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RELIANCE AND DISCLAIMER  

THE PROFESSIONAL ANALYSIS AND ADVICE IN THIS REPORT HAS BEEN PREPARED BY ACIL ALLEN CONSULTING 
FOR THE EXCLUSIVE USE OF THE PARTY OR PARTIES TO WHOM IT IS ADDRESSED (THE ADDRESSEE) AND FOR 
THE PURPOSES SPECIFIED IN IT.  THIS REPORT IS SUPPLIED IN GOOD FAITH AND REFLECTS THE KNOWLEDGE, 
EXPERTISE AND EXPERIENCE OF THE CONSULTANTS INVOLVED.  THE REPORT MUST NOT BE PUBLISHED, 
QUOTED OR DISSEMINATED TO ANY OTHER PARTY WITHOUT ACIL ALLEN CONSULTING’S PRIOR WRITTEN 
CONSENT.  ACIL ALLEN CONSULTING ACCEPTS NO RESPONSIBILITY WHATSOEVER FOR ANY LOSS OCCASIONED 
BY ANY PERSON ACTING OR REFRAINING FROM ACTION AS A RESULT OF RELIANCE ON THE REPORT, OTHER 
THAN THE ADDRESSEE. 

IN CONDUCTING THE ANALYSIS IN THIS REPORT ACIL ALLEN CONSULTING HAS ENDEAVOURED TO USE WHAT IT 
CONSIDERS IS THE BEST INFORMATION AVAILABLE AT THE DATE OF PUBLICATION, INCLUDING INFORMATION 
SUPPLIED BY THE ADDRESSEE.  UNLESS STATED OTHERWISE, ACIL ALLEN CONSULTING DOES NOT WARRANT 
THE ACCURACY OF ANY FORECAST OR PROJECTION IN THE REPORT.  ALTHOUGH ACIL ALLEN CONSULTING 
EXERCISES REASONABLE CARE WHEN MAKING FORECASTS OR PROJECTIONS, FACTORS IN THE PROCESS, SUCH 
AS FUTURE MARKET BEHAVIOUR, ARE INHERENTLY UNCERTAIN AND CANNOT BE FORECAST OR PROJECTED 
RELIABLY. 

ACIL ALLEN CONSULTING SHALL NOT BE LIABLE IN RESPECT OF ANY CLAIM ARISING OUT OF THE FAILURE OF A 
CLIENT INVESTMENT TO PERFORM TO THE ADVANTAGE OF THE CLIENT OR TO THE ADVANTAGE OF THE CLIENT 
TO THE DEGREE SUGGESTED OR ASSUMED IN ANY ADVICE OR FORECAST GIVEN BY ACIL ALLEN CONSULTING. 

© ACIL ALLEN CONSULTING 2015 
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Executive summary 

Terms of reference 

ACIL Allen Consulting (ACIL Allen) has been engaged by Jemena Asset Management Pty 

Ltd, (on behalf of ActewAGL Distribution Gas Network (ActewAGL)), to provide productivity 

analysis in support of the preparation of ActewAGL’s Access Arrangement (AA) proposal for 

the period 1 July 2016 to 30 June 2021.  

Under the Terms of Reference for the study, ACIL Allen has been asked to provide an 

expert report in two parts: 

 Part A: To provide a forecast of the operating expenditure (opex) partial factor 

productivity growth rate that applies to the ActewAGL network for the period 1 July 2014 

to 30 June 2021. Part A involves the estimation of an opex cost function which is used to 

estimate an opex partial productivity growth rate forecast split into three components: 

technology, returns to scale and operating environment. 

 Part B: To measure ActewAGL’s historical productivity growth rate using time series, 

unilateral Total Factor Productivity (TFP) and opex and capital expenditure (capex) 

Partial Factor Productivity (PFP) analysis. Part B uses index number analysis to produce 

historical measures of ActewAGL’s TFP and opex PFP for the period to 30 June 2014. 

Partial productivity indicators (PPIs) are produced to assess ActewAGL’s capex over the 

period to June 2014. 

The report has been prepared in accordance with the Expert Witness Guidelines (Federal 

Court Practice Note CM 7) and as such, may be relied upon by both ActewAGL and the 

Australian Energy Regulator (AER). 

Overview of benchmarking methods 

Cost function analysis 

In production economics, econometric cost functions provide a useful tool for determining 

the least cost means of production and are used by a number of regulators to explore 

efficient costs for energy networks. A cost function is a function that measures the minimum 

cost of producing a given set of outputs in a given production environment in a given time 

period. 

By modelling the output quantities, the input prices, and the operating conditions in which 

the business operates, a minimum-cost function yields the periodic costs incurred by an 

efficient business to deliver those services in that environment.  

Index number based TFP and opex PFP analysis 

Index number methods, often called TFP measures, construct productivity measures directly 

from the data on inputs and outputs, without the need to estimate a cost or production 

function. Productivity is measured as the ratio of output quantity to input quantity. 

Unilateral indexes can be used to measure relative performance either for a single business 

over time or between businesses at a single point in time. Multilateral indexes can be used 

to compare productivity levels and growth rates. In accordance with the Terms of Reference, 
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this study estimates unilateral (or time series) TFP and opex PFP measures for ActewAGL 

over the period from 2003-04 to 2013-14. 

In this study, a Fisher Index is used to estimate the TFP and opex PFP growth rates for 

ActewAGL. The Fisher Index is recommended as the preferred approach for time series 

productivity measurement in the literature given its desirable theoretical and test properties.1 

Capex partial productivity performance indicators 

In accordance with previous capex productivity benchmarking for gas distribution 

businesses, this study provides a range of capex PPIs that show ActewAGL’s capex per unit 

of output.  

Benchmarks are indicative not exact 

It is important to recognise that, due to the limitations of data and of the benchmarking 

techniques, the efficiency and productivity measures produced in this study are approximate 

rather than exact. There are often challenges associated with accounting for differences in 

relevant operating environment factors, in accurately measuring inputs and outputs, and in 

gaining comparable, quality data over long time periods. The limitations that are specific to 

this study are discussed within the report. 

Given that the measures are indicative, it would not be appropriate, for example, to assume 

that the difference between observed costs and benchmarked costs can in part or as a 

whole be conclusively attributed to relative inefficiency. 

However, the economic analysis seeks to make the best use of benchmarking data that is 

available to assist ActewAGL to determine efficient cost levels and the scope for opex 

productivity growth over the forthcoming regulatory period. This study provides useful 

information which can be used as part of a suite of tools and analyses to inform ActewAGL’s 

decisions given the uncertainties associated with forecasting expenditure over a period to 

2021. 

Benchmarking sample and data 

The cost function analysis and capex PPIs benchmark ActewAGL against eight other 

Australian gas distribution businesses serving urban populations and that are subject to full 

economic regulation, namely: 

 ATCO Gas Australia (WA) 

 Australian Gas Networks South Australia (SA) 

 Australian Gas Networks Victoria (VIC) 

 Multinet Gas (VIC) 

 AusNet Services (VIC) 

 Jemena Gas Networks (NSW) 

 Australian Gas Networks Queensland (QLD) 

 Allgas Energy (QLD). 

                                                      

1 For example see Coelli, T. et all, 2005 and ACCC and AER, 2012 for more detail including on the index number tests.  
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ActewAGL 

ActewAGL is one of the smaller gas distribution businesses in the sample in terms of 

network size and customer base, being most similar in scale to the Queensland gas 

distribution businesses. ActewAGL has among the lowest customer and energy density 

among the gas distribution businesses. ActewAGL has a customer mix that is dominated by 

residential and commercial customers and few larger, industrial customers. 

Previous benchmarking studies of gas distribution businesses (including the Marksman 

Report and various reports by Economic Insights) have identified customer density 

(customers per kilometre of mains) and energy density (energy delivered per customer and 

per kilometre of mains) as material drivers of cost and hence relative efficiency. 

Higher customer density means that less pipelines and associated assets need to be built 

and maintained per customer, resulting in relatively lower costs and a relatively higher 

efficiency. Similarly, greater energy density has been associated with lower inputs to deliver 

a given volume of gas.  

To the extent that the efficiency and productivity measures that compare ActewAGL to the 

other gas distribution businesses do not account for differences in customer and energy 

density, then ActewAGL may appear relatively less efficient due to these operating 

environment characteristics. 

Data sources 

ACIL Allen has compiled a benchmarking database for the nine Australian gas distribution 

businesses. The benchmarking data were predominantly sourced from public reports 

including: 

 gas distribution business Access Arrangement Information statements 

 regulatory determinations by the AER and jurisdictional regulators 

 AER performance reports 

 annual and other reports published by the businesses 

 consultant reports prepared as part of access arrangement review processes. 

The database also contains confidential data provided for benchmarking analysis including 

data from ActewAGL, ATCO Gas and Jemena. Confidential data are not revealed within this 

report. 

Data comparability and suitability for benchmarking 

To a large extent, the benchmarking study relies on data that were reported publicly by the 

gas distribution businesses and, in most cases, verified by the relevant economic regulator. 

Where data has been provided to ACIL Allen directly, the data are reported on a basis that 

is consistent with the regulatory data in the Access Arrangement Information statements. In 

particular, the study uses the expenditure categories reported within the gas distribution 

businesses’ Access Arrangements, including the operating expenditure and capital 

expenditure categories. 

Within the time available for this study, and constraints on our practical ability to verify the 

cost data with the gas businesses, it was not possible to undertake a detailed review of the 

cost data items used in the study to ensure that precisely the same costs are reported in 

these categories by all of the nine distributors and hence to fully establish the cost data 

comparability between the businesses. 
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Notwithstanding this, the steps that ACIL Allen has undertaken to determine data 

comparability and hence suitability for benchmarking are as follows. 

First, ACIL Allen has reviewed the numerous prior benchmarking studies of Australian gas 

distribution businesses to understand the appropriate sources of data and to draw on the 

experience of these studies in ensuring that the data used was comparable across the firms. 

As a result of the literature review, adjustments were made to the opex category to ensure 

comparability between the gas distribution businesses. 

Second, ACIL Allen has undertaken its own data screening. A range of operating and capital 

cost ratios and operating environment ratios have been calculated for all firms and all years 

to identify data items that are outliers (e.g. ratios that are more than three standard 

deviations from the sample mean) and to identify potential areas of persistent variation 

between firms and across time. Where an observation has warranted further investigation, 

ACIL Allen has rechecked the original data source and sought any additional relevant 

verifying information. 

Third, ACIL Allen has investigated possible differences between the Australian gas 

distribution businesses in terms of their allocation of costs to the operating and capital cost 

categories due to differences in cost allocation and capitalisation policies. This was an issue 

which came to light in the context of the recent electricity distribution benchmarking, with 

likely differences in practice observed.  

The third element of analysis indicates that ActewAGL’s operating expenditures (at 

50 per cent to 60 per cent of total opex and capex expenditure) consistently comprise a 

larger share of total expenditures compared to the majority of the other gas distribution 

businesses (with an opex share around 20 per cent to 30 per cent). While it has not been 

possible within the scope of this study to determine whether there are differences in cost 

allocation and capitalisation policies that mean that different costs are included within the 

operating and capital expenditure categories between the gas distribution businesses, this 

issue could be further investigated in future benchmarking analysis and would need to be 

considered by the AER and others in interpreting ActewAGL’s opex partial productivity 

measures. 

Based on the screening process, ACIL Allen has not removed any observations from the 

benchmarking analysis. This is because we have verified the data against regulatory 

documents. We consider that this is reasonable given that: 

 our sample size is limited and hence we wish to retain all reasonable data observations 

 the key focus of this study is to estimate productivity trends, rather than on relative 

efficiency and productivity levels in relation to an efficient frontier.  

Finally, for the opex cost function estimations, further analysis has been undertaken to test 

the sensitivity of the estimations to individual observations. As panel data is used (i.e. 

encompassing multiple gas distribution businesses and time periods), the sensitivity of the 

cost function estimates to the inclusion or exclusion of individual gas distribution businesses 

has been undertaken. This is explained in section 4 which reports on the cost function 

analysis. 

On balance, it is our opinion that the benchmarking data used in the study is robust and 

appropriate for indicative benchmarking analysis, particularly as the majority of the data has 

been subject to scrutiny by the relevant economic regulator and in many cases also by 

expert consultants engaged by the economic regulators. 

However, there remains uncertainty about data comparability that ACIL Allen is not able to 

resolve. Possible differences in the comparability of cost categories and other inevitable 
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shortcomings in the benchmarking analysis mean that the efficiency and productivity 

benchmarks produced should be treated as indicative, not exact. Other potential 

shortcomings that limit the ability of the benchmarking models in this study to represent the 

gas distribution businesses’ true cost and production functions include: 

 the limited data available for this study e.g. a richer data set with a broader range of cost 

inputs, outputs and operating environment factors could be used to create model 

specifications that better account for the variation between the gas distribution 

businesses 

 potential data errors that have not been identified 

 the limitations of the modelling techniques in terms of their ability to accurately estimate 

the true efficient cost and production frontiers. 

Part A: Forecast opex partial factor productivity 

Part A of the analysis provides the forecast opex partial factor productivity growth rate for 

the period 1 July 2014 to 30 June 2021, based on cost function analysis.  

Cost functions are estimated using two alternative model specifications, one with two 

outputs specified (energy, which is the TJs of gas throughput, and customers) and the other 

with a single output specified (customers). 

A Cobb-Douglas functional form has been applied and five estimation methods tested to 

explore the sensitivity of the results to the estimation method. The five estimation methods 

are: 

 pooled ordinary least squares (OLS) 

 fixed effects  

 random effects 

 feasible GLS (FGLS) (with heteroscedastic panels) 

 stochastic Frontier Analysis (SFA) (with time invariant inefficiency). 

Cost function estimates: Two output specification 

The results of the two-output model under the five estimation methods are presented in 

Table ES 1. 
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Table ES 1  Estimated Cobb-Douglas function: Two outputs 

Estimation technique 

Variables Pooled OLS 
Fixed 

effects 

Random 

effects 
FGLS SFA 

Time -0.00436*** -0.0153 -0.00202 -0.00446*** -0.00466*** 

 (0.000151) (0.0180) (0.00542) (0.000132) (0.000138) 

Energy -0.259*** 0.119 -0.0930 -0.164*** -0.0634 

 (0.0612) (0.0873) (0.151) (0.0467) (0.0694) 

Customers 0.462*** 1.226** 0.524** 0.496*** 0.501*** 

 (0.0722) (0.401) (0.239) (0.0647) (0.0689) 

RAB 0.764*** 0.524** 0.592*** 0.645*** 0.685*** 

 (0.0687) (0.219) (0.133) (0.0612) (0.114) 

Density -0.126 -1.024*** -0.495*** -0.228*** -0.531*** 

 (0.0847) (0.281) (0.123) (0.0716) (0.165) 

Constant  13.38 -4.649   

  (29.64) (10.33)   

      

Observations 87 87 87 87 87 

R-squared 0.987 0.9432 0.9579   

Number of ID  9 9 9 9 

Note: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

Source: ACIL Allen 

A key characteristic of these models is that the energy variable (TJ of gas throughput) has a 

negative coefficient. Moreover it is not statistically significant at the 1 per cent level in three 

of the five models. These results are not surprising given that gas throughput has been 

declining for the majority of the distribution businesses over the period from 2005 to 2013, 

while operating expenditures have continued to increase. 

This suggests that energy (gas throughput) is no longer a key driver of increasing operating 

expenses for the nine gas distribution businesses under consideration. As a result, an 

additional model specification is estimated excluding gas throughput. 

Cost function estimates: Single output specification 

Table ES 2 presents the cost function estimation results without energy throughput specified 

as an output. 
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Table ES 2 Estimated Cobb-Douglas function: Single output 

Estimation technique 

Variables Pooled OLS Fixed Effects 
Random 

effects 
FGLS SFA 

Time -0.00423*** -0.0164 0.000323 -0.00413*** -0.00467*** 

 (0.000172) (0.0174) (0.00373) (0.000121) (0.000143) 

Customers 0.389*** 1.269*** 0.555*** 0.303*** 0.518*** 

 (0.0676) (0.377) (0.191) (0.0523) (0.0670) 

RAB 0.553*** 0.536** 0.516*** 0.676*** 0.606*** 

 (0.0649) (0.223) (0.141) (0.0516) (0.0770) 

Density -0.281*** -1.039*** -0.685*** -0.254*** -0.615*** 

 (0.0728) (0.289) (0.173) (0.0579) (0.126) 

Constant  16.21 -9.471   

  (28.57) (7.330)   

      

Observations 87 87 87 87 87 

R-squared 0.984 0.9456 0.9487   

Number of ID  9 9 9 9 

 Note: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

Source: ACIL Allen 

The results of the cost functions excluding energy throughput show that the output elasticity 

for customer numbers range from 0.30 in the FGLS model to 0.56 in the random effects 

model. This is consistent with increasing returns to scale. 

The results for the random effects model are supported by statistical testing and the FGLS 

model corrects for the violation of the OLS assumptions.   

The SFA model results and the estimated coefficients lie in between those of the FGLS and 

random effects model. Due to the lack of additional environmental control variables and the 

size of the sample, we cannot be sure that the SFA inefficiency term u is true managerial 

inefficiency, rather than a mixture of inefficiency, firm heterogeneity and bias.  As such, we 

have reservations about using the SFA model for the purpose of assessing firm relative 

operational performance against the efficient frontier. We continue however, to use the 

estimated coefficients from the SFA model to forecast opex partial productivity for 

ActewAGL. 

Opex partial productivity growth rate 

Separate opex partial productivity forecasts were calculated for each of the random effects, 

FGLS and SFA cost function models. These are shown in Table ES 3 to Table ES 5 below. 
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Table ES 3  Annual opex partial productivity forecasts, random effects model 

Year Technology (A) 
Returns to scale 

(B) 

Operating 

environment 

factors (C) 

PP Opex growth 

rate (A+B-C) 

2014-15 -0.03% 1.06% 1.13% -0.11% 

2015-16 -0.03% 0.98% 1.05% -0.10% 

2016-17 -0.03% 0.94% 0.33% 0.58% 

2017-18 -0.03% 1.01% 1.31% -0.33% 

2018-19 -0.03% 0.98% 0.81% 0.14% 

2019-20 -0.03% 1.05% 0.49% 0.53% 

2020-21 -0.03% 0.93% -0.33% 1.23% 

     

Average -0.03% 0.99% 0.68% 0.28% 

Source: ACIL Allen 

Table ES 4  Annual opex partial productivity forecasts, FGLS model 

Year Technology (A) 
Returns to scale 

(B) 

Operating 

environment 

factors (C) 

PP Opex growth 

rate (A+B-C) 

2014-15 0.41% 1.66% 2.07% 0.01% 

2015-16 0.41% 1.54% 1.82% 0.13% 

2016-17 0.41% 1.48% 0.91% 0.98% 

2017-18 0.41% 1.58% 2.16% -0.17% 

2018-19 0.41% 1.54% 1.50% 0.45% 

2019-20 0.41% 1.64% 1.18% 0.88% 

2020-21 0.41% 1.46% 0.07% 1.80% 

     

Average  0.41% 1.56% 1.39% 0.58% 

Source: ACIL Allen 

Table ES 5 Annual opex partial productivity forecasts, SFA model 

Year Technology (A) 
Returns to scale 

(B) 

Operating 

environment 

factors (C) 

PP Opex growth 

rate (A+B-C) 

2014-15 0.47% 1.15% 1.50% 0.11% 

2015-16 0.47% 1.07% 1.37% 0.17% 

2016-17 0.47% 1.02% 0.53% 0.96% 

2017-18 0.47% 1.09% 1.67% -0.11% 

2018-19 0.47% 1.06% 1.08% 0.45% 

2019-20 0.47% 1.13% 0.73% 0.87% 

2020-21 0.47% 1.01% -0.24% 1.71% 

     

Average  0.47% 1.08% 0.95% 0.59% 

Source: ACIL Allen 

Taking an average of the three opex partial productivity calculations provides a forecast 

opex partial productivity growth rate for ActewAGL of 0.5% per annum. 

Part B: Time series productivity analysis 

Time series productivity analysis is used to measure the historical productivity growth rate 

for ActewAGL. Both total factor productivity and opex and capex partial factor productivity 

measures are estimated. 
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TFP and opex PFP indexes 

The TFP and opex PFP indexes for ActewAGL are estimated using a Fisher index. 

Table ES 6 below shows the TFP and opex PFP indexes estimated over the period from 

2003-04 to 2013-14. Figure ES 1 shows the output, input and TFP indexes. 

Table ES 6  ActewAGL TFP and opex PFP indexes 

 

Output 

quantity 

index 

Input 

quantity 

index 

Opex 

quantity 

index 

Opex 

PFP 

index 

Capital 

quantity 

index 

Capital 

PFP 

index 

TFP 

index 

2003-04 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

2004-05 1.001 1.031 0.881 1.137 1.032 0.971 0.971 

2005-06 0.999 1.058 0.823 1.215 1.059 0.944 0.944 

2006-07 1.087 1.074 0.829 1.312 1.074 1.012 1.013 

2007-08 1.142 1.090 0.858 1.332 1.090 1.048 1.049 

2008-09 1.171 1.106 0.971 1.206 1.106 1.058 1.058 

2009-10 1.209 1.125 1.032 1.171 1.125 1.075 1.075 

2010-11 1.253 1.146 1.080 1.160 1.146 1.094 1.094 

2011-12 1.295 1.166 1.078 1.201 1.166 1.111 1.111 

2012-13 1.346 1.180 0.985 1.367 1.180 1.140 1.140 

2013-14 1.394 1.199 0.921 1.514 1.200 1.162 1.163 

Average 

annual 

growth 

rate 

3.38% 1.83% -0.82% 4.23% 1.84% 1.52% 1.52% 

Source: ACIL Allen 

 

Figure ES 1 ActewAGL output quantity, input quantity and TFP indexes 

 

 

Source:  ACIL Allen 
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As ActewAGL’s output has consistently grown at a faster rate than inputs, it has 

experienced positive TFP growth over the period from 2003-04 to 2013-14. Over the period 

from 2003-04 to 2013-14 ActewAGL’s average annual TFP growth rate was 1.52 per cent. 

Over the same period ActewAGL has had an annual average opex PFP growth rate of 

4.23 per cent. ActewAGL’s opex PFP average annual growth rate was higher over the 

modelling period than annual average TFP growth. This is due to the decline in the opex 

quantity on an annual average basis over the period of 0.82 per cent, while there was an 

annual average increase in the capital input quantity of 1.84 per cent resulting in a lower 

overall TFP score. 

Capex partial productivity indicators 

The study follows the preferred capex benchmarking approach used by regulators and 

within the literature of producing simpler capex ratios, also referred to as partial productivity 

performance indicators (PPIs).  

The capex PPIs estimated are: capex per km of mains; capex per customer and capex per 

TJ of gas throughput. 

As shown in the report, while ActewAGL’s capex per km, per customer and per TJ have 

increased over the 2003-04 to 2013-14 period, the PPI indicators are among the lowest of 

the Australian gas distribution businesses in the sample. 
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1 Introduction 

ACIL Allen Consulting (ACIL Allen) has been engaged by Jemena Asset Management Pty 

Ltd, (on behalf of ActewAGL Distribution Gas Network (ActewAGL)), to provide productivity 

analysis in support of the preparation of ActewAGL’s Access Arrangement (AA) proposal for 

the period 1 July 2016 to 30 June 2021.  

1.1 Terms of reference 

This expert report on efficiency measurement and benchmarking has been prepared to 

assist ActewAGL develop expenditure forecasts to be included in the AA proposal. Under 

the Terms of Reference for the study, ACIL Allen has been asked to provide an expert 

report in two parts: 

 Part A: To provide a forecast of the operating expenditure (opex) partial factor 

productivity growth rate that applies to the ActewAGL network for the period 1 July 2014 

to 30 June 2021. Part A involves the estimation of an opex cost function which is used to 

estimate an opex partial productivity growth rate forecast split into three components: 

technology, returns to scale and operating environment. 

 Part B: To measure ActewAGL’s historical productivity growth rate using time series, 

unilateral Total Factor Productivity (TFP) and opex and capital expenditure (capex) 

Partial Factor Productivity (PFP) analysis. Part B uses index number analysis and partial 

productivity performance indicators to produce historical measures of TFP and PFP for 

the period to 30 June 2014. 

A copy of the full Terms of Reference for the study is provided in Appendix A. The Terms of 

Reference require that ACIL Allen have regard to: 

 historical and forecast cost, input and output data provided by ActewAGL 

 publically available information from other gas distribution businesses, such as 

regulatory submissions, regulators’ final decisions, and annual reports 

 the Economic Insights report, Econometric Estimates of the Victorian Gas Distribution 

Businesses’ Efficiency and Future Productivity Growth, 28 March 2012 

 the Economic Insights report, Relative Opex Efficiency and Forecast Opex Productivity 

Growth of Jemena Gas Networks, 14 April 2014 

 relevant published research literature 

 relevant government decisions on energy policy and policy implementation 

 factors such as the scale, topography and configuration of the ActewAGL network, that 

may contribute to or explain observed differences between the results obtained for 

ActewAGL and for other gas distribution businesses in the data set on which the 

analysis is based 

 recent regulatory reviews for gas that have considered efficiency measures within the 

context of establishing cost forecasts 

 such other information that, in the Expert’s opinion, should be taken into account to 

address the scope of work. 
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The report has been prepared in accordance with the Expert Witness Guidelines (Federal 

Court Practice Note CM 7) and as such, may be relied upon by both ActewAGL and the 

Australian Energy Regulator (AER). 

1.2 Report structure 

The report is structured as follows: 

 section 2 provides an overview of the efficiency and productivity measurement 

approaches that have been used in the study and how they can be used to inform the 

development of ActewAGL’s expenditure proposals to the AER 

 section 3 describes ActewAGL and the other Australian gas distribution businesses 

included in the benchmarking sample, and the benchmarking data used in the current 

study 

 section 4 presents the cost function analysis and the estimate of ActewAGL’s opex 

productivity growth rate for the forecast period 

 section 5 presents historical TFP and PFP measures for ActewAGL. 

 



A C I L  A L L E N  C O N S U L T I N G  

PRODUCTIVITY STUDY ACTEWAGL DISTRIBUTION GAS NETWORK 
3 

 

2 Productivity and efficiency analysis 

This section of the report explains the concepts of productivity and efficiency (section 2.1), 

how measures of productivity and efficiency are used in the regulatory context for 

determining allowable costs (section 2.2) and provides an overview of the productivity and 

efficiency measurement approaches used in this study (section 2.3). 

2.1 What is productivity and efficiency? 

Different forms of productivity and efficiency analysis provide empirical measures that can 

be used to provide insights into efficient cost levels and the scope for productivity 

improvements over time. The terms productivity and efficiency are often used 

interchangeably. However, they are not the same. A useful explanation of the differences 

between these terms in the context of benchmarking can be found in Coelli, T et al (2005), 

pp. 2-6.  

In the context of economic benchmarking, productivity means the ratio of the output(s) 

produced by a firm to the input(s) used. Productivity growth is the difference between output 

growth and input growth. Where firms produce multiple outputs and use multiple inputs 

(which is generally the case), the outputs and inputs must be must be aggregated in an 

economically sensible way. A range of economic benchmarking techniques including index 

number and econometric techniques are designed to do this. 

Productivity is the maximum level of output attainable from inputs given the current state of 

technology and is represented by an efficient production frontier. Efficiency analysis 

compares the performance of individual companies in relation to the production frontier, that 

is, whether they are on or beneath the efficient frontier. Firms on the frontier are technically 

efficient. Firms below the frontier are not. 

Variation in productivity, either across producers or through time, can be a function of: 

 the efficiency of the production process which can be thought of in three dimensions:  

 technical efficiency, which is the ability to produce as much output as possible with 

as little inputs as possible 

 allocative efficiency, which concerns combining inputs and outputs in optimal 

proportions given prevailing prices 

 scale efficiency which relates to optimum size 

 technological change through the creation of new technologies (known as technical 

change) 

 the environment in which production occurs, as these environmental factors can drive 

costs but are outside the control of the firm. In the case of gas distribution businesses 

relevant operating environment factors could include: 

 characteristics of the customer base such as the size, customer mix and 

geographical spread which determine energy and customer density 

 differences in jurisdictional regulations 

 historical or legacy factors such as the condition and age profile of assets. For gas 

distribution businesses the age and hence composition of pipelines in their network (i.e. 

the mix of older cast iron or steel relative to newer polyethylene pipelines) result in 

different cost profiles 
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 the quality of services provided. 

Different approaches to benchmarking and the quality and availability of data will determine 

the ability to measure some or all of these contributors to overall efficiency and productivity. 

In the regulatory context, it is vitally important to seek to isolate the elements that are under 

the control of the utility managers (principally technical efficiency and quality of service) from 

those factors which are not (such as differences in their operating environment). 

Total factor productivity (TFP) measures seek to capture the multiple inputs used and 

outputs produced within a single measure. Common measurement techniques include index 

number TFP analysis, Data Envelopment Analysis (DEA) and econometric analysis.  

While providing more limited information on one dimension of costs, the use of partial 

measures of productivity is also common. Partial productivity assesses output relative to a 

single input such as labour or operating costs. 

2.2 The regulatory context 

The economic regulation of gas distribution networks aims to ensure that services of a 

desired quality are provided at efficient cost. The National Gas Rules require that capital and 

operating expenditure accord with expenditure incurred by a prudent service provider acting 

efficiently, in accordance with accepted good industry practice, to achieve the lowest 

sustainable cost of providing services.2 

As part of applying the Better Regulation program and the associated expenditure forecast 

assessment guideline, the AER is seeking economic analysis to ensure the efficiency and 

prudency of the business expenditure proposals.3 This study provides economic 

benchmarking analysis, to be used in conjunction with ActewAGL’s other analysis and 

evidence, to support the development of their expenditure proposals for the 2016 to 2021 

regulatory period. 

2.2.1 Base step trend opex allowance 

To determine allowable operating expenditure, the AER intends to apply a ‘base-step-trend’ 

approach as shown in Box 1. Using this approach, opex is based on an efficient amount of 

actual expenditure in a single base year, which is multiplied by a forecast rate of change for 

each year of the forecast period.  

The base year expenditure is intended to reflect the lowest sustainable efficient cost. Where 

an efficiency gap is identified, the AER may seek to amend the base year expenditure. With 

reference to the productivity and efficiency analysis, this step is concerned with setting 

expenditure at a level that is technically efficient, i.e. on or close to the efficient frontier.  

The rate of change allows efficient opex to be adjusted over the regulatory period to account 

for output growth (as providing greater levels of service will require greater expenditure), 

real price growth (to account for the real price growth in the range of cost inputs, which may 

be different to the Consumer Price Index, CPI) and productivity growth. In this context, the 

productivity growth is intended to reflect technical change or the shift in the efficient frontier. 

Any step changes for efficient costs that are not captured by the base opex or the rate of 

change are also added. 

                                                      
2 See Rule 79 (capital expenditure criteria) and Rule 91(1) (operating expenditure criteria) of the National Gas Rules. 

3 AER, 2014a, p. 59. 
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Box 1 AER opex base-step-trend and rate of change formulas 

 
The AER assess forecast opex in year t as: 

 

 

 

where:  

 rate of changei is the annual percentage rate of change in year i  

 A*f is the estimated actual opex in the final year of the preceding regulatory control period (or 
another year chosen by the AER such as the penultimate year) 

 efficiency adjustment is the difference between efficient opex and deemed final year opex  

 step changest is the determined step change in year t 

Under this assessment approach the product of the annual rates of change accounts for changes 
in real prices, output growth and productivity in the forecast regulatory control period. The 
addition of step changes accounts for any other efficient costs not captured in base opex or the 
rate of change. 

In the above formula, the annual rate of change for year t will be: 

 

 

 

Sources:  See study Terms of Reference in Appendix A; AER, 2014a, p. 61; AER 2014b, p. 7-10; AER 
2013a, p. 22,23; AER 2013b, p. 61. 

In accordance with the Terms of Reference for the study, cost function and index number 

analysis is used to produce indicative measures of opex efficiency and productivity change, 

which are inputs to the base-step-trend formula.  

2.2.2 Capex efficiency 

Under the NGR, the AER must determine that capex conforms with the capex criteria under 

Rule 79 if the NGR. The criteria specify that the capex must be: 

 such as would be incurred by a prudent service provider acting efficiently, in accordance 

with good industry practice, to achieve the lowest sustainable cost of providing services 

 justifiable on the following grounds: 

 have an overall economic value that is positive 

 demonstrate an expected present value of the incremental revenue that exceeds the 

expenditure 

 be necessary to maintain and improve the safety of services, or maintain the integrity 

of services, or comply with a regulatory obligation or requirement, or maintain 

capacity to meet levels of demand existing at the time the capex is incurred, or 

 be justifiable as a combination of the preceding two dot points. 

The AER typically applies a range of approaches in order to determine that capex is 

conforming capex and to test the relative efficiency of the expenditure. For example, in the 

recent draft decision on Jemena's access arrangement for the 2015 to 2020 period, the AER 

examined historical capex by reviewing information on the reasoning for the capex and other 

supporting material including business cases.4 For proposed capital expenditure in the 

2015-20 period the AER separately assessed individual categories of capex (including 

                                                      
4 AER 2014c, p. 6-13. 

𝑂𝑝𝑒𝑥𝑡  =   

𝑡

𝑖=1

 1 + 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑐ℎ𝑎𝑛𝑔𝑒𝑖  ×  𝐴𝑓
∗ − 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑎𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡  ±  𝑠𝑡𝑒𝑝 𝑐ℎ𝑎𝑛𝑔𝑒𝑠𝑡  

𝑅𝑎𝑡𝑒 𝑜𝑓 𝑐ℎ𝑎𝑛𝑔𝑒𝑡  =  𝑜𝑢𝑡𝑝𝑢𝑡 𝑔𝑟𝑜𝑤𝑡ℎ𝑡 + 𝑟𝑒𝑎𝑙 𝑝𝑟𝑖𝑐𝑒 𝑔𝑟𝑜𝑤𝑡ℎ𝑡 + 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑔𝑟𝑜𝑤𝑡ℎ𝑡  
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growth and replacement capex) and assessed the efficiency and prudency of the 

expenditure by reviewing the scope, timing and cost of the proposed expenditure.  

The AER does not specify a benchmarking approach in relation to capex. As noted in 

previous AER analysis of approaches to benchmarking opex and capex for electricity and 

gas distribution businesses, reliance on capex benchmarks are less common in regulatory 

practice which may be due to: 

significant differences across businesses in terms of asset ages, investment pattern, network 

capacity utilisation and other requirements5 

These issues make the capex benchmarks less meaningful and difficult to interpret. 

However, the AER study does note that simpler capex benchmarking such as trend or ratio 

analysis has been employed. The ratio analysis refers to a ratio of capex per unit of output 

(such as per km of mains or per customer). For example, Economic Insights (2012a) 

measured the capex partial productivity of the three Victorian gas distribution businesses as 

input to the review of Victorian gas access arrangements for 2013 to 2017 using capex 

partial factor productivity indicators to assess capex partial productivity measures: The 

partial productivity indicators estimated included capex per TJ, capex per customer, capex 

per kilometre and capex per unit output (composite output measure). 

The terms of reference for this study seek the estimation of capex PFP estimates. In 

accordance with recent regulatory and business practice, this study estimates capex partial 

productivity indicators. 

2.3 Overview of benchmarking methods 

In this study we estimate econometric cost functions and index number based total and 

partial factor productivity measures. These approaches are explained in the remainder of 

this section. 

2.3.1 Cost function analysis 

In production economics, econometric cost functions provide a useful tool for estimating the 

least cost means of production and are used by a number of regulators to explore efficient 

costs for energy networks. A cost function is a function that measures the minimum cost of 

producing a given set of outputs in a given production environment in a given time period. 

By modelling the output quantities, the input prices, and the operating conditions in which 

the business operates, a minimum-cost function (a theoretical concept), yields an estimate 

of the periodic costs incurred by an efficient business to deliver those services in that 

environment.  

Let 𝑥 =  𝑥1, …… , 𝑥𝑀 ′, 𝑤 =  𝑤1, …… ,𝑤𝑀 ′, 𝑞 =  𝑞1, …… , 𝑞𝑁 ′ and 𝑧 =  𝑧1, …… , 𝑧𝐽 ′ 

denote vectors of input quantities, input prices, output quantities and environmental 

variables respectively. Mathematically, the cost function is defined as: 

𝑐 𝑤, 𝑞, 𝑧, 𝑡 

=  
𝑚𝑖𝑛
𝑥 ≥ 0

 {𝑤′𝑥: 𝑥 𝑐𝑎𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑒 𝑞 𝑖𝑛 𝑎𝑛 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑒𝑑 𝑏𝑦 𝑧 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡} 

Functional form 

To facilitate the estimation of econometric cost functions it is necessary to assume a 

functional or algebraic form that can approximate the unknown, theoretical cost function. 

                                                      
5 ACCC and AER, 2012, p. 157. 
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The functional form imposes certain assumptions, which may be more or less strict, about 

the relationships between model variables (outputs, inputs prices and costs) including 

relating to economies of scale and elasticities of substitution and hence the shape of the 

underlying cost function. 

The desirable features of a functional form are as follows: 

 captures the underlying technology of an industry adequately 

 non-decreasing in prices 

 i.e. if prices increase then costs increase 

 non-decreasing in outputs 

 i.e. if outputs increase then costs increase 

 homogeneity in prices 

 i.e. if you double prices, you double costs 

 has a smooth function 

 linearity in the parameters. 

The functional forms applied most commonly in the econometric cost benchmarking 

literature are: 

 Cobb-Douglas: a linear in logs functional form that makes relatively stricter assumptions 

about the functional form 

 Translog: a flexible functional form that allows for linear, quadratic and interaction terms 

in the logarithms of the output quantity and input price variables. 

In general, increased flexibility in the functional form may be desirable in terms of more 

closely reflecting reality and allowing for a greater range of possible estimated outcomes. 

However, the more flexible forms such as a Translog cost function require estimation of a 

large number of parameters which may introduce econometric problems (e.g. 

multicollinearity).  

A range of practical criteria are typically used to determine the functional form used 

including reducing estimation problems (including multicollinearity and loss of degrees of 

freedom when sample size is small), ease of interpretation (some functional forms have an 

intrinsic and intuitive economic interpretation and in which the functional structure is clear) 

and computational ease.6 

Estimation approach 

Different cost function estimation approaches may also be applied. This study uses Ordinary 

Least Squares (OLS), Feasible Generalised Least Squares (FGLS) and Stochastic Frontier 

Analysis (SFA). OLS is a commonly applied regression estimation approach which 

compares performance relative to the sample average. SFA estimates the cost frontier 

representing the minimum costs rather than estimating the cost function representing the 

‘average’ business. SFA, in its ideal form, also separates the presence of random statistical 

noise from the estimation of inefficiency.7 

In accordance with the Terms of Reference for this study, opex cost functions are estimated 

using historical data for a sample of Australian gas distribution businesses including 

                                                      
6 Fuss, M, McFadden D. and Mundlak, Y,”A Survey of Functional Forms in the Economic Analysis of Production” in Fuss, M 

and McFadden D. (Eds) (1978), Production Economics: A Dual Approach to Theory and Applications. 

7 This ‘ideal form’ is predicated on the assumption that all firm heterogeneity outside of the control of management is taken 
into account within the model. If this is not the case, then firm heterogeneity will enter the estimated inefficiency term. 
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ActewAGL. The cost functions are used to forecast ActewAGL’s opex partial factor 

productivity growth rate for the 1 July 2014 to 30 June 2021 period. This analysis, the 

functional form specified, and estimation approach used, is described in detail in section 4. 

2.3.2 Index number based TFP and opex PFP analysis 

Index number methods, often called TFP measures, construct productivity measures directly 

from the data on inputs and outputs, without the need to estimate a cost or production 

function. Productivity is measured as the ratio of output quantity to input quantity. 

Different index number approaches use different means to aggregate the multiple inputs 

used and outputs produced by firms to obtain an input and output index. Commonly used 

forms include:  

 Paasche Index, which uses the current period’s prices as weights for the input and 

output quantities 

 Laspeyres Index, which uses the base period’s prices as weights for the input and output 

quantities 

 Fisher Index, which is the geometric mean of the Paasche and Laspeyres indexes 

 Tornqvist translog index, which weights inputs according to their share of total costs (the 

average share over two adjacent time periods) and weights outputs according to the 

share of total revenue (the average share over two adjacent time periods). 

Unilateral indexes can be used to measure relative performance either for a single business 

over time or between businesses at a single point in time. Multilateral indexes can be used 

to compare productivity levels and growth rates. 

In accordance with the Terms of Reference, this study estimates unilateral TFP and opex 

partial factor productivity measures for ActewAGL over the period from 2003-04 to 2013-14. 

In this study, we use a Fisher Index to estimate total factor productivity and opex partial 

factor productivity growth rates for ActewAGL. The Fisher Index is recommended as the 

preferred approach for time series productivity measurement in the literature given its 

desirable theoretical and test properties.8 Under the Terms of Reference for this study, ACIL 

Allen were also instructed to apply similar analysis to that reported in Economic Insights 

(2014). Economic Insights applied a Fisher Index to produce the time series productivity 

growth rates.  

The unilateral TFP and opex PFP analysis is described in detail in section 5. 

2.3.3 Capex partial productivity performance indicators 

In accordance with previous capex productivity benchmarking for gas distribution 

businesses, this study provides a range of capex partial performance indicators (PPIs) that 

show ActewAGL’s capex per unit of output.  

2.3.4 Benchmarks are indicative not exact 

It is important to recognise that, due to the limitations of data and of the benchmarking 

techniques, the efficiency and productivity measures produced in this study are approximate 

rather than exact. There are often challenges associated with accounting for differences in 

relevant operating environment factors, in accurately measuring inputs and outputs, and in 

                                                      
8 For example see Coelli, T. et all, 2005 and ACCC and AER, 2012 for more detail including on the index number tests.  
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gaining comparable, quality data over long time periods. The limitations that are specific to 

this study are discussed within the report. 

Given that the measures are indicative implies that it would not be appropriate, for example, 

to assume that the difference between observed costs and benchmarked costs can in part 

or as a whole be conclusively attributed to relative inefficiency. 

However, the economic analysis seeks to make the best use of benchmarking data that is 

available to assist ActewAGL to verify efficient cost levels and the scope for opex 

productivity growth over the forthcoming regulatory period. This study provides useful 

information which can be used as part of a suite of tools and analyses to inform ActewAGL’s 

decisions given the uncertainties associated with forecasting expenditure over a period to 

2021. 
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3 Benchmarking data 

This section describes the sample of Australian gas distribution firms used in the 

benchmarking analysis.9 Information is also provided on: 

 the sources of the benchmarking data used in the study 

 limitations to data that is available publicly 

 qualifications regarding the extent to which ACIL Allen has been able to verify the 

accuracy and comparability of the data. 

3.1 Sample of gas distribution businesses 

The cost function analysis presented in this study benchmarks ActewAGL against eight 

other Australian gas distribution businesses serving urban populations and that are subject 

to full economic regulation, namely: 

 ATCO Gas Australia (WA) 

 Australian Gas Networks South Australia (SA) (previously Envestra) 

 Australian Gas Networks Victoria (VIC) (previously Envestra) 

 Multinet Gas (VIC) 

 AusNet Services (VIC) 

 Jemena Gas Networks (NSW) 

 Australian Gas Networks Queensland (QLD) (previously Envestra) 

 Allgas Energy (QLD). 

Key characteristics of each of the nine gas distribution businesses is provided in Table 1 

including their service area coverage and key outputs. 

Table 1 Benchmarked gas distribution businesses 

Gas distribution business 
Key characteristics 

2013-14 

ACT  

ActewAGL 

ActewAGL Distribution operates the gas distribution network in 
the ACT, Queanbeyan, Palerang and Nowra.  

The data presented in this report excludes Nowra, as it is not 
covered by the access arrangement 

 

Network length   4,395 km 

 

Customers   134,274 

 

TJ delivered   7,629 

Western Australia   

ATCO Gas Australia 

ATCO Gas owns, operates and maintains the reticulated gas 
infrastructure in Western Australia (WA) serving Geraldton, 
Kalgoorlie, Albany, Bunbury, Busselton, Harvey, Pinjarra, 
Brunswick Junction, Capel and the Perth greater metropolitan 
area including Mandurah 

Network length  13,500 km 

 

Customers  676,287 

 

TJ delivered   26,843 

  

                                                      
9 Noting that all firms are included in the cost function and capex PPI analysis, but the TFP analysis is for ActewAGL only. 
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Gas distribution business 
Key characteristics 

2013-14 

South Australia  

Australian Gas Networks SA 

Australian Gas Networks Limited (AGN), previously Envestra 
Limited, is now fully owned by the Cheung Kong Consortium. It 
is the largest gas distribution company in Australia with natural 
gas distribution networks and transmission pipelines in South 
Australia, Victoria, Queensland, New South Wales and the 
Northern Territory. AGN’s South Australian gas distribution 
network serves Adelaide, Mt Gambier, Whyalla, Pt Pirie, 
Barossa Valley, Murray Bridge and Berri 

Network length  7,950 km 

 

Customers  425,784 

 

TJ delivered   23,390 

Victoria  

Australian Gas Networks Victoria 

AGN's Victorian gas distribution network serves the northern, 
outer eastern and southern areas of Melbourne, Mornington 
Peninsula, rural communities in northern, eastern and north-
eastern Victoria, and south-eastern rural townships in Gippsland 

 

Network length   10,353 km 

 

Customers   589,214 

 

TJ delivered   54,418 

Multinet Gas 

Multinet Gas serves customers throughout Melbourne’s inner 
and outer east, the Yarra Ranges and South Gippsland 

 

Network length   9,980 km 

 

Customers   682,436 

 

TJ delivered   56,096 

AusNet Services 

AusNet Services (previously SP AusNet) distributes gas to 
customers across central and western Victoria. Its service area 
includes metropolitan Melbourne growth corridors including 
Caroline Springs and Werribee.  

 

Network length   10,206 km 

 

Customers   624,144 

 

TJ delivered   72,400 

New South Wales  

Jemena Gas Networks 

Jemena Gas Networks distributes natural gas to 1.1 million 
homes and businesses in Sydney, Newcastle, the Central Coast 
and Wollongong as well as to over 20 country centres including 
those in the Central West, Central Tablelands, South Western, 
Southern Tablelands, Riverina and Southern Highlands regions 
of New South Wales. It is the largest gas distribution business 
included in this study 

 

Network length  25,693 km 

 

Customers   1,202,525 

 

TJ delivered   89,179 

Queensland  

Australian Gas Networks Queensland 

AGN Queensland’s gas distribution network serves customers in 
Brisbane (north of Brisbane River), Ipswich, Rockhampton and 
Gladstone 

 

Network length   2,703 km 

 

Customers   92,181 

 

TJ delivered   6,150 

Allgas Energy 

Allgas Energy owns and operates gas distribution pipelines in 
Queensland and northern New South Wales that supply natural 
gas to customers in Brisbane (south of the river), and in other 
regional centres including Toowoomba and the Gold Coast 

 

Network length   3,272 km  

 

Customers   93,319 

 

TJ delivered   10,107 

Note: ATCO Gas data from ATCO Gas Australia, 2014. 

