. This is a much larger increase than for the transmission industry as whole where circuit length was 9 per cent higher in 2016 than it was in 2006. 

PLK’s maximum demand and energy throughput outputs have shown a broadly similar pattern compared to the industry as a whole. PLK’s maximum demand peaked in 2010 and then declined through 2014 before recovering somewhat in the last two years. PLK’s maximum demand was 9 per cent above its 2006 level in 2016. This compares with the industry’s 2016 maximum demand being 4 per cent above its 2006 level. In 2016 PLK’s ratcheted maximum demand was 11 per cent above its 2006 level while the industry’s RMD was 12 per cent above its 2006 level. 

Similarly, we see that energy throughput for PLK initially peaked in 2010 before falling though to 2014 and recovering strongly in 2015. PLK’s throughput in 2016 was 4 per cent below its 2006 level compared to the industry’s throughput then being 2 per cent less than it was in 2006. 

Figure 5.10
PLK’s output quantity indexes, 2006–2016
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The output that increased the second most over the period for PLK is end–user numbers with an increase of 18 per cent between 2006 and 2016, somewhat higher than the increase of 14 per cent for the industry. PLK’s end–user numbers have increased steadily over the period reflecting Queensland’s strong rate of population growth. 

The output that is not shown in figure 5.10 is total energy not supplied (ENS). PLK’s ENS has been relatively volatile and spiked upwards sharply in 2007 and 2009 to 6 times and 5 times, respectively, its 2006 level. However, since then PLK’s ENS levels have reduced and in 2016 ENS was only 10 per cent of what it was in 2006. Overall, PLK’s ENS will have had an increasingly positive impact on its total output over the period.

Since the circuit length, end–user numbers and energy throughput outputs receive a combined weight of around 82 per cent of PLK’s gross revenue in forming the total output index, in figure 5.10 we see that the total output index tends to lie close to the end–user numbers output index and be bounded by the circuit length and energy throughput indexes. Total output movements are also influenced by the pattern of movement in the ENS output, particularly in 2007 and 2009 (noting that an increase in ENS has a negative impact on total output and is given an average weight of around 2 per cent of gross revenue on average for ANT). The impact of the 2007 and 2009 ENS events on total output is smaller than under the previous specification given the capping of this output’s weight at 5.5 per cent for every year in the new specification. 

Figure 5.11
PLK’s input quantity indexes, 2006–2016
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Turning to the input side, we present quantity indexes for PLK’s four input components and total input in figure 5.11. We see that, in line with PLK’s higher increase in circuit length output, its input quantity for overhead lines increased more than for the industry but its underground cables input quantity increased less than for the industry. PLK’s overhead lines input increased by 38 per cent and its underground cables input quantity increased by 28 per cent between 2006 and 2016. This compares to corresponding respective increases for the industry of 22 per and 81 per cent.
PLK’s quantity of opex increased the third most of its four inputs over the 11–year period, being 32 per cent higher in 2016 than it was in 2006. Opex usage increased only modestly through to 2013 but increased rapidly in 2014 and 2015. PLK’s overall opex increase between 2006 and 2016 was much higher than the 12 per cent increase for the industry. Opex has the third largest average share in PLK’s total costs at 26 per cent.

The input component with the largest average share of PLK’s total cost, at 37 per cent, is transformers. PLK’s quantity of transformers increased steadily over the period and by 2016 was 74 per cent above its 2006 level – a much larger increase that the industry’s 45 per cent. Given its large share of total costs, transformer inputs is an important driver of PLK’s total input quantity index.

From figure 5.11 we see that PLK’s total input quantity index generally lies close to the quantity indexes for transformers and overhead lines (which have a combined weight of 73 per cent of total costs). 

PLK’s output and input contributions to TFP change

In table 5.8 we present the percentage point contributions of each output and each input to PLK’s average annual rate of TFP change of –2.4 per cent over the 11–year period 2006 to 2016. 

Table 5.8
PLK’s output and input percentage point contributions to average annual TFP change: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	Energy (GWh)
	0.09%
	–0.01%
	0.23%

