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Abstract

This document (C10-EQS-41-03) is a CEER document on Guidelines of Good
Practice on Estimation of Costs due to Electricity Interruptions and Voltage
Disturbances.

These recommendations apply for cost-estimation studies on customer and society
costs due to electricity interruptions and voltage disturbances. They include
explanations of all steps during a study, including a checklist, and give
recommendations on the choices to be taken within all steps, though some choices
will depend upon country-specific characteristics.
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interested parties.
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EXECUTIVE SUMMARY

The Council of European Energy Regulators (CEER) has prepared Guidelines of Good
Practice (GGP) on Estimation of Costs due to Electricity Interruptions and Voltage
Disturbances. In order to help prepare these GGP, a consultancy study on the issue was
commissioned by CEER. SINTEF Energy Research prepared a consultancy report' on
“Estimation of Costs due to Electricity Interruptions and Voltage Disturbances” which served
as a basis for this CEER document.

There is a growing interest Europe-wide in cost-estimation studies to reveal costs due to
electricity quality deviations. Activity in this area is witnessing differing levels of development
across European countries and CEER deemed it useful to try to set out European guidelines
in the domain of nationwide studies on estimation of costs due to electricity interruptions and
voltage disturbances. This work is also based on the practical experience available in some
countries. CEER’s main objectives are:

1. to provide a set of recommendations for national energy regulatory authorities (NRAs)
and other interested parties on how to design and develop nationwide cost-estimation
studies; and

2. to highlight possible problems (already experienced by some countries), in order to
improve the effectiveness of future studies and the quality and comparability of their
results. This report also highlights three national experiences of these types of studies,
which can be useful for NRAs that want to set up studies in future.

The typical structure for a cost-estimation study on electricity interruptions and voltage
disturbances can be divided into a “survey-based approach” and a “case-based approach”.
“Survey-based approaches” typically include the design of a questionnaire which is sent out
to a large representative sample. On the other hand, the “case-based approaches” focus on
a few single cases in order to identify consequences of interruptions or voltage disturbances
for these typical cases. Both approaches could be used for all customer groups; however,
CEER mainly recommends that either a “survey” or a “case” based approach is used to elicit
the costs for the different customer groups.

These CEER GGP for studies on costs due to electricity interruptions and voltage
disturbances include recommendations on:

Definition of objectives;

Choice of consultants;

Specification of customer groups;

Choice of cost-estimation method;

Choice of normalisation factor and clarification of data needs;

Check for available data;

Choice of conduction method (means by which the survey/case analysis is
performed);

! “Study on Estimation of Costs due to Electricity Interruptions and Voltage Disturbances”, SINTEF Energy

Research (www.sintef.no), November 2010, Ref. TR F6978, available through http:/www.energy-
requlators.eu.
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Design of questionnaires and scenarios;

Sample selection;

Test of questionnaires;

Survey conduction: how to conduct the survey/case analysis;
Selection of cases;

Analysis of cases; and

Cost analysis.

In addition, as regards costs due to voltage disturbances, the CEER recommendations
cover a few additional aspects, specifically for case-based VQ studies:

e Deployment of measurement instruments;

e Logging of events; and

e Analysis of log forms and measurement data.

CEER believes that one of the most important tasks for NRAs, before conducting a
nationwide cost estimation study, is to choose the best consultants to assist or to carry out
the work based on the NRA’s objective®. Consultants are often used for parts or even for the
complete cost-estimation study. Consultants may be used for the choice of cost-estimation
method; design of questionnaires, conduction of the study; selection and analysis of cases,
deployment of measurement instruments, analysis of log forms and measurement data and
cost analysis, depending on whether a survey-based approach or a case-based approach is
chosen and whether the study covers electricity interruptions and/or voltage disturbances.

Different tasks require different expertise; hence the consultants’ experience and
competence need to be checked in detail before they are contracted for any part of the work.
CEER believes it is imperative that the consultants have proper knowledge and experience
of survey methodology and conduction, economics, mathematics, statistics (complex
statistical analysis and regression analysis), the electrical power system and the technical
details of interruptions and voltage disturbances, depending on which parts the consultant
will be involved in. When performing a cost-estimation study on voltage disturbances,
practical experