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ABSTRACT 

 
It has been commonly recognised that incentive regulation provides strong incentives 
for cost reduction. However, the incentives for cost reduction may lead to degradation 
of service quality. Quality of service is becoming regulated; service quality incentive 
schemes, service quality targets, guaranteed service level, and information disclosure 
are the most popular forms of service quality regulation. However, little empirical 
research has been done in relation to the impact of service quality regulation on the 
quality of service.  

The primary objective of this study is to understand the development of service 
quality regulation schemes in the electricity distribution network. The second 
objective is to examine how the regulation of quality of service has been structured 
and applied to electricity distribution networks, primarily in the UK where the 
application of incentive mechanisms is most advanced, and also to evaluate the 
effectiveness of the service quality incentive scheme in that country. The third 
objective is to investigate the effectiveness of the service quality targets regime under 
targeted control regime in New Zealand and to explore the scope for improvement.  

A theoretical model of quality choice under incentive regulation is formulated in order 
to develop testable hypotheses regarding the expected signs of regression coefficients. 
Two empirical studies are undertaken to provide empirical evidence: one analyses the 
effectiveness of the service quality incentive scheme in electricity distribution 
networks in the UK; the other examines the impact of service quality standards on the 
actual quality of service in electricity distribution networks in New Zealand. The 
econometric analysis uses panel data.   

Empirical results are as follows:  (1) There is strong evidence to support the 
hypothesis that the information and incentive project (IIP) in the UK has had a 
statistically significant effect on service quality. (2) There is evidence that outage 
duration has been affected by regulatory regimes in New Zealand. However, there is 
no conclusive evidence that the interruption frequency has been reduced.  
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1.  INTRODUCTION   

 

This chapter introduces the background, objectives and research questions, presents 

the research methods, and displays the outline of the thesis.    

1.1. Background 

 

This section presents power sector reform, describes network regulation and 

demonstrates the network quality problem.  

1.1.1. Power Sector Reform 

 

In the last twenty-odd years, infrastructure sectors all over the world have undergone 

a deep transformation. Competition was introduced in many sectors under 

restructuring, such as telecommunications, electricity, natural gas, and railroads. 

Starting with deregulation in the United States and deregulation and privatisation in 

the United Kingdom, the movement quickly spread to other countries in Latin 

American, Africa, Asia, Australia and New Zealand during the late 1980s and 1990s 

(Joskow, 2006a; Pardia, Rapi et al., 2008). However, competition is not feasible in all 

segments of the power sector. Transmission and distribution are sectors characterised 

by large sunk investments, a large share of fixed costs, and economies of scale and 

scope. In these sectors, which are natural monopolies (Panzar, 1989), it is more 
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efficient to have one service provider than two or more. The natural monopoly 

character of these networks implies that transmission and distribution functions 

cannot yet be supplied in competition.  

1.1.2.  Network Regulation 

 

The natural monopoly of electricity distribution networks would suggest that they will 

have strong incentives to reduce quantities and raise prices, lowering the level of 

welfare in society. This market failure justifies the need for imposing certain 

restrictions on the behaviour of the firm through direct or indirect regulation of prices 

and service conditions.  

Rate of return regulation has been a historical method of regulating the prices of U.S. 

utilities for many years. A monopoly firm could set prices equal to efficient cost plus 

a rate of return on capital. Accordingly, price enables the firm to recover its costs.  

Ideally, rate of return regulation increases allocative efficiency, as prices are set to 

reflect the costs of production; this reduces the risk of the business not being able to 

finance its operations, as it is more likely to recover its incurred costs. When the 

regulator is able to obtain sufficiently accurate and detailed information about costs 

and future demand, rate of return regulation can, in principle, allow the regulator to 

set close to efficient tariff structures. However, this view is not supported in practice. 
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For instance, Vector Ltd. and Powerco Ltd. indicated that two important factors need 

to be considered when making this point: first, the potential regulatory lag in adjusting 

prices to reflect costs may mean allocative inefficiency in the short term, and secondly, 

prices will reflect costs that are unlikely to be productively efficient (CCNZ, 2006).  

In addition, rate of return regulation has a disadvantage regarding incentives for 

productive and dynamic efficiency. As rate of return allows the pass-through of costs, 

the business has few financial incentives to reduce operating costs to efficient levels. 

Given that prices track costs, any cost reducing activity would result in subsequent 

price reductions. Since the business does not bear the risk of having high costs, and no 

excessive profits left to the firm or the managers even if the cost is reduced, it has no 

incentive to minimise costs. This particularly affects the incentive of reducing costs 

by requiring more managerial effort from the managers.  

Another disadvantage of rate of return regulation is that it encourages over-investment. 

If the allowable rate is set too high, it encourages the adoption of an inefficiently high 

capital-labour ratio called the Averch-Johnson effect (Averch and Johnson, 1962). 

Averch and Johnson (1962) developed a model to illustrate that the rate of return 

regulation creates an incentive to over-invest in tangible assets. The key aspect of the 

regulation is that the rate of return the firm can earn on capital is restricted to a 

value ’v’. The return has to be equivalent to, or be greater than, the firm’s cost of 
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capital ’r’ in order to finance its operations and secure funds for its investments. 

However, since the regulator does not know the firm’s exact cost of capital, v>r is 

assumed in Averch and Johnson’s model. Because of v>r, there is an incentive for the 

firm to over-invest in capital to earn higher absolute values of profit. This implies that 

the input choice chosen by the firm subject to rate of return regulation will not be one 

of cost minimising.  

There is some empirical evidence that corroborates the concern of over investment 

under rate-of –return regulation. Courville (1974) presents evidence on the existence 

of the "A-J effect" by investigating a cross section of electric power plants. The 

Averch-Johnson proposition is strongly confirmed. In Spann (1974), a test of the 

Averch-Johnson thesis using the trans-log production function is derived. The test is 

applied to data from regulated electric utilities and the Averch-Johnson thesis is 

confirmed. 

In comparison to rate of return regulation, incentive regulation seeks to strengthen 

cost reducing incentives faced by the regulated business by setting prices or revenue 

caps ex ante, which apply regardless of actual costs ex post. Price cap and revenue 

cap regulation are the main incentive regimes applied worldwide. In Australia, a 

weighted average price cap has been applied in the Australian Capital Territory, New 

South Wales, Queensland, South Australia and Victoria. In the US, 11 electric utilities 
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operated under price cap regulation and one under a revenue cap regulation in 2000 

(Sappington et al., 2001). Electricity distribution networks were also subject to a 

weighted average price cap regulation in New Zealand for the regulatory periods 

2004-2009, 2009-2010 (New Zealand Gazette, 2004; 2009), also to be applied for the 

regulatory period 2010-2015 (CCNZ, 2009b). 

Price cap regulation was designed and applied to the telecommunications industry in 

the UK in the 1980s by economist Stephen Littlechild. Under price cap regulation, the 

CPI-X or RPI-X1 constraint in the price cap formula prevents the firm from exercising 

market power. The price control system takes the rate of inflation, measured by CPI 

or RPI, and subtracts expected efficiency savings X. It is intended to provide 

incentives for efficiency savings, as any savings above the predicted rate X can be 

passed on to shareholders, at least until the price caps are next reviewed, usually every 

four or five years, (Green and Pardina, 1999); a key part of the system is that the rate 

X is based not only on a firm's past performance, but also on the performance of other 

firms in the industry. 

Price cap regulation promotes both technical and dynamic efficiency. Firms are 

automatically rewarded with higher earnings when they reduce costs or expand 

demand. This encourages efficient behaviour between the reviews of the price control. 

                                                
1 CPI refers to Consumer Price Index; RPI refers to Retail Price Index; X is productivity factor. 
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Firms have flexibility to set prices for individual services based on forward-looking 

costs, although it is possible for individual prices to deviate from costs, particularly if 

the X factor is set incorrectly. In addition, firms have incentives to invest efficiently, 

because they must justify their investment on the profits they expect to earn from that 

investment. Price cap regulation can provide strong incentives for cost reductions and 

short-term innovation within the regulatory period.  

Compared to rate of return regulation, price cap proceedings are infrequent and less 

costly. Prices are usually set for a significant period of time. Between reviews, 

regulatory costs are low. Under rate of return regulation, rate proceedings are often 

lengthy and resource intensive. Traditional rate of return regulation involves frequent 

reviews of prices and costs, sometimes annual.  

Braeutigam and Panzar (1989) show that price cap regulation offers significant 

potential advantages. Incentives to misreport cost allocations and choose an 

inefficient technology simply disappear. However, it should be noted that price cap 

regulation in practice will not perform as well as it does in a static and complete 

information model. For example, they point out that the desirable efficiency 

properties of price cap regulation may not be easily realised under imperfect 

information; and it is questionable how the price cap can be adjusted over time to 
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adequately capture variations in factor prices, general price levels, technology, 

consumer tastes, and income.  

Compared to price cap regulation, revenue cap2 regulation has been recognised as 

worthy in the sense that less output risk needs to be borne by business. This may be 

appropriate in cases such as electricity distribution, where the quantity demanded is 

largely outside the control of the regulated firm, and where costs may be insensitive to 

short-term variations in the quantity demanded. Revenue caps tend to be more 

common for transmission than distribution. 

With price cap regulation, the regulator groups services into a goods or service basket 

and establishes a CPI – X or RPI –X constraint to the basket. This allows the operator 

to change prices within a basket as the operator sees fit as long as the average 

percentage change in prices for the services in the basket does not exceed the price 

cap constraint CPI-X or RPI-X for that basket. A weighted average price cap has been 

popular among regulators. Under this regulation, the prices of goods or services are 

weighted by base quantity. A monopoly firm has the flexibility for setting prices for 

each type of goods and services provided that the average price of the basket of 

services is within the cap previously determined by the regulator. 

                                                
2 In particular total revenue cap. Under total revenue cap regulation, a supplier’s total revenue is capped 

ex ante such that the revenue may be earned is specified.  
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The structure of revenue cap regulation is quite similar to that of price cap regulation. 

As with price cap regulation, the system uses ‘CPI-X’, or, in the United Kingdom 

‘RPI-X’, to establish a revenue cap constraint for service baskets. The level of 

revenue, instead of price, is adjusted by CPI-X or RPI-X.  

In accordance with the discussions above, the optimal regulatory mechanism will 

probably lie somewhere between these two extremes: rate of return regulation and 

price cap regulation (Joskow, 2006a). Laffont and Tirole (1986; 1993) point out that 

regulation can do better by offering a menu of cost-contingent regulatory contracts 

with different cost sharing provisions than if it offers only single profit sharing. This 

type of regulation has been applied recently in the UK to the capital expenditure in 

electricity distribution in 2005-2010 regulatory period (Ofgem, 2004a). Joskow 

(2006a) comments that this is the most direct and extensive application of Laffont and 

Tirole’s menu of cost-contingent contracts result. This application in the UK will be 

discussed in greater detail in Chapter 3.  

The basic idea behind menu regulation is that the regulator offers a menu of cost-

contingent contracts from which the regulated firm can choose. Joskow (2006a, p.27) 

states that: “The menu forces the firm to reveal its type ex post and allows for a better 

balance of efficiency and rent extraction than would a single linear incentive contract 
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designed ex ante based on the same information and subject to the same budget 

balance constraints.”  

1.2. The Network Quality Problem 

 

Under rate of return regulation, prices are determined to equate average costs with the 

imputed charge for capital and thus provide no incentives for cost minimisation. 

There is no incentive for the provision of service quality, but because rate of return 

regulation allows the utility to cover its operating and capital costs as well as a return 

on capital, the utility is indifferent about incurring monetary expenses for quality. To 

some extent, this leads to low productivity and inefficiently high quality levels in the 

electricity industry. Averch and Johnson (1962) point out that potential inefficiencies 

exist under rate of return regulation.  

Spence (1975) also supports this view and points out that rate of return regulation 

could be considered as a substitute for quality regulation as there is a tendency 

towards overcapitalisation if the fair rate of return is set higher than the firm’s cost of 

capital. This implies that it is likely that a tendency to oversupply quality under rate of 

return regulation exists.  
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Rate of return regulation provides incentives to oversupply capital, which results in a 

somewhat overly high quality of service level; while price cap regulation provides 

firms with an incentive to reduce quality of service to obtain more profit.  

Price cap regulation has been applied to many countries since it has been considered a 

more efficient regulatory regime. Firms can earn more through cost reduction so this 

regime provides strong incentives to reduce cost. However, both Spence (1975) and 

Sheshinski (1976) show that the monopoly firms always set quality of service too low 

under the fixed price regime. Introduction of price controls increases the output and 

decreases the quality produced by the monopoly.  

According to Tirole and Laffont (1993), there are two main reasons for this: (1) 

Higher quality comes with higher cost; (2) Electricity is an experienced good and the 

quantity purchased is inelastic. This leads to limited sales incentives in electricity 

networks.  

The U.S. electric industry has experienced market reform since the late 1980s. 

Utilities were originally vertically integrated over three primary segments: generation, 

transmission and distribution. State public utility commissions were in charge of the 

regulation of price to retail consumers. Rate of return regulation was applied where 

firms were allowed to receive a “fair rate of return” on investment and recover all 
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incurred costs. In the 1980s the generation sector was separated from distribution 

utilities, introducing competition to the generation sector. Formal power pools were 

arranged among many proximate electric power supplies to enhance reliability. A key 

concern of regulators is the distribution utilities, since they have retained their local 

monopoly. Concerns about quality also arise since many States began to replace rate 

of return regulation with incentive regulation. Ter-Martirosyan (2003) studies the 

impact of incentive regulation on the quality of service in the U.S. electric distribution 

sector by using electric outage indices as the measure of quality. The study is based 

on the unique panel data set on outage-related quality indexes. She analyses a pooled 

sample of 78 electricity firms from 23 States of the US during the period 1993-1999. 

Under Ter-Martirosyan’s (2003) analysis, incentive regulation results in degradation 

of quality, particularly when no precautions are taken to safeguard it. Also incentive 

regulation affects quality through its impact on the operations and maintenance 

expenses of firms.  

Therefore, it is necessary and common to apply quality control to prevent a material 

reduction in quality and one way is to simply apply quality targets. New Zealand has 

provided an example of a quality targets regime. An average of five years’ (1999-

2003) performance of System Average Durations of Interruptions Index (SAIDI) and 

System Average Frequency of Interruptions Index (SAIFI) for each electricity 
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distribution business were set as the targets for reliability of service quality for the 

regulatory period 2004-2009. Another popular approach is to apply a service quality 

incentive scheme. This ensures that a particular level of quality of service is defined 

and monitored and incentives are introduced so that these performance standards are 

met. The UK has applied service quality incentive schemes since 2002 in their 

electricity distribution networks. Financial rewards and penalties are linked to the 

price/revenue cap. The details of these approaches to quality of service regulation are 

discussed in Chapter 2. 

1.3. Research Objectives and Questions   

 

1.3.1. Scope and Definitions  

 

Before proceeding further, it is helpful to first define the scope of this research. The 

definition of service quality is also provided.  The scope of the research is described 

in Figure 1-1. 

Electricity is an essential part of modern life. It is used for lighting, running 

appliances and electronics, and for heating and cooling. Modern society is dependent 

on electricity; reliability of supply is in high demand. However, the characteristic of 

electricity being a highly complex product because it cannot be stored, makes the 

supply of the appropriate level of service quality more complicated.   
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In the supply of electricity, we usually consider four components: generation, 

transmission, distribution, and retailing. Electricity is delivered by the local utility 

through a network of existing transmission and distribution lines. Transmission lines 

are the large, high-voltage power lines that move electricity from power plants to 

substations and are often supported by tall metal towers. Smaller, lower voltage 

distribution lines move power from substations and transformers, and are often seen 

along residential streets supported by poles. Transmission and distribution are 

generally not competitive businesses because of their natural monopoly characteristics. 

The lines companies face little risk of losing customers if they provide poor quality 

service. One lines company in a local area is more cost efficient than two or more. 

This has been discussed at length in the past in relation to price control in the 

transmission and distribution sectors (Weyman-Jones 1990; Riechmann 2000; Gunn 

2002; Pollitt 2005). Nevertheless, substantially less attention has been paid to the 

quality dimension.  

 

 

 

 



Figure 1-1: The Scope of the Research 

 

 

The quality of the overall service is of course the resulting collective quality of the 

total supply system, including the generation, transmission, distribution and retailing 

of power. This thesis deals with quality regulatory issues related to the electricity 

networks and in particular to the distribution network.  

In general, three aspects of the definition of quality of service are addressed: network 

reliability, technical quality and customer service. Network reliability is the continuity 

of electricity supply through the network and is a key performance indicator.. It 

implies that sufficient capacity is required for the electricity to be delivered without 
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interruptions.. Technical quality generally covers a wide range of disturbances in 

power systems. It is determined mainly by the stability of the voltage waveform. 

Customer service quality relates to the nature and quality of service provided to 

electricity customers (e.g., the adequacy of call centre performance). It is related to 

individual agreements between the distribution business and its consumers. In this 

thesis we consider only network reliability as it is the most important aspect of 

network quality and is most directly within the control of the utilities. Another reason 

is that the data is usually available for network reliability. 

Various factors, both planned and unplanned, can impede network reliability. 

Investment decisions and planned maintenance are within the control of EDBs who 

can directly influence the severity of the majority of outages. If a network has 

inadequate maintenance or the level of service is near its capacity limits at times of 

peak demand, there may be ongoing reliability issues. However, it is generally 

recognised that there are some factors that are outside the control of the utilities, such 

as interruptions on the transmission grid, damage caused by birds, possums, vehicle 

impacts or vandalism and  extreme weather (such as bushfires or storms)3.  

                                                
3 However, one may argue that damage caused by birds and possums can be mitigated through network 

construction features; likewise vehicle impacts are less relevant if the network is undergrounded; 

networks can be designed to deal with storm events, and the response to uncontrollable events like 

storms is not itself uncontrollable.  
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Network reliability is usually measured by the number and duration of interruptions 

experienced by customers. SAIFI, SAIDI and Customer Average Interruption 

Duration Index (CAIDI) are the most common measures for network reliability. They 

are the main indices used in the majority of countries. Customer Interruptions (CI) is 

used in the United Kingdom instead of SAIFI. It is calculated in the same way as 

SAIFI but expressed as the number of interruptions per 100 customers per year. 

Customer Minutes Lost (CML), is used in the United Kingdom as a synonym for 

SAIDI. Australia and New Zealand use SAIDI, SAIFI and CAIDI.   

1.3.2.  Research Objectives  

 

As discussed above, it has been commonly recognised that incentive regulation 

provides strong incentives for cost reduction. However, the incentives for cost 

reduction may lead to degradation of service quality. Price cap regulation, among 

other incentive regulatory regimes, is perhaps the most widely discussed and 

significant innovation. It is now adopted in the regulation of infrastructure and utility 

industries in many countries. Generally, higher quality levels will come with higher 

cost levels. Price cap regulation will, indeed, give an incentive to reduce costs given a 

fixed price ceiling. However, the utility would not provide the appropriate quality of 

service level if there were no regulation of service quality. Braeutigam and Panzar 
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(1993) suggested “Price cap regulation is a classic case in which practice is far ahead 

of the theory.”  