Source: ACIL Allen 

  



A C I L  A L L E N  C O N S U L T I N G  

PRODUCTIVITY STUDY ACTEWAGL DISTRIBUTION GAS NETWORK 
12 

 

The Australian gas distribution businesses undertake the same range of regulated gas 

distribution activities. Hence, it is considered reasonable to include this sample of firms in 

the cost function and capex PPI estimations.  

The gas distribution networks receive gas from the high pressure gas transmission networks 

and reticulate it to end users including large industrial users and households. The 

underground pipeline networks comprise a range of materials including cast iron, steel, 

polyethylene, nylon and polyvinyl chloride (PVC). Current practice is to install polyethylene 

pipes which can be operated at a range of pressures and are more resistant to corrosion. 

The older iron and steel networks are being replaced over time. 

The gas distribution businesses operate their distribution networks to maintain gas pressure 

within technically acceptable limits. Regulating stations in the network adjust the pressure of 

the gas before it enters the distribution network and within the network. The main 

transportation pipelines are operated at high and medium pressures, while the mains 

connecting to customers generally operate at low pressure. 

Although the gas distribution businesses undertake the same activities, the characteristics of 

the operating environment in which they deliver the services can vary significantly. This can 

in turn lead to differences in the cost to deliver the distribution services which are outside of 

the control of the distributors. This does not invalidate the benchmarking that compares 

each of the gas distribution businesses (i.e. the cost function and capex PPI analysis), but 

does need to be recognised and accounted for in the benchmarking analysis to the extent 

that is possible. 

Examples of differences in the operating environment of the nine Australian gas distribution 

businesses include: 

 the size of the businesses, including in terms of their network size, number of customers 

and amount of gas delivered 

 customer penetration (measured in terms of the proportion of households and 

businesses connected to natural gas networks in a geographical area) varies across the 

States and hence the gas distribution businesses in the sample. Customer penetration is 

highest in the cooler climate areas (Victoria and South Australia have residential gas 

penetration of around 90 per cent and 40 per cent respectively) and lower in warmer 

climates (approximately 15 per cent of the residential market in Queensland).10 These 

differences will be reflected in the relative size of the gas distribution businesses 

 network dispersion including the distances between transmission connection points and 

urban centres 

 customer and network densities, that is, the number of customers served for a given 

length of gas mains with higher densities generally reducing costs due to scale 

efficiencies 

 energy density, which is the amount of gas delivered per customer. Over the historical 

study period, a trend of declining energy density is common across all of the gas 

distribution businesses. This is due to declining average household usage in some areas 

and reductions in industrial demand. 

                                                      
10 AER, State of the Energy Market 2014, p. 110. 
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3.1.2 ActewAGL 

ActewAGL is one of the smaller gas distribution businesses in the sample in terms of 

network size and customer base, being most similar in scale to the Queensland gas 

businesses. 

ActewAGL has among the lowest customer and energy density among the gas distribution 

businesses as shown in Figure 1 and Figure 2. ActewAGL has a customer mix that is 

dominated by residential and commercial customers and few larger, industrial customers. 

Previous benchmarking studies of gas distribution businesses (including the Marksman 

Report and various reports by Economic Insights) have identified customer density 

(customers per kilometre of mains) and energy density (energy delivered per customer and 

per kilometre of mains) as material drivers of cost and hence relative efficiency. 

Higher customer density means that less pipelines and associated assets need to be built 

and maintained per customer, resulting in relatively lower costs and a relatively higher 

efficiency. Similarly, greater energy density has been associated with lower inputs to deliver 

a given volume of gas.  

To the extent that the efficiency and productivity measures that compare ActewAGL to the 

other gas distribution businesses do not account for differences in customer and energy 

density, then ActewAGL may appear relatively less efficient due to these operating 

environment characteristics. 

Figure 1 Customer density (customers per km mains) 

 

 

Note: ATCO Gas is not shown, but is included in the cost function analysis. 

Source: ACIL Allen 
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Figure 2 Energy density (TJ per customer) 

 

 

Note: ATCO Gas is not shown, but is included in the cost function analysis. 

Source: ACIL Allen 

3.2 Benchmarking data  

3.2.1 Data sources 

ACIL Allen has compiled a benchmarking database for the nine Australian gas distribution 

businesses. The benchmarking data were largely sourced from public reports including: 

 gas distribution business Access Arrangement Information statements 

 regulatory determinations by the AER and jurisdictional regulators 

 AER performance reports 

 annual and other reports published by the businesses 

 consultant reports prepared as part of access arrangement review processes. 

A reference list is provided in Appendix E. 

ACIL Allen’s database also contains confidential data from ActewAGL, ATCO Gas and 

Jemena provided for benchmarking analysis. Confidential data are not revealed within this 

report. 

ACIL Allen has sourced benchmarking data for the historical period from 2003-04 to 2013-

14. Data for all gas distribution businesses is available from 2004-05. Data is available for a 

subset of the businesses in 2003-04. Over the historical period the benchmarking study 

relies to the greatest extent possible on data from reported actual costs and outputs, rather 

than on forecasts. Where it has been necessary to use forecasts, the data reflect final 

forecasts agreed with the regulator (and amended by appeal where relevant). 

3.2.2 Estimation of missing data items 

In two instances, ACIL Allen has estimated observations that were unavailable in the public 

data. These instances are explained in Table 2. 
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Table 2 Estimation of unavailable data items 

Gas distribution 

business 
Missing data item Estimation 

AGN South Australia 
UAFG 2005-06  

 

Assumed to be the same amount as 2006-07 
in real dollar terms. 

Given the consistency of the UAFG amount for 
AGN SA, this assumption is considered 
reasonable. 

Allgas Energy Mains km 2007-08  

Estimated as the average of the reported 
2006-07 and 2008-09 mains km. Given the 
relatively small changes in the network length, 
this was considered to be a reasonable 
estimate. 

3.2.3 Data comparability and suitability for benchmarking 

To a large extent, the benchmarking study relies on data that were reported publicly by the 

gas distribution businesses and, in most cases, verified by the relevant economic regulator. 

Where data has been provided to ACIL Allen directly, the data are reported on a basis that 

is consistent with the regulatory data in the Access Arrangement Information statements. In 

particular, the study uses the expenditure categories reported within the gas distribution 

businesses’ Access Arrangements, including the operating expenditure and capital 

expenditure categories. 

Within the time available for this study, and constraints on our practical ability to verify the 

cost data with the gas businesses, it was not possible to undertake a detailed review of the 

cost data items used in the study to ensure that precisely the same costs are reported in 

these categories by all of the nine distributors and hence to fully establish the cost data 

comparability between the businesses. 

Notwithstanding this, the steps that ACIL Allen has undertaken to determine data 

comparability and hence suitability for benchmarking are as follows. 

First, ACIL Allen has reviewed the numerous prior benchmarking studies of Australian gas 

distribution businesses to understand the appropriate sources of data and to draw on the 

experience of these studies in ensuring that the data used was comparable across the firms. 

The previous reports were submitted as part of regulatory processes and include Economic 

Insights (2014), Economic Insights (2012a), Economic Insights (2012b), Marchment Hill 

Consulting (2012), Economic Insights (2010), Marksman Consulting Services (2010), 

ActewAGL (2009a), WorleyParsons (2007) and Meyrick and Associates (2004). The lessons 

from those studies in terms of ensuring data comparability have been applied in ACIL Allen’s 

updated analysis. This has resulted in adjustments to the operating expenditure data which 

are explained in section 0 below. 

Second, ACIL Allen has undertaken its own data screening. A range of operating and capital 

cost ratios and operating environment ratios have been calculated for all firms and all years 

to identify data items that are outliers (e.g. ratios that are more than three standard 

deviations from the sample mean) and to identify potential areas of persistent variation 

between firms and across time. The ratios are provided in Appendix B. Where an 

observation has warranted further investigation, ACIL Allen has rechecked the original data 

source and sought any additional relevant verifying information. 

Third, ACIL Allen has investigated possible differences between the Australian gas 

distribution businesses in terms of their allocation of costs to the operating and capital cost 

categories due to differences in cost allocation and capitalisation policies. This was an issue 

which came to light in the context of the recent electricity distribution benchmarking, with 

likely differences in practice observed. Figure 14 in Appendix B shows the ratio of operating 
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expenses to total operating and capital expenditure for each of the nine Australian gas 

distribution businesses between 2005 and 2013.  

The third element of analysis indicates that ActewAGL’s operating expenditures (at 

50 per cent to 60 per cent of total opex and capex expenditure) consistently comprise a 

larger share of total expenditures compared to the majority of the other gas distribution 

businesses (with an opex share around 20 per cent to 30 per cent). While it has not been 

possible within the scope of this study to determine whether there are differences in cost 

allocation and capitalisation policies that mean that different costs are included within the 

operating and capital expenditure categories between the gas distribution businesses, this 

issue could be further investigated in future benchmarking analysis and would need to be 

considered by the AER and others in interpreting ActewAGL’s opex partial productivity 

measures. 

Based on the screening process, ACIL Allen has not removed any observations from the 

benchmarking analysis. This is because we have verified the data against regulatory 

documents. We consider that this is reasonable given that: 

 our sample size is limited and hence we wish to retain all reasonable data observations 

 the key focus of this study is to estimate productivity trends, rather than on relative 

efficiency and productivity levels in relation to an efficient frontier.  

Finally, for the opex cost function estimations, further analysis has been undertaken to test 

the sensitivity of the estimations to individual observations. As panel data is used (i.e. 

encompassing multiple gas distribution businesses and time periods), the sensitivity of the 

cost function estimates to the inclusion or exclusion of individual gas distribution businesses 

has been undertaken. This is explained in section 4 which reports on the cost function 

analysis. 

On balance, it is our opinion that the benchmarking data used in the study is robust and 

appropriate for indicative benchmarking analysis, particularly as the majority of the data has 

been subject to scrutiny by the relevant economic regulator and in many cases also by 

expert consultants engaged by the economic regulators. 

However, there remains uncertainty about data comparability that ACIL Allen is not able to 

resolve. Possible differences in the comparability of cost categories and other inevitable 

shortcomings in the benchmarking analysis mean that the efficiency and productivity 

benchmarks produced should be treated as indicative, not exact. Other potential 

shortcomings that limit the ability of the benchmarking models in this study to represent the 

gas distribution businesses’ true cost and production functions include: 

 the limited data available for this study e.g. a richer data set with a broader range of cost 

inputs, outputs and operating environment factors could be used to create model 

specifications that better account for the variation between the gas distribution 

businesses 

 potential data errors that have not been identified 

 the limitations of the modelling techniques in terms of their ability to accurately estimate 

the true efficient cost and production frontiers. 
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3.3 Data definitions 

The following describes the data items used in the analysis. 

Operating expenditure 

The operating expenditure amounts used in this benchmarking study reflect the costs 

classified as operating expenditure within each businesses’ Access Arrangement. This 

typically includes a range of operating costs (including network operations, regulatory costs 

and billing cost), maintenance costs (including for pipelines, meters and network control) 

and other management and administration costs. 

As had been identified in previous benchmarking reports, unaccounted for gas (UAFG) is 

treated differently between the jurisdictions. As a result, it has been excluded from operating 

costs for this study. Debt raising costs have also been removed where included in reported 

operating expenditure. This has also been done to account for differences in the treatment 

of these costs over time and between the businesses. Other operating expenditure items 

removed to aid comparability and to remove costs that are outside the control of the gas 

distribution businesses are carbon costs and government levies. 

The operating expenditure data sourced for the benchmarking study were reported in a 

range of nominal and constant dollar values within the source documents. All dollar amounts 

have been placed on a common basis using the Australian Bureau of Statistics All Groups, 

Weighted average of eight capital cities, CPI (Series ID: A2325846C). 

Capital expenditure 

The capital expenditure amounts used in this benchmarking study reflect the costs classified 

as capital expenditure within each businesses’ Access Arrangement. Capex is incurred to 

purchase new capital assets to meet business expansion needs and to renew and replace 

long lived capital assets. The capex used in the analysis is net capex, i.e., capex excluding 

customer contributions. 

As with the opex data, all dollar amounts have been placed on a common basis using the 

Australian Bureau of Statistics All Groups, Weighted average of eight capital cities, CPI 

(Series ID: A2325846C). 

Regulatory asset base (RAB) 

The measure of RAB is the closing value for each year.  

Network length 

The network length for the gas distribution businesses includes the mains that the 

businesses classify as low, medium and high pressure distribution mains and transmission 

pressure mains operated above 1,050kPa. 

Customers 

The customer number measure is the total number of customers including residential and 

non-residential volume customers and contract customers. 

Gas delivered 

The gas delivered measure is the total gas delivered to the above customers measured in 

Terajoules (TJ). 
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Further data requirements associated with the individual modelling approaches are 

discussed within the relevant sections of the report. 
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Estimation of the opex cost function and forecast opex partial productivity growth rate for 
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4 Opex cost function and 
productivity growth rate 

In this section we specify and estimate a set of operating cost functions that characterise the 

operating cost structure of the nine gas distribution businesses in our sample. The estimated 

coefficients from the cost function models are then used in conjunction with forecasts of 

opex cost drivers from ActewAGL to forecast operating cost productivity growth over the 

regulatory period from 2014-15 to 2020-21. 

4.1 Econometric approach 

An econometric approach is adopted in estimating the opex cost functions. The econometric 

approach is a parametric approach that aims to establish a statistical relationship between 

operating costs and the individual cost drivers. In benchmarking, estimated or predicted 

costs are compared to a business’s actual costs, with any differences attributed to 

inefficiency. 

The main advantages of the econometric approach are that it allows for: 

 statistical testing to choose between competing models 

 differences in operating environment such as scale and density to be controlled for 

across firms, something which is not possible within many non-parametric methods. 

The main disadvantages are: 

 the conventional econometric method does not separate statistical noise from 

inefficiency 

 this is where Stochastic Frontier Analysis (SFA) deviates from the conventional 

econometric approach by attempting to split one from the other through the 

introduction of a composite error term 

 the econometric method is reliant on the functional form of the model to be chosen so as 

to reflect the appropriate production technology of the firms in question 

 it is subject to a number of data limitations and statistical problems which may bias the 

results. 

There are a number of steps required to estimate an econometric cost function for 

benchmarking purposes. 

First, it is necessary to identify and select the variables that will be used in the estimation 

process, in particular the number of outputs produced by the gas distribution businesses, 

the input price of opex and the choice of environmental or operating condition variables that 

affect operating costs. The data and variables used are discussed in section 4.2. 

It is then necessary to choose a functional form for the cost function. The two functional 

forms considered in this study are the Cobb-Douglas and Translog functional form. These 

are discussed in greater detail in section 4.3. 

Once the functional form of the cost function is selected, an estimation technique must be 

applied to produce estimates of the relevant parameters of the model. A large range of 

possible estimation techniques is possible. In this study we consider pooled OLS, Fixed and 
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random effects models, Feasible GLS and SFA. These are discussed in greater detail in 

section 4.4. 

In section 4.5 we discuss some of the data limitations that are present in this study. 

Section 4.6 discusses model validation and testing. Section 4.7 presents the estimated opex 

cost functions and section 4.8 compares ActewAGL’s cost efficiency performance against its 

peers. Finally, section 4.9 presents opex partial productivity forecasts for ActewAGL. 

4.2 Data and choice of variables 

The estimated models use data for nine gas distribution businesses covering the period 

from 2003 to 2013. The data comprises an unbalanced panel of 87 observations for the nine 

gas distribution businesses. While the time series component of the data ends at 2013-14, 

the starting point of the series differs between businesses, with the earliest observations 

commencing from 2003-04 for ActewAGL and Jemena. 

ACIL Allen has decided to make minimal use of future year forecasts in the dataset and 

exclude future year forecasts which have not been approved by the regulatory process (e.g. 

that are at draft determination stage). 