	Ratcheted Max Demand
	0.21%
	0.35%
	0.00%

	Customer Numbers
	0.33%
	0.36%
	0.28%

	Circuit Length
	0.89%
	1.02%
	0.70%

	ENS
	0.27%
	0.37%
	0.11%

	Opex
	–0.76%
	–0.39%
	–1.32%

	O/H Lines
	–1.13%
	–1.32%
	–0.85%

	U/G Cables
	–0.02%
	–0.03%
	0.00%

	Transformers
	–2.05%
	–2.41%
	–1.52%

	TFP Change
	–2.41%
	–2.40%
	–2.43%


There are some differences in factors contributing to PLK’s TFP growth compared to the industry results presented earlier in table 2.2. Circuit length growth provides the most positive contribution to PLK’s TFP growth as it does for the industry but the contribution is 0.9 percentage points for PLK compared to 0.3 for the industry. ENS makes a positive contribution of 0.3 percentage points for PLK whereas it contributes –0.3 percentage points for the industry. Transformer input growth contributes –2.1 percentage points to PLK’s TFP change compared to –1.5 percentage points for the industry, reflecting the larger growth in PLK’s transformer input quantity. And opex use also makes a more negative contribution to PLK’s TFP change at –0.8 percentage points compared to –0.3 for the industry, again reflecting the industry’s lower increase in opex usage over the period. Similarly, overhead lines input makes a more negative contribution to PLK’s TFP change at –1.1 percentage points compared to –0.6 for the industry, again reflecting the industry’s lower increase in overhead lines input over the period.
Comparing the periods before 2012 and after 2012 in table 5.8, all outputs contribute less to PLK’s TFP growth after 2012 except for energy throughput which changes from making a small negative contribution before 2012 to making a positive contribution after 2012. Opex usage makes a more negative contribution after 2012 with the contribution of opex going from –0.3 percentage points before 2012 to –1.3 percentage points after 2012. Offsetting this though are reductions in the negative contributions of overhead lines and transformer inputs. Overall, TFP average annual changes little before and after 2012. 
Figure 5.12
PLK’s output and input percentage point contributions to annual TFP change, 2015–16
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In figure 5.12 we present the contributions of outputs and inputs to PLK’s TFP change of –0.1 per cent in the 2016 year. The large decrease in ENS in 2016 leads to it making by far the largest positive contribution to TFP change at 1.4 percentage points. Transformer inputs make the largest negative contribution at –1.4 percentage points in 2016. The other outputs and inputs all made small and largely offsetting contributions. PLK’s marginally negative TFP change in 2016, driven largely by an improvement in ENS, was considerably better than TFP change in 2016 for the industry as a whole which was –2.7 per cent. 

Impact of redundancy payments on PLK’s TFP and opex partial productivity

PLK is one of the two TNSPs that have incurred significant redundancy payments over the period. For the first 7 years of the 11 year period 2006 to 2016, PLK made no redundancy payments. But over the last 4 years, redundancy payments have progressively increased from 0.6 per cent of total opex in 2013 to 5 per cent in 2016. 

Table 5.9
Average annual PLK TFP and opex PFP change including and excluding redundancy payments: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	TFP change including redundancy payments
	–2.41%
	–2.40%
	–2.43%

	TFP change excluding redundancy payments
	–2.28%
	–2.39%
	–2.10%

	Opex PFP change including redundancy payments
	–1.21%
	0.49%
	–3.74%

	Opex PFP change excluding redundancy payments
	–0.70%
	0.49%
	–2.47%


The impacts of excluding redundancy payments on PLK’s average annual TFP change and opex PFP change for the whole 11–year period and for the periods before and after 2012 are presented in table 5.9. Average annual TFP change improves from –2.4 per cent to –2.1 per cent for the period after 2012 when redundancy payments are excluded. Average annual opex PFP change for the period after 2012 improves from –3.7 per cent to –2.5 per cent when redundancy payments are excluded. 

Figure 5.13
PLK’s opex partial productivity including and excluding redundancy payments, 2006–2016
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The impact on PLK’s opex partial productivity of excluding redundancy payments is illustrated in figure 5.13. While the bars for opex PFP including and excluding redundancy payments are similar in height up to 2012, the bars excluding redundancy payments become higher than the bars including redundancy payments from 2013 onwards.

5.4
TasNetworks Transmission
In 2016 TasNetworks Transmission (TNT) transported 11,655 GWh of electricity over 3,564 circuit kilometres of lines and cables. It forms a critical part of Tasmania’s energy supply chain serving just over 285,000 end–users. TNT is the smallest TNSP in the NEM in terms of energy throughput, circuit length and the number of end–users.

TNT’s productivity performance
TNT’s total output, total input and TFP indexes are presented in figure 5.14 and table 5.10. Opex and capital partial productivity indexes are also presented in table 5.10.