It therefore becomes important to examine how regulatory regimes influence the 

quality of service of electricity utilities. Joskow (2006b) pointed out that it would be 

worthwhile to pursue more work on the performance of incentive regulation 

mechanisms on electricity distribution companies in quality of service dimensions. 

However, little empirical research has been done in relation to the impact of the 

incentive regulation on quality of service. Also little systematic study has been 

undertaken on quality of service regulation. 

This study provides an overview of the existing quality of service regulation and 

explores potential options. The primary objective is to understand the development of 

service quality regulation schemes in electricity distribution networks, and the second 

is to examine how the regulation of quality of service has been structured and applied 

to electricity distribution networks, primarily in the U.K. where the application of 

incentive mechanisms is most advanced, and to evaluate the effectiveness of their 

service quality incentive scheme. The third objective is to investigate the effectiveness 

of the New Zealand service quality targets regime and to explore the scope for 

improvement.  
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1.3.3. Research Questions 

 

 The research question asks: Are the service quality incentive schemes and quality 

standards regulations in electricity distribution networks effective or not in practice? 

As mentioned above, the UK has been applying a service quality incentive scheme for 

a long period. This provides an opportunity to undertake an empirical study on 

whether this service incentive scheme has been effective or not in the UK. 

New Zealand has been applying quality standards since 2004, before which only 

information disclosure regulation was applied to quality of service. This experience, 

therefore, also provides an opportunity to conduct a study on the effectiveness of 

service quality standards in New Zealand electricity distribution networks.  

In summary, the research questions expected to be answered by this thesis are:  

� Are the service quality incentive scheme and quality standards regulation in 

electricity distribution networks in practice effective or not in the United 

Kingdom and New Zealand respectively? 

� What could we do to improve the service quality of NZ electricity distribution 

networks? 
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1.4.  Research Methods   

 

In order to answer the research questions above, this thesis undertakes two empirical 

studies. One studies the effectiveness of the service quality incentive scheme in 

electricity distribution networks in the UK; the other studies the impact of the quality 

of service standards regime on quality of service in electricity distribution networks in 

New Zealand.  

The UK case study investigates the impact of the information and incentive project 

(IIP) on quality of service in the electricity distribution networks in the UK, 

controlling for other factors influencing the quality of service. It is expected that the 

IIP regulatory scheme should have a positive impact on quality of service, from a 

theoretical point of view.  

A case study on New Zealand electricity distribution networks will investigate the 

effectiveness of the quality standards control regime on the quality of service. As 

there are 29 line businesses in the distribution sector in New Zealand, it enables the 

study to apply panel data to analyse the impact of the different regulatory regimes on 

the quality of service. In this study, I hypothesise that the quality of service level is 

improved under the quality targets regime. This is the first systematic study to 

examine the impacts of the regulations on quality of service in the New Zealand 
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electricity distribution networks. The results from this study could provide policy 

suggestions for future consideration.  

1.5.  Outline of the Thesis 

 

Chapter 2 reviews the existing types of service quality regulation. Four such types of 

regulation have been classified: information disclosure, quality targets, guaranteed 

quality level and service quality incentive schemes. Optimal quality of service 

regulation is briefly discussed. A theoretical modelling of quality choice under 

incentive regulation is also conducted.  

Chapter 3 examines the impact of the information and incentive project (IIP) on 

quality of service in electricity distribution networks in the UK by applying a pooled 

model and an individual-specific-effects model. 

Chapter 4 investigates the effectiveness of the quality targets regime in the electricity 

distribution networks in New Zealand by applying a pooled model and an individual-

specific-effects model. 

Chapter 5 summarises the results from the studies for the UK and New Zealand, and 

provides recommendations for improving quality of service in electricity distribution 

networks in New Zealand. 
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2.  TYPES OF SERVICE QUALITY REGULATION  

2.1. Introduction  

 

This chapter provides an overview of international regulatory approaches to service 

quality. The objective is to understand the development of quality regulation and to 

highlight the differences and similarities between different types of regulation for 

quality of service. Issues noted for each type of quality of service regulation are also 

discussed.  A theoretical modelling is conducted for demonstrating the relationship 

between quality choice and incentive regulation.  

Reliability measures are introduced in Section 2. Three main indices, SAIDI, SAIFI 

and CAIDI, are described in detail. Section 3 discusses different types of quality of 

service regulation. Four main types of quality of service regulation are recognised: 

information disclosure, quality targets, guaranteed service levels and quality of 

service incentive schemes. Some examples from international experiences are 

provided with the discussion of each type of regulation. Section 4 provides a 

theoretical analysis, aiming to elaborate on the relationship between quality choice 

and incentive regulation. Conclusions are provided in Section 5.   
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2.2. Reliability Measures   

Reliability indices as measures of reliability will be discussed in detail in this section. 

As introduced in Chapter 1, SAIDI, SAIFI and CAIDI are the standard indices applied 

in many countries to measure reliability of service4. The popular way of calculating 

for each of these indices is provided below.  

SAIFI measures the average frequency of interruptions. It is the average number of 

times a customer’s supply is interrupted per year, computed by dividing the total 

number of customer interruptions in a year by the average number of customers 

served during the year: 

SAIFI= (Total customer interruptions)/ (number of customers served) 

This is expressed in interruptions per customer per year.  

SAIDI is computed by dividing the sum of all customer interruption durations by the 

number of customers served, according to the following formula: 

SAIDI= (Total customer-minutes interrupted)/ (number of customers served) 

This is expressed in minutes per customer per year. 

                                                
4 Momentary average interruption frequency index is another common index applied in some countries. 

In Australia it is calculated as the total number of momentary supply interruptions (of less than one 

minute duration) that a customer could expect, on average, to experience in a year.   
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CAIDI measures the average service restoration time of those customers interrupted 

during the year. It is computed by dividing the sum of customer interruption durations 

by the number of customers who experience interruptions: 

CAIDI= (Total customer-minutes interrupted)/ (Total customers interrupted) 

This is expressed in minutes per interruption. 

CAIDI can be derived from SAIDI and SAIFI if they are known. 

Three factors govern the number of measures to be selected for quality of service 

regulation: they should matter to customers, be responsive to predetermined 

regulatory needs and concerns, and adequately reflect the conditions of a company’s 

specific service area (customer population, topography, and other characteristics) 

(Holt, 2005). 

There are two main considerations for using these indices for the measurement of 

reliability. One reason is that they can be compared across different businesses with 

relative ease. Another is that frequency and duration of electric outages depend on 

investment in equipment and labour, and these investment decisions are most likely to 

be affected by the regime of regulation. 

However, definitions of outages, data reporting systems and audit systems are 

important to ensure that the data used in the regulation system are correct and do not 
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lead to unexpected  regulatory outcomes. Several issues should be noted even though 

the calculations for the above indices are quite similar in most countries. 

One issue is associated with the definition of an interruption. The Council of 

European Energy Regulator (CEER, 2009) has stated two different definitions of an 

interruption and the advantage associated with each definition, although in most 

practical cases the two definitions are equivalent:    

The first definition uses the voltage at the point of connection between the 

customer and the network. If the voltage magnitude is zero or close to zero, 

this is referred to as an interruption. The advantage of this definition is that 

it measures continuity from the customer’s perspective. 

The second definition uses the galvanic connection between the customer 

and the network. If there is no galvanic connection between the customer 

and the main part of the network, this is referred to as an interruption. The 

start and end of the interruption corresponds to the opening and closing of 

an interrupting device, like the opening of a circuit breaker or the closing 

of a load switch. This definition does not directly correspond to customer 

requirement, but it makes it much easier for the system operator to gather 

continuity data.   
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Another issue is in relation to the different requirements for an interruption to be 

recorded. In Australia, the momentary average interruption frequency index (MAIF) 

is also used. It is defined as the average number of momentary interruptions (of one 

minute or less) per customer per year. MAIF is used as part of quality incentive 

mechanisms (ESC, 2005). In New Zealand, the minimum length of an interruption to 

be recorded is one minute and there is no momentary interruption to be considered. In 

Spain, only short interruptions are monitored. No monitoring system is in place for 

transient interruptions. In Denmark, all interruptions lasting one minute or more are 

monitored. In Portugal, short interruptions are monitored and reported by the DSO but 

it is not obliged to do so according to the Quality of Service Code (CEER, 2009).  

It is well known that climate has a major effect on outages. In many countries, if an 

interruption is a result of a major weather event, this interruption is not included in the 

assessment of quality performance. If a business wants to normalise the performance 

data for the major weather event, standard guidance should be provided. However, the 

definition of a ‘major weather event’ varies considerably across businesses and 

countries. According to CEER (2009, p. 58), “the concept of exceptional events is 

commonly used, but it is applied with different designations and meanings.” For 

instance, severe weather events in the UK for electricity distribution are defined as 

weather events which cause 8 or more times the daily mean number of faults at higher 
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voltage in a 24-hour period. Moreover, exceptional events in the UK also include 

‘one-off’ exceptional events due to causes such as transmission faults and third-party 

damage (Ofgem, 2004a; 2004b). 

Though the system average indices like SAIDI, SAIFI, and CAIDI have been largely 

used in many countries, one main disadvantage is that any individual customer’s 

information, which is based on different areas (e.g., urban and rural areas), and 

different classes (e.g., business customers and residential customers), cannot be 

recognised accordingly, as only information for the ‘average customer’ is provided. 

This is because the weighting method here is based on the number of customers, and 

each customer is treated equally, independent of its size and consumption levels. In 

some countries, therefore, separate reporting based on different segments is required. 

As reported by CEER (2009), although some countries such as Hungary, Italy, 

Lithuania, the Netherlands, Norway, United Kingdom, Portugal, and Spain have 

undertaken on-site audits on continuity data provided by companies, still more than 

half of the surveyed countries have not conducted audits at all.  Desk-top audits are 

expected to be carried out to ensure the most correct data for statistics on the 

continuity of supply. Generally, both the data and the recording procedure should be 

audited. Finland, Romania and Sweden are expected to implement audit procedures in 

the near future.   
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2.3. Types of Quality of Service Regulation  

 

In electricity networks, quality is observed by consumers only after purchasing their 

electricity. If there is no regulation, the monopolist has limited incentive to supply 

quality unless there is the threat of jeopardising future sales (Laffont and Tirole, 1993). 

The provision of quality is then linked with the monopolist’s desire to keep its 

reputation and preserve future profits. In addition, rate of return regulation and 

incentive regulation provide more flexibility for investment in operations and 

infrastructure. Under rate of return, oversupply quality would occur if rate of return 

regulation encouraged excessive capital investments to improve service quality, 

regardless of the consumers’ willingness to pay. In contrast, the utilities might have a 

perverse incentive to reduce investments and outlays that promote higher service 

quality when subject to price cap regulation (Baldwin and Cave, 1999). 

Fraser (1994) shows that the associated quality level will be increased if the firm can 

pass a proportion of the cost increase on to consumers in the form of higher prices. 

Apparently this is the easiest way to improve quality of service. However, the line 

company can improve its quality of service only if the consumers are willing to pay 

the higher price. In fact, the consumer is only willing to pay if his incremental 

benefits from the increased quality are equal to or higher than the increase in price. In 
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other words, it is necessary to know the consumer demand. However, it is quite 

difficult in practice to measure consumer demand for quality.  

A more common approach in practice is to add some form of quality control on top of 

the price cap. Ter-Martirosyan (2010) demonstrates that incorporation of quality of 

service into the incentive regulation will be helpful to reduce the degradation of 

quality. Clements (2003) shows that binding quality standards with price cap 

regulation has a positive relationship with quality of service.  

The most commonly encountered mechanisms for regulating service quality in 

relation to reliability in practice are:  

� Information disclosure;  

� Quality targets; 

� Guaranteed service level schemes; and  

� Penalty and reward-based quality of service incentive schemes.  

2.3.1. Information Disclosure 

This approach does not aim to provide strong incentives to directly affect the quality 

of service performance. However, it provides a preliminary step for further 

comparative analysis by interested parties, particularly the consumers, or for annual 
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review by regulators, indirectly providing an effective way to make the utility take 

into consideration the views of other parties.  

 In the USA, Kaufmann (2007) reports that fourteen States have electricity-monitoring 

regimes. For quality of service control in New Zealand, all electricity distribution 

businesses have been subject to information disclosure since 1994. 

Weisman (2002; 2005) points out that the disclosure information will provide an 

incentive to increase investment in quality without distorting efficient investment in 

cost reducing efforts. Exposure to public criticism can motivate a network firm to 

consider consumers’ preferences for quality. This is based on the assumption that 

firms should care about their reputation or public image. In circumstances where the 

regulated firm is also operating in other competitive businesses, concern over quality 

in these competitive markets can spill over to the monopoly market. A bad reputation 

in the monopoly market may also have a negative effect on the competitive market, 

especially when the same consumers are served in both markets. 

However, the negative effects of information disclosure should be noted. If the firms 

in the networks do not know each other’s performance, they are aware that each 

performance will be evaluated based on their own individual historic performance. 

However, if performance information for each firm becomes common knowledge, 
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they can learn from each other’s experience – especially when poor quality of service 

was published without punishment – to help escape the blame. Those firms with better 

performance would likely not have any incentive to further improve their performance. 

In an even worse situation, they might collude. It is likely that information disclosure 

is a good starting point for improving quality of service, but in itself is not enough to 

provide incentives to improve quality of service in the long term. 

2.3.2. Quality Targets 

 

Another approach for heavier quality of service control is to combine information 

disclosure with a quality targets regime. After the assessment of the quality targets, 

some form of penalty could be applied if these targets are not met.  This penalty could 

be some ‘threat’ rather than financial penalty.  

Target settings are normally used to achieve minimum performance levels, or to 

maintain existing ones. In Australia, legislated service standards are designed to 

ensure that distribution businesses maintain appropriate levels of performance. In 

New Zealand, quality targets were set for the regulatory period of 2004-2009. The 

aim of this regime was to maintain the performance levels of SAIDI and SAIFI in the 

electricity distribution sector in New Zealand. 
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Usually this mechanism refers to overall standards. A minimum performance level is 

required at an aggregate level. In most cases the indices for the overall standards are 

SAIDI and SAIFI. In practice the standards could be applied based on regions or 

segments.   

One issue is the level of penalty. The level of financial penalty should provide 

sufficient incentive for the regulated utility to meet the performance standard, rather 

than ignore it. However, how much is enough is still a debate in practice, as an overly 

high penalty is equally unacceptable to the utility.  

Another issue associated with setting targets is the optimal level of the targets. Figure 

2-1 below displays the view of an optimal level of target from Baldwin and Cave 

(1999).  

Baldwin and Cave (1999, p. 253) provide a general concept of ‘optimal’ quality of 

service: 

As quality increases it becomes more expensive to raise it further; hence 

the marginal cost of quality improvement rises as quality rises. In 

contrast, as quality rises, the extra benefit consumers get from a further 

increase in quality declines. These two factors determine an optimal level 
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of quality, where marginal benefit (to the consumer) and marginal cost 

(to the utility company) are equal. 

Figure 2-1: Optimal Quality of Service Level 

Marginal Quality 

Costs and WTP

Marginal 
Quality Costs

Marginal WTP
for Quality

QualityOptimal

Quality
0

 

Ajodhia and Hakvoort (2005) also agree that the optimal quality level implies that the 

marginal costs of q and consumer willingness to pay (WTP) for quality should be in 

balance. They demonstrate the concept in Figure 2-2 below. The marginal costs and 

marginal WTP are assumed to be a function of quality only, and quality is a one-

dimensional attribute supplied uniformly to consumers. The point at which marginal 

costs and marginal WTP for quality equal each other is the optimal quality level. If 

the actual quality level is not at this point, this results in a welfare loss, since 

consumers are either receiving and paying for a level of quality higher than they 
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require, or for a lower level of quality the raising of which they would be willing to 

pay for.  

Figure 2-2: Concept of Optimal Quality (Figure 2 in Ajohia and Hakvoort, 2005) 
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However, each customer’s willingness to pay for each dimension of quality is not 

necessarily the same, and the marginal cost for different segments might be different. 

Typically, the cost of providing rural customers with the same level of service as for 

urban customers is relatively higher. Moreover, any optimal quality of service level is 

subject to change over time because of changes in the customer’s willingness to pay, 

and also in technological improvements leading to costs in providing quality. Thus, a 

dynamic consideration should be accommodated for the duration of a price cap plan, 
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that is, the optimal quality standards need to be adjusted over time (Williamson, 2001; 

Holt, 2005).  

Ajodhia and Hakvoort (2005) argue that as firms become more efficient under price 

cap regulation, they require less cost to deliver the same level of quality, or 

alternatively, they can produce higher quality at the same level of costs. An efficiency 

increase results in lower marginal quality costs and, consequently, in an upward shift 

of the optimal quality level. This dynamic behaviour between the utility and the 

consumer is demonstrated in Figure 2-3 below. 

Figure 2-3: Dynamics of Optimal Quality Regulations (Figure 3 in Ajodhia and 

Hakvoort, 2005) 
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2.3.3. Guaranteed Service Levels  

 

Many regulators have adopted guaranteed service levels (GSL) schemes. The most 

important characteristic of this regime is that the individual consumer can be 

recognised, and therefore the worst-served consumers could also be treated fairly; if 

the guaranteed service levels are not met for any single consumer, compensation will 

be made to that consumer. 

Between 1990 and 2000, quality of service in Great Britain was regulated through 

guaranteed standards of performance, which entitle consumers to compensation if the 

firms breach them, and overall standards, which refer to system-level performance. 

One of the guaranteed standards of service in the UK is that service must be restored 

within 18 hours of an interruption. The payments for supply failures of over 18 hours 

are £50 for domestic clients and £100 for non-domestic clients; £25 is added to this 

amount for each further 12-hour period. In 1997/1998, a total of 15,355 guaranteed 

standards payments and 30,791 ex gratia payments were made for inadequate 

restoration involving a total payment of £3,370,134 (Allan and Billington, 2000).  

In the Netherlands, if a customer faces an outage caused by a failure in the networks 

company to which he is connected and it lasts more than four hours, he is entitled to a 
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compensation payment. Table 2-1 provides the compensation payments schedule in 

the Netherlands.   

Table 2-1: Compensation payments in case of an outage of more than four hours 

in Netherlands (Dutch Grid Code, art. 6.3) 

 
Source: AJODHIA V. et al, 2006, Experience with Regulation of Network Quality in Italy, the UK and 

the Netherlands, Electrical Power Quality and Utilisation, Magazine, Vol. II, No. 1. P3-9 

 

Other countries that have also adopted GSL schemes include Australia, Great Britain, 

Hungary, Italy, Norway, the Philippines, Portugal, Sweden and the USA (several 

States). 