The possible output, input and operating environment variables that may be specified from 

the data available in the benchmarking database are shown below. 

Outputs 

 energy throughput (TJ)  

 customer numbers 

Inputs 

 capital services (constant price Regulatory Asset Base (RAB)) 

 opex price index (weighted price index described below) 

Environmental variables 

 network density (customers per km of network length) 

Constant price RAB is used as a proxy for capital instead of mains length mainly to avoid 

significant multicollinearity issues that arise from the presence of mains length in the 

denominator of the network density variable. 

An alternative specification was tested with line length as an input instead of the constant 

price RAB, and excluding the network density variable. This was found to have lower 

sample goodness of fit and a tendency for the elasticity on customer numbers to be 

statistically insignificant. The alternative specification was therefore not considered as an 

option.   

The opex price index is the index recommended by the AER for network service providers.11 

This is a weighted opex price index formed using the following Australian Bureau of 

Statistics (ABS) indexes and weights: 

 electricity, gas, water and waste services (EGWWS) wage price index (WPI) —

62 per cent  

 intermediate inputs: domestic producer price index (PPI) —19.5  per cent 

                                                      
11 See AER, 2013a, p. 154-155. 
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 data processing, web hosting and electronic information storage PPI —8.2  per cent 

 other administrative services PPI —6.3  per cent 

 legal and accounting PPI —3  per cent 

 market research and statistical services PPI —1 per cent. 

ACIL Allen sourced these indexes from the ABS and calculated the weighted index. 

Since the data set used has only one environmental control variable, the likelihood of correct 

model specification is limited. However, this does not invalidate the results, but rather 

suggests that the results need to be cautiously interpreted. 

4.3 Model functional form 

The two functional forms under consideration in this analysis are the Cobb-Douglas and the 

more flexible Translog functional form. 

Cobb-Douglas function 

The Cobb-Douglas function assumes a log-linear functional form where the natural 

logarithm of opex is linear in the logarithm of the output quantities and the input price. 

For a Cobb-Douglas function with: 

  two output variables: 

 energy throughput (E) 

 customer numbers (C) 

 two input variables: 

 capital services proxied by the constant price RAB (R) 

 opex price (P) 

 a single operating environment variable, customer density (CD) 

 a time trend capturing technological changes 

the function takes the form: 

ln 𝑂𝑝𝑒𝑥 = 𝑎 + 𝑏1𝑇𝑖𝑚𝑒 + 𝑏2 ln 𝐸 + 𝑏3 ln 𝐶 + 𝑏4 ln 𝑃 + 𝑏5 ln 𝑅 + 𝑏6 ln 𝐶𝐷   

To ensure homogeneity in prices, the coefficient on the opex price variable (P), b4 is 

restricted to equal 1. This is dealt with in the estimation process by subtracting ln(P) from 

both sides of the equation so that the dependent variable in the regression becomes 

ln(Opex) minus ln(P) and the price variable disappears from the right hand side of the 

equation. 

The Cobb-Douglas function imposes a constant elasticity of opex to each of the outputs 

regardless of the scale of the business. From the above specification, this implies that a 

1 per cent increase in customer numbers (C) will result in a b3 per cent increase in opex, 

regardless of whether the firm is large or small.  

The sum of the coefficients of the output variables gives an indication of the type of returns 

to scale present in the sample. If the coefficients b2 and b3 sum to less than 1, operating 

costs increase at a slower rate than the outputs, implying increasing returns to scale. We 

would expect this to be the case for gas distribution businesses. 

The Cobb-Douglas functional form is useful to the extent that it reflects the underlying 

production technology of the gas distribution business. This functional form has been 

applied in a number of previous studies of gas distribution businesses. 
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Translog functional form 

The Translog functional form allows for linear, quadratic and interaction terms between the 

output and input variables. 

The Translog is an example of a flexible functional form which is considerably less restrictive 

than the Cobb-Douglas. It allows for linear, quadratic and interaction terms in the natural 

logarithms of output and input prices. Its main advantage over the Cobb-Douglas is that it 

allows the degree of returns to scale to vary with firm size, something that the Cobb-Douglas 

does not allow.  

Extending the two output, two input and single environmental variable Cobb-Douglas 

function above to the more flexible Translog function, we get: 

ln 𝑂𝑝𝑒𝑥 = 𝑎 + 𝑏1𝑇𝑖𝑚𝑒 + 𝑏2 ln 𝐸 + 𝑏3 ln 𝐶 + 𝑏4 ln 𝑃 + 𝑏5 ln 𝑅 +

𝑏6 ln 𝐶𝐷 +0.5𝑏22 ln 𝐸 2 + 𝑏23 ln 𝐸 ln 𝐶 + 0.5𝑏33 ln 𝐶 2 + 0.5𝑏44 ln 𝑃 2 +

0.5𝑏55 ln 𝑅 2 +0.5𝑏66 ln 𝐶𝐷 2 + 𝑏24 ln 𝐸 ln 𝑃 + 𝑏25 ln 𝐸 ln 𝑅 + 𝑏26 ln 𝐸 ln 𝐶𝐷 +

𝑏34 ln 𝐶 ln 𝑃 + 𝑏35 ln 𝐶 ln 𝑅 + 𝑏36 ln 𝐶 ln 𝐶𝐷 + 𝑏45 ln 𝑃 ln 𝑅 + 𝑏46 ln 𝑃 ln 𝐶𝐷 +

𝑏56 ln 𝑅 ln 𝐶𝐷   

In this instance the Translog function requires twenty-one explanatory variables, compared 

to six for the Cobb-Douglas.   

Under certain restrictions, the Translog function reduces to a Cobb Douglas function. This 

will be the case when the coefficients on all the quadratic and interaction terms are zero.   

While the Translog is more suitable due to its flexible form, it becomes unsuitable in the face 

of a limited sample size. Small samples will have insufficient degrees of freedom to reliably 

estimate the parameters of the model. Furthermore, there is likely to be strong 

multicollinearity between the explanatory variables due to numerous terms involving 

transformations of the same variables and interaction among variables. This problem is 

exacerbated when the sample size is small.  

Choice of functional form 

As part of this study we initially considered both the Cobb Douglas and Translog functional 

forms as potential options. 

While the Translog offers extra flexibility, this is achieved at additional cost. One of the 

requirements of the Translog specification is a sample size that is large enough to provide 

sufficient degrees of freedom to reliably estimate the cost function and also to overcome the 

problem of multicollinearity between the explanatory variables. 

For the sample of 87 observations available for this study, the addition of quadratic and 

interaction terms into a translog specification resulted in significant instability in the 

parameter estimates.   

It is our opinion that the analysis is limited in this respect and that it should remain focussed 

on the simpler but more restrictive Cobb-Douglas form, where the parameter estimates can 

be readily interpreted and are reasonably robust to changes in the estimation technique 

applied. Because of this necessary assumption, good statistical practice means that any 

results need to be further tempered.  

4.4 Estimation techniques 

The study tested the following cost function estimation techniques. 
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4.4.1 Pooled OLS 

The standard econometric technique to estimate a cost function is ordinary least squares 

(OLS). OLS fits a linear relationship between the dependent variable and a set of 

explanatory variables, in our case a set of outputs, inputs and operating environment 

variables. The line of best fit is chosen so as to minimise the sum of squared errors of the 

model.   

The OLS estimator is considered BLUE (the best linear unbiased estimator) under a set of 

restrictive assumptions: 

 the dependent variable is a linear function of a set of independent variables plus a 

disturbance term 

 the expected value of the disturbance term is zero (unbiasedness) 

 disturbances have uniform variance and are uncorrelated (homoscedastic, no serial 

correlation) 

 observations on the independent variables are fixed in repeated samples 

 there are no exact linear relationships between independent variables (no perfect 

multicollinearity). 

Pooled OLS treats the entire sample as if it is a single cross section. It does not recognise 

that the data has two dimensions, both across time and firms. This approach therefore does 

not recognise the panel structure of the data. This is not an issue if there is no heterogeneity 

across firms or if the heterogeneity can be captured entirely by existing explanatory 

variables in the model. However, in this and similar analyses, this is difficult due to the lack 

of environmental variables and the uncertainty about the comparability of the data. 

4.4.2 Fixed and random effects models 

The panel nature of our dataset has a number of attractive features which can be captured 

through the application of fixed or random effects models. These are: 

 panel data can be used to deal with heterogeneity across firms. There are a large 

number of unmeasured explanatory variables that will affect the behaviour of each firm. 

Failure to account for these can lead to bias in estimation. 

 by combining both cross section and time series, panel data provides more variation in 

data which can help to alleviate multicollinearity problems and lead to more efficient 

estimates. 

In the standard fixed effects specification, the unobserved variables that drive the 

heterogeneity across firms is accounted for by different intercepts for each firm in the 

estimation. The main drawback of the fixed effects model is the loss of significant degrees of 

freedom through the implicit inclusion of dummy variables to account for the different 

intercepts across firms. This leads to less efficient estimates of the common slopes. 

The random effects model adopts an alternative way of allowing for different intercepts 

across firms, which aims to overcome the loss of efficiency that arises in the fixed effect 

specification. 

The random effects model views the different intercepts across firms as having been drawn 

from a random pool of possible intercepts. The random effects model therefore has a single 

overall intercept, a set of explanatory variables and a composite error term. The composite 

error term has two components: 

 the random intercept term which measures the extent to which the individual firms 

intercept differs from the overall intercept 
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 the conventional error term, which indicates the random disturbance for a given firm in 

each time period.   

The random intercept term is the same for each firm across all time periods. 

The random effects estimator saves on degrees of freedom and consequently produces 

more efficient estimates of the slope coefficients than the fixed effects model. This suggests 

that the random effects estimator is superior to the fixed effects model. Unfortunately, this is 

only true if the individual firms’ intercepts are not correlated with any of the explanatory 

variables. If they are, then the estimated slope coefficients will be biased. This is not a 

problem with the fixed effects estimator because the different intercepts are recognised 

explicitly.   

4.4.3 Feasible GLS (FGLS) 

An alternative estimation method to that of OLS is Feasible Generalised Least Squares 

(FGLS). 

OLS estimates are only efficient under the assumption of homoscedasticity and no serial 

correlation in the residuals. When these assumptions are violated, the OLS estimates are 

inefficient, although they remain unbiased. By inefficient we mean that the estimator no 

longer has the minimum variance among the class of linear unbiased estimators. 

In this circumstance, the usual formula of the variance-covariance matrix is incorrect and the 

estimated variance-covariance matrix will be biased. In this context, interval estimation and 

hypothesis testing can no longer be trusted.   

To address these problems, two solutions have been developed.  

The first is a set of heteroscedasticity and autocorrelation consistent variance-covariance 

matrix estimators for the OLS estimator, which eliminate the bias in the variance-covariance 

matrix (albeit only asymptotically). These then allow OLS and other estimators to be 

employed with more confidence.  

These heteroscedasticity and autocorrelation consistent variance-covariance estimators are 

sometimes referred to as robust variance estimates. Wherever possible in this study, we 

present t statistics based on heteroscedasticity and autocorrelation consistent variance-

covariance estimators. 

Alternatively, another estimator which explicitly recognises the heteroscedasticity and 

autocorrelation of the disturbances is FGLS, which can produce a linear unbiased estimator 

with smaller variances than OLS. This is done by using additional information such as that 

large disturbances are likely to be large because their variances are larger, or that large and 

positive error values in one period are likely to be followed by large and positive error values 

in the following period. 

While OLS estimation minimises the sum of squared residuals, FGLS minimises an 

appropriately weighted sum of squared residuals, which gives lower weights to those 

residuals that are expected to be large because their variance is large or those residuals 

that are expected to be large because other residuals are large. 

This approach results in a more efficient estimator than that obtained through OLS 

regression under heteroscedasticity or serial correlation. Under the classical OLS 

assumptions of spherical disturbances, the OLS estimator is the most efficient. 
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4.4.4 Stochastic Frontier Analysis (SFA) 

The standard econometric approach is typically interpreted as all deviations from the 

predicted values of the model are due to inefficiency. This interpretation is an assumption, 

whereas in truth, the error term (i.e. ‘deviation’) is due to three causes: measurement error 

and other statistical noise, firm heterogeneity outside of management control, and 

managerial inefficiency.  

Just like the standard econometric approach, SFA aims to model the relationship between 

operating costs, outputs and environmental variables. However, SFA separates the error 

term into two components: 

 an inefficiency term, and 

 a random error component. 

This split attempts to remove the influence of random noise from the estimate of firm 

inefficiency. However, these two terms can only be interpreted as such if all firm 

heterogeneity outside of management control is accounted for within the model.  If such 

factors are not taken into account within the model, then this firm heterogeneity will enter, 

most likely, both terms as well as affect estimates of the other parameters.    

SFA uses maximum likelihood estimation to model the relationship between opex and its 
drivers. The model takes the form: 

 

where, in the ideal case: 

          is the opex for firm i at time t 

         refers to all output and environmental drivers of opex j for firm i at time t 

              captures the effect of random factors such as unusual weather conditions for firm i 

at time t 

            captures the inefficiency for firm i at time t. 

The statistical noise term is assumed to follow a normal distribution with mean zero and 

variance σ2: 

𝑣𝑖𝑡~𝑁 0, 𝜎𝑣
2  

The inefficiency term is assumed to follow a one-sided non-negative truncated normal 

distribution with mean μ and variance equal to σ2: 

𝑢𝑖𝑡 = 𝑁+ 𝜇, 𝜎𝑢
2  

It is logical for the inefficiency term to remain positive because a business cannot reduce 

costs below the minimum possible level for a given set of outputs at a given set of input 

prices. 

Just as in the standard econometric approach, SFA requires additional assumptions about 

the functional form of the cost function. If the underlying production technology of the 

industry is not reflected in the choice of cost function, there is a risk that this mis-

specification could lead to biased estimates. 

Because of the separation of the error term into two separate components, estimation of 

SFA cost models are more computationally demanding than conventional econometric 

methods. Moreover, separating the random and inefficiency components of the error term 

requires a large number of data points. This is a significant drawback in our case, where we 

have data on only nine firms and a panel with 87 observations. 

𝑥𝑗𝑖𝑡  

𝑢𝑖𝑡  

𝑣𝑖𝑡  

𝐶𝑖𝑡  
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4.5 Data limitations and issues 

4.5.1 Small number of firms  

A key limitation of this study is that the sample includes only nine firms. As a result, the 

results may be sensitive to the removal or addition of a single firm, and it may be difficult to 

accurately determine the location of the efficient frontier. 

While other studies have tried to rectify this situation by significantly expanding the sample 

size to include firms from international jurisdictions, this is likely to exacerbate other 

problems such as the failure to account for operating differences between jurisdictions. In 

any case, expanding the number of firms in the sample is outside the scope of this study. 

4.5.2 Multicollinearity between explanatory variables 

An issue arises in the specification of econometric models when there is a high degree of 

multicollinearity between the explanatory variables in a regression. Multicollinearity is a 

phenomenon in which the predictor variables in a regression are highly correlated with each 

other. When this happens, it becomes difficult to measure the impact of any specific variable 

in the model, despite the model performing reasonably well as a whole. 

A model with collinear explanatory variables will tend to be characterised by: 

 imprecise coefficient estimates leading to high standard errors and statistical 

insignificance 

 erratic shifts in the coefficients in response to small changes in the model 

 the presence of theoretically inconsistent coefficients. 

The presence of multicollinearity is problematic because we are attempting to estimate 

separate elasticities for each variable within a cost function. If these variables do not exhibit 

sufficient independent variation then it will not be possible to reliably disentangle the 

separate effects of each variable. 

Table 3 below shows the correlation matrix between the main output, input and 

environmental variables in the regression. The matrix shows that that there is a high degree 

of correlation between customer numbers, line length, energy and the constant price RAB, 

with most correlation coefficients exceeding 0.9 for these variables. Lower levels of 

correlation were found to exist between customer density and the other variables comprising 

the matrix. 