Over the 11–year period 2006 to 2016, TNT’s TFP decreased at an average annual rate of 0.1 per cent.  Its total output increased by an average annual rate of 0.9 per  cent but its total input
Figure 5.14
TNT’s output, input and total factor productivity indexes, 2006–2016
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Table 5.10
TNT’s output, input and total factor productivity and partial productivity indexes, 2006–2016
	Year
	Output
	Input
	TFP
	
	PFP Index

	
	Index
	Index
	Index
	Opex
	Capital

	2006
	1.000
	1.000
	1.000
	1.000
	1.000

	2007
	1.092
	1.014
	1.077
	1.075
	1.078

	2008
	1.120
	1.090
	1.028
	0.932
	1.086

	2009
	1.081
	1.099
	0.984
	0.931
	1.014

	2010
	1.084
	1.113
	0.974
	0.937
	0.996

	2011
	1.067
	1.160
	0.920
	0.983
	0.895

	2012
	1.077
	1.161
	0.928
	1.017
	0.894

	2013
	1.048
	1.171
	0.894
	1.068
	0.836

	2014
	1.111
	1.168
	0.951
	1.150
	0.885

	2015
	1.118
	1.088
	1.027
	1.557
	0.884

	2016
	1.094
	1.104
	0.991
	1.432
	0.864

	Growth Rate 2006–16
	0.90%
	0.99%
	–0.09%
	3.59%
	–1.46%

	Growth Rate 2006–12
	1.24%
	2.49%
	–1.25%
	0.29%
	–1.86%

	Growth Rate 2012–16
	0.39%
	–1.27%
	1.65%
	8.56%
	–0.86%


use increased a little faster at an average annual rate of 1.0 per cent. This differs from the situation for the transmission industry as a whole where input use increased considerably more than output growth over this period. TNT’s TFP change was strongly positive in 2007 as output increased markedly. It was also positive in 2012 as input use growth moderated and then strongly positive again in 2014 and 2015 as input use was reduced. TFP fell again in 2016, mainly due to a reduction in output and a return to input growth. TNT’s TFP level fell by 17 per cent between 2007 and 2013 before recovering subsequently to end up close to its 2006 level. 

TNT’s TFP performance was considerably better for the period after 2012 than for the period before 2012 going from an average annual rate of change of –1.25 per cent to 1.65 per cent after 2012.  There was a substantial reduction the average annual rate of output growth from 1.2 per cent before 2012 to 0.4 per cent after 2012. However, input use went from an average annual rate of change of 2.5 per cent before 2012 to –1.3 per cent after 2012.
The partial productivity indexes in table 5.10 show that a substantial improvement in opex PFP average annual change from 0.3 per cent before 2012 to 8.6 per cent after 2012 was the main reason for the improvement in TFP performance although there was also a small improvement in capital PFP. 

TNT’s output and input quantity changes

Quantity indexes for TNT’s individual outputs are presented in figure 5.15 and for individual inputs in figure 5.16. In each case the quantities are converted to index format with a value of one in 2006 for ease of comparison.

Figure 5.15
TNT’s output quantity indexes, 2006–2016
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From figure 5.16 we see that the output component that receives the largest weight in forming TNT’s TFP index, circuit length, has fluctuated somewhat but remained virtually unchanged over the 11–year period. This contrasts with the transmission industry as whole where circuit length was 9 per cent higher in 2016 than it was in 2006. 

TNT’s maximum demand output has, however, grown considerably less than for the industry as a whole. TNT’s maximum demand increased marginally in 2007 but has fallen subsequently to up 6 per cent below its 2006 level in 2016. This contrasts with the industry’s 2016 maximum demand being 4 per cent above its 2006 level. In 2016 TNT’s ratcheted maximum demand was only marginally above its 2006 level whereas the industry’s RMD was 12 per cent above its 2006 level.

However, we see that energy throughput for TNT has shown a very different pattern to than for the industry as a whole. TNT’s throughput increased by 28 per cent between 2006 and 2008 before reducing somewhat through to 2012 and again increasing to close to its earlier peak in 2014. It then reduced substantially in the last two years to finish up 11 per cent above its 2006 level in 2016. In 2016 energy throughput for the transmission industry was still 2 per cent less than it was in 2006. 

The output that had increased the most for TNT by 2016 was end–user numbers with an increase of 14 per cent between 2006 and 2016, the same increase as that for the industry. Again, this steady increase is to be expected as the number of electricity end–use customers will increase roughly in line with growth in the population. 

The output that is not shown in figure 5.15 is total energy not supplied (ENS). TNT’s ENS has been relatively volatile but within a much smaller range than most other TNSPs. ENS fell from 2006 through to 2009 before trending up to be 60 per cent above its 2006 level in 2013. However, since then it has reduced each year to be at only 16 per cent of its 2006 level in 2016. 
Since the RMD, end–user numbers and energy throughput outputs receive a combined weight of around 64 per cent of gross revenue in forming the total output index, in figure 5.16 we see that the total output index tends to lie close to the end–user numbers output index and be bounded by the RMD and energy throughput indexes. Total output movements are also influenced by the pattern of movement in the ENS output, particularly in 2013 (noting that an increase in ENS has a negative impact on total output and is given an average weight of around 3 per cent of gross revenue on average for TNT). However, the impact of ENS events on total output is smaller for TNT given its narrower range of ENS than other TNSPs. 