2.3.4. Quality of Service Incentive Scheme 

 

Increasingly common around the world, service quality incentive schemes have been 

adopted in Argentina, Australia (South Australia, Tasmania and Victoria), Chile, 

Columbia, Great Britain, Hungary, Ireland, Italy, Norway, the Philippines, Portugal, 

Category of customers  Compensation Payments  

Households and small 
commercial customers  

EUR 35   

  
  Large commercial 

customers/Small industry 
EUR 910   

    Large industry   EUR 0.35 per contracted kW (max. 
91,000 EURO)   
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Sweden, and the USA. The main characteristic of the scheme is that both penalty and 

rewards are considered in quality control.  

In most cases, the rewards and the penalty are linked to the revenue/price cap. The 

service incentive is incorporated into the price/revenue control formulae in the form 

of CPI-X+S or into the productivity analysis for the X-factor. Therefore, under 

service incentive schemes, quality and price control are jointly considered through the 

revenue/price cap. This is not possible under the other mechanisms discussed 

previously, where quality is controlled separately from the price path.   

An example of a service incentive scheme is presented by the Massachusetts 

Department of Telecommunications and Energy (DTE). The DTE has developed and 

applied a service quality incentives mechanism to electric distribution companies 

under its jurisdiction (DTE, 2001). The service quality incentives mechanism is 

demonstrated in Figure 2-4.   

In the UK, the current service incentive scheme, which has been in operation since 

April, 2002 (i.e., the IIP), links the quality performance of Distribution Network 

Operators (DNOs) to the allowed revenue. It consists of mechanisms that (i) penalise 

utilities for not meeting their targets, (ii) reward utilities that exceed targets, and (iii) 

reward frontier performance by guaranteeing less strict standards for the next control 



38 

period (Office of Gas and Electricity Markets 2001b; Office of Gas and Electricity 

Markets 2001c). 

Figure 2-4: Rewards and Penalties under Mass. Electric’s SQ Plan 
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Source: Massachusetts Electric Company (Figure 11, Joskow, 2006) 

Jamasb and Pollitt (2007) conclude that in the UK the use of performance targets, 

combined with a penalty and reward incentive system, has improved the quality of 

service in distribution utilities by looking at the trends of the CI and CML. Figure 2-5 

and Figure 2-6 below are taken from Jamasb and Pollitt (2007). They show that 

overall the trends in quality measures indicate improvements under incentive 

regulation. Jamasb and Pollitt (2007) mention that some variations from one year to 

another can be caused by measurement errors and weather conditions. 
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Figure 2-5: Average Number of Interruptions per 100 Customers per Year 

 

 

Source: Ofgem 

 

Another example is from Australia, where the Australian Energy Regulator (AER) is 

responsible for the regulation of distribution networks5. The AER published in 2009 

details of a national service target performance incentive scheme that will apply, over 

time, to all distribution networks (AER, 2009). There are thirteen major electricity 

distribution networks in the National Electricity Market (NEM). Realising that cost 

savings might be achieved at the expense of network performance under incentive 

regulation, some jurisdictions have applied financial incentive schemes for 

distribution businesses to maintain and improve service performance over time. The 

                                                
5 AER is not currently responsible for the regulation of all distribution networks in Australia (i.e., not 

Western Australia and Northern Territory). 



40 

Essential Services Commission (ESC), the regulator for Victoria, Australia, has 

applied a service incentive scheme for the regulatory period 2006-2010 (ESC, 2006)6.  

Figure 2-6: Average Number of Minutes Lost per Connected Customer per Year 

 

 

Source: Ofgem 

 

For the 2006-2010 price control period, a S-factor is incorporated into the price 

control formula by ESC in the form of (1+CPI)(1-X)S. The idea is that if a distributor 

provides an average level of reliability above the target levels, its distribution revenue 

will rise in subsequent years. If reliability is worse than the target levels, the revenue 

will fall. This scheme focuses on the long-term systemic changes in performance. The 

                                                
6 This scheme was prior to the AER taking over responsibility for Victoria. 
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main characteristic is that the S factor is based on distributors’ average performance 

(ESC, 2008).   

2.4. Modelling Quality Choice under Incentive Regulation   

In this section, a simple asymmetric information model of quality choice under price 

cap regulation is presented. The purpose of the quality choice modelling in this thesis 

is not to give a detailed analysis of actual incentive schemes used in regulation but 

rather to shed some light on current practice and lead to ideas on the expected signs of 

coefficients in the study in Chapter 3.  

2.4.1. Model Description 

 

A simplifying frame work is needed to analyse what the effect of the variables of 

regulator parameters on quality choices. A procurement style model has been chosen 

because it is the best useful approximation given inelasticity of electricity demand. 

Let quality of service be q. Social benefit of quality is the sum of consumer surplus S 

and vq. Parameter v is the marginal utility of quality. Operating cost is a function of 

unobservable firm cost-reducing effort e, exogenous costs parameters β and quality 

levels q. Let Ψ(e) be increasing convex ‘effort costs’. 
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The exogenously determined cost level β is a function of observed vector of cost-

influencing variables x, observed level of firm capital stock K and unobservable firm-

specific cost parameter θ.  

Suppose the operating cost is 2q
e

β
.  Let t(x) be the fixed-priced transfer payment. Let 

quality incentive payment be I(q). Denote firm profit by π. 

2.4.2. Firm Optimisation Problem 

 

The optimisation problem facing the distribution company is to maximise the profits 

by choosing q and e. Let δ ∈ [0, 1] indicate the extent to which the quality incentive 

scheme is in operation. Assume first order condition hold with equality. Assume 

q=qmin quality constraint in the absence of quality incentive scheme, and δ=0 in this 

case.  

(2.1) 

The first order conditions are: 
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The comparative statics methodology tells us an economic model determines the 
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Theorem, these functions can also be differentiated to determine the effect of changes. 

Take the total differential of the first order conditions to obtain the Comparative 

Statics Matrix Equation for the model: 

 

 

 

Using comparative statics analysis rule to obtain qualitative comparative statics 

results: q-incentives 

To analyse the effect of the incentive scheme, increase δ from 0 to 1. Differentiating 

the FONCs with respect to δ yields two linear equations in two unknowns.  

 

 

Solve this system using Cramer’s Rule. The sign of the denominator is positive 

because of Second Order Sufficient Conditions for optimisation. 
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Using comparative statics analysis Rule to obtain qualitative comparative statics 

results: exogenous costs (β) 
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The expected sign of the coefficient of particular exogenous variables depends on 

their expected impact on costs: 
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Thus, increases in exogenous cost lower quality and effort. 

As assumed above, let operating cost be   

e

q
OC

2β
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The effects on operating cost must be derived: 
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According to the above equation, the introduction of q-incentives increases q which 

tends to raise costs; however, the increase in q-incentive increases e, which tends to 

reduce operating costs. Therefore, it is harder to determine the sign for the impact of 

the q-incentive on operating cost, based on the combined effects mentioned above. 
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One can observe from equation (9) that cost increases decrease q which tends to lower 

costs as 
β∂

∂q
<0; increases in cost parameter decrease e which tends to increase costs 

as (
β∂

∂
−

e
)>0; increases in cost increase costs directly. Thus, the increases in 

exogenous cost parameters increase operating cost. 

2.5.  Conclusions  

Different types of quality of service regulation have different characteristics, as 

presented in Table 2-2. All the regulation types, except Information Disclosure, need 

a target to be set first. Penalty levels are required for the GSL and the Service 

Incentive scheme, and are optional for the Quality Targets scheme. Rewards are 

applied only to the Service Incentive scheme. 

In practice, regulators do not restrict themselves to a single instrument for regulating 

network quality, and indeed usually adopt a combination of them. There is a trend 
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towards multiple instruments. Although it is not unusual to have only an information 

disclosure regime, in practice it is more common to combine information disclosure 

with other service control regimes. Table 2-3 provides the service quality regulation 

applied in several countries. 

Table 2-2: Main Components of Quality of Service Regulation 

 

Table 2-3: The Application of Quality Regulation in Some Countries 

 

                

Countries  Information 
Disclosure  

Quality targets   Guaranteed 
Service Levels   

Service  Incentive 
Scheme 

  

        UK   Y  Y  Y  Y  

        Australia  Y Y  Y  Y  

        New Zealand  Y Y  N  N  

        Italy  Y Y  Y  Y  

        Netherland    s  Y Y  Y  Y  

        
         

Regulation Types   Targets setting  Penalty  Rewards 

        Information Disclosure   N N N 

        Quality Targets  Y Optional  N 

        Guaranteed Service level   Y Y N 

        Service Incentive 
Scheme  Y Y Y 
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Data consistency is a main concern for any type of service quality regulation. As 

discussed in the previous subsection regarding reliability indices, different definitions 

of outages, and the absence of auditing are quite common problems which lead to 

inaccuracy and inconsistency of the data reported. Inadequate data may result in 

inappropriate levels of target setting, and may also lead to misleading performance 

comparisons. Therefore, appropriate regulatory guidance or rule for reporting is very 

important for implementing an effective regulatory regime. 

As discussed in the previous section, some serious issues are associated with each 

type of service quality regulation when considering quality of service. Could it be 

possible to apply an optimal quality of service regulation?  

Laffont and Tirole (1986) and Lewis and Sappington (1991; 1992) analyse the impact 

of incentive regulation on the quality choice of the regulated firm by applying 

principal-agent theory to the regulatory framework and addressing the differences 

between verifiable and unverifiable quality. An important result from Lewis and 

Sappington (1992) is that the buyer can better motivate the supplier by designing the 

optimal contract, when quality is verifiable and the buyer has all the bargaining power. 

Laffont and Tirole (1993) demonstrate that the regulation of verifiable quality is 

equivalent to the regulation of a multi-product firm, if the level of quality of a given 

product is treated as a quantity of another fictitious product.  
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Ter-Martirosyan (2003) designed a model based on Laffont and Tirole (1993, pp. 227-

231) to study the impact of incentive regulation on the quality of service in the 

electricity industry. She makes an assumption that by the end of the first period the 

regulator can issue a penalty to a firm for breaching quality standards, if the quality is 

verifiable. Ter-Martirosyan (2003) shows quality increasing with the presence of a 

fine and decreasing with the power of the incentive scheme. According to her model, 

in order to reach the same level of quality, a more severe punishment must be used if 

the regulator chooses a more powerful contract. If more than one quality dimension is 

considered, and the dimensions are complementary, increasing the contractual 

punishment for shortfalls in one quality dimension will induce a higher level of care 

for the other dimension. For multiple periods, the firm’s investment in quality 

increases with the power of the incentive contract in the subsequent period. Moreover, 

even though Ter-Martirosyan (2003) does not study the socially optimal quality level, 

she points out that optimal results cannot be achieved by offering the regulated firm a 

menu of contracts if demand is inelastic, in which case quantity is not a good estimate 

for the quality level.  

Although it seems possible in theory, it is difficult to define and implement an optimal 

quality of service regulation scheme in practice. The big challenge is to gather 
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information about consumer demand for quality and to demonstrate the relationship 

between cost and that quality. 

The theoretical modelling in Section 4 tells us that under incentive regulation, quality-

incentive has a positive impact on quality and efforts. For the exogenous variables, 

whether the impact is positive or negative depends on their expected impact on 

exogenous costs; the exogenous costs have negative impact on quality and effort 

levels.  

The impact of the quality-incentive on operating cost is difficult to say. It is 

determined by the combined effects of quality and effort levels. The introduction of 

the q-incentive increases quality and effort. The increase in quality tends to raise costs; 

however, the increase in effort tends to reduce operating costs.  
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3. THE IMPACT OF THE SERVICE INCENTIVE SCHEME ON 

QUALITY OF SERVICE IN THE UNITED KINGDOM  

3.1.  Introduction  

 

This chapter investigates the impact of service incentive schemes on quality of service 

in the electricity distribution networks in the UK, controlling for other factors 

influencing the quality of service. The service incentive regulatory schemes should 

have a positive impact on quality of service from a theoretical point of view.  

3.1.1. Background 

 

Price cap regulation is widely used to regulate the electricity distribution networks, as 

this has been commonly recognised as providing strong incentives for cost reduction. 

Nevertheless, it has been noted that regulated firms have the potential incentive for 

providing an inappropriate level of service quality, since higher quality of service is 

more costly. A set of quality of service incentive mechanisms have therefore been 

applied in practice, to act as add-on schemes to price cap regulation. 

Price cap regulation has been applied in the electricity distribution networks in the 

UK since 1990, accompanied by the Standards of Performance scheme since 1991. A 

company must pay affected customers if it fails to meet the required level of service 

quality. However, the overall level of that service quality was not linked to allowed 
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revenue. In contrast, the IIP, which links the overall level of the quality of service to 

the allowed revenue, has been in operation since April 2002. Both penalty and 

rewards mechanisms are emphasised in the IIP. 

CI and CML are normally used to represent the overall quality of service of the 

networks. Figure 3-1 and Figure 3-2 show that overall there have been improvements 

in CI and CML since 2002.  

Figure 3-1: Trends in GB Performance 2001/02 to 2008/09: Total and Excluding 

Major Storms (CI) 

 

Source: Ofgem. 
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Figure 3-2: Trends in GB Performance 2001/02 to 2008/09: Total and Excluding 

Major Storms (CML) 

 

Source: Ofgem 

3.1.1. Chapter Outline 

 

The next two sections describe price regulation and quality of service regulation 

respectively as applied to the electricity distribution networks for the period from 

April, 2005 to March, 2010 in the UK. The estimation of the service quality 

determinants using 1992-2007 panel data is modelled in section 4. Section 5 

summarises the results.  
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3.2.  The Price Cap Mechanism in the UK 

 

There are fourteen licensed DNOs of electricity distribution networks in the UK. They 

deliver electricity from points of interconnection with the high voltage transmission 

network to points of interconnection with final consumers.  

The Office of Gas and Electricity Markets (Ofgem) is the industry regulator that 

ensures DNOs can earn a fair return after capital and operating costs whilst limiting  

costs passed on to customers, by administering a price control regime, as the fourteen 

DNOs are regional natural monopolies.  

The distribution companies have been regulated using a price cap based on the RPI-X 

formula. Here, RPI is a retail price index and X is a productivity factor. The values for 

initial revenue P0, X and RPI are established for a five-year period based on a price 

control review. The starting price (i.e., P0) and X factor are two important elements of 

the price cap mechanism. 

Price control sets the total revenues that each DNO can collect from customers at a 

level that allows an efficient business to finance their activities while delivering 

required outputs. Incentives are also placed on DNOs to innovate and find new ways 

to improve their efficiency and quality of service. The objective is to choose X and P0 

so as to make the present discounted values of revenues over the five-year period be 
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equal to the present discounted value of the total operating and capital-related charges 

that have been allowed for each distribution company for that five-year review period. 

The previous price control period runs from 1 April, 2005 to 31 March, 2010.  The 

revenue allowance for 2005-2010 is displayed in the second column of Table 3-1. In 

total, £3 billion is allowed over the years 2005-2010. 

How to strike a balance between immediate price decrease/increase (so-called ‘P0’ 

adjustment) in the first year of the price control, and the path of prices over the 

remaining years of the price control (X), is a debate in practice. Based on the 

considerations of the long-term trend of prices and the financial profile of companies, 

more weight is put on the P0 adjustment as X is set to 07 by Ofgem, which implies 

that the price path is constant in real terms. The P0 set for each DNO is displayed in 

the second column in Table 3-1, which is the price change in April, 2005. On average 

the starting price is allowed to increase by 1.3%. In subsequent years, the price will be 

allowed to increase in line with inflation as X=0.   

                                                
7 In practice, X could be positive or negative. Joskow (2006) provides an example to describe this: 

“The ultimate value of X depends on both the target efficiency improvements  in operating costs and 

the forecast carrying charges on the existing RAV plus the carrying charges on allowed levels for 

future investments over the 5-year price control period. So, for example, real operating costs may be 

targeted to fall over time, implying a value of X in the RPI-X formula of say 1.5% per year. However, 

if capital-related costs are forecast to increase the period would be negative (yielding trajectory of 

increasing real prices) since capital–related charges including taxes are typically about double the 

allowed operating costs for a UK electric distribution company.” 
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Table 3-1: UK Electricity Distribution Revenue Allowances and P0 2005-2010 

 
Note: The above revenues exclude allowances for Innovation Funding Incentive (IFI); the P0 figures include IFI; for 

comparability, EDF-SPN is shown on the basis of X=0. Actual P0 will be 3.0%, with RPI+2; the figures for Capex include 

investment to improve quality and exclude capitalised faults and pension deficit costs. 

Source: Ofgem.  

Capital expenditure (Capex) in general refers to investment in network assets 

(whether to handle increased load or to replace old assets or assets that are performing 

poorly). Operating cost (Opex) refers to the day-to-day operating costs of the network. 

The companies are allowed to keep a proportion of any cost savings from spending 

DNOs Revenue 
Allowances (£m)  

P0 (%)  Capex Allowances (£m)    

CN  -   Midlands   242  -2.9   501   

CN  -   East Midlands 246  -5.7   485   

United Utilities  224  8.0  466   

CE  -   NEDL 157  -3.7   277   

CE  -   YEDL 205  -9.2   371   

WPD  -   South West   179  1.5  283   

WPD  -   South Wales  146  6.2  186   

EDF  -   LPN  229  -2.4   452   

EDF  -   SPN  171  7.2  487   

EDF  -   EPN  291  -0.1   697   

SP Distribution  294  11.9 361   

SP Manweb 175  -5.9   404   

SSE  -   Hydro   170   3.9   204     

SSE  -   Southern 340   9.3   561     

Total  3067     5734    

Average     1.3      
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less than the Capex allowance over a five-year period. Capital expenditure allowances 

for 2005-2010 are provided in the third column in Table 3-1. In total, £5.7 billion of 

investment is allowed over the years 2005-2010. 

Ofgem uses the sliding scale capital expenditure scheme. The operation of the sliding 

scale mechanism involves increases in Capex allowances, and changes to incentives 

and revenues. The basic idea is to link the savings incentive rate to the size of the 

Capex allowance and to provide a reward for companies with lower Capex projections. 

Ofgem also allocated a proportion of Capex amounting to £2.30 per customer per year 

for service quality improvement measures.  

Ofgem set operating cost benchmarks using a statistical regression technique called 

corrected ordinary least squares (COLS). The size of the network, considered the 

primary driver of DNO operating costs, is measured by network length, customer 

numbers and units distributed. These three factors are combined into a composite 

scale variable (CSV). Network length, customer numbers and units distributed have 

been weighted at 50%, 25% and 25% respectively. The COLS results are used to set 

the allowed Opex for each year. However, the operating cost benchmarking has not 

demonstrated a statistically significant link to quality. As a relatively small proportion 

of operating costs affects the quality measures, the Opex analysis has not been 

adjusted for quality of service (Ofgem, 2004b). Also, the companies are allowed to 
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keep any Opex underspend. Figure 3-3 presents the regression results using 2002-

2003 data for fourteen DNOs.   

Figure 3-3: UK Electricity Distribution Opex Base Regression using 2002/03 

Data for 14 Companies 

Source: Ofgem.  