Table 3 Correlation matrix between key output, input and environmental 

variables 

 Customers Line length Energy RAB 
Customer 

density 

Customers 1.000 0.955 0.917 0.937 0.614 

Line length  1.000 0.860 0.961 0.362 

Energy   1.000 0.906 0.614 

RAB    1.000 0.415 

Customer 
density 

    1.000 

Source: ACIL Allen 

The multicollinearity problems expands exponentially when estimating the Translog cost 

function, which contains quadratic and interaction terms for each output, input and operating 

environment term. 
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We found that the estimated coefficients in the Translog specification were of magnitudes 

outside the bounds of expectation, often with signs that were inconsistent with theory and 

hence difficult to interpret. For this reason, it is our opinion that the high degree of 

multicollinearity between explanatory variables and the small sample size make it 

impossible to reliably estimate a Translog cost function in this instance. We have therefore 

limited ourselves to the Cobb-Douglas specification. 

4.5.3 Different accounting treatment of opex 

When benchmarking opex, different accounting practices for capitalising costs can 

potentially disadvantage those businesses that capitalise a smaller percentage of their 

expenditure. These businesses will show higher levels of opex compared to those 

businesses that capitalise a larger percentage of their expenditure onto their balance 

sheets. More details are provided in Appendix B. 

4.5.4 Missing environmental variables and model mis-specification 

Data limitations are such that we are only able to control for a small number of operating 

environment variables. Failure to control for important environmental or operational 

differences can potentially lead to biased results. The key operating environment variable 

specified in the cost functions is customer density. In previous benchmarking studies of gas 

distribution businesses this has been shown to be a significant explanator of differences in 

operating and capital costs. 

Economic Insights (2014) included additional operating environment variables related to 

network age (proxied by the proportion of mains length not made of cast iron or unprotected 

steel) and service area dispersion (proxied by the number of city gates). ACIL Allen do not 

have the data necessary to include these additional operating environment variables. The 

exclusion of these, and potentially other significant operating environment variables could 

reduce the accuracy of the inefficiency measure that can be attributed to actions of the gas 

distribution businesses. However, this is not in itself a reason to discount the cost function 

analysis in this report. Good statistical practice requires that these limitations be considered 

in interpreting the results of the models. 

4.6 Model validation and testing 

In order to assess the suitability of the various estimated opex cost functions a number of 

assessment criteria are applied. These are: 

 theoretical coherence 

 statistical testing and performance 

 robustness to changes in estimation technique and sample businesses. 

4.6.1 Theoretical coherence 

In assessing the suitability of any model, it is important that the selected model is consistent 

with economic theory. This means that the model should contain the theoretical drivers of 

operating costs as well as variables that control for operating conditions between firms.  

The estimated coefficients on each of the explanatory variables must have a theoretically 

correct sign. That is, increases in drivers such as energy throughput or customers must lead 

to increases in predicted operating costs from the model. If they do not, then the model is 

not consistent with economic theory and can be considered suspect.   
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Similarly, the customer density of the gas network is expected to have a negative 

relationship to operating expenses. As the network grows denser, a given level of outputs is 

able to be produced at a lower cost compared to a network with lower customer density. 

The magnitude of the coefficients should also be consistent with our expectations of the 

production technology of the industry. We would expect there to be economies of scale with 

regard to opex in the gas distribution business. This is both logical and supported by a 

significant number of empirical studies of both gas and electricity distribution businesses. 

Increasing returns to scale with respect to opex implies that the sum of output coefficients is 

less than one. 

4.6.2 Statistical testing 

Statistical significance of estimated coefficients 

An important step in assessing the suitability of any explanatory variable is its statistical 

significance. Not only should the variable be of a sign and magnitude that is consistent with 

economic theory, but standard hypothesis testing should indicate that the variable is 

statistically significant, ideally at the 1 per cent significance level. 

A statistically significant result is one which is unlikely to have occurred by chance. Each 

estimated coefficient in the regression models has an associated t-statistic or p value. If the 

estimated p value is less than 0.01 then that coefficient is statistically significant at the 

1 per cent significance level. A p-value that is less than 0.05 is significant at the 5 per cent 

level of significance. The lower the observed p value on a coefficient the greater the 

probability that a statistically significant relationship exists between the dependent variable 

and the explanatory variable concerned. 

One of the key issues concerning statistical significance that is generally poorly understood 

is that a statistically significant result does not necessarily imply that the inclusion of a 

particular variable will have a sizeable impact on the model outcomes. Often in large sample 

sizes, statistically significant results are identified which are of little or no economic 

consequence.   

A statistically significant result also has some chance of being wrong. At the 1 per cent 

significance level, 1 in 100 significant results will in fact be insignificant. 

Goodness of fit  

The most commonly used measure of the goodness of fit of a linear regression model to the 

observed data is the coefficient of determination, also known as R2. It represents the 

proportion of the variation in the dependent variable that is explained by variation in the 

independent variables. In assessing a model’s suitability and fitness for purpose, we would 

prefer the within sample fit to be strong. 

However, in the model validation process, the R2 is just one of a wide suite of tools 

available. While it is important to emphasize that goodness of fit is a desirable feature of any 

model, there are factors other than in sample fit that need to be taken into account.  For 

example, a high R2 is no guarantee that a model will have any predictive ability.  

Testing for fixed and random effects 

To choose between pooled OLS, random and fixed effects a number of statistical tests are 

available. 
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To test between OLS and a random effects model, we apply the Breusch-Pagan12 Lagrange 

multiplier test. This tests the null hypothesis that variance across firms is zero and that there 

is no significant difference across firms. In other words, there is no panel effect. Failure to 

reject the null hypothesis results in the conclusion that there are no significant differences 

across firms and that pooled OLS can be justified. 

If the null hypothesis is rejected, then the random effects model is preferred to simple OLS. 

The Hausman test13 is applied to test if the random effects estimator is unbiased. The 

Hausman test allows you to decide between a fixed or random effects model, where the null 

hypothesis supports the random effects model. The test works by testing whether the error 

terms are correlated with the explanatory variables, a key requirement under the random 

effects model. If the null hypothesis is not rejected then the random effects model is 

preferred over the fixed effects model. 

Tests for heterogeneity and serial correlation 

Additional statistical tests are carried out to assess the presence of heteroscedasticity and 

autocorrelation in the model residuals. To test for heteroscedasticity, we apply a Modified 

Wald test for groupwise heteroscedasticity14. Serial correlation is tested for via the 

Wooldridge Lagrange Multiplier (LM)15 test for autocorrelation in panel data. 

4.6.3 Robustness of coefficients  

The robustness of an estimated cost function to changes in the sample or estimation 

technique will give us some confidence in the conclusions drawn from it.  

To test the robustness of our opex cost functions, they have been estimated using five 

separate estimation techniques. The preferred cost functions are estimated eight times, by 

removing a single business from the sample on each occasion. We do this for all businesses 

other than ActewAGL.  

While this is a good way of assessing the sensitivity of the model estimates to particular 

businesses, it is important to stress that our sample size is already small, and making it 

smaller by omitting data is likely to exacerbate the estimation problems associated with 

small sample size. 

4.7 Cost function estimates 

Five separate estimation methods were applied to our Cobb-Douglas operating cost 

function. These are: 

 pooled ordinary least squares (OLS) 

 fixed effects  

 random effects 

 feasible GLS (FGLS) (with heteroscedastic panels) 

 Stochastic Frontier Analysis (SFA) (with time invariant inefficiency). 

                                                      
12  Breusch, T and A. Pagan (1980) 

13  Hausman, J. A. (1978) 

14  See Greene (2000) 

15  Wooldridge, J.M (2002) 
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The results of all five methods are presented below. The results presented in section 4.7.1 

are for a model specification including two outputs (energy, which is measured as TJ of gas 

throughput and customers) and in section 4.7.2 for a model specification with a single output 

(customers). 

4.7.1 Two output specification 

Table 4 shows the results of the estimated Cobb-Douglas cost functions with two outputs, 

energy (TJ of gas throughput) and customer numbers.   

Table 4 Estimated Cobb-Douglas function: Two outputs 

Estimation technique 

Variables Pooled OLS 
Fixed 

effects 

Random 

effects 
FGLS SFA 

Time -0.00436*** -0.0153 -0.00202 -0.00446*** -0.00466*** 

 (0.000151) (0.0180) (0.00542) (0.000132) (0.000138) 

Energy -0.259*** 0.119 -0.0930 -0.164*** -0.0634 

 (0.0612) (0.0873) (0.151) (0.0467) (0.0694) 

Customers 0.462*** 1.226** 0.524** 0.496*** 0.501*** 

 (0.0722) (0.401) (0.239) (0.0647) (0.0689) 

RAB 0.764*** 0.524** 0.592*** 0.645*** 0.685*** 

 (0.0687) (0.219) (0.133) (0.0612) (0.114) 

Density -0.126 -1.024*** -0.495*** -0.228*** -0.531*** 

 (0.0847) (0.281) (0.123) (0.0716) (0.165) 

Constant  13.38 -4.649   

  (29.64) (10.33)   

      

Observations 87 87 87 87 87 

R-squared 0.987 0.9432 0.9579   

Number of ID  9 9 9 9 

Note: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

A key characteristic of these models is that the energy throughput variable has a negative 

coefficient. Moreover it is not statistically significant at the 1 per cent level in three of the five 

models. These results are not surprising given that gas throughput has been declining for 

the majority of the distribution businesses over the period from 2005 to 2013, while 

operating expenditures have continued to increase. 

This suggests that energy (gas throughput) is no longer a key driver of increasing operating 

expenses for the nine gas distribution businesses under consideration. As a result, an 

additional model specification is estimated excluding gas throughput. 

4.7.2 Single output specification 

Table 5 shows the estimated Cobb-Douglas functions with only a single output variable, 

customer numbers. 
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Table 5 Estimated Cobb-Douglas function: Single output 

Estimation technique 

Variables Pooled OLS Fixed Effects 
Random 

effects 
FGLS SFA 

Time -0.00423*** -0.0164 0.000323 -0.00413*** -0.00467*** 

 (0.000172) (0.0174) (0.00373) (0.000121) (0.000143) 

Customers 0.389*** 1.269*** 0.555*** 0.303*** 0.518*** 

 (0.0676) (0.377) (0.191) (0.0523) (0.0670) 

RAB 0.553*** 0.536** 0.516*** 0.676*** 0.606*** 

 (0.0649) (0.223) (0.141) (0.0516) (0.0770) 

Density -0.281*** -1.039*** -0.685*** -0.254*** -0.615*** 

 (0.0728) (0.289) (0.173) (0.0579) (0.126) 

Constant  16.21 -9.471   

  (28.57) (7.330)   

      

Observations 87 87 87 87 87 

R-squared 0.984 0.9456 0.9487   

Number of ID  9 9 9 9 

Note: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

The results show that the output elasticity for customer numbers range from 0.30 in the 

FGLS model to 0.56 in the random effects model. This is consistent with increasing returns 

to scale. 

The Breusch-Pagan LM test of random effects versus pooled OLS supports the random 

effects model, with a null hypothesis of no panel effects rejected at the 1 per cent 

significance level. The Hausman test of fixed versus random effects also fails to reject the 

null hypothesis of a random effects model at the 1 per cent significance level. Together, 

these results suggest that the businesses intercepts are different and that the random 

effects model is the appropriate choice.   

Moreover, the coefficient size on the customer numbers elasticity from the fixed effects 

model appears to lie outside the bounds of plausibility, suggesting decreasing returns to 

scale with respect to operating expenses. 

Additional testing for group-wise heteroscedasticity rejected the null hypothesis of no 

heteroscedasticity at the 1 per cent significance level. The Wooldridge test of serial 

autocorrelation in panel data failed to reject the null hypothesis of no autocorrelation. These 

results provide evidence in support of group wise heteroscedasticity in the panel, but not of 

autocorrelation. 

The FGLS model estimates a variance-covariance matrix with group-wise 

heteroscedasticity. For this reason, we prefer this model over the pooled OLS model which 

imposes an assumption of homoscedasticity on the disturbances. 

In subsequent sections of this report, we do not present results for the pooled OLS model or 

the fixed effects models, but continue to show results for the random effects model, which is 

supported by statistical testing, and the FGLS model, which corrects for the violation of the 

OLS assumptions.   

The SFA model results are also shown, and the estimated coefficients lie in between those 

of the FGLS and random effects model.  

Due to the lack of additional environmental control variables and the size of the sample, we 

cannot be sure that the SFA inefficiency term u is true managerial inefficiency, rather than a 

mixture of inefficiency, firm heterogeneity and bias.  As such, we have reservations about 
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using the SFA model for the purpose of assessing firm relative operational performance 

against the efficient frontier.  We continue however, to use the estimated coefficients from 

the SFA model to forecast opex partial productivity for ActewAGL.      

Sensitivity of estimated parameters to sample choice 

Figure 3 shows the parameter estimates for the Cobb-Douglas function for each of the three 

selected estimation methods, with a single business omitted on each occasion. 

Figure 3 shows, for example, that under the random effects model, the estimated 

coefficients for customer numbers range between around 0.3 to 0.7, with individual gas 

distribution businesses removed. The coefficient is just under 0.6 with all of the gas 

distribution businesses included. 

Figure 3 indicates that the parameter estimates do exhibit some variation when individual 

businesses are omitted from the sample. The coefficients maintain their theoretically correct 

signs throughout, although the estimated model when Jemena was omitted produced 

theoretically inconsistent values for the customer density variable in the random effects and 

FGLS models.   

The computational difficulty of estimating an SFA cost model is clearly evident here, with 

only four of the nine estimated models able to converge to a solution. These were the 

samples that excluded AGN Qld, AGN Vic, Jemena and also the full sample containing all 

firms. 

Figure 3 Parameter estimates from each estimation method with single business omitted on each 

occasion 

  

 

 

Note: The identified gas distribution business is the firm omitted from the model. 

Source: ACIL Allen  
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While some of the estimated models showed considerable shifts in the estimates, it is our 

opinion that this is a problem that arises from having a small sample size rather than 

anything else. Nevertheless, the sensitivity in the coefficient estimates suggests that there is 

a need for caution when interpreting the model results.   

In our opinion, there is little reason to exclude any of the businesses from the estimated 

sample given the source data is from credible sources and as the sample of nine 

businesses is already sufficiently small to present considerable difficulties in estimation.  

4.8 Comparative firm performance 

In this section we present the comparative cost performance of each business against the 

predicted values from the econometric models.   

First we present the businesses’ actual 2013 opex against the model predicted opex for the 

random effects and FGLS model. This is shown in Figure 4 below. 

Under the random effects model, ActewAGL’s 2013 opex was 91 per cent of its predicted 

opex, suggesting that ActewAGL is more efficient than the average of its peers after 

controlling for size and network density. ActewAGL was also ranked the most efficient firm 

under the random effects model. 

Under the separate FGLS model, the results did not change significantly, with ActewAGL’s 

actual 2013 opex being 95 per cent of the model’s predicted opex. This ranks it third among 

its peers.   
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Figure 4 Actual opex as share of model predicted opex, 2013 

 

 

Source: ACIL Allen  

While the random effects and FGLS econometric models can provide a good indication of 

the relative performance between businesses in the sample, they do not provide a measure 

of the distance of each firm from the efficient frontier.  

To get an indication of this, we use the estimates of technical efficiency from the SFA cost 

model. 

These are shown in Figure 5 below.  In this figure a value of 1 represents the efficient 

frontier, with higher values representing opex inefficiency.  

Under the SFA cost model with time invariant inefficiency, ActewAGL is estimated to have 

opex that lies 22 per cent above the efficient frontier.    

Under the SFA cost specification, ActewAGL ranked sixth against its peers. However, the 

SFA model estimates time invariant efficiency which means that the firms’ rankings cannot 

be directly compared with the econometric models in Figure 4 which show the rankings for 

2013 only.  
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The technical efficiency measures from the SFA model are based on the entire sample up to 

2013. 