Turning to the input side, we present quantity indexes for TNT’s four input components and total input in figure 5.16. TNT’s input usage follows a similar pattern to that for the industry except that opex decreases for TNT over the period and transformer and overhead lines inputs grow less for TNT than for the industry. We see that, despite TNT’s fluctuating but near constant circuit length output, TNT’s input quantity for overhead lines has increased reflecting the use of higher capacity lines. Underground cables input more than doubles in 2013 but the length of underground cables goes from only 13 kilometres to 23 kilometres with the new cables being of considerably higher capacity.

The quantity of TNT’s opex increased by nearly 20 per cent in 2008 but has fallen each year subsequently through to 2015 with the fall in 2015 being a very large 30 per cent. Opex use increased again in 2016 by 6 per cent but it was then 24 per cent below its 2006 level. TNT’s large fall in opex use between 2006 and 2016 contrasts with the industry’s increase in opex usage of 12 per cent over the same period. Opex has the second largest average share in TNT’s total costs at 30 per cent.

Figure 5.16
TNT’s input quantity indexes, 2006–2016
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The input component with the largest average share of total cost, at 46 per cent, is transformers. TNT’s quantity of transformers increased steadily to 2013 before levelling off and by 2016 was 31 per cent above its 2006 level – a smaller increase that the industry’s 45 per cent. Given its large share of total costs, transformer inputs is an important driver of the total input quantity index.

From figure 5.3 we see that TNT’s total input quantity index generally lies between the quantity indexes for transformers and overhead lines (which have a weight of 68 per cent of total costs). Fluctuations in the total inputs index are driven by variations in opex use.

TNT’s output and input contributions to TFP change

In table 5.11 we present the percentage point contributions of each output and each input to TNT’s average annual rate of TFP change of –0.1 per cent over the 11–year period 2006 to 2016. 

There are some key differences in factors contributing to TNT’s TFP growth compared to the industry results presented earlier in table 2.2. Changes in opex and changes in ENS provide the largest positive contributions to TNT’s TFP change whereas as both provide negative contributions for the industry. RMD growth provides no contribution to TNT’s TFP growth whereas it is a positive contributor for the industry. And energy throughput contributes 0.3 percentage points to TNT’s TFP growth compared to zero percentage points for the industry. And, transformer input growth contributes –1.2 percentage points to TNT’s TFP change compared to –1.5 percentage points for the industry, reflecting the smaller growth in TNT’s transformer input quantity. 

Comparing the periods before 2012 and after 2012 in table 5.11, the main differences for TNT are the reversal in the contribution of opex from –0.4 percentage points before 2012 to 2.2 percentage points after 2012. And ENS makes a more positive contribution to TNT’s TFP after 2012 with a move from 0.3 percentage points before 2012 to 0.7 percentage points after 2012. On the input side, there is a reduction in the negative contribution of transformers input before 2012 of –1.8 percentage points to –0.3 percentage points after 2012 as transformer inputs level off from 2013 onwards.

Table 5.11
TNT’s output and input percentage point contributions to average annual TFP change: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	Energy (GWh)
	0.25%
	0.71%
	–0.44%

	Ratcheted Max Demand
	0.00%
	0.01%
	0.00%

	Customer Numbers
	0.27%
	0.36%
	0.12%

	Circuit Length
	–0.02%
	–0.16%
	0.19%

	ENS
	0.47%
	0.33%
	0.69%

	Opex
	0.63%
	–0.42%
	2.19%

	O/H Lines
	–0.29%
	–0.27%
	–0.33%

	U/G Cables
	–0.11%
	0.00%
	–0.27%

	Transformers
	–1.21%
	–1.81%
	–0.32%

	TFP Change
	–0.09%
	–1.25%
	1.65%


Figure 5.17
TNT’s output and input percentage point contributions to annual TFP change, 2015–16
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In figure 5.17 we present the contributions of outputs and inputs to TNT’s TFP change of –3.6 per cent in the 2016 year. The decrease in ENS in 2016 leads to it making the largest positive contribution to TFP change at 0.4 percentage points. But the large reduction in energy throughput in 2016 leads to it making the largest negative contribution at –2.7 percentage points. And the increase in opex usage in 2016 led to opex making a negative contribution in the latest year of –1.4 percentage points. TNT’s TFP change in 2016 of –3.6 per cent compares with the industry TFP change in 2016 of –2.7 per cent. 