3.3. Quality of Service Regulation  

 

In the UK, the regulator of the electricity distribution networks has developed a set of 

quality of service regulatory schemes since 1991 to encourage DNOs to deliver 

quality of service at the level that customers require. The regimes of service quality 

regulation include standards of performance (overall and guaranteed standards), the 

IIP, interruptions incentive, and discretionary reward schemes. 
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3.3.1. Standards of Performance  

 

Standards of performance were first set by the Director General of Electricity Supply 

in 1991, including guaranteed standards and overall standards. 

The guaranteed standards set service levels that must be met in each individual case. 

If the company fails to meet the level of service required, a payment must be made to 

the affected customer according to the list of penalties.  For example, all DNOs need 

to respond within three hours on a working day, 7am to 7pm, and within four hours on 

other days between, 9 am to 5pm. Otherwise a £20 penalty must be paid to customers. 

Currently there are twelve guaranteed standards for electricity distributors. 

Overall standards cover the areas of service for which it is not appropriate to give 

individual guarantees, but where in general the consumers have a right to expect the 

companies to deliver minimum levels of service. For example, all voltage faults need 

to be corrected within six hours, and the response to all customer letters needs to be 

made within five working days, etc. On April 19, 2002, the Gas and Electricity 

Markets Authority pursuant to its powers under Section 40A of the Electricity Act 

1989, determined standards of overall performance in connection with the activities of 

electricity distributors. The Authority directed that the overall standards be revoked 

effective 1 April, 2005. The main reasons were that it was difficult to provide clarity 
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to companies about the financial consequences of their performance and that the 

overall standards become unnecessary because of the IIP. 

3.3.2. Information and Incentive Project (IIP) 

The IIP came into operation in April, 2002. In this project, allowed revenue is linked 

to the overall level of the quality of service, which provides strong financial 

incentives to DNOs to improve the quality of service in three main areas: the number 

of interruptions to supply; the duration of interruptions to supply; and the quality of 

telephone service. It emphasises both penalty and rewards mechanisms.  

Table 3-2: UK Electricity Revenue Exposure to Quality of Service 2005-2010  

 

Incentive arrangement Revenue exposure 

Interruption incentive arrangement +/-3% 

Storm compensation arrangement -2% 

Other standards of performance Uncapped 

Quality of telephone response +0.05% to -0.25% 

Quality of telephone response in storm 
conditions 

0 initially +/- 0.25% for 3 years 

Discretionary reward scheme Up to + £1m 

Overall cap/total 4% on downside, no overall cap on 
upside 

 

Source: Ofgem. 
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In the Distribution Price Control Review 4 (DPCR4) in 2004 (Ofgem, 2004b), Ofgem 

set out the service incentive scheme, as can be seen in Table 3-3: the revenue exposed 

to the interruption incentive scheme, storm compensation arrangements, quality of 

telephone response, quality of telephone response in storm conditions and 

discretionary reward.    

The interruption incentive scheme has symmetric annual rewards and penalties (i.e., 

+/-3% revenue). The proportion of revenue exposed under the scheme is 1.2 per cent 

for CI and 1.8 per cent for CML. 

3.3.3. Interruption Incentive Scheme 

 

Under the interruption incentive scheme, which is part of the service incentive scheme 

package set out in DPCR4 for 2005-2010, the regulator sets the incentive rates for 

both CI and CML. If a company exceeds the targets, the reward can be calculated 

according to the following formula: 

The reward = (actual performance – target) × incentive rate 

The incentive rate linked to the revenue is calculated following the formula below:  

Incentive rate = IIP revenue / (final target – worst performance)  
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In addition, the CI and CML arising from transmission grid and other connected 

networks are weighted at 0% and 10% respectively in the incentive scheme. The 

planned CI and CML are weighted at 50%. The details are shown in Table 3-4.  

Table 3-3: UK Electricity Distribution Interruptions Included in the 

Interruption Incentive Scheme 

Source of CI/CML Weighting 

Unplanned CI& CML arising on the 
distribution network 

100% for CI and CML 

Pre-arranged CI&CML arising on the 
distribution network 

50% for CI and CML 

CI&CML arising from distributed 
generators 

100% weighting for CI and CML 

CI&CML arising from transmission and 
other connected networks 

0% weighting for CI  

10% weighting for CML 

  

Source: Ofgem. 

 

Targets and incentive rates are crucial to the incentive scheme. Ofgem has derived 

benchmarks to inform the 2005-2010 targets for CI.  These benchmarks were based 

on average performance at a disaggregated level across the companies and the make-

up of each network. Ofgem has assumed a 0.5% per annum improvement in the 

benchmarks for CI through to 2020 to reflect developments in technology and best 

practice. 
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Ofgem has calculated benchmarks to derive the 2010 targets for CML: the average 

performance across companies at low voltage, the upper quartile performance at high 

voltage, and an average of the companies’ own performance at EHV and 132 kV. 

All companies required to make improvements in CI and CML have been given an 

associated capital expenditure allowance. The allowance for improving CI was based 

on an assessment of the marginal costs of improvement, and that for reducing CML 

was based on a specified amount per fault (just over £200) multiplied by a benchmark 

level of faults for each company. 

There are three steps to deriving the incentive rate. The first is to calculate the starting 

position of each company. This would be calculated by taking the average 

performance of all companies over the period 1995/96 to 1999/00. The second is to 

derive a performance band for each company, which is the difference between the 

starting point and the final 2004/05 target. The last step is to derive the common 

performance band for all companies. The first incentive rates were set out for 2004/05 

onwards. Financial penalties only were imposed on firms for 2002 and 2003. 
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3.4.  Modelling       

3.4.1.  Introduction 

This section provides empirical evidence to support the hypothesis that the quality of 

service incentive scheme in the UK should have positive impact on the quality of 

service. The panel data used in this study were drawn from 14 distribution companies 

between 1992 and 2007.  

In theory, any incentive regulation which promotes cost efficiency could also provide 

incentive for reducing quality of service. Subsections 3.4.2 – 3.4.5 provide empirical 

modelling of the electricity distribution networks in the UK. Results are provided in 

subsection 3.4.6.  

3.4.2. Data 

The data set was obtained from the fourteen distribution line companies’ regulatory 

accounts, the Centre for the Study of Regulated Industries (CRI), and Ofgem in the 

UK.   
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3.4.3. Candidate Variables 

The candidate variables are introduced in Table 3-4. Among them, CI and CML are 

dependent variables8. The explanatory variables include capital stock (i.e., fixed asset 

level), customer density, energy density and underground share. It has been widely 

suggested that these variables have strong explanatory power for the quality of 

service (Ter-Martirosyan and Kwoaka 2010; Jamasb and Pollitt 2003; Giannakis, D. , 

Jamasb, T., and Pollitt, M. 2005). The explanatory variables are assumed exogenous. 

The degree of under-grounding of a network is within EDB control, but due to 

economic realities we do not consider these as such. It is generally not feasible to 

install underground networks or highly meshed networks in areas with low energy 

consumption, as this cannot be economically justified and is often simply 

unaffordable9 . A regulatory dummy RGD as one of the explanatory variables is 

included in the model to represent the operation of the IIP since 2002, which is equal 

to one when the utilities had the IIP in the given year, zero otherwise. The 

                                                
8 The quality of service includes three aspects: network reliability; technical quality and customer 

service. This study focuses on the network reliability, which usually includes the number of customers 

interrupted per 100 connected customers (CI) and the average customer minutes lost per connected 

customer (CML). 

9 The undergrounding may be mandated by local government regulations, and if such is the case, that 

would be another reason why undergrounding would be an exogenous variable. 
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interactions between the regulatory scheme and the other explanatory variables are 

also considered. After observing the scatter charts, a logarithmic specification was 

considered to be most appropriate, mainly because the relationships between the 

explanatory variables and the outage indices were unlikely to be linear in nature. The 

transformed variables are listed in Table 3-510.    

Incentive rates for CI and CML are also considered. When there is no incentive rate 

for the years before 2005, the incentive rate is treated as zero.  

Table 3-4: Definition of Variables 

 

Name Definition 

CI The number of customers interrupted per 100 connected 
customers 

CML Average customer minutes lost per connected customer 
VFAD Capital stock. Presented by net booked value of fixed 

asset/total length 
CSD Customer numbers/total length 

ENGD Energy delivered/total length 

RGD Information and Incentive Project, a regulatory scheme 
dummy, which indicates the financial penalty from 2002 
onwards. 

UDS Underground share 

IR_CI Incentive rate for CI 

IR_CML Incentive rate for CML 

TIME Time effect 

 

 

 

 

 

                                                
10 The explanatory variables mentioned later in this paper mean the transformed variables. 
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Table 3-5: Definitions of Transformed Variables 

 

 

 

Table 3-6: Correlation of the Variables 

 

CI CML VFAD CSD ENGD UDS RGD 
 
IR_CI 

 
IR_CML TIME 

CI 1.000 
      

  

 CML 0.83 1.000   

VFAD -0.341 -0.232 1.000 
    

  

 CSD -0.523 -0.506 0.609 1.000 
   

  

 ENGD -0.503 -0.466 0.597 0.952 1.000 
  

  

 UDS -0.65 -0.553 0.567 0.9 0.856 1.000   

RGD -0.196 -0.19 -0.32 0.083 0.168 0.062 1.000   

 IR_CI -0.256 -0.208 0.023 0.157 0.237 0.176 0.545 1.000  

IR_CML -0.244 -0.216 -0.017 0.139 0.210 0.150 0.569 0.986 1.000 

TIME -0.241 -0.28 -0.276 0.094 0.192 0.071 0.84 0.608 0.633 1.000 

 
 
  

Name  Definition 

LCI  log(CI) 

LCML  Log(CML)  

LVFAD  Log(VFAD) 

LENGD Log(ENGD) 

LCSD  Log(CSD) 

LUDS  Log(UDS)  

R_LVFAD RGD*LVFAD  

R_LENGD  RGD*LENGD  

R_LCSD  RGD*LCSD  

R_UDS RGD*LUDS 
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Table 3-6 shows the pair-wise correlation between outage indices and potential 

explanatory variables. All of the explanatory variables have a strong correlation with 

outage indices. The regressions on these individual variables provide evidence that 

they are individually important explanatory variables for customer interruptions and 

customer minutes lost. One can also observe the high correlations between energy 

density, customer density and underground share.  

Table 3-7 shows the descriptive statistics for all of the candidate variables. One can 

observe that ‘between’ variation (i.e., variation across individuals) is smaller than 

‘within’ variation (i.e., variation over time) for CML. As the variables RGD and Time 

are the same across sections, their between variation is zero. For the rest of the 

variables, between variation is greater than within variation.  
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Table 3-7: Summary Statistics: Within and Between Variation 

 

 
 

 Variable Std. Dev. 

 CI overall 38.25 
 between 33.324 
 within 20.671 
 CML overall 53.281 
 between 36.657 
 within 39.818 
 VFAD overall 0.315 
 between 0.264 
 within 0.186 
 CSD overall 0.31 
 between 0.317 
 within 0.051 
 ENGD overall 0.315 
 between 0.313 
 within 0.088 
 UDS overall 0.272 
 between 0.28 
 within 0.03 
 RGD overall 0.485 
 between 0 
 within 0.485 
 IR_CI overall 0.057 

  between 0.011 

  within 0.056 
 IR_CML overall 0.073 
 between 0.011 
 within 0.072 
 TIME overall 4.62 
 between 0 
 within 4.62 

 

 

  



69 

3.4.4. Pooled quality model 

 

We consider first the model presented in equation (3.1).   

 ittittttitit TIMEIRXRGDRGDXq εγδβα ++++++= *    (3.1)                                            

Here, the dependent variable itq  is the quality of service index (i.e., CI and CML), 

itX  is a k-vector of regressors, and itε  are the error terms for i=1, 2 , ... , N cross-

sectional units observed for dated periods t=1, 2, … , T. The parameter α represents 

the overall constant in the model. The vector β measures the marginal effect of the 

explanatory variables itX . It is assumed the same for all panels. IRt represents the 

incentive rates for CI and CML. TIME denotes time effect. This model is used to 

make an overall estimation. 

Testing the Model Assumptions and Model Fit 

Diagnostic procedures were used to assess the adequacy of each fitted model or 

presentation. The Wooldridge test for autocorrelation in panel data was used to test 

for first order correlation in the error terms. Heteroscedasticity tests in panel data were 

performed. For each estimated model the overall fit was assessed by examining a 

goodness of fit measure. Akaike’s information criterion (AIC), the Schwarz criterion 

and the likelihood ratio tests were used as alternative measures of model fit.  
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In the classic OLS regression model, we have 

,0][ =itE ε  �������� 	 
� and ,0],[ =jsitCov εε  if st ≠ or ji ≠  

However, the heteroscedasticity tests show that the variance for each of the panels 

differs. Heteroscedasticity is a violation of the assumption of constant error variance. 

we assume that  

Ω 	 �
�� � 0� � �0 � 
����.  

The other problem of non-zero error covariance is known as autocorrelation. Ignoring 

serial correlation results in consistent but inefficient estimated coefficients and biased 

standard errors. The Wooldridge test for autocorrelation shows that the errors exhibit 

first order autocorrelation (AR(1)) when CI is dependent variable in equation 3.1.   

Choosing Estimation Methods 

We use feasible generalised least squares (FGLS) to fit this model. The FGLS allows 

estimation in the presence of AR(1) autocorrelation within panels and 

heteroscedasticity across panels11.  

                                                
11 A simple regression with robust could be an alternative. However, this method is not suitable when 

there exists autocorrelation.  
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3.4.5. Individual-specific-effects model 

 

Model 2 specifies firm specific intercepts. The marginal effects are assumed to be the 

same for all firms (i.e., the β  are the same for all panels). 

ititittttitit vTIMEIRXRGDRGDXq εγδβα +++++++= *                   (3.2)                                

In this model we need to consider the choice between fixed effects and random effects 

specifications.   

It is a random-effects model if we assume 0][ =ivE  and 22 ][ vivE σ= , also ��  is 

identically and independently distributed. Furthermore, we assume that ][ itE ε ,  

22 ][ εσε =itE  , 0][ =jitvE ε     for all i, t, and j, 0][ =jivvE . 

If the iv are assumed to be fixed parameters to be estimated, then it is a fixed effects 

model. vi are permitted to be correlated with the regressors Xit. This allows a limited 

form of endogeneity. The fixed effects model assumes that the Xit is uncorrelated with 

the idiosyncratic error itε . 

 Choosing the Estimation Methods 

The Hausman test results suggest that the random effects method is more appropriate. 

This model was also tested for the presence of autocorrelation12. There was evidence 

                                                
12 The autocorrelation test is the same as the one for model 1. 
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to support the conclusion of first order autocorrelation in the error term. Assume

ittiit ωρεε += −1, , where 1// <ρ and itω are iid. A random effects GLS regression with 

AR(1) disturbance method is applied to fit this model. 

As the study is concerned with the impact of past performance of service level on 

current performance of service level, dynamic panel-data modelling is not explored in 

this chapter. 

3.4.6. Results   

The main multivariate estimated results from models 3.1 and 3.2 are presented in 

Table 3-8. Each column summarises the estimated coefficients and standard error for 

a regression. All models were estimated in double logarithmic form. The estimates in 

the table are of the average percentage change in outage for a 1% change in the 

explanatory variable. Most regressions support the hypothesis that the IIP incentive 

scheme has a positive impact on quality of service, in particular, on the average 

customer minutes lost per connected customer13. Since the service incentive scheme 

includes 10% of CML arising from transmission and other connected networks, this 

result is reasonable. In contrast, the CI under those situations is excluded in the  

 

                                                
13 Note the positive effect on dependent variable means the percentage increase in the explanatory 

variable will result in percentage decrease in the dependent variable, on average. 
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Table 3-8: Estimated Results of the Quality model for 14 RECs in the UK 

 

 

 

          Note: *significant at 10% level, **significant at 5% level, ***significant at 1% level. 

 

 
  Dependent Variable 

Explanatory 

Variable LCI LCML 

FGLS 

RE 

-AR(1) FGLS 

RE  

 (robust) 

LVFAD  -0.138***  -0.092**   -0.149* -0.128 

(0.010)  (0.048)   (0.086)  (0.092) 

LCSD  0.189**  -0.476   -0.209 -0.572 

(0.096)  (0.328)   (0.271)  (0.379) 

LENGD  -0.284**  0.323   0.201 0.714** 

(0.101)  (0.335)   (0.289)  (0.336) 

LUDS  -0.830***  -0.741***   -0.974*** -1.159*** 

(0.083)  (0.201)   (0.195) (0.269) 

R_LVFAD  -0.062  -0.019   -0.155  -0.073 

(0.061)  (0.121)  (0.168 )  (0.218) 

R_LCSD  1.330***  1.307***   0.413  0.957* 

(0.198)  (0.429)   (0.558)  (0.550) 

R_LENGD  -1.161***  -1.303***   -1.230***  -1.704*** 

(0.234)  (0.438)   (0.536)  (0.574) 

R_LUDS  0.232  0.358*   1.522**  1.503*** 

(0.150)  (0.219)   (0.368)  (0.353) 

RGD  -1.157***  -1.331***   -2.574***  -2.892*** 

(0.310)  (0.479)   (0.658)  (0.756) 

IR_CI/IR_CML -0.783***  -0.608**  -0.541*  -0.331 

 (0.173)  (0.303)  (0.310)  (0.307) 

TIME  -0.0073*  -0.017**   -0.034**  -0.042*** 

(0.004)  (0.005)   (0.008)  (0.008) 
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incentive scheme. Therefore, this could be one of the reasons why the effect on CML 

is greater than on CI.  

As expected, the results support the intuition that increases in underground share have 

positive effects on quality of service. However, the results also suggest that the impact 

of the capital stock on CI is significant, but is not significant on CML. 

At first glance it seems that customer density and energy density have different effects 

on customer interruptions frequency because the signs are not the same across the 

pooled model and the individual model when the dependent variable is CI. However, 

the group effects test would suggest that the difference between DNOs should be 

emphasised. Therefore, when considering only the individual-specific-effects models, 

the estimated results would suggest a positive link between customer density and CI, 

and a negative link between energy density and CI. It should be noticed that the group 

effects of customer density on quality of service are weaker after the operation of the 

IIP as the sign of the interaction term is positive, and the sign of the combined 

coefficients is still positive, which is the same as the sign for customer density in the 

pooled model. Similar to customer density, the group effects of energy density on 

quality of service are weaker as the sign of the interaction term is negative, and the 

sign of the combined coefficients is still negative, which is the same as the sign for 

energy density in the pooled model. The negative effects of customer density on 
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customer interruptions minutes lost are suggested to be weaker and the positive 

effects of energy density are to be stronger after the IIP, according to the estimated 

results. 

The results also suggest that the underground share has a weaker effect on quality of 

service since the operation of the IIP. In particular, the sign of the combined 

coefficients of LUDS and R_LUDS indicates that the higher the percentage of 

underground, the greater are the customer minutes lost. This may be because the time 

taken to locate and repair an underground cable can be significantly longer than for an 

overhead line. The results also show that the higher the ratio of underground, the 

lower the interruption frequency. This is because underground networks are far less 

susceptible than overhead networks to most of the external factors causing outages. 