Figure 5 Comparative firm cost inefficiency 

 

Source: ACIL Allen  

As already stated previously, we do not consider our data set suitable for the purposes of 

accurately estimating an efficient frontier using the SFA technique.    

4.8.1 Sensitivity of rank to sample size 

In this section we assess the change in ActewAGL’s relative rank against its peers in terms 

of opex efficiency when individual businesses are omitted from the estimation sample. 

Figure 6 below shows that the position of ActewAGL is relatively stable for all three 

estimation techniques when individual businesses are excluded from the sample.   

For the random effects model, ActewAGL is ranked first in eight out of the nine samples.16 

Under FGLS, ActewAGL ranks first on one occasion, and second or third in the remaining 

samples. In the four instances where SFA was able to converge to a solution, ActewAGL 

ranked fifth on two occasions and sixth on the other two occasions. 

                                                      
16 Noting that the nine samples include one sample with all of the nine gas distribution businesses included and eight 

samples with one of the individual gas distribution businesses (other than ActewAGL) excluded. 
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Figure 6 Rank of ActewAGL against its peers with single business omitted 

on each occasion 

 

Source: ACIL Allen 

The stability of the results (between the estimation approaches and samples), provides 

some reassurance in the conclusions drawn from the comparative firm performance 

analysis. 

4.9 Opex productivity growth forecasts 

In this section we take the parameter estimates from the preferred cost function models (i.e. 

the random effects, FGLS and SFA cost models) and combine them with ActewAGL’s 

forecasts of customer numbers, RAB, and pipeline length over the next regulatory control  

period to obtain forecasts of ActewAGL’s opex partial productivity. 

4.9.1 Inputs to calculating opex partial productivity 

The parameter estimates from the models are shown in Table 6 below. 

Table 6 Single output opex cost function regression estimate 

Estimation technique 

Coefficients Random effects FGLS SFA 

Time 0.000323 -0.00413 -0.00467 

Customers 0.555 0.303 0.518 

RAB 0.516 0.676 0.606 

Customer 
density 

-0.685 -0.254 -0.615 

Source: ACIL Allen 

Table 7 shows ActewAGL’s forecasts of the growth drivers of opex over the period from 

2014-15 to 2020-21. The growth in customer density is derived from forecast customer 

numbers and line length.   

Over the next regulatory period average customer number growth is expected to be 

2.2 per cent per annum, while the RAB and customer density are projected to grow at an 

annual average rate of 2.3 per cent and 0.8 per cent respectively. 
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Table 7 Forecast changes in growth drivers 

Year Customers Energy RAB Customer density 

2014-15 2.38% 0.41% 3.40% 0.91% 

2015-16 2.21% -1.37% 2.95% 0.69% 

2016-17 2.12% -1.02% 1.62% 0.73% 

2017-18 2.27% -1.35% 3.46% 0.70% 

2018-19 2.21% -0.39% 2.47% 0.69% 

2019-20 2.35% -0.41% 2.06% 0.83% 

2020-21 2.09% -0.13% 0.40% 0.78% 

Average 2.23% -0.61% 2.34% 0.76% 

Source: ActewAGL 

4.9.2 Calculating opex partial productivity 

Following Economic Insights (2014), ACIL Allen calculate the partial opex partial productivity 

growth rate and its three components, namely: 

 technical change 

 returns to scale 

 changes in operating environment. 

Technical change is represented by the time trend in the regression. It has a negative 

coefficient and represents the percentage decrease in opex every year as a result of 

technological change. This may be due to actual technology, but also encompasses 

improvements in work practices and methods that lead to lower opex over time. 

The productivity gains associated with technical change (A) is estimated as: 

𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦  𝐴 = −𝑇𝑖𝑚𝑒 𝑐𝑜𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑡 

Returns to scale are productivity gains that arise as a result of increasing business size over 

time. The productivity gains from returns to scale (B) are calculated as:  

  

Operating environment partial productivity is calculated as the RAB and customer density 

coefficients multiplied by each of their respective changes in each year. The total operating 

environment contribution to opex partial productivity is the negative of the sum of the RAB 

and customer density contributions. 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟𝑠  𝐶 =  𝑅𝐴𝐵 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 × %∆ 𝑖𝑛 𝑅𝐴𝐵 +

 𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 × %∆ 𝑖𝑛 𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦     

The opex partial factor productivity growth rate is estimated from these three elements, 

using the formula: 

Opex partial productivity growth rate =  A (Technology) + B (Returns to scale) –  

C (Operating environment factors) 

Table 8 shows the annual opex partial productivity forecasts for the period from 2014-15 to 

2020-21 from the random effects model. This model predicts average partial productivity 

growth of 0.3 per cent per annum over the forecast period.  

𝑅𝑒𝑡𝑢𝑟𝑛𝑠 𝑡𝑜 𝑠𝑐𝑎𝑙𝑒  𝐵 = (1 − 𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦) × (𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒  𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠) 
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Table 8 Annual opex partial productivity forecasts, random effects model 

Year Technology (A) 
Returns to scale 

(B) 

Operating 

environment 

factors (C) 

PP Opex growth 

rate (A+B-C) 

2014-15 -0.03% 1.06% 1.13% -0.11% 

2015-16 -0.03% 0.98% 1.05% -0.10% 

2016-17 -0.03% 0.94% 0.33% 0.58% 

2017-18 -0.03% 1.01% 1.31% -0.33% 

2018-19 -0.03% 0.98% 0.81% 0.14% 

2019-20 -0.03% 1.05% 0.49% 0.53% 

2020-21 -0.03% 0.93% -0.33% 1.23% 

     

Average -0.03% 0.99% 0.68% 0.28% 

Source: ACIL Allen 

As shown in Table 9, the FGLS model predicts a higher average rate of partial productivity 

growth of 0.6 per cent per annum over the period 2014-15 to 2020-21.   

Table 9 Annual opex partial productivity forecasts, FGLS model 

Year Technology (A) 
Returns to scale 

(B) 

Operating 

environment 

factors (C) 

PP Opex growth 

rate (A+B-C) 

2014-15 0.41% 1.66% 2.07% 0.01% 

2015-16 0.41% 1.54% 1.82% 0.13% 

2016-17 0.41% 1.48% 0.91% 0.98% 

2017-18 0.41% 1.58% 2.16% -0.17% 

2018-19 0.41% 1.54% 1.50% 0.45% 

2019-20 0.41% 1.64% 1.18% 0.88% 

2020-21 0.41% 1.46% 0.07% 1.80% 

     

Average  0.41% 1.56% 1.39% 0.58% 

Source: ACIL Allen 

Table 10 shows that the SFA cost model also projects average partial productivity growth 

over the period 2014-15 to 2020-21 of 0.6 per cent per annum. 

Table 10 Annual opex partial productivity forecasts, SFA model 

Year Technology (A) 
Returns to scale 

(B) 

Operating 

environment 

factors (C) 

PP Opex growth 

rate (A+B-C) 

2014-15 0.47% 1.15% 1.50% 0.11% 

2015-16 0.47% 1.07% 1.37% 0.17% 

2016-17 0.47% 1.02% 0.53% 0.96% 

2017-18 0.47% 1.09% 1.67% -0.11% 

2018-19 0.47% 1.06% 1.08% 0.45% 

2019-20 0.47% 1.13% 0.73% 0.87% 

2020-21 0.47% 1.01% -0.24% 1.71% 

     

Average  0.47% 1.08% 0.95% 0.59% 

Source: ACIL Allen 

This raises the difficulty of choosing between the alternative estimates from the three 

separate specifications. There is a body of empirical evidence which suggests that 
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combining forecasts derived from methods that differ substantially can improve forecast 

accuracy17.  

Armstrong (2001) suggests equal weights as a starting point where there is no additional 

knowledge about which method is the most accurate. If we follow this advice, then a simple 

average of the three separate average partial productivity measures should be considered.  

This would result in an average forecast opex partial productivity growth rate of 0.5 per cent 

per annum. 

The opex partial productivity growth rate (noting that this is an indicative rather than an 

exact estimate) may be used as the productivity growth component of the rate of change 

formula shown in Box 1. 

  

                                                      
17  See Armstrong J. S (2001), p. 417-439. 
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 Pa r t  B  
 

 

Historical time series Total Factor Productivity and Partial Factor Productivity estimates for 

ActewAGL. 
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𝑄𝑠𝑡
𝐿   

5 Time series productivity analysis 

This section of the report presents the time series productivity analysis to measure the 

historical productivity growth rate for ActewAGL. Both total factor productivity and opex and 

capex partial factor productivity measures are estimated. 

5.1 TFP and opex PFP indexes 

5.1.1 Fisher index 

As discussed in section 2, productivity is defined as the ratio of output(s) that a distribution 

business produces to the input(s) that it consumes. This is easily calculated if a gas 

distribution business produces only one output and use only one input. However, this is not 

the case as multiple inputs are used to produce multiple outputs. The index number 

technique used in this study, the Fisher Index, provides a sound means of aggregating the 

multiple outputs and inputs used into a single index. 

The Fisher quantity index is the geometric mean of a Laspeyres and Paasche quantity 

indexes:  

 the Laspeyres index uses the base period’s prices as weights for the input and output 

quantities 

 the Paasche index uses the current period’s prices as weights for the input and output 

quantities. 

The Fisher TFP index between two time periods s and t is given by:18 

 

 

The output and input quantity indexes are estimated as follows: 

 

 

 

 

 

 

 

Where: 

 -         is the Laspeyres quantity index 

         is the Paasche quantity index 

                                                      
18 See Coelli, T. et al, 2005, p.91. 

𝑇𝐹𝑃𝑠𝑡  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑖𝑛𝑑𝑒𝑥𝑠𝑡  (𝐹𝑖𝑠ℎ𝑒𝑟)

𝐼𝑛𝑝𝑢𝑡 𝑖𝑛𝑑𝑒𝑥𝑠𝑡  (𝐹𝑖𝑠ℎ𝑒𝑟)
 

𝑄𝑠𝑡
𝐿  =  

 𝑝𝑚𝑠 𝑞𝑚𝑡
𝑀
𝑚=1

 𝑝𝑚𝑠 𝑞𝑚𝑠
𝑀
𝑚 =1

  

𝑄𝑠𝑡
𝑃  =  

 𝑝𝑚𝑡𝑞𝑚𝑡
𝑀
𝑚=1

 𝑝𝑚𝑡𝑞𝑚𝑠
𝑀
𝑚 =1

  

𝑄𝑠𝑡
𝑃

  

𝑄𝑠𝑡
𝐹  =   𝑄𝑠𝑡

𝐿  ×  𝑄𝑠𝑡
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         is the Fisher quantity index 

 there are 1 to M outputs and 1 to M inputs 

 s and t represent consecutive time periods. 

A chained Fisher index is estimated for this study, following the approach of Economic 

Insights (2014). For productivity measurement, the aim is to compare productivity change 

from year to year and then to combine annual changes to measure productivity change over 

a given time period. The chain based comparisons are most appropriate in this context. 

The chained Fisher index from year 1 to year t is calculated as:19 

 

 

5.1.2 Model specification and period of analysis 

The model specification describes the output and inputs specified in the Fisher index 

analysis and the quantities and prices specified for each. By necessity, ACIL Allen has used 

a more simplified model specification for the index number estimations relative to that 

specified in Economic Insights (2014). This is due to constraints on the data available for 

this study. However, key outputs and inputs are included within the model specification and 

are summarised in Table 11. 

Table 11 Specification of Fisher index models 

 Outputs  Inputs  

 Quantity Price Quantity Price 

TFP model     

 
Throughput – TJ 
of gas supplied 

Econometrically 
estimated output 
cost share  

14 per cent 

Opex quantity – 
nominal dollar 
value deflated by 
price index 

Opex/total 
revenue 

 
Customers – total 
number of 
customers 

Econometrically 
estimated output 
cost share  

86 per cent 

Mains km 1-opex share 

Opex PFP model As per TFP model 

Opex quantity – 
nominal dollar 
value deflated by 
price index 

- 

Further detail is provided below. 

Output prices 

Following the approach of Economic Insights (2014) and as recommended by the AER, 

‘functional’ prices or weights are used which represent the share of costs associated with 

each output or service delivered.20  

ACIL Allen has sourced weights that are appropriate for the two output (throughput and 

customers) specification shown above.  

                                                      
19 See Economic Insights, 2014, p. 14. 

20 AER, 2013a, p.148-149 outlines the AER’s recommendation regarding output weights and states that “a functional outputs 
specification, rather than a billed outputs specification, is more appropriate for measuring NSPs’ outputs” and “We prefer 
to estimate an econometric cost function using the available data if appropriate, to determine output weights”. 

𝑄𝑠𝑡
𝐹   

𝑄𝐹
1,𝑡  = 1 × 𝑄𝐹

1,2 × 𝑄𝐹
2,3 × … .× 𝑄𝐹

𝑡−1,𝑡   
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ACIL Allen has used weights previously estimated for gas distribution benchmarking which 

are referenced in Meyrick and Associates (Dr Denis Lawrence) (2004), p.18. The cost 

shares were originally estimated for US gas distribution businesses using a translog cost 

function. The throughput share is 14 per cent and the customer number share is 

86 per cent. In accordance with previous studies, these shares are applied to all time 

periods. 

Opex quantity 

The opex quantity is derived by deflating the value of opex (in nominal dollars) by the opex 

price index recommended by the AER for network service providers, which was also applied 

in the cost function analysis.21 This is a weighted opex index formed using the following 

Australian Bureau of Statistics (ABS) indexes and weights: 

 electricity, gas, water and waste services (EGWWS) wage price index (WPI) —

62 per cent  

 intermediate inputs: domestic producer price index (PPI) —19.5  per cent 

 data processing, web hosting and electronic information storage PPI —8.2  per cent 

 other administrative services PPI —6.3  per cent 

 legal and accounting PPI —3  per cent 

 market research and statistical services PPI —1 per cent. 

ACIL Allen sourced these indexes from the ABS and calculated the weighted index. 

Input prices 

Following the endogenous rate-of-return approach in Economic Insights (2014), the input 

weight specified for opex is the ratio of opex to total revenue. The capital input (mains km) 

weight is equal to one minus the opex share. 

Period of analysis 

The Fisher TFP index and the opex PFP index are estimated over the period 2003-04 to 

2013-14. 

5.1.3 Productivity measures 

The productivity estimates calculated using the Fisher index measure the growth in 

ActewAGL’s productivity over the study period. The total factor productivity (TFP) index 

measures productivity growth over time incorporating key outputs produced and inputs 

used. The opex partial factor productivity (PFP) index measures the productivity of opex 

usage alone in producing the range of outputs. 

The TFP and opex PFP indexes are presented in turn in the following sections. 

TFP results 

Table 12 provides the TFP and component indexes for ActewAGL for each year of the 

modelling period. The table also shows the average annual growth rate for each index over 

the modelling period. 

                                                      

21 See AER, 2013a, p. 154-155. 
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Table 12 ActewAGL TFP and opex PFP indexes 

 

Output 

quantity 

index 

Input 

quantity 

index 

Opex 

quantity 

index 

Opex 

PFP 

index 

Capital 

quantity 

index 

Capital 

PFP 

index 

TFP 

index 

2003-04 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

2004-05 1.001 1.031 0.881 1.137 1.032 0.971 0.971 

2005-06 0.999 1.058 0.823 1.215 1.059 0.944 0.944 

2006-07 1.087 1.074 0.829 1.312 1.074 1.012 1.013 

2007-08 1.142 1.090 0.858 1.332 1.090 1.048 1.049 

2008-09 1.171 1.106 0.971 1.206 1.106 1.058 1.058 

2009-10 1.209 1.125 1.032 1.171 1.125 1.075 1.075 

2010-11 1.253 1.146 1.080 1.160 1.146 1.094 1.094 

2011-12 1.295 1.166 1.078 1.201 1.166 1.111 1.111 

2012-13 1.346 1.180 0.985 1.367 1.180 1.140 1.140 

2013-14 1.394 1.199 0.921 1.514 1.200 1.162 1.163 

Average 

annual 

growth 

rate 

3.38% 1.83% -0.82% 4.23% 1.84% 1.52% 1.52% 

Source:  ACIL Allen 

Figure 7 shows the output quantity index, the input quantity index and the TFP index. This 

shows that as ActewAGL’s output has consistently grown at a faster rate than inputs, it has 

experienced positive TFP growth over the period from 2003-04 to 2013-14.  