Impact of redundancy payments on TNT’s TFP and opex partial productivity

TNT is one of two NEM TNSPs to have incurred larger redundancy payments. In 2009 TNT made redundancy payments of 1.2 per cent of its total opex. In 2012 redundancy payments accounted for 0.6 per cent of TNT’s total opex before increasing to around 2.5 per cent in the following two years and then increasing to 12.7 per cent in 2015, before falling back to 0.8 per cent in 2016. 

Table 5.12
Average annual TNT TFP and opex PFP change including and excluding redundancy payments: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	TFP change including redundancy payments
	–0.09%
	–1.25%
	1.65%

	TFP change excluding redundancy payments
	–0.06%
	–1.22%
	1.68%

	Opex PFP change including redundancy payments
	3.59%
	0.29%
	8.56%

	Opex PFP change excluding redundancy payments
	3.67%
	0.39%
	8.60%


Figure 5.18
TNT’s opex partial productivity including and excluding redundancy payments, 2006–2016
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The impacts of excluding redundancy payments on TNT’s average annual TFP change and opex PFP change for the whole 11–year period and for the periods before and after 2012 are presented in table 5.12. There are only very minor differences in both average annual TFP change and average annual opex PFP change for the period as a whole and for the periods up to and then after 2012 from including or excluding redundancy payments. This is because the large redundancy payments are made within the period after 2012 but without affecting either the 2012 or the 2016 years. They thus have no impact on the observed growth rates which only use information on the first year and the last year.

This can be seen in figure 5.18 which shows the impact on TNT’s opex partial productivity of excluding redundancy payments. While the bars for opex PFP including and excluding redundancy payments are similar in height up to and including 2012 and again in 2016, the bars excluding redundancy payments are higher than the bars including redundancy payments from 2013 to 2015.

5.5
TransGrid
In 2016 TransGrid (TRG) transported 72,200 GWh of electricity over 13,039 circuit kilometres of lines and cables. It forms a critical part of New South Wales’ energy supply chain serving over 3.7 million end–users. TRG is the largest of the five TNSPs in the NEM in terms of energy throughput and the number of end–users and the second largest in terms of circuit length.

TRG’s productivity performance
TRG’s total output, total input and TFP indexes are presented in figure 5.19 and table 5.13. Opex and capital partial productivity indexes are also presented in table 5.13.

Figure 5.19
TRG’s output, input and total factor productivity indexes, 2006–2016
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Over the 11–year period 2006 to 2016, TRG’s TFP decreased at an average annual rate of change of –3.1 per cent. Its total output declined over the period with an average annual rate of change of –0.3 per cent. This compares to an industry growth in output of 0.5 per cent per annum on average. TRG’s average annual rate of increase in input use of 2.8 per cent was more than the rate of increase in total input use for the industry of 2.6 per cent. When combined with its decline in output, this gives TRG an average annual change in TFP of –3.1 per cent compared to the industry’s average annual change of –2.1 per cent. TRG’s TFP change was positive in 2008, 2011 and 2013. Input use declined in 2008 to produce positive TFP change that year. Input use was also reduced in 2013 to produce positive TFP change in spite of a fall in output that year. TFP change in 2011, on the other hand, was positive due to strong output growth. TRG had negative TFP change for the other 7 years. In 2016 TFP change was –3.5 per cent, mainly as the result of a reduction in output associated with increased outages and reduced throughput. For the period after 2012, the rate of average annual growth in input usage moderated substantially but the average annual change in output turned from being positive to negative leading to a small improvement in TFP change from –3.5 per cent before 2012 to –2.3 per cent after 2012.

Table 5.13
TRG’s output, input and total factor productivity and partial productivity indexes, 2006–2016
	Year
	Output
	Input
	TFP
	
	PFP Index

	
	Index
	Index
	Index
	Opex
	Capital

	2006
	1.000
	1.000
	1.000
	1.000
	1.000

	2007
	0.999
	1.033
	0.967
	1.025
	0.942

	2008
	1.013
	1.010
	1.003
	1.112
	0.959

	2009
	1.003
	1.100
	0.912
	1.106
	0.841

	2010
	0.997
	1.172
	0.851
	0.980
	0.799

	2011
	1.019
	1.184
	0.860
	1.081
	0.784

	2012
	1.011
	1.249
	0.809
	1.004
	0.741

	2013
	1.000
	1.198
	0.835
	1.093
	0.751

	2014
	0.996
	1.275
	0.782
	0.912
	0.734

	2015
	0.995
	1.300
	0.765
	0.973
	0.696

	2016
	0.971
	1.317
	0.737
	0.961
	0.666

	Growth Rate 2006–16
	–0.30%
	2.76%
	–3.05%
	–0.40%
	–4.07%

	Growth Rate 2006–12
	0.18%
	3.71%
	–3.53%
	0.06%
	–5.00%

	Growth Rate 2012–16
	–1.01%
	1.33%
	–2.34%
	–1.09%
	–2.67%


The partial productivity indexes in table 5.13 show that the small moderation in negative average annual rates of change of TFP after 2012 were mirrored in reduced negative rates of change in capital PFP. Opex PFP change turned from positive before 2012 to negative after 2012.
TRG’s output and input quantity changes