The incentive rate has a significant positive impact on CI. The higher the incentive 

rate, the fewer the interruptions. An increase in the incentive rates for CI by £10k 

would result in a 0.608% decrease in the number of customers interrupted per 100 

connected customers. 

However, the estimated results suggest that the incentive rate has no significant 

impact on CML in the individual-effects model. The sign is still negative, which 



suggests that an increase in the incentive rate would be likely to lead to a decrease in 

CML. The impact is significant at the 8.1% level in the pooled model.  

Figure 3-4: Individual REC CI Trend in the UK 

 

 

 

Figure 3-5: Individual REC CML Trend in the UK 
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One can observe from Figure 3-4 and Figure 3-5 that WPD S Wales and SSE Hydro 

had significant improvements over the years. Overall there is a downward trend for CI 

and CML for the industry.  

3.5.  Conclusion 

In models with or without individual-specific effects, the estimated results suggest 

strong evidence to support that the positive effect of the information and incentive 

project (IIP) on quality of service has statistical significance. Moreover, the results 

show that the penalty scheme can explain a larger proportion of the variation in 

customer minutes lost than in customer interruptions. Furthermore, the results show 

that the incentive rates have significant positive impact on CI; however, the impact of 

the incentive rates on CML is not as great as the impact on CI. The model suggests an 

increase in the incentive rate for CI by £10k would result in a 0.608% decrease in the 

number of customers interrupted per 100 connected customers. 
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4. QUALITY OF SERVICE REGULATION IN ELECTRICITY 

DISTRIBUTION NETWORKS IN NEW ZEALAND 

4.1.  Introduction 

 

This chapter discusses the price cap mechanism for the regulation of electricity 

distribution businesses in New Zealand, and presents the development of quality of 

service regulation, in parallel with price control. The objective is to investigate the 

impact of the threshold control regime with quality targets on service quality.  

4.1.1. Background 

Service quality is increasingly addressed in regulatory schemes in electricity 

distribution networks. In New Zealand electricity distribution businesses have been 

regulated since the early 1990s. Initially there was merely a requirement for line 

businesses to disclose information for a range of indicators. However, in 2000 a 

targeted price control regulation was recommended following the ownership 

separation in 1999 of the distribution and retail businesses. In 2001, the Commerce 

Commission was required to set thresholds for the declaration of price controls in 

relation to New Zealand electricity distribution businesses under the earlier Part 4A of 

the New Zealand Commerce Act. In addition to price cap regulation, a quality targets 

regime was introduced in June, 2003.   
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This study investigates the effectiveness of the thresholds control regime on the 

quality of service of the electricity distribution networks, following the introduction of 

the price control mechanism and quality of service regulation. I hypothesise that the 

quality of service level improved under the tighter thresholds regime with quality 

targets.   

An empirical analysis using balanced panel data from 1996 to 2008 across 28 

distribution line businesses is conducted14. In stage one, a panel model is used to 

explore the impact of the thresholds regime on the quality of service. The ownership 

of the distribution businesses is also incorporated into the model, through the 

consideration of a possible ownership effect. This is in line with the requirement of 

the Commerce Act Amendment 2008 that consumer-owned businesses are exempt 

from default/customised price-quality regulation, under section 54G(2). The quality of 

service level is estimated. In stage two, a cost-quality panel model is estimated to 

examine the effect of the thresholds regime, with or without quality targets, on the 

operating cost, taking into account the quality of service performance and the 

ownership of the line businesses.  

                                                
14 Vector Ltd. sold the Wellington electricity distribution network to Wellington Electricity on 24 July 

2008. To make data consistent, this research treats the Wellington Electricity as part of Vector Ltd for 

the period after the sale to 31 March, 2009. 
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4.1.2. Chapter Outline 

 

Section 2 of this chapter discusses the electricity industry in New Zealand; Sections 3 

and 4 present the Electricity Industry Reform Act 1998, and the Commerce 

Amendment Act 2008, respectively; Section 5 discusses the price cap mechanism; 

Section 6 summarises the quality of service regulation in electricity distribution 

networks in New Zealand; Section 7 presents the empirical modelling analysis; and 

Section 8 provides the conclusion of this chapter. 

4.2.  The Electricity Industry in New Zealand  

The New Zealand Electricity Industry comprises two main subsystems, based in the 

country’s North and South Islands, which are interconnected via an HVDC link. The 

New Zealand electricity market is a small one, producing around 35-40 TWh per year, 

which makes it extremely small by comparison with other electricity markets. This 

market is also an isolated system—it cannot import or export electricity. The system 

is dominated by hydro15, of which 65% is located in the South Island.  

In New Zealand, the electricity industry has four main components: generation, 

transmission, distribution and retail. Generation is the electricity production stations; 

transmission is the high voltage network known as the national grid; distribution is 

                                                
15 60.11% of the total 13106 MW capacity is based on hydro.  



81 

carried out by the local lines companies; and retail involves the electricity companies 

which compete in both buying wholesale electricity and in retailing it to consumers.  

The main generators are Meridian Energy, Contact Energy, Genesis Energy, Mighty 

River Power and TrustPower. Three of them are state-owned Enterprises (Meridian 

Energy, Genesis Energy and Mighty River Power), while Contact Energy and 

TrustPower are private sector companies listed on the New Zealand Stock Exchange. 

Most of New Zealand’s electricity is generated at remote locations and requires an 

efficient transmission system to transport it to the main demand centres. Around 40 

sites supply electricity to the national grid. Some of the smaller scale units are 

embedded and feed directly into local distribution networks. Approximately 60% of 

New Zealand’s electricity is generated by hydro stations, of which 65% are located in 

the South Island, with the balance from geothermal stations, gas, coal and oil-fired 

thermal stations, bio-mass plants and wind farms. 

Transpower New Zealand Ltd owns and operates New Zealand’s high-voltage 

electricity transmission grid. A state-owned enterprise, it performs the functions of 

national grid owner, grid operator, scheduler and dispatcher for the wholesale market. 

It links generators to distribution companies and major industrial users. The North and 

South Islands systems are interconnected via an HVDC link. 
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Currently there are 29 electricity lines companies that own the local distribution 

networks. Their responsibility is to distribute the electricity from the grid exit points 

to the end consumers’ premises at a reasonable level of service quality. The 

ownership of distribution companies is a mix of public listings, shareholder co-

operatives, community trusts and local body ownership, with most lines companies 

being owned by trusts. Lines companies also differ in size, with one company (Vector) 

making up 35% of all connections, and the largest four (Vector, Powerco, Orion and 

Unison) supplying 66%, according to information disclosure data in 2008. In 2009, 

Vector still contributed 26% of all connections, and the largest four 57%, although 

Vector has sold its business in Wellington area.  The smallest one, Buller, has only 

about 4,000 connections.   

Electricity lines networks in New Zealand were originally developed by two types of 

electricity supply authorities (ESAs): council-owned municipal electricity 

departments in most major cities, and electric power boards in other areas. The 

Energy Companies Act 1992 forced all these supply authorities to corporatise, and the 

Electricity Industry Reform Act 1998 requires them to separate from former energy-

trading activities in order to focus on the natural-monopoly business of operating their 

networks. Since the corporatisation of ESAs in April 1993, ownership of distribution 
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assets has been transferred primarily to electricity consumer trusts and sometimes 

community trusts.  

 

Figure 4-1: Number of Connections by Distribution Business (October 2008) 

 

 

Source: Electricity Commission of New Zealand; the Commerce Commission of New Zealand 

Retailers compete to meet consumers’ electricity needs. They provide a bundled 

service for most consumers by purchasing electricity at wholesale (spot and contract) 

prices from the generating companies and transmission/distribution services from 

lines companies. In this case, the retailers’ charges to the end-users include the cost of 

the electricity supplied to the consumer as well as charges for transmission and 
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distribution services. Some large consumers contract separately with retailers and 

lines companies for energy and network services. In some cases, retailers may provide 

a ‘billing service’ for lines companies that contract separately with consumers, or 

lines companies may separately bill customers for their services. 

There is a high degree of vertical integration between generation and retail activities 

in New Zealand, with the five main retail companies also being the primary 

generating companies: Contact Energy, Genesis Energy, Mighty River Power, 

Meridian Energy and TrustPower. These five companies dominate the 

generation/retailing markets, accounting for more than 95% of New Zealand’s 

generation capacity, and 97% of its retail customers16 . Generators/retailers trade 

wholesale power at 244 nodes across the transmission grid.  

4.3.  The Electricity Industry Reform Act 1998 

Since the transmission and distribution sectors are not competitive – electricity cannot 

be stored and must flow through the whole infrastructure – competition in the 

generation and retail sectors only is not sufficient to achieve efficiency. In July, 1998, 

the Electricity Industry Reform Act came into force. Its purpose was to effectively 

                                                
16 New Zealand Electricity Market, Market report 01.01.03-31.12.03, p.2. 
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separate electricity distribution from its generation and retail, thus promoting effective 

competition in those two components of the electricity industry.   

The Electricity Industry Reform Act 1998 required full ownership separation between 

lines and supply businesses. Since the introduction of the Act, however, amendments 

have allowed lines businesses to own some generation and to sell the output from 

those stations. The Commerce Commission enforced compliance with the Electricity 

Industry Reform Act and may grant exemptions to cross-ownership restrictions until 

November 2010. The Commerce Commission was responsible for regulating lines 

companies (including Transpower) under Part 4A of the Commerce Act until April 

2009. Part 4 has applied to EDBs since April 2009. 

Since September 2003, the Electricity Commission, a Crown entity, regulated the 

operation of the electricity industry and markets, to ensure electricity is produced and 

delivered to all consumers in an efficient, fair, reliable and environmentally 

sustainable manner, in accordance with the Electricity Act. Suppliers of electricity 

lines services are subject to the regulatory provisions under subpart 9 of Part 4 of the 

Commerce Act 1986 from 1 April, 2009. Electricity lines services, defined in section 

54C of the Act, are supplied by electricity distribution businesses and Transpower. 

The electricity industry is subject to the other provisions of the Commerce Act and the 

Fair Trading Act 1986. The Commission also has both an enforcement and 
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adjudication role in the electricity industry under the Electricity Industry Reform Act 

1998. 

However, following the Ministerial Review of the Electricity Market in December 

2009, it was recommended that the Electricity Commission is to be disestablished 

because of its multiplicity of too many functions and objectives and its slow 

improvement to the market. The Electricity Commission was disestablished in 

November 2010 and was replaced by the Electricity Authority.  

In addition, it was recommended that lines companies can be allowed back into 

retailing subject to the measures to prevent anticompetitive behaviour against 

competing retailers (Office of the Minister of Energy and Resources, 2009). The 

Electricity Industry Reform Act was repealed on November 2010.  

4.4. The Commerce Act 1986 

 

EDBs are regulated under the Commerce Act 1986 (the Act). In August, 2001, the 

Act was amended to include Part 4A, which provides for the targeted control of 

electricity distribution and transmission services.  

There is a threat implicit in the regime: businesses that breach the thresholds run the 

risk of being placed under some form of control, such as price control. Details of the 

thresholds regime will be discussed in Sections 4.5 and 4.6. 
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The Commerce Act Amendment 2008 (the Act) includes a new Part 4 of the 

Commerce Act (replacing former Parts 4 and 4A) which stipulates improved 

regulatory regimes for electricity lines businesses. An objective is to provide for 

efficient and cost-effective regulation of infrastructure services, such as electricity 

lines businesses, which are not subject to competition.  

A major improvement to the current regime is a provision requiring the Commerce 

Commission to develop rules, requirements and procedures, collectively called ‘input 

methodologies’, for regulation. The Act required the Commission to set input 

methodologies for electricity lines businesses by 30 June 201017.  

As suppliers of electricity lines services, electricity distribution businesses are subject 

to the regulatory provisions under Part 4 of the Act 1986.  Subpart 9 of Part 4 

provides that EDBs are subject to default/customised price-quality regulation. The 

Act also provides that consumer-owned EDBs, as defined in section 54D of the Act, 

are exempt from this type of regulation.   

Default/customised price-quality regulation has replaced the targeted control regime 

that previously applied to EDBs under the repealed Part 4A thresholds regime.   

                                                
17 It has been extended to 31 December, 2010.  
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The Act provides that default/customised price-quality regulation applies to EDBs 

from 1 April, 2009.  For the period 1 April, 2009 to 31 March, 2010, the thresholds18 

set under Part 4A were deemed to be section 52P determinations that apply to EDBs 

as if they were the initial default price-quality paths. Under section 54K(1), the 

Commerce Commission is required to reset the Initial DPP before 1 April, 2010, 

using a section 52P determination, a summary of which was published on 

1 December, 200919. This section 52P determination will give effect to the default 

price-quality paths that will apply from 1 April, 2010 to 31 March, 2015.   

As introduced before, the Act also provided for 100% consumer-owned 

EDBs to be subject only to information disclosure regulations, because the 

consumers, as owners, are able to influence the rates of return and price-

quality trade-offs made by the business20. The remaining EDBs are now 

subject to a new default/customised regime (as well as information 

disclosure), instead of the Part 4A thresholds regime.  

On 12 March, 2009, the Minister of Commerce published in the New Zealand Gazette 

a list of EDBs that were consumer-owned at that date. According to the indicative list, 

the eight lines companies – Buller Electricity Limited, Electra Limited, Marlborough 

Lines Limited, Network Waitaki Limited, Northpower Limited, The Power Company 

                                                
18As specified in the Commerce Act (Electricity Distribution Thresholds) Notice 2004. 

19 Under section 53M(7), no DPP applies until the commencement date in the Determination, which 

must be at least four months following a summary of the Determination being published in the New 

Zealand Gazette. 

20 An EDB that does not meet the legal definition of “consumer-owned” does not necessarily have no 

element of consumer ownership. 
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Limited, WEL Networks Limited, Westpower Limited – are considered as consumer-

owned electricity distribution businesses (CCNZ, 2009c). 

4.5.  The Price Control Mechanism  

Regulation of the electricity distribution market in New Zealand started in the early 

1990s in a light-handed fashion. Distribution and retail businesses were formally 

separated in 1999, followed by recommendation to provide for price cap regulation in 

2000. In 2001, the Commerce Commission was required to set thresholds for the 

declaration of control in relation to New Zealand electricity distribution businesses 

under the former Part 4A of the New Zealand Commerce Act. The thresholds are used 

to identify lines businesses whose performance may need further examination through 

a post-breach inquiry and, if required, controlled by the Commission. 

On 6 June, 2003, the Commerce Commission set the thresholds and published a 

notice in the New Zealand Gazette. The price path threshold applied to all 29 lines 

businesses (including Transpower).  
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For the first assessment (6 September, 2003), a lines company has breached the price 

threshold if its average prices, net of costs21, have increased over the period from 

August, 2001 to September, 2003.  

For the second assessment (31 March, 2004), each distribution company must not 

have increased its average prices, net of certain costs, since the date at which it was 

first assessed (6 September, 2003). In addition, each distribution company must have 

demonstrated no material deterioration in reliability of supply over the previous 12 

months, and that it has meaningfully engaged with consumers to determine their 

demand for service quality. 

Since 1 April, 2004, the form of the price path threshold is CPI minus a factor X. The 

average prices may increase by no more than the annual rate of the change in the CPI, 

minus an X adjustment factor.  

Prices are evaluated through the use of calculated notional revenue. This is 

determined by calculating the revenue that a lines business would earn if it charged its 

current prices according to the customer numbers and consumption patterns that 

                                                

21 The cost includes the transmission charges and rates to local authorities. 
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applied in the base year 2003/2004, in the current regulatory period. This notional 

revenue is compared to the base year revenue, scaled up by a factor of (1+CPI)(1-X). 

Once it has completed its assessments of all lines businesses, the Commerce 

Commission will issue a report in the New Zealand Gazette explaining how the 

assessments were undertaken. If one or more of the (price or quality) thresholds are 

breached by a lines business, the Commission can further examine that business 

through a post-breach inquiry and, if required, control their prices, revenue or 

quality22. The Commerce Commission will give reasons in that report for its decisions 

in respect of lines businesses that are found to have breached the price path threshold, 

and for which the Commission has determined not to declare control.  

The Commerce Commission has applied a comparative approach to setting the X-

factor in the CPI-X price path. The X-factor has three components: a B factor, which 

reflects expected industry-wide improvements in efficiency and is determined through 

total factor productivity (TFP) based on a data base from 1996-2003 and a two-part C 

factor, which reflects the relative performance of groups of distribution businesses. 

The first of these is the C1 factor, a relative productivity component determined 

through multilateral total factor productivity (MTFP) analysis based on the data from 

                                                
22 

http://www.comcom.govt.nz/IndustryRegulation/Electricity/ElectricityLinesBusinesses/TargetContrl/O

verview.aspx 
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1999-2003; the second is the C2 factor, a relative profitability component determined 

by comparing the ‘residual’ rate of return based on the data from 2000-2003. 

The Commerce Commission has assigned four different price paths (i.e., different X-

factor) for the four lines company groups. Businesses with below average productivity, 

or with relatively high prices, will face a steeper price path than those that are more 

productive. These better performing businesses will be able to retain relatively more 

of the benefit of any efficiency gains that they can make. The overall factors for the 

EDBs range from -1% to +2%. For the majority of lines businesses, X is a positive 

number.  Details of the magnitudes of B, C1 and C2 factors are presented in Table 4-1.  
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Table 4-1: X-Factor for Lines Businesses (Regulatory Period Beginning in 2004) 

 

Lines Business 
X 

(=B+C) B C(=C1 + C2) C1 C2 

Centralines 2% 1% 1% 0% 1% 

Conunties Power 2% 1% 1% 0% 1% 
Eastland 
Network 2% 1% 1% 1% 0% 

Electra 2% 1% 1% 0% 1% 

MainPower 2% 1% 1% 1% 0% 
Marlborough 
Lines 2% 1% 1% 1% 0% 

Powerco 2% 1% 1% 0% 1% 
The Lines 
Company 2% 1% 1% 0% 1% 

WEL Networks 2% 1% 1% 0% 1% 

Alpine Energy 1% 1% 0% 0% 0% 

Aurora Energy 1% 1% 0% 1% -1% 

Buller Electricity 1% 1% 0% 1% -1% 
Electricity 
Ashburton 1% 1% 0% 1% -1% 

Horizon Energy 1% 1% 0% -1% 1% 
Nelson 
Electricity 1% 1% 0% -1% 1% 

Network Tasman 1% 1% 0% -1% 1% 

Orion 1% 1% 0% 0% 0% 

Westpower 1% 1% 0% 15% -1% 
Electricity 
Invercargill 0% 1% -1% -1% 0% 

Network Waitaki 0% 1% -1% 0% -1% 

Scanpower 0% 1% -1% -1% 0% 
The Power 
Company 0% 1% -1% 0% -1% 

Top Energy 0% 1% -1% 0% -1% 
Unison 
Networks 0% 1% -1% 0% -1% 

Vector 0% 1% -1% -1% 0% 

Northpower -1% 1% -2% -1% -1% 

OtogoNet -1% 1% -2% -1% -1% 

Waipa Networks -1% 1% -2% -1% -1% 

 

Source: The Commerce Commission of New Zealand. 