ActewAGL’s average annual output growth rate over the period from 2003-04 to 2013-14 

was 3.38 per cent, reflecting the growth in ActewAGL’s gas throughput and customer 

numbers. The output quantity index was relatively flat between 2003-04 and 2005-06 

reflecting a small decline in customer numbers of 0.2 per cent over this period. After 2005-

06, the output quantity index rose consistently. While gas throughput grew at a lower level 

than customer numbers over the period from 2003-04 to 2013-14 and declined in some 

years, the higher weighting on customer numbers and consistent increase in customer 

numbers after 2005-06 resulted in an increasing output quantity index. 

The average annual input growth rate over the period from 2003-04 to 2013-14 was lower at 

1.83 per cent. Hence, over the period from 2003-04 to 2013-14 this resulted in an average 

annual TFP growth rate of 1.52 per cent. 



A C I L  A L L E N  C O N S U L T I N G  

PRODUCTIVITY STUDY ACTEWAGL DISTRIBUTION GAS NETWORK 
46 

 

Figure 7 ActewAGL output quantity, input quantity and TFP indexes 

 

 

Source:  ACIL Allen 

Opex PFP results 

The opex PFP index is estimated as the ratio of the Fisher output quantity index (calculated 

in the TFP analysis above which incorporates two outputs, throughput and customer 

numbers) and the opex quantity index. The opex PFP provides a measure of the efficiency 

with which opex inputs are used to produce outputs. 

As shown in Table 12, over the period from 2003-04 to 2013-14 ActewAGL’s annual 

average opex PFP growth rate was 4.23 per cent. ActewAGL’s opex PFP average annual 

growth rate was higher over the modelling period than annual average TFP growth. This is 

due to the decline in the opex quantity on an annual average basis over the period of 

0.82 per cent, while there was an annual average increase in the capital input quantity of 

1.84 per cent resulting in a lower overall TFP score. 

5.2 Capex PPIs 

As discussed in section 2, this study follows the preferred capex benchmarking approach 

used by regulators and within the literature of producing simpler capex ratios or partial 

productivity performance indicators.  

The capex PPIs estimated are: 

 capex per km of mains 

 capex per customer 

 capex per TJ of gas throughput. 

5.2.1 Data and period of analysis 

As explained in section 3, the capital expenditure measures for the gas distribution 

businesses is the costs classified as capital expenditure within each businesses’ Access 

Arrangement. 
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The capex PPIs must be estimated using real dollar amounts. The nominal dollar amounts 

have been converted to September 2014 dollars using the Australian Bureau of Statistics All 

Groups, Weighted average of eight capital cities, CPI (Series ID: A2325846C). 

The capex PPIs are calculated for the period from 2003-04 to 2013-14. 

5.2.2 Productivity measures 

ActewAGL’s capex PPIs are shown in Table 13. 

Table 13 ActewAGL capex PPIs 

 Capex ($2014) per km 
Capex ($2014) per 

customer 
Capex ($2014) per TJ 

2003-04 2,734 104 1,509 

2004-05 2,719 107 1,528 

2005-06 2,301 93 1,223 

2006-07 3,425 129 1,886 

2007-08 2,215 81 1,190 

2008-09 2,191 79 1,141 

2009-10 2,585 92 1,382 

2010-11 2,926 102 1,477 

2011-12 3,533 121 1,793 

2012-13 4,293 143 2,222 

2013-14 4,073 133 2,346 

Source:  ACIL Allen 

While capex per km, per customer and per TJ have increased over the 2003-04 to 2013-14 

period, the PPI indicators are among the lowest of the Australian gas distribution businesses 

in the sample (as shown in Figure 11 to Figure 13 in Appendix B). 

This indicates that ActewAGL’s capex is at an efficient level. While not tested within the 

scope of this study, this conclusion is likely to hold even if there are some differences in the 

allocation of costs to the operating and capital expenditure categories between the gas 

distribution businesses in the sample. 
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Appendix B Data analysis and partial indicators 

The following figures show the ratios examined by ACIL Allen as part of the data screening 

process.  

Opex ratios 

Figure 8 Opex per km 

 

 

Note: ATCO Gas is not shown, but is included in the analysis. 

Source: ACIL Allen 
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Figure 9 Opex per customer 

 

 

Note: ATCO Gas is not shown, but is included in the analysis. 

Source: ACIL Allen 

 

Figure 10 Opex per TJ 

 

 

Note: ATCO Gas is not shown, but is included in the analysis. 

Source: ACIL Allen 
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Capex ratios 

Figure 11 Capex per km 

 

 

Note: ATCO Gas is not shown, but is included in the analysis. 

Source: ACIL Allen 

 

Figure 12 Capex per customer 

 

 

Note: ATCO Gas is not shown, but is included in the analysis. 

Source: ACIL Allen 
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Figure 13 Capex per TJ 

 

 

Note: ATCO Gas is not shown, but is included in the analysis. 

Source: ACIL Allen 

 

Different accounting treatment of opex 

Different accounting practices can mean that there are differences in how the Australian gas 

distribution businesses allocate costs to the opex and capex cost categories. A particular 

issue where there may be differences is in relation to capitalisation policies. To the extent 

that there are differences in these practices, comparisons of the individual (opex and capex) 

cost categories would not be on a consistent basis.  Businesses that capitalise a small 

proportion of their operating expenses would appear to have higher levels of opex (and 

hence appear inefficient) compared to those businesses that capitalise are larger 

percentage of their expenditures. 

Figure 14 below shows, for each of the nine gas distribution businesses in our sample, the 

share that operating expenses comprise of total operating and capital expenditure. 

Operating expenditures have consistently made up a larger share of total expenditures for 

ActewAGL compared to other gas distribution businesses. Opex as a share of total 

expenditures has generally maintained a level between 20 per cent and 30 per cent for most 

of the distributors. In the case of ActewAGL the share of operating expenses has been 

considerably larger, generally around the 50 per cent to 60 per cent mark between 2005 and 

2013.  
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Figure 14 Opex as share of total opex and capex, 2005 to 2013 

 

 

Note: ATCO Gas is not shown, but is included in the analysis. 

Source: ACIL Allen 
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Appendix C Declaration 

 

Compliance with the Code of Conduct for Expert Witnesses 

We are Principals of ACIL Allen Consulting. 

We have read, understood and complied with the Expert Witness Guidelines (Federal Court 

Practice Note CM 7, entitled “Expert Witnesses in Proceedings in the Federal Court of 

Australia”) in preparing this report.  

We have made all inquiries that we believe are desirable and appropriate and no matters of 

significance that we regard as relevant have, to our knowledge, been withheld from the 

report.  

Necessary limitations to the scope and depth of the analysis undertaken, and the resulting 

findings that can be made based on the analysis, are outlined in the report.  

 

 

 

Deirdre Rose    Jim Diamantopoulos 

Principal     Principal 
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Appendix D Curriculum vitae 

 

Deirdre Rose 

Deirdre is a Principal at ACIL Allen in Melbourne with over 16 years of economic consulting 

experience at leading consulting firms including her own practice Ilex Consulting, Ernst & 

Young, Frontier Economics and London Economics.  

Deirdre has undertaken productivity and efficiency benchmarking of a range of industries 

and government services over a period of close to 20 years, including benchmarking of 

electricity distribution businesses and water supply businesses. Deirdre was initially trained 

while a research economist at NSW Treasury by leading international academics in 

economic performance benchmarking techniques (including Total Factor Productivity (index 

number) and Data Envelopment Analysis).  

Deirdre has also provided wide-ranging analytical and advisory support to regulated firms 

across a range of industries. This has been in the context of regulatory determinations 

advising on elements of the building blocks and broader support relevant to the operations 

and investments of the regulated firms. Deirdre has also advised governments and 

regulators on economic regulatory frameworks. 

Deirdre has a degree in administration and economics from Griffith University. 

Relevant to this assignment, Deirdre has significant economic benchmarking experience 

including: 

 ATCO Gas: Preparation of two expert witness report providing partial productivity 

measures of ATCO Gas against a sample of Australian gas distribution businesses. 

(2014) 

 Victorian and South Australian DNSPs: Project to estimate econometric cost functions 

and to advise on how this analysis may be used to produce output weights for 

multilateral Total Factor Productivity Analysis as proposed by the Australian Energy 

Regulator. (2013-14) 

 Victorian diary sector: While the Chief Economist of the Victorian Department of Primary 

Industries, oversighted a study by to measure the productivity and efficiency of the 

Victorian dairy industry. (2012) 

 Victorian water business: Led a TFP study for a large metropolitan Victorian water 

business to assess their productivity over time using index number techniques. (2008)  

 Review of ERIG analysis of electricity network performance: Provided an electricity 

network business with a critique of the productivity measures included in the ERIG 

discussion papers on energy market reforms released in November 2006. (2006)  

 Sydney Water: Assisted in undertaking a TFP study for Sydney Water to assess their 

productivity over time using index number techniques. This was done in the context of 

their periodic price review process with IPART. We presented this analysis to IPART on 

behalf of Sydney Water and were able to turn around the regulator’s negative view of the 

businesses’ productivity performance to a more positive stance, with an understanding 

that significant investments had increased costs but had commensurately significantly 

improved their required quality of service particularly in terms of wastewater quality. 

(2005)  
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 Victorian distribution pricing review: Regulatory advice to TXU Networks during the 2001 

Victorian electricity distribution pricing review on benchmarking analysis. (2000) 

 NSW electricity distribution: Led the team (including Professor Tim Coelli) that undertook 

a detailed benchmarking study for the Independent Pricing and Regulatory Tribunal 

(IPART). The study used a range of economic benchmarking techniques including partial 

indicators, Data Envelopment Analysis, Stochastic Frontier Analysis and index number 

techniques. The results of the study were used to help determine the regulated price 

paths of the NSW electricity distributors for the five-year period from July 1999. (1998, 

1999)  

 Queensland electricity supply industry: Supervised and undertook benchmarking studies 

of the generation, retail and network businesses in Queensland. The network sector 

studies were used to establish appropriate X factors as part of the revenue caps for the 

transmission and distribution businesses in Queensland. The retail sector study was 

used in setting allowed revenues in relation to non-contestable customers. (1998)  

 West Australia electricity supply industry: Benchmarked the economic performance of 

the West Australian firms in the generation, transmission and distribution sector against 

international firms using DEA. This was done as part of a broader study of options for 

reforming the electricity supply industry in Western Australia. (1998)  

 Water and Sewerage Companies, England and Wales: Member of advisory teams to 

water companies subject to take over bids which were referred to the Monopolies and 

Mergers Commission (MMC) during 1996. Worked on projects to assess the relative 

efficiency of firms in the UK water sector (using DEA and Total Factor Productivity (TFP) 

analysis), to examine the structure of the water sector, and to provide general advice on 

likely economic and regulatory consequences of further mergers in the UK water sector. 

Appeared before hearings of the MMC to report on the results of the efficiency studies. 

(1996)  

 Government owned businesses and budget sector agencies: At NSW Treasury, applied 

efficiency measurement tools to measure and assess the performance of government 

owned businesses and budget sector agencies (including electricity distributors, 

correctional centres, rail and ferry services). Deirdre developed considerable expertise in 

using TFP or index number techniques and Data Envelopment Analysis (DEA) to 

measure and benchmark public sector performance. At this time, Deirdre received 

training in the use of economic benchmarking techniques from leading academics 

including Knox Lovell, Hal Fried, Tim Coelli and Suthathip Yaisawarng. (1994, 1995)  
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Jim Diamantopoulos 

Jim Diamantopoulos is a Principal in ACIL Allen’s Melbourne office.  

He has a strong background in the application of economic, financial and econometric 

modelling techniques in the analysis of economic problems and issues.  Since joining ACIL 

Allen, Jim has worked on a range of modelling projects across a number of sectors, with a 

strong emphasis on demand forecasting in the energy sector. 

Jim has recently undertaken a project to estimate econometric cost functions for three 

Australian distribution firms. 

Jim has recently worked with AEMO to develop a new maximum demand and energy 

forecasting methodology at the connection point level.  The assignment involved all aspects 

of the forecasting process from model specification, development and estimation to weather 

normalisation. 

Jim’s relevant project experience includes: 

 Project to estimate econometric cost functions and to advise on how this analysis may 

be used to produce output weights for multilateral Total Factor Productivity Analysis as 

proposed by the Australian Energy Regulator.  

 Development of a sophisticated connection point and zone substation load demand 

forecasting model for Aurora Energy.  The model incorporated weather correction as 

well as adjustments for permanent transfers, major block loads, embedded generation 

and demand side management initiatives.  

 A review of the Independent Market Operator’s (IMO) energy and maximum demand 

forecasting methodologies for the SWIS in Western Australia.   

 A review of Ergon Energy’s spatial maximum demand forecasting methodology 

 Comprehensive reviews of Ergon Energy’s and Energex’s system demand forecasting 

methodologies, identifying deficiencies and weaknesses in the existing methodologies 

and developing methodological improvements consistent with best practice. 

 Advising Aurora Energy on their energy consumption and load demand forecasting 

methodology as part of their pricing submission to the AER.   

 Development of energy consumption forecasts for six customer classes, constructing an 

econometric model that incorporated the key drivers, including economic, demographic 

and weather variables for Aurora Energy 

 Development of a comprehensive model of water demand for SA Water.   The model is 

econometrically driven and generates water demand forecasts by sector for South 

Australia after estimating suitable relationships between water use and its key drivers. 

 A project for the Australian Energy Regulator reviewing the electricity demand, energy 

sales and customer numbers forecasts of the five Victorian electricity distribution 

businesses submitted as part of the latest regulatory pricing review.  He critically 

assessed the forecast input assumptions, the soundness of the forecasting 

methodologies employed and the reasonableness of the forecast outputs. 

 Development of a simulation model of electricity peak demand and energy for the South 

East Queensland region for Energex.  The model allows for the analysis of the impact of 

changes in carbon emissions policies, MRET, electricity prices, trends in appliance 

energy efficiency and market penetration of various appliances to estimate the impact on 

both peak summer and winter load and annual energy sales.  The model also considers 

the impact of demand side management initiatives and assesses the likely impact of 

changes in building efficiency standards, photovoltaic cells and solar hot water systems.   
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 Creation of a suite of Excel based simulation models that enable the user to analyse the 

economics of a range of gas network reticulation options for the WA Office of Energy.  

Options analysed included the development of Greenfield/Brownfield LNG and LPG 

reticulation options, and the extension of a natural gas pipeline.  Capital and operating 

costs for each of the reticulation options were constructed based on a range of 

assumptions and the models were solved for a customer per unit gas price that 

generated a predetermined rate of return to the service provider. 

 Provision of advice to Powerlink in Queensland on their load forecasting methodology 

with a particular focus on their approach to weather normalisation. 

 Econometric analysis and modelling of residential electricity demand for the Australian 

Greenhouse Office 

 An economic model benchmarking the returns and costs of racing animal ownership in 

Western Australia (2007) 

 An econometric model of the determinants of Australian house prices on behalf of the 

Housing Industry Association of Australia (2006) 

 An econometric analysis of the effects of mass media anti-smoking advertising 

expenditure and other relevant factors on smoking prevalence and tobacco consumption 

(2007) 

Jim holds a Master of Economics degree from Monash University, specialising in 

econometrics, a Bachelor of Economics degree with Honours, and a Graduate Diploma of 

Applied Finance and Investment. 
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