Quantity indexes for TRG’s individual outputs are presented in figure 5.20 and for individual inputs in figure 5.21. In each case the quantities are converted to index format with a value of one in 2006 for ease of comparison.

From figure 5.20 we see that the output component that receives the largest weight in forming TRG’s TFP index, circuit length, has increased steadily over the 11–year period. By 2016, however, TRG’s circuit length was only 4 per cent above its 2006 level compared to the transmission industry’s corresponding increase in circuit length of 9 per cent. 

TRG’s maximum demand and energy throughput outputs show a broadly similar pattern to the industry as a whole. TRG’s maximum demand increased though to 2011 but then fell substantially through to 2015 followed by a partial recovery in 2016. TRG’s maximum demand was still just below its 2006 level in 2016. This contrasts with the industry’s 2016 maximum demand being 4 per cent above its 2006 level. In 2016 TRG’s ratcheted maximum demand was 7 per cent above its 2006 level while the industry’s RMD was 12 per cent above its 2006 level. In TRG’s case, this reflects growth in maximum demand up to 2011 before the substantial fall occurred.

Similarly, we see that TRG’s energy throughput increased by 2 per cent in 2007 but then fell by around 18 per cent through to 2014. In 2016 it was 13 per cent below its 2006 level compared to the industry’s throughput then being 2 per cent less than it was in 2006. 

Figure 5.20
TRG’s output quantity indexes, 2006–2016
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The output that increased the most over the period for TRG is end–user numbers with an increase of 11 per cent between 2006 and 2016, less than the increase of 14 per cent for the industry. TRG’s end–user numbers increase has been steady over the whole period, in line with NSW’s population growth. 

The output that is not shown in figure 5.20 is total energy not supplied (ENS). TRG’s ENS has fluctuated around its 2006 level through to 2014 before increasing sharply in both 2015 and 2016. In 2016 it was 10 times its 2006 level after having been less than its 2006 level in 2014. TRG’s ENS levels also spiked higher in 2010 to be four times its 2006 level. Overall, TRG’s ENS will have had an increasing negative impact on its total output over the period.

TRG’s total output index tends to lie close to the circuit length output index up to 2012 but falls below it after that energy throughput drops lower. Total output movements are also influenced by the pattern of movement in the ENS output, particularly in 2010 and again in 2016 (noting that an increase in ENS has a negative impact on total output and is given an average weight of around 3 per cent of gross revenue on average for TRG). However, the impact of these ENS events on total output is smaller than under the previous specification given the capping of this output’s weight at 5.5 per cent for every year in the new specification. 

Figure 5.21
TRG’s input quantity indexes, 2006–2016
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Turning to the input side, we present quantity indexes for TRG’s four input components and total input in figure 5.21. We see that TRG’s input quantity for overhead lines increased steadily up to 2012 before levelling off somewhat. Its underground cables input quantity increased by 68 per cent in 2015 although the length of underground cables increased from only 47 to 78 kilometres in that year. This input has a very small share of total costs.

The quantity of opex increased the least of TRG’s four inputs over the 11–year period, being only 1 per cent higher in 2016 than it was in 2006. Opex usage decreased by 9 per cent between 2006 and 2009 before then trending up through to 2014 and then falling in the last two years. TRG’s marginal opex change between 2006 and 2016 compares to an increase for the industry of 12 per cent. Opex has the equal second largest average share in TRG’s total costs at 27 per cent.

The input component with the largest average share of TRG’s total cost, at 43 per cent, is transformers. TRG’s transformer input quantity increased more quickly from 2008 to 2010 before increasing more steadily through to 2015 and levelling off in 2016. By 2016 it was 54 per cent above its 2006 level – a larger increase that the industry’s 45 per cent. Given its large share of total costs, transformer inputs is an important driver of the total input quantity index.

From figure 5.21 we see that TRG’s total input quantity index generally lies close to the quantity index for overhead lines, above that for opex and below that for transformers. 

TRG’s output and input contributions to TFP change

In table 5.14 we present the percentage point contributions of each output and each input to TRG’s average annual rate of TFP change of –3.1 per cent over the 11–year period 2006 to 2016. 