In summary, the framework of the price path mechanism from August, 2001 is 

demonstrated in Figure 4-5 below. 

Figure 4-2: The Price Control Mechanism in New Zealand 

 

 

Basically, the average price control conditions are: 

)1)(1(

min

67

56

45

23

14

XCPINRNR

NRNR

NRNR

NRNR

NRNR

−∆+≤

≤

≤

≤

≤

 

Therefore, the relationship should be: 

1456 min NRNRNRNR ≤≤≤
 



95 

The minimum of the notional revenue from 1 August, 2001 to 5 June, 2003 becomes 

the average price cap for the notional revenue from 6 September and 31 March, 2004. 

This minimum notional revenue with CPI-X together rolling forward becomes the 

weighted average cap for the regulatory period 2004-2009. 

Before 2004, price control focused only on the control of the weighted average price. 

Quality of service was absent from the control system. As the price path was actually 

the notional revenue from 1 August, 2001 to 5 June, 2003, there was no requirement 

for improvement of quality of service, nor was there any consideration of the CPI and 

X- factor in the price assessment formula.  

For the regulatory period 2004-2009, although CPI and X-factor have been taken into 

account, the construction of the X-factor did not incorporate quality of service 

because of technical difficulties in the TFP analysis. In Lawrence (2003; 2007) and 

Economic Insights (2009), one limitation is the desirability of including reliability as 

an additional output variable. As Economic Insights (2009) said, “This is because 

providing a more reliable service will require more inputs to be used and, as the 

output specification stands, the electricity distribution will not receive any recognition 

or ‘credit’ on the output side for the better quality of service while being ‘penalised’ 

for its higher input usage.” The paper also pointed out two challenges facing the TFP 

study. One is that all common reliability measures involve improvements being 
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decreases in the variable rather than increases in the productivity framework. An 

additional important but problematic issue is that of what output weight to assign to a 

measure of reliability in calculating total output within a TFP study. 

However, meeting the quality target implies that the EDBs must improve the quality 

of service. The average performances of SAIDI and SAIFI for the years 1999-2003 

were treated as targets for the period 2004-2009. To some extent, the requirement of 

not exceeding these targets for the EDBs was one of improving performance, because 

this approach did not take into account the data variation due to extreme events and 

normal variation. This improvement needed to be made without any extra revenue 

being recovered, which might partly explain why most of the EDBs have breached the 

targets.  

Another problem was that the price cap did not look at the dynamic quality of service 

requirement. The Commission did not know how the consumers valued quality of 

service nor how much they would be prepared to pay for it.   

However, the design of the price path potentially provides some space for price 

increases. As discussed above, the base quantity is the annual quantity (for example, 

customer numbers, kWh, kVA, etc.) corresponding to the ith price for the year ending 

31 March, 2003, if there is no price restructure. However the transmission charges, as 
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part of the pass-through costs, are based on actual volume each year. The relatively 

higher pass through costs in notional revenue, compared to the constant pass through 

costs assumed in the allowable notional revenue, lead to the relatively higher price the 

EDB could charge.  

Promoting efficiency is one of the objectives of the price path threshold. Figure 4-3 

shows the trend of operating cost per customer from 1996 to 2008; overall it has been 

a downward trend over the years. However, operating cost was reduced significantly 

from 1996 to 2000, followed by a slight reduction from 2000 to 2003 and then a slight 

upward move in 2007 and 2008.  

Figure 4-3: The Trend of Operating Cost per Customer from 1996 to 2008 

 

Source: Annual information disclosures (www.med.govt.nz; www.comcom.govt.nz) 
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4.6. Regulation of the Quality of Service in New Zealand 

4.6.1. Quality of Service Regulation under a Light-handed 

Regulatory  Regime 

Light-handed regulation was applied in New Zealand from the 1990s to 2003. The 

objective was to reduce the manipulation of market power in network industries. 

According to the Ministry of Economic Development (MED), the light-handed 

regulation consists of three components23: 

use of the existing competition policy regime, i.e. the Commerce Act 

1986, to deal with anti-competitive behaviour, including the possibility of 

court action by private parties or the Commerce Commission;  

extensive information disclosure, to make transparent the performance of 

electricity and gas businesses with market power; this will facilitate both 

negotiations with these businesses and recourse to the provisions of the 

Commerce Act; and  

the threat of further regulation, such as introduction of price control, if 

market dominance is abused. 

 

Information disclosure regulations for electricity took effect from 11 August 1994. 

The purpose of these regulations is to discourage monopoly pricing; to promote 

competition in electricity retailing and generation, and in gas retailing and 

wholesaling; to promote open access to natural monopoly lines, revealing predatory 

                                                
23 MED, Light-handed regulation of New Zealand’s Electricity and Gas Industries, 7 June 2006. 
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pricing; and to discourage cross-subsidies between natural monopoly and competitive 

activities, etc. 

For natural monopoly sectors – electricity and gas transmission and local electricity 

line and gas pipeline distribution – a separate audited financial statement will be 

required; methodologies for the allocation of assets, liabilities, costs and revenues as 

between potentially competitive and natural monopoly lines or pipeline activity will 

also need to be disclosed, as will costs transferred between potentially competitive 

and natural monopoly activities within the same business group.  

Prices, terms and conditions of supply of lines services (i.e. the main provisions of 

both standard and non-standard contracts) will need to be disclosed. Contracts pre-

dating 1 August, 1990, are excluded.  

Performance measures, including financial, efficiency, energy efficiency, and 

reliability performance will need to be disclosed. Costs and revenues by final 

consumer tariff category also require disclosure, together with the methodology for 

allocation of costs and revenues by tariff category. Clearly, there was only 

information disclosure for the quality of service regulation in this period in the form 

of reporting and publishing reliability performance.  
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4.6.2. Quality of Service Regulation under a Targeted Control 

Regime 

Compared to light-handed regulation, the target threshold regime is tight regulation 

introducing targets for notional revenue (price control) and quality of service. The 

former Part 4A of the Act came into effect on 8 August, 2001, and, among other 

things, requires the Commerce Commission to implement a targeted control regime 

for the regulation of large electricity lines businesses (i.e., electricity distribution 

businesses and Transpower). However, there is no clear statement about the control of 

quality of service. 

On 6 June, 2003, the Commerce Commission set two thresholds, a price path 

threshold and a quality threshold applicable until 31 March, 2004, for all EDBs. These 

initial thresholds were set by the Commerce Act (Electricity Lines Thresholds) Notice 

2003. In compliance with the price threshold, average price (i.e. base-weighted 

notional annual revenue) at the first assessment date must not exceed the lowest 

average price at any time between 8 August, 2001 and the publication date of the 

Gazette Notice and no increase in average price since the publication date of the 

Gazette Notice. For the period from 2001 to 2004, there was no quality targets regime.  
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Consequently, each lines business is annually required to provide the Commerce 

Commission with a threshold compliance statement in accordance with the notice in 

the Gazette which specifies the threshold assessment criteria. Each compliance 

statement must provide a self-assessment, with sufficient supporting evidence as to 

whether or not the lines business complies with the thresholds.  

Where the Commerce Commission has identified a breach, it may request further 

information from the lines business concerned to identify its cause, as well as any 

mitigating factors pertaining to the breach. This additional information may be 

sufficient for the Commerce Commission to determine that taking further action 

would not be necessary for the long-term interests of consumers. Alternatively, in its 

assessment, the Commerce Commission might find information indicating that the 

business’s current performance is not consistent with former section 57E of the Act – 

specifically, the outcomes sought under former (a) to (c) of section 57E may not be 

being achieved. 

The quality threshold includes an interruption duration threshold, interruption 

frequency threshold, and customer communication. The targets for interruption 

duration and frequency are the average of the five year’s performance from 1999 to 

2003. That is, for an EDB to comply with the interruption duration index and the 



102 

interruption frequency index, the SAIDI of the assessment year must be less than the 

average SAIDI of the individual EDB for the five years from 1999 to 2003: 
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The interruption duration and frequency measures stipulate that an EDB must 

maintain service quality; that is, on average, the service interruptions on its network 

must not be longer or more frequent than the five years preceding the current 

regulatory period. 

The customer communication aspect requires an EDB to advise its customers about 

the price-quality trade-offs in the network’s services, to consult with them about the 

quality of the services they require, to consider the views expressed, and to take these 

views into account when making asset management decisions, a process that must 

occur annually. 

At the same time, with the information disclosure, the Commerce Commission 

requires every distribution business to publicly disclose and publish on the internet, 

within 35 working days of each assessment date, the following statement and 

documents: a statement that confirms the distribution business’ compliance, or 

otherwise, with the quality threshold, and includes evidence to this effect in the form 
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of SAIDI and SAIFI statistics, relevant information from asset management plans, 

and other data, information, and calculations, that fully support and explain the 

confirmation; and describes policies and procedures which the distribution business 

has used for recording the SAIDI and SAIFI statistics of that distribution business for 

the assessment period ending on the assessment date; and includes all such other 

information sufficient to enable the Commerce Commission to properly determine 

whether or not the threshold concerned has been breached. 

4.6.3. Performance of Quality of Service under the Light-handed 

Regime and Targeted Control Regime 

 

As shown in Figures 4-4 and 4-5 below, both the average length and the average 

frequency of system interruptions of electricity distribution businesses fell rapidly 

over 1996-2000, during a period of rapid mergers and acquisitions of distribution 

companies, and have remained stable thereafter. However, there is a higher system 

average interruption duration in 2007 and 2008. The overall downward trends of 

SAIDI and SAIFI in the electricity distribution networks in New Zealand from 1996 

to 2008, which means the quality of service level improved over the 13 years. 

However, performance grew worse in 2007 and 2008; it is apparent that the 

substantial deterioration in the 2007 reliability figures occurred largely as a result of 

major snowstorms experienced by several EDBs. 



Figure 4-4: The Trend of the SAIDI from 1996 to 2008 

 

Source: Annual information disclosures (www.med.govt.nz; www.comcom.govt.nz) 

Note: Higher average interruption figures in 1999 include the 1998 Auckland CBD blackout.   

 

 

Figure 4-5: The Trend of the SAIFI from 1996 to 2008 

 

Source: Annual information disclosures. 
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Some calculations were made to show the average performance of the SAIDI, SAIFI 

in different periods. Table 4-2 shows that SAIDI had improved by 23% in 2001-2003, 

and improved again during 2004-2008 by 3%. SAIFI improved by 29.69% in the 

1999 -2003 period, and improved again during 2004-2008 by 21.30%.  

Table 4-2: The Average Performance of the SAIDI and SAIFI 

 

 1996-2000 2001-2003 2004-2008 

SAIDI 263.17 202.29 195.44 

SAIFI 3.53 2.58 2.18 

 

Source: Annual information disclosures. 

As mentioned in the last section, under the threshold regime, information disclosure 

and the quality target regime were combined to regulate the quality of service. The 

country-wide reliability trends in this regulatory period as shown in Figures 4-6 and 

4-7 do not provide strong evidence about how successful the threshold regime has 

been in providing incentives for service quality improvements. The trends show that 

there were moderate improvements in SAIDI and SAIFI in 2005 and 2006, followed 

by a decline during the next two years.  

 

 

 

 



Figure 4-6: Average Reliability Trends (SAIDI) 

 

 

 

Figure 4-7: Average Reliability Trends (SAIFI) 

 

 

 Table 4-3 shows that, from a total of 59 quality targets breaches, 27 were to be 

claimed as non-breaches. However, 32 remained, approximately half, of which one 

quarter were contributed by the eight consumer-owned EDBs.  
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Table 4-3: Reliability Breaches under Targeted Control Regime (2004-2008) 

 

EDBs 2004 2005 2006 2007 2008 

  

Breach NDC* Breach   NDC Breach NDC Breach NDC Breach NDC   

Alpine Energy √ √ - - √ √ √ √ √ - 

Aurora Energy - - - - - - √ √ √ - 

Buller - - - - - - - - - - 

Centralines √ - - - - - - - - - 

Counties Power - - - - - - √ √ √ - 

Eastland Network - - - - - - - - - - 

Electra √ - - - - - √ √ - 
Electricity 
Ashburton - - - - √ - √ √ √ - 
Electricity 
Invercargill √ √ - - - - √ √ √ - 

Horizon Energy - - √ √ √ √ - - - - 

MainPower - - - - - - √ √ - - 

Marlborough Lines - - √ - √ - √ - √ - 

Nelson Electricity - - - - - - - - - - 

Network Tasman - - - - - - - - √ - 

Network Waitaki √ - √ - √ - √ - √ - 

Northpower - - - - - - - - √ - 

Orion New Zealand - - - - - - √ √ - - 

Otago Net √ - - - √ - √ - √ - 

Powerco √ √ √ √ √ √ - - √ - 

Scanpower √ √ - - √ √ - - √ - 
The Lines 
Company - - - - - - - - - - 
The Power 
Company - - - - - - - - √ - 

Top Energy - - - - √ √ - - √ - 

Unison √ √ √ √ √ √ - - - - 

Vector √ √ - - √ - √ - √ - 

Waipa √ √ - - - - - - - - 

WEL - - - - - - - - - - 

Westpower √ √ √ √ √ √ √ √ - - 

 

*NDC: Not  to Declare Control 

Source: the Commerce Commission of New Zealand 
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Table 4-4 provides the summary of the quality regulatory regimes in electricity 

distribution networks in New Zealand. 

Table 4-4: Summary of the Regulatory Regimes in Electricity Distribution 

Networks in NZ 

Regulation 

 

 

 

Light-handed 
Regulation 

(1995-2003) 

Target Threshold 
Regime 

(2003/2004-
2008/2009) 

Default Price-
quality Regulation 

(2009/2010-
2015/2016) 

CPI-X  √ √ 

Information disclosure √ √ √ 

Quality targets (SAIDI, 
SAIFI) 

 √ √ 

Customer communications  √  

Quality of service incentive 
scheme (penalty and 
rewards) 

   

Penalty (price control or go 
to the court) 

 √(price control) √(go to court) 

 

 

4.7.  Economic Analysis of the Regulatory Design of the New Zealand 

Electricity Distribution Industry 

 

Although the electricity distribution sector in New Zealand has experienced multiple 

regulatory innovations during the period 1990s–2009, and the structure of the industry 

has changed radically, empirical analysis examining the outcomes and implications of 
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these changes has been scarce. Among these studies, very few are related to quality of 

service performance. 

Lawrence, Diewert et al. (2007) revealed the key characteristics of New Zealand 

distributors in 2002. The five largest businesses in terms of throughput in 2002 

account for around 65% of energy delivered, United Networks and Vector accounting 

for over 40% of this. The smallest business in terms of throughput, Scanpower, 

accounted for only 0.3% of energy delivered. 

They also study the correlation between energy supplied and the number of customers, 

the line length, and the transformer capacity. There was a high degree of correlation, 

in 2002, between energy supplied and the number of customers with a correlation 

coefficient of 98.5%; there was less correlation between energy delivered and line 

length, reflecting differences in customer density between distributors. A very close 

relationship existed between transformer capacity and energy delivered. 

The results also demonstrate that the highest average consumption per customer or 

energy density is found in Horizon Energy, Otago Power, Electricity Ashburton, 

Buller Electricity and Network Tasman. The three rural distributors, Electra, Eastland 

Networks and The Lines Company, have the lowest energy densities.  
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With regard to customer densities, the Auckland-based Vector and the smaller urban-

based Nelson Electricity, and Electricity Invercargill, exhibit a wide range of 

customer densities at over 24 customers per kilometre of line. The rural distributors 

Centralines, Electricity Ashburton, MainPower, Network Waitaki, The Lines 

Company, The Power Company and Top Energy have the lowest customer densities 

at fewer than six customers per kilometre. 

Based on the data from 1994 to 2003, Bertram and Twaddle (2005) found that in the 

New Zealand electricity distribution market, price-cost margins have widened 

substantially since deregulation. The particular background to this period is that 

although there was no industry regulation for the electricity lines networks, the lines 

businesses were required to disclose their information.  

The other surprising result is that the operating costs incurred by distribution 

companies in New Zealand fell significantly during the same period of time. 

Electricity lines companies in New Zealand experienced a number of innovations over 

1990-2005, innovations that could have been predicted to reduce investment and 

thereby service reliability rates. However, Meade and Tremewan’s (2006) study 

shows that the investment and reliability rates increased over this period.  
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As discussed in section 4.3, according to the Electricity Industry Reform Act 1998, 

the ownership unbundling of electricity distribution from the rest of electricity supply 

industry has been implemented in New Zealand. Nillesen and Pollitt (2010) examine 

the impact of this policy on electricity prices, quality of service and costs. They find 

that ownership unbundling in the electricity supply industry led to lower costs and 

higher quality of service. However, the national average electricity price has not 

decreased significantly since 1998.   

The study suggests that the ownership unbundling has had positive effects on quality. 

However, it has not tested whether there is a casual relationship between the two. It 

can only observe that both SAIDI and SAIFI have been decreased following 

unbundling in 1998. 

4.8. Modelling 

4.8.1. Introduction 

 Figure 4-11 below displays the regulations for price and quality control in electricity 

distribution networks in New Zealand. As introduced in previous sections, light-

handed regulation has been applied since the early 1990s in New Zealand. Only 

information disclosure was applied before 2001, and incentive regulation was 

recommended for price control in 2000. In 2001, the Commerce Commission was 
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required to set thresholds for the declaration of control in relation to New Zealand 

electricity distribution businesses under Part 4A of the New Zealand Commerce Act. 

A quality targets regime was introduced in 2004, on the top of the incentive regulation.  

This section investigates the effectiveness of the thresholds control regime on the 

quality of service of the electricity distribution networks. I hypothesise that the quality 

of service level is improved under the tighter threshold regime with quality targets. 

An empirical analysis using balanced panel data from 1996 to 2008 across 28 

distribution line businesses is conducted. In stage one, a panel model is used to 

explore the impact of the thresholds regime on the quality of service. The ownership 

of the distribution businesses is incorporated into the model and the quality of service 

level is estimated. In stage two, a cost-quality panel model is applied to examine the 

effect of the threshold regime on the operating cost, taking into account the quality of 

service target, ownership of the line businesses and the ownership unbundling of 

electricity distribution from the rest of the electricity supply industry.  
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Figure 4-8: Price and Quality Regulation in New Zealand 

 

 

The impact of the ownership of the electricity distribution businesses on quality of 

service is expected. Notably, consumer-owned distribution businesses are exempt 

from the DPP/CPP regulation, according to the Commerce Act Amendment 2008. It 

would indicate that consumer-owned businesses should have the incentive to provide 

better quality of service, other things being equal, compared to non-consumer-owned 

businesses. Therefore, it would be interesting to examine whether consumer-owned 

businesses provide better performance; this consideration is incorporated in the 

modelling. An ownership dummy which indicates the consumer-owned business is 

included as an independent variable. 