Table 5.14
TRG’s output and input percentage point contributions to average annual TFP change: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	Energy (GWh)
	–0.28%
	–0.24%
	–0.34%

	Ratcheted Max Demand
	0.13%
	0.21%
	0.00%

	Customer Numbers
	0.21%
	0.18%
	0.26%

	Circuit Length
	0.16%
	0.09%
	0.25%

	ENS
	–0.60%
	–0.01%
	–1.48%

	Opex
	0.00%
	0.08%
	–0.13%

	O/H Lines
	–0.79%
	–1.23%
	–0.13%

	U/G Cables
	–0.14%
	–0.02%
	–0.31%

	Transformers
	–1.82%
	–2.54%
	–0.74%

	TFP Change
	–3.05%
	–3.56%
	–2.34%


Figure 5.22
TRG’s output and input percentage point contributions to annual TFP change, 2015–16
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There are some differences in factors contributing to TRG’s TFP growth compared to the industry results presented earlier in table 2.2. The main difference is that opex use has zero impact on TRG’s TFP whereas it has an effect of –0.3 percentage points for the industry. And, ENS contributes –0.6 percentage points for TRG compared to –0.3 percentage points for the industry, making ENS the third most negative contributor for TRG versus the fourth most negative contributor for the industry. And, transformer input growth contributes –1.8 percentage points to TRG’s TFP change compared to –1.5 percentage points for the industry, reflecting the faster growth in TRG’s transformer input quantity. 

Comparing the periods before 2012 and after 2012 in table 5.14, the main differences for TRG are that ENS goes from a marginal negative contribution before 2012 to a contribution of –1.5 percentage points after 2012. The contribution of transformers goes from –2.5 percentage points before 2012 to –0.7 after 2012 as growth in transformer inputs moderates. Offsetting this somewhat, the contribution of opex changes from 0.1 percentage points before 2012 to –0.1 percentage points after 2012. Overall, TFP average annual change improves somewhat from –3.6 per cent before 2012 to –2.3 per cent after 2012.

In figure 5.22 we present the contributions of outputs and inputs to TRG’s –3.6 per cent TFP change in the 2016 year. The increase in ENS in 2016 leads to it making the largest negative contribution to TFP change at –2.1 percentage points. And negative growth in energy throughput in 2016 leads to it making the third largest negative contribution at –0.7 percentage points. But the reduction in opex usage in 2016 led to opex making the largest positive contribution in the latest year of 0.3 percentage points. TRG’s negative TFP change in 2016, driven largely by ENS, increases in overhead lines inputs and a reduction in energy throughput, was worse than TFP change in 2016 for the industry as a whole which was –2.7 per cent. 

Impact of redundancy payments on TRG’s TFP and opex partial productivity

Unlike DNSPs in the ACT, NSW and Queensland, TRG has incurred more limited redundancy payments. For the years up to and including 2011, TRG made no or quite small redundancy payments. This increased to around 1 per cent of total opex in 2012 and 2013, to 2.9 per cent in 2015 and back to 2.1 per cent in 2016. 

Table 5.15
Average annual TRG TFP and opex PFP change including and excluding redundancy payments: 2006–2016, 2006–2012 and 2012–2016
	Year
	2006 to 2016
	2006 to 2012
	2012 to 2016

	TFP change including redundancy payments
	–3.05%
	–3.53%
	–2.34%

	TFP change excluding redundancy payments
	–3.00%
	–3.49%
	–2.27%

	Opex PFP change including redundancy payments
	–0.40%
	0.06%
	–1.09%

	Opex PFP change excluding redundancy payments
	–0.19%
	0.21%
	–0.80%


The impacts of excluding redundancy payments on TRG’s average annual TFP change and opex PFP change for the whole 11–year period and for the periods before and after 2012 are presented in table 5.15. There are only quite minor differences in average annual TFP change for the period as a whole and for the periods up to and then after 2012 from including or excluding redundancy payments. There are small differences in average annual opex PFP change with this going from –1.1 per cent for the period after 2012 when redundancy payments are included to –0.8 per cent when they are excluded.
Figure 5.23
TRG’s opex partial productivity including and excluding redundancy payments, 2006–2016
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The small impact excluding redundancy payments has on opex PFP can be seen in figure 5.23. While the bars for opex PFP including and excluding redundancy payments are similar in height up to and including 2011 and again in 2014, the bars excluding redundancy payments are higher than the bars including redundancy payments for 2012 and 2013 and for 2015 and 2016.