It should be noticed that the ownership separation of distribution and retail in 1998, 

according to the Electricity Industry Reform Act 1998, should also be expected to 

have had an impact on the behaviour of the distribution lines businesses, which in turn 
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impacts on the quality of service, as this is related to the change in market structure. 

Therefore, an ownership unbundling dummy variable which indicates the ownership 

separation is incorporated into the two-stage model.  

4.8.2. Data 

The data source is the official electricity lines business disclosure data required under  

Electricity (Information Disclosure) Regulations 1994 and 1999.  These data were 

first required for the 1995 March year and included physical, service quality and 

financial information. Data from 1996-2003 are collected from the Electricity 

Information Disclosure Statistics (Ministry of Commerce, 1999; MED, 2003), and 

data after 2003 are obtained from the information disclosure summary analysis on the 

Commerce Commission of New Zealand website. Another important resource is the 

financial statements published on the websites from the electricity distribution 

businesses. 

4.8.3. Variables 

Initially, due to data availability, operating cost, SAIDI, SAIFI, load factor, energy 

loss ratio, energy density, customer numbers, customer density, overhead ratio, 

transformer capacity, energy delivered, regulatory dummies, ownership dummy, and 

quality target are considered.  
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The distribution operating cost is defined as the sum of indirect and direct costs. 

According to Electricity Information Disclosure Statistics 1999, direct costs are 

defined as all expenditures directly related to operating or maintaining the lines 

system of the business; indirect costs are defined as expenditures such as 

administration and office expenses, not directly related to managing the lines system. 

From the financial statements, it is clear that the operating costs do not include total 

depreciation, payments for transmission charges nor AC loss-rental rates expense. 

Operating cost defined in this way is appropriate as “. . . these measures best reflect 

the purchases of actual labour, materials and services used in operating the electricity 

distribution system . . .” (Lawrence et al. 2009, pp.15). The operating costs are 

deflated by the index of labour costs for the electricity, gas and water sector, 

following Lawrence et al. (2009).  

Operating cost is assumed endogenous, and the explanatory variables are assumed 

exogenous.  

Load factor is the amount of electricity (in kilowatt hours) entering the system during 

the financial year divided by, the maximum demand multiplied by the total number of 

hours in the financial year, expressed as a percentage. 
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Energy loss is losses of electricity (in kilowatt hours) divided by, the amount of 

electricity (in kilowatt hours) entering the system during the financial year, expressed 

as a percentage. 

All the variables, except dummies, are in logarithmic form. The full set of variables is 

shown in Table 4-5 and Table 4-6. 

As can be seen from Table 4-7, for all other variables but SAIDI, there is more 

variation across individuals (between variation) than over time (within variation), so 

within estimation may lead to considerable efficiency loss. 

From Table 4-8, it can be seen that customer numbers, energy delivered and 

transformer capacity are highly correlated. Therefore, it is not surprising if one of 

these variables is dropped because of collinearity when doing panel estimation. 
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Table 4-5: Definition of Variables (NZ) 

 

Variables Explanation 

Opex Operating cost ($/consumer) 

SAIDI System average interruption duration index 

SAIFI System average interruption frequency index 

custd Consumer density(consumer numbers/kms) 

overhd Overhead line ratio (%) 

enlss Energy loss (%)  

ldfr Load factor (%) 

nengy Energy delivered(kWh) 

ncust Number of customers 

transcpty Transformer capacity (kVA) 

ldfr Load factor 

eir Electricity industry reform dummy. It indicates 
the separation of the ownership of the 
distribution and the supply in 1999 and the 
integration of generator and retailer. 

rdum01 Regulatory dummy of the Part 4A regulatory 
regime 

rdum04 Regulatory dummy of the threshold control 
regime with quality targets regime from 2004 
to 2008 

odum Consumer-owned business Dummy 

 

 

Table 4-6: Definitions of Transformed Variables (NZ) 

 

Variables Explanation 

lopex Log(opex) 

lcusd Log (cusd) 

loverhd Log(overhd) 

lenlss Log(lenlss) 

lldfr Log(lldfr) 

lnengy Log(engy) 

lncust Log(cust) 
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Table 4-7: Summary Statistics: Within and Between Variation 

 

Variable  Std. Dev. 

   
opex overall 73.384 
 between 54.704 
 within 49.916 
 overall 200.963 
 between 131.641 
 within 153.719 
saifi overall 2.119 
 between 1.630 
 within 1.387 
ldfr overall 6.859 
 between 5.825 
 within 3.773 
enlss overall 1.630 
 between 1.292 
 within 1.021 
engy overall 1580000000.000 
 between 1480000000.000 
 within 620000000.000 

 ncust overall 97337.760 
  between 89970.370 
  within 40590.180 
 custd overall 7.580 
  between 7.654 
  within 0.895 
 overhd overall 21.993 
  between 22.116 
  within 3.278 
 transc~y overall 789650.500 
  between 751216.200 
  within 279065.400 
 eir99 overall 0.422 
  between 0.000 
  within 0.422 
 rdum01 overall 0.487 
  between 0.000 
  within 0.487 
 rdum04 overall 0.487 
  between 0.000 
  within 0.487 
 odum overall 0.452 
  between 0.460 

 within 0.000 
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Table 4-8: Correlation Between Variables 

 

 opex saidi saifi ldfr enlss engy ncust custd overhd 

          

opex 1         

saidi 0.336 1        

saifi 0.191 0.711 1       

ldfr 0.108 0.108 0.048 1      

enlss 0.143 0.217 0.364 -0.151 1     

engy -0.224 -0.161 -0.178 -0.045 -0.240 1    

ncust -0.228 -0.152 -0.155 -0.062 -0.213 0.994 1   

custd -0.265 -0.392 -0.336 -0.418 -0.379 0.341 0.335 1  

overhd 0.320 0.380 0.360 0.420 0.368 -0.356 -0.340 -0.917 1 

transcpty -0.234 -0.158 -0.173 -0.070 -0.223 0.990 0.991 0.336 -0.354 

eir99 -0.351 -0.172 -0.272 0.177 -0.075 0.077 0.067 -0.019 -0.071 

rdum01 -0.301 -0.158 -0.275 0.163 -0.037 0.104 0.094 -0.017 -0.083 

rdum04 -0.157 -0.109 -0.229 0.123 -0.023 0.117 0.108 -0.016 -0.085 

odum 0.252 -0.040 -0.012 0.116 -0.006 -0.172 -0.161 -0.159 0.255 

          

 transcpty rdum99 rdum01 rdum04 odum     

transcpty 1         

eir99 0.057 1        

rdum01 0.087 0.693 1       

rdum04 0.108 0.433 0.625 1.000      

odum -0.184 0.000 0 0.000 1.000     

 

4.8.4. Quality model 

 

This section examines the impact of the quality targets regime, which was introduced 

in June 2003 by the Commerce Commission in New Zealand, on quality of service.  

This quality model is estimated through pooled data and individual-effect approaches.  

Pooled model 

Firstly, a pooled model is considered as below: 
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ititit uXQ ++= βα '

          (4.1) 

As usual, this pooled model assumes that regressors are exogenous and includes only 

one error uit. 

Individual-specific-effects model 

Then we also look at the individual-specific-effects model defined as: 

 ititiit XQ εβα ++= '                                 (4.2) 

This individual-specific-effects model specifies iα  as the random individual-specific 

fixed effects, and is used to control for time-invariant business characteristics. itε  are   

idiosyncratic error. 

In model (4.1) and (4.2), itQ  is the quality of service index for individual distribution 

line business i at time t.  The inverses of SAIDI and SAIFI as dependent variables are 

estimated in separate models. In this model, SAIDI and SAIFI are used to represent 

reliability of supply. The itX is a vector of regressors. These regressors include  

consumer density (consumer numbers/kms), number of customers, overhead line ratio 

(%), energy delivered(kWh), energy density (kWh/kms), load factors, loss ratio, and 

transformer capacity.  
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In the fixed-effects (FE) model, the iα  in (4.2) are permitted to be correlated with the 

regressors itX , meaning that this model allows a limited form of endogeneity.  As 

N=28 and T=13, in this short panel, iα  is not going to be estimated consistently. 

However, it is still possible to consistently estimate β, for time-varying regressors. In 

a random-effect (RE) model, it is assumed that the itX   are not correlated with iα .  

As discussed before, the change in market structure and the implementation of the 

control of price and quality should also be included in quality models. Therefore, 

models (4.1) and (4.2) are expanded as below: 

itititit uRDUMRDUMEIRXQ +++++= 0401 321
' γγγβα              (4.3) 

itititiit RDUMRDUMEIRXQ εγγγβα +++++= 0401 321
'             (4.4) 

One unbundling dummy variable EIR is used to capture the introduction of ownership 

unbundling. According to Buehler et al. (2002), the expected sign of the ownership 

unbundling dummy, i.e., EIR, will depend on the demand and that the quality affects 

downstream prices. With linear access prices, incentives to invest are generally 

smaller under vertical separation than under integration. However, the move from 

separation to integration also affects retail prices, which generates subtle demand 

effects that may work against the standard argument. According to the model in 

Buehler et al. (2002), under reasonable assumptions on demand, investment 
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incentives turn out to be greater under vertical separation than under vertical 

integration. With suitable non-linear access prices, investment incentives under 

separation become identical to those under integration.  

According to Nillesen and Pollitt (2010), it is likely that the sign of the unbundling 

dummy variable EIR will be seen as negative as it is expected that the ownership 

unbundling has had a positive effect on quality of service.  

One dummy variable DUM01 is used to capture the introduction of the price control 

regime; another dummy variable DUM04 is used to capture the introduction of the 

quality target regime. The expected sign of DUM01 is positive and the expected sign 

of DUM04 is negative.  

In addition, as consumer-owned lines businesses are expected to differ in performance 

from those not consumer owned, it would be advisable to include the ownership 

dummy, representing those consumer-owned businesses, in the models: 

itititit uODUMRDUMRDUMEIRXQ ++++++= λγγγβα 0401 321
'             (4.5) 

itititiit ODUMRDUMRDUMEIRXQ ελγγγβα ++++++= 0401 321
'            (4.6) 

Quality target variable is another important variable. As mentioned in section 4.6, the 

quality target for 2004-2009 is constructed based on the average of five years quality 

of service performance from 1999 to 2003. To closely investigate whether the quality 
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target has impact on quality of service, an additional model is conducted while quality 

target itself is included: 

itititiit ODUMQTXQ ελβα ++++= '             (4.7) 

Where QT represents the quality target. Only individual-effects model is considered 

as the quality target is derived in terms of individual utility’s performance only. 

Estimation methods for quality model 

We use the same process in Chapter 3 for testing the model assumptions and model fit. 

Firstly let us look at equations 4.5 and 4.6. When lsaidi is a dependent variable, the 

Hausman test suggests FE to be more appropriate, as the hypothesis of no systematic 

difference on coefficients of the FE and RE estimations is rejected at the 5% 

confidence level. The heteroscedasticity test suggests that there is heteroscedasticity 

significant at the 1% level. The autocorrelation test suggests that there is no 

autocorrelation for these models. Therefore, we use FGLS to fit the pooled model and 

FE (robust) to fit the individual-specific-effects model. 

When lsaifi (i.e., the log of SAIFI) is the dependent variable, the Hausman test 

suggests RE is more appropriate, as the null hypothesis of no systematic difference on 

coefficients of the FE and RE estimations is accepted. The heteroscedasticity test 

suggests that there is heteroscedaticity at the 1% significance level.  The 
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autocorrelation test suggests that there is serial autocorrelation for these models. 

Therefore, we use FGLS(AR(1)) to fit the pooled-model and RE(AR(1)) for the 

individual-specific-effects model. 

Now let us look at equation 4.7. When lsaidi is a dependent variable, the Hausman 

test suggests RE to be more appropriate. The heteroscedasticity test suggests that 

there is heteroscedasticity significant at the 1% level. The autocorrelation test 

suggests that there is no autocorrelation for these models.  

When lsaifi is a dependent variable, the Hausman test suggests RE to be more 

appropriate. The heteroscedasticity test suggests that there is heteroscedasticity 

significant at the 1% level. The autocorrelation test suggests that there is 

autocorrelation for these models. 

Therefore, we use RE(robust) to fit the estimation of equation 4.7 when lsaidi is 

dependent variable, and RE(AR(1)) when lsaifi is a dependent variable. 

4.8.5. Cost-quality model 

 

The objective of this section is to estimate the effect of the quality targets on 

operating cost and the relationship between operating cost and quality of service.  
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Nillesen and Pollitt (2010) recognise the effect of quality of service on operational 

costs, as lower quality networks could result in higher operational costs. Operating 

cost may be a function of cost parameters, efforts and quality of service. 

In this case, the quality target is used to represent the explanatory power of quality of 

service. This is because the quality target is likely to be considered when the EDBs 

are making decisions on Opex planning. Also, since the quality target is the average 

of past performance, it may be used to capture the differences in underlying networks 

quality. Therefore, the model is named ‘cost-quality’ model and quality target is 

included as an independent variable. As the targets of SAIDI and SAIFI are highly 

correlated, only the target of SAIDI is included in the model. As the target of SAIDI 

is the average of individual EDB’s quality performance from 1999 to 2003, it is 

considered as an exogenous variable.   

Nillesen and Pollitt (2010) specify a cost function following Kwoka (2005a, b), which 

takes the following form: 

C = (Q, P, X) 

where C denotes distribution operational costs, Q denotes distribution output, P 

denotes factor prices, and X denotes exogenous factors that affect distribution costs.  
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The study assumes that factor prices are the same for all the companies in their 

sample and therefore P is excluded from the analysis.  

Following this model and the assumptions made by Nillesen and Pollitt (2010), the 

cost-quality equation is displayed below: 

itititiit QTXOpex εδβα +++= '         (4.8) 

Where itOpex  is the operating cost for individual distribution business i at time t. Xit 

includes output variables number of customers and energy delivered, exogenous 

variables consumer density, overhead line ratio, energy density, load factors, loss ratio, 

and transformer capacity. itQT  denotes the quality target of SAIDI  and is used to 

account for quality of service. As for the quality models, the ownership of the EDBs 

should be included in the model as it may provide different incentive for cost 

reduction. Therefore, the following equation is estimated: 

itititiit ODUMQTXOpex ελδβα ++++= '   (4.9)  

Estimation methods for cost-quality model 

We use the same process as in Chapter 3 for testing the model assumptions and model 

fit. 



127 

The quality target has been in place since 2004. Because of the way it is constructed, 

it is related to individual EDB’ performance only. Therefore, the individual-effects 

model is considered more appropriate.    

The autocorrelation test shows that the model exhibits first order autocorrelation. The 

heteroscedasticity tests show that there is heteroscedasticity, and the Hausman test 

shows that the random effects approach is appropriate.  RE with AR(1) is used for the 

individual-specific-effects model. 

4.8.6. Primary Results  

 

The impact on quality 

The estimated results of the quality models (4.5) and (4.6) are presented in Table 4-10. 

The first column presents the explanatory variables. The second and third columns 

present the estimated coefficients for the quality models with the dependent variable 

lsaidi. The fourth and fifth columns provide the estimated coefficients for the quality 

models (4.5) and (4.6) with the dependent variable lsaifi.  

The second column in Table 4-10 provides the estimated coefficients for the pooled 

model using the GLS approach; the third presents the estimated coefficients using the 

FE approach for the individual-effects model, where lsaidi is the dependent variable.  
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Table 4-9: The Estimation Results of the Quality Model 

Dependent Variable    

lsaidi lsaifi 

Explanatory 

Variable GLS FE (robust) GLS-AR(1) RE-AR(1) 
  

lldf -0.297 -0.245 -0.037 -0.142   
(0.259) (0.402) (0.147) (0.293)   

lenlss -0.287*** -0.332 -0.053 -0.100   
(0.107) (0.201) (0.084) (0.108)   

lengy 0.551*** dropped 0.659*** 0.267   
(0.212) (0.153) (0.243)   

lengyd -0.718*** 0.514 -0.970*** -0.552**   
(0.207) (0.447) (0.176) (0.239)   

lncust dropped 0.377 dropped dropped   
(0.344)   

lcustd -0.794*** 0.017 -0.358*** -0.319*   
(0.110) (0.442) (0.144) (0.173)   

loverhd 0.378*** 0.136 0.420*** 0.443**   
(0.133) (0.162) (0.155) (0.197)   

ltranscpty -0.484** 0.575* -0.588*** -0.205   
(0.218) (0.306) (0.171) (0.235)   

rdum99 -0.148* -0.283** -0.163*** -0.182***   
(0.079) (0.092) (0.032) (0.070)   

rdum01 -0.109 -0.187** -0.073** -0.075   
(0.079) (0.082) (0.033) (0.070)   

rdum04 -0.048 -0.194*** -0.078*** -0.112*   
(0.064) (0.060) (0.032) (0.063)   

odum -0.206*** dropped -0.020 -0.060   
(0.083) (0.067) (0.152)   

  
cons 9.228*** -9.490 3.830 3.175   

(1-771) (6.312) (2.386) (2.450)   

   

Note: *significant at 10% level, **significant at 5% level, ***significant at 1% level. 

For the pooled model, energy loss, energy delivered, energy density, customer density, 

overhead ratio, and transformer capacity have very significant impacts on SAIDI. 

Energy loss, energy density, customer density, and transformer capacity have 

significant positive impacts on outage duration. Energy delivered and overhead ratio 

have significant negative impact on outage duration. It is noticed that variable 
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customer numbers are dropped because of collinearity with overhead ratio of the line 

length. 

Industry reform has had significant positive impact on outage duration. The 

consumer-owned lines businesses are performing better than those not consumer 

owned.  

When individual-specific-effects are considered, the impact of the industry reform is 

significant at the 5% level while the impact of transformer capacity is significant only 

at the 10% level.  

The results also suggest the evidence of the positive impact of the quality targets 

regime on the duration of outage.  

However, a surprising result is that there is evidence of the positive impact of price 

control on the duration of the outage. This is not a unique result in the electricity 

industry so far. As Ter-Martirosyan (2003) pointed out, Ai and Sappington (2002) 

find “no systematic link between incentive regulation and service quality, broadly 

defined” in their study using a panel approach to analyse the impact of incentive 

regulation on various quality measures in the telecommunications industry from 1990 

to 1996.  
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It should be noticed that the price cap regulation in New Zealand is not a pure price 

cap. Information disclosure has played an important role as another regime.   

The impact of consumer-owned businesses is not estimated as the dummy is dropped 

in the fixed–effects model; nor is energy delivered estimated since it is dropped 

because of collinearity with transformer capacity.  

The estimation results are provided in the third and fourth columns of Table 4-9 when 

lsaifi is the dependent variable. The third column of Table 4-9 provides the estimated 

coefficients for the pooled model using the GLS approach, with AR(1) considered; 

the fourth column presents the estimated coefficients using the RE approach for the 

individual-effects model, with AR(1) considered.  

For the pooled model, energy delivered, and overhead ratio have significant positive 

impact on the frequency of outage; energy density, customer density, transformer 

capacity have significant negative impact on the frequency of outage. The impact of 

energy loss is, however, not significant. 