Appendix A
Methodology
A1
Time–series TFP index

Productivity is a measure of the quantity of output produced from the use of a given quantity of inputs. Productivity is measured by constructing a ratio of output produced to inputs used. Productivity index number methods provide a ready way of aggregating output quantities into a measure of total output quantity and aggregating input quantities into a measure of total input quantity. For time–series analysis, the TFP index is the change in the ratio of total output quantity to total input quantity over time. The PFP index is the change in the ratio of total output quantity to the quantity of the relevant input over time.
To form the total output and total input measures we need a price and quantity for each output and each input, respectively. The quantities enter the calculation directly as it is changes in output and input quantities that we are aggregating. The relevant output and input prices are used to weight together changes in output quantities and input quantities into measures of total output quantity and total input quantity. Or, to put this another way, the TFP index is the ratio of the change in a weighted average of output quantities to the change in a weighted average of input quantities.

Different index number methods perform the aggregation and weighting in different ways. In previous benchmarking reports we have used the Fisher ideal index, one of a family of index number methods that have desirable properties such as providing second–order approximations to underlying technologies (see Economic Insights 2014). In this report we use another of those indexes, the Törnqvist index, because it allows more convenient identification of the contribution of individual outputs and inputs to productivity change. 

The Törnqvist TFP change index is given by the following equation:
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(1)

where t and t–1 are adjoining time periods, there are N output quantities, yi, ri is the revenue weight given to output i, there are M input quantities, xj, sj is the share of input j in total cost and ln is the natural logarithm operator.

A2
Output and input contributions to TFP change

The next task is to decompose TFP change into its constituent parts. Since TFP change is the change in total output quantity less the change in total input quantity, the contribution of an individual output (input) will depend on the change in the output’s (input’s) quantity and the weight it receives in forming the total output (total input) quantity index. However, this calculation has to be done in a way that is consistent with the index methodology to provide a decomposition that is consistent and robust. The Törnqvist index methodology allows us to readily decompose productivity change into the contributions of changes in each output and each input. The percentage point contribution of output i to productivity change is given by the following equation:
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(2)

And, the contribution of input j to productivity change is given by the following equation:
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(3)

Using these consistent equations ensures the sum of the percentage point contributions of all outputs and all inputs equals the rate of TFP change obtained in equation (1).

A3
Multilateral TFP comparisons

Traditional measures of TFP, such as that presented in sections A1 and A2 above, have enabled comparisons to be made of rates of change of productivity between firms but have not enabled comparisons to be made of differences in the absolute levels of productivity in combined time series, cross section firm data. This is due to the failure of conventional TFP measures to satisfy the important technical property of transitivity. This property states that direct comparisons between observations m and n should be the same as indirect comparisons of m and n via any intermediate observation k. 

Caves, Christensen and Diewert (1982) developed the multilateral translog TFP (MTFP) index measure to allow comparisons of the absolute levels as well as growth rates of productivity. It satisfies the technical properties of transitivity and characteristicity which are required to accurately compare TFP levels within panel data. 

The Caves, Christensen and Diewert (CCD) multilateral translog index is given by:



ln (TFPm/TFPn)
=
∑i (rim+Ri*) (ln yim – ln Yi*)/2 –
(4)





∑i (rin+Ri*) (ln yin – ln Yi*)/2 –







∑j (sjm+Sj*) (ln xjm – ln Xj*)/2 +







∑j (sjn+Sj*) (ln xjn – ln Xj*)/2

where the variables have the same definition as in equation (1) and Ri* (Sj*) is the revenue (cost) share of the i–th output (j–th input) averaged over all utilities and time periods and ln Yi* (ln Xj*) is the average of the natural logarithms of output i (input j). Transitivity is satisfied since comparisons between, say, two NSPs for 2009 will be the same regardless of whether they are compared directly or via, say, one of the NSPs in 2015. An alternative interpretation of this index is that it compares each observation to a hypothetical average NSP with output vector Yi*, input vector Xj*, revenue shares Ri* and cost shares Sj*.
Because the MTFP index focuses on preserving comparability of productivity levels over time, there may sometimes be minor differences in the pattern of productivity change for a particular firm derived from the MTFP results as compared to the time–series Törnqvist TFP results for the same firm. This is a necessary trade–off for the MTFP index to satisfy the technical properties of transitivity and characteristicity which allow comparability of productivity levels over time. Detailed examination of a firm’s productivity performance over time is usually done using a time–series index such as the Törnqvist or Fisher index since the comparison being made is then unilateral in nature rather than multilateral.
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� Powerlink (2017a, p.3) supported ‘extending the scope of the review to test stakeholder views on the fundamental direction of benchmarking for transmission’.


� The contribution analysis presented in this report is based on time–series Törnqvist TFP indexes, not MTFP.
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