Industry reform, price control, and the quality targets regime, all have significant 

positive impact on frequency of outages. However, although the sign of the 

coefficient of the consumer-owned dummy is negative, the impact is not significant in 

this model. 
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For the individual-specific-effects model for frequency of outage, energy density has 

significant positive impact while the overhead ratio has significant negative impact. 

The impact of customer density is significant at the 10% level only.  

In this model, the impact of the industry reform is significant; the impact of the price 

cap regulation is insignificant. Consumer-owned businesses have no significant 

impact on frequency of outage. 

The results suggest a significant group effect due to the different significance and 

magnitude of the coefficients, and the different significance of the variables between 

pooled models and individual-specific-effects models. This is supported by 

observation of the individual performance trend. According to Figure 4-9, the 

performance of SAIDI for the four firms Top Energy, Eastland, Alpine and Electricity 

Ashburton are quite different from other EDBs in some years.   
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Figure 4-9: SAIDI Trend of EDBs in NZ 

 

Further research implies that the group effect might result from extreme events. As 

the interruptions details are available only from 2002/03, it is not clear what was 

happening in 1999 and 2001 to Top Energy and Eastland Network respectively. As 

for Alpine Energy, on 12 June 2006, there was a snow storm, the largest snow event 

in 60 years, and 20-30cm fell at sea level; 10,000 customers lost supply. Electricity 

Ashburton also suffered from a severe snow storm on that same date. 

Table 4-10 provides the estimated results of the quality model when the quality target 

is included.  According to the estimated results, higher targets with higher indices 

would indicate that the estimated quality indices SAIDI and SAIFI are higher. This 
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also could be explained as an EDB with higher past quality indices being estimated to 

have higher quality indices in the future. 

Table 4-10: The Estimated Results of the Quality Model When Quality Target is 

Included 

 
Dependent Variable 

 
lsaidi lsaifi 

Explanatory 
variable 

RE(robust) 
RE-
AR(1) 

lldf -0.553 -0.446 

 
(0.588） (0.450） 

lenls -0.878** 0.270* 

 
(0.381） (0.152） 

lengy -0.120 0.268 

 
(0.528） (0.280） 

lengy -0.106 -0.454* 

 
(0.421） (0.242） 

lncust dropped dropped 

   
lcustd -0.570** -0.448*** 

 
(0.249) (0.170) 

loverhd -0.108 0.199 

 
(0.218) (0.141) 

ltranscpty 0.218 -0.174 

 
(0.517) (0.280) 

odum -0.021 0.040 

 
(0.147) (0.091) 

lsdt/lsft 0.678*** 0.594*** 

 
(0.163) (0.097) 

cons 6.092 3.872 

 
(4.538) (2.949) 

 

Note: *significant at 10% level, **significant at 5% level, ***significant at 1% level 

 

The Impact on Cost 

 

Table 4-11 provides the estimated results of the cost-quality model which imply that 

SAIDI has a significantly positive impact on operating cost. This would suggest that 
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when the target of duration of outage is higher, the operating cost is estimated to be 

higher. This is likely due to the following two reasons: the longer a duration of outage 

is, the poorer the network quality and in turn the higher the Opex to get the power 

recovered; and the higher target also implies that higher Opex is needed to maintain 

the networks in order to avoid outage occurred or to shorten the duration of an outage.  

The coefficient on energy delivered is statistically significant at the one percent level, 

suggesting that there are economies of scale in the network business. A one percent 

increase in energy delivered results in 0.743% decrease in operational costs.  

Energy density and transformer capacity have a significantly negative impact on 

operational costs. The estimated result shows a strong evidence of the positive impact 

of energy loss on Opex.  

There is evidence that consumer-owned businesses have higher Opex than those not 

consumer owned. This is partly due to the fact that most of the consumer-owned 

businesses are small in size and some are in rural areas. 
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Table 4-11: The Estimated Results of the Cost-quality Model 

  

 

Note: *significant at 10%  level, **significant at 5%  level, ***significant at 1%  level. 

 

  

Dependent Variable   

  

Opex   –   lsdt   included  

Explanatory Variable        RE-AR(1)  

lldf  0.149  

  

( 0.200)  

lenlss - 0.147***   

  

( 0.055)  

lengy  - 0.743***   

  

(0.154)  

lengyd   0.646***   

  

( 0.163)  

lncust   dropped   

    lcustd   - 0.003  

  

( 0. 125)  

loverhd  - 0.137  

  

( 0.115)  

ltranscpty   0.691***   

  

( 0.153)  

  odum   0.258***   

  

  (0.080)  

  lsdt    0.284***   

  

  (0.080)  

cons  3.743**   

  

(1.843)  
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Figure 4-10: Opex Trend of the EDBs in NZ 

 

 

Figure 4-10 shows that there is individual variance of the Opex performance from 

1996 to 2008. Nelson Electricity had a significant drop in 1997 and Buller Electricity 

seemed to perform less efficiently than other EDBs over many years. The smallest in 

the country, the Buller network is, mainly rural, supplying around 4000 connections.  
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4.9. Conclusions 

 

There is evidence that outage duration is largely affected by regulatory regimes. 

When individual-specific effects are considered, the quality target regime has positive 

impact on reducing the duration of outages. However, there is no conclusive evidence 

that the interruption frequency has been reduced. 

Strong evidence supports significant impact of the industry reform on quality, and that 

both interruption frequency and duration have been improved after the ownership 

separation.  

The estimated results suggest that energy delivered has strong explanation power for 

the variation in frequency of outages. The positive link between the energy delivered 

and the frequency implies that when fewer outages occurred, more energy could be 

delivered.  

Overhead ratio is another independent variable important in the explanation of the 

variation of the frequency of outages. Overhead ratio is greater, implying that outages 

are occurring more frequently. This is because the longer the length of line is exposed 

to the air, bad weather conditions, or other unexpected factors, the more likely are 

outages to occur. 
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In addition, a target with higher quality index would indicate higher estimated quality 

indices SAIDI and SAIFI. This could be also explained as an EDB with higher past 

quality indices being estimated to have higher quality indices in the future. 

There is evidence to support a positive link between the SAIDI target and Opex. This 

implies that the higher the SAIDI target is, the higher the operating cost is to be 

estimated.  
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5. CONCLUSIONS AND RECOMMENDATIONS  

5.1. Introduction 

 

This research has covered the following aspects of the electricity distribution 

networks: 

� the development of regulation; 

� the relationship between regulation and quality;  

� the effectiveness of the service incentive scheme in the UK in the electricity 

distribution networks; and  

� the impact of the quality of service targets regime on quality of service in New 

Zealand’s electricity distribution networks. 

Electricity distribution networks embody a natural monopoly. Competition is not 

feasible in this sector as it is characterised by large sunk investments, a large share of 

fixed costs, and economies of scale and scope. One service provider is more efficient 

than two or more providers.  

In place of competition, rate of return and incentive regulations have been widely 

applied in electricity distribution networks. However, rate of return regulation has 

disadvantages regarding its impact on incentives for efficiency, and incentive 
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regulation has become more popular since it was first applied in British 

Telecommunications in the 1980s. Incentive regulation has indeed been 

acknowledged as a regulation in the sense that it strengthens cost-reducing incentives 

faced by the regulated businesses by setting prices or revenue caps ex ante, which 

apply regardless of actual costs ex post.  

Although incentive regulation promotes efficiency, one particular disadvantage, 

among others, is that it gives firms incentives to reduce their quality of service for 

obtaining more profit. Spence (1975) and Sheshinski (1976) show that monopoly 

firms always set quality of service too low under the fixed price regime. An empirical 

study from Ter-Martirosyan (2003) has provided evidence that incentive regulation 

results in degradation of quality in the US. 

With this potential challenge facing regulators during the application of incentive 

regulation, quality of service control has been applied gradually through quality 

targets, guaranteed service levels and service incentive schemes. The UK has been 

applying service incentive schemes, and quality targets have been applied in New 

Zealand..  
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5.2. Research Questions and Findings 

5.2.1. Research Questions 

 

The research questions are as below: 

� Are the service quality incentive scheme and quality standards regulation in 

electricity distribution networks in practice effective or not in the United 

Kingdom and New Zealand respectively? 

� What could be considered for improving quality of supply in the New Zealand 

electricity distribution networks, based on the experience of the UK and New 

Zealand? 

5.2.2. Findings 

 

The optimal quality of service level is determined by the consumer’s willingness to 

pay and the cost of supply of the quality of service. The challenge is that in practice, 

information about consumer demand for quality is absent, and the relationship 

between cost and quality is not demonstrated. 

Appropriate regulatory guidance or rule for reporting is very important for 

implementing an effective regulatory regime. One important enforcement issue, 

among others, is data consistency for any type of service quality regulation. Different 
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definitions of outages (long and short interruptions) and absence of auditing are 

common problems resulting in inaccuracy and inconsistency of the data reported. 

Inadequate data may result in inappropriate levels of target setting, and may also lead 

to misleading performance comparison.  

Different types of quality of service regulation have different characteristics. In 

practice, regulators usually adopt a combination of the different types of service 

regimes. Information disclosure and quality targets are commonly used with other 

service regulatory regimes in many countries. Among other countries, New Zealand 

applied information disclosure only in the 1990s, and from 2003/2004, quality targets 

with information disclosure. The service regulation appears in a much simpler ways, 

such as without other forms of service regulation, and without penalty and reward. 

A theoretical modelling is conducted to investigate the relationship between quality 

incentive and the quality of service, and the relationship between incentive and 

operating cost. The results tell us that under incentive regulation, quality incentive has 

positive impact on quality and effort. The impact of some factors depends on their 

expected impact on exogenous costs.  

The impact of the quality incentive on operating cost is difficult to determine since it 

will depend on the combined effects of quality of service and effort. The introduction 
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of quality incentive increases both quality and effort. An increase in quality tends to 

raise costs, while increase in effort tends to reduce them. 

If a target is set out without rewards or penalty, the effect of the target can be 

expected to be limited. Ter-Martirosyan’s (2003) model shows that quality increases 

with a penalty fine and decreases with the power of the incentive scheme. In order to 

reach the same level of quality, a more severe punishment must be used if the 

regulator chooses a more powerful contract.  

The UK case study aims to investigate the impact of the service incentive scheme on 

quality of service in the electricity distribution networks in the UK, controlling for 

other factors influencing the quality of service. It is expected that the IIP regulatory 

scheme should have positive impact on quality of service, from a theoretical point of 

view. The panel data used in this study, between 1992 and 2007, are drawn from 14 

distribution companies.  

Price cap regulation has been applied in the electricity distribution networks in the 

UK since 1990, accompanied by a standards of performance scheme since 1991. A 

company must pay affected customers if it fails to meet the required level of quality 

of service. However, the overall level of the quality of service was not linked to 

allowed revenue. In contrast, the IIP, which links the overall level of the quality of 
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service to the allowed revenue, has been in operation since April 2002. The penalty 

and rewards mechanisms are also emphasised in the IIP. 

Two models with or without individual-specific effects are applied. The results in 

Table 3-13, suggest strong evidence to support that the positive effect of the quality 

incentive scheme on quality of service has statistical significance. Moreover, the 

results show that the service incentive scheme can explain the larger proportion of the 

variation in customer minutes lost than in customer interruptions. 

The results support the conclusion of a strong firm-specific effect. This suggests that 

firm differences can explain a large proportion of the variation in outage scores. There 

is strong evidence that the capital stock and underground share have positive effect on 

quality of service.  

Furthermore, the results show that the incentive rates have significant positive impact 

on CI; however, the impact of the incentive rates on CML is not as great as the impact 

on CI. An increase in the incentive rates for CI by £10k would result in a 0.608% 

decrease in the number of customers interrupted per 100 connected customers. 

The case study on New Zealand electricity distribution networks investigates the 

effectiveness of the quality standards control regime on the quality of service. The 

study tests the hypothesis: the quality of service level is improved under the quality 
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targets regime.  An empirical analysis using balanced panel data from 1996 to 2008 

across 28 distribution lines businesses is conducted. 

In New Zealand, the information disclosure regulations for electricity took effect from 

11 August, 1994, and CPI-X incentive regulation was recommended in 2000. In 2001, 

the Commerce Commission was required to set thresholds for the declaration of 

control in relation to New Zealand electricity distribution businesses under the former 

Part 4A of the New Zealand Commerce Act. The thresholds are used to identify lines 

businesses whose performance may demand further examination through a post-

breach inquiry and, if required, controlled by the Commission. On 6 June, 2003, the 

Commission set two thresholds, a price path threshold and a quality threshold, 

applicable until 31 March, 2004 for all EDBs. 

The results from the individual-specific-effects quality model suggest that the impact 

of the quality targets regime on the interruption duration is significant. There was no 

evidence to show that consumer-owned lines businesses provided different levels of 

quality of service, compared to those not consumer owned. The results provide strong 

evidence to support that ownership separation of distribution and retail (i.e., the 

industry reform) has significant positive impact on quality of service.  
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The results also provide strong evidence to support the negative relationship between 

overhead ratio and interruption frequency. That is, an area with a high ratio of 

overhead lines may indicate an inferior quality of service level. The system average 

frequency of interruptions in areas with a greater ratio of overhead lines is larger than 

that in those with a smaller ratio of overhead lines.  

Furthermore, the estimated results suggest that higher targets with higher indices 

would indicate that the estimated quality indices SAIDI and SAIFI are higher. This 

also could be explained as an EDB with higher past quality indices being estimated to 

have higher quality indices in the future. 

According to the estimated results of the cost-quality models, there is evidence to 

support a negative relationship between service quality indices and operating cost.  

This would suggest that when the target of duration of outage is higher, the operating 

cost is estimated to be higher. This is likely due to the following two reasons: the 

longer a duration of outage is, the poorer the network quality and in turn the higher 

the Opex to get the power recovered; and the higher target also implies that higher 

Opex is needed to maintain the networks in order to avoid outage occurred or to 

shorten the duration of an outage.  
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While energy delivered has a significantly positive impact on Opex, energy density 

and transformer capacity have a significantly negative impact. The estimated result 

shows a strong evidence of the positive impact of energy loss on Opex.   

5.3. Policy Implications 

 

Among New Zealand electricity distribution networks, the design of the price control 

mechanism provides no dynamic consideration for the quality of service. This can be 

seen from the following: 

� The starting price did not take into account quality of service, being 

constrained all the way back to that of 2003.  

� The TFP approach for deriving the X-factor did not incorporate service quality. 

� The risk of insufficient revenue facing the EDBs if the volume/demand is 

dropped dramatically also discourages the EDBs from maintaining or 

improving quality of service level.  

Estimated results suggest that consumer-owned EDBs have not provided a different 

quality performance, compared to the non-consumer-owned. This would suggest that 

consumer-owned companies, even though they are mostly located in rural areas where 
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the energy density is low, are performing as well as the non-consumer owned 

companies. 

The results also show that the separation of ownership of distribution and retail has a 

very significant positive impact on quality of service. This would confirm that 

grouping the competitive and non-competitive service is a good practice in terms of 

quality of service in the electricity industry in NZ. 

5.4.  Recommendations for Future Consideration 

 

Improvements in the reliability of networks of similar high level design can be 

obtained by increasing the magnitude and/or efficiency of Opex and incremental 

Capex. Opex can be used to improve maintenance and increase the level of vegetation 

control. Incremental reliability targeted Capex can be used to install additional 

protective devices within the existing infrastructure to reduce the average number of 

customers affected by a single fault.  

Since there is a price quality trade-off, the price and quality control paths should 

reflect the relationship between price and quality of service. The cost-quality model 

provides that a 1% decrease in interruption duration will lead to an approximate 0.284% 

reduction in operating costs. This implies that the EDBs are willing to invest 0.284% 

operating expenditure for a 1% reduction in interruption duration.  
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This could explain why the duration of outages has been reduced under the price 

control regime while the EDBs have strong incentive to reduce Opex.  

As the UK experience has suggested that capital expenditure is important to the 

quality of service level, the link between asset management and quality should be 

addressed. This could be done through a menu of contracts or through a specific 

capital allowance for improving quality of service.   

Another option for encouraging investment in quality of service is to apply a service 

incentive scheme. This type of regulation is generally used to provide incentives for 

improving service quality and there appears to be an increasing international trend 

towards adopting this regulatory approach. There is widespread evidence from many 

countries that the introduction of incentive-based schemes has coincided with 

significant improvements in service quality levels (DET, 2001; Jamasb and Pollitt, 

2007; CEER, 2006; Parsons Brinckerhoff Associates, 2007). The UK study has 

provided evidence to support the view that a service incentive scheme is effective in 

improving the quality of service, in particular for reducing the average duration of 

outages.  

In New Zealand the service of quality of electricity distribution networks is likely to 

be less than optimal for the following reasons: 
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� under price cap regulation EDBs are not likely to invest in improving quality 

of service; and 

� there is an absence of information on WTP in New Zealand. 

In fact, a quality targets regime is likely to be a light-handed regulation, as there are 

no obvious penalties and rewards; this view is broadly supported in Chapter 4 – there 

is no conclusive evidence about how successful the quality target regime has been in 

providing incentives for service quality improvement, especially for reducing 

frequency of outages. 

In Chapter 3 it is suggested that the UK service incentive scheme will increase quality, 

both in terms of reducing the frequency and the duration of outages. However, the 

challenge for the regulator – CCNZ – in setting up an optimal service level is that the 

WTP is difficult to define and measure. In practice, the WTP is approximated with its 

inverse: that the customer’s interruption cost was caused by a poor service quality 

level. Service quality incentives for the regulated company are thus calculated by 

multiplying the respective energy not supplied with the interruption cost for a certain 

customer group (Growitsch, Jamasb et al., 2010).  

Alternatively, WTP can be based on a consumer survey. In the State of Victoria in 

Australia, the incentive rates for the reliability of the S-factor scheme were set at the 
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WTP. The rates adopted for customer service indicators are based on WTP for service 

improvement. In both Victoria and South Australia, the weightings for each measure 

are based on the results of the South Australian WTP study. Future rates for the 

service measures could be based on future surveys or use existing data (ETSA Utilies, 

2008). In the UK, the incentive rate is based on WTP for service improvement, which 

is based on customer surveys conducted in 2003 and 2004 (Ofgem, 2003; 2004c). 

International experience tells us that guaranteed service level schemes could be 

applied, their being very useful to ensure that minimum service levels are maintained 

for the worst-served customers. Target-setting relying only on SAIDI and SAIFI 

implies an absence of method in looking after the worst-served customers on a 

network; when the impact on average reliability figures is easy to achieve, the worse-

performing areas are likely to be ignored. This is particularly true when the EDBs 

operate non-contiguous networks, needing to report only a single set of performance 

data for the assessment.  

Extreme events and data variation should be addressed in the assessment of quality 

performance. Normalised reliability data should be used for setting the quality of 

service standards and for the assessment of service quality performance. This requires 

that a standard guideline be provided by the regulator, or the EDBs should follow 

international standards if these are applicable to NZ.  
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Moreover, a standard definition for different types of outages, standard recording and 

auditing processes should be set out in order to obtain comparable and adequate EDB 

performance data. 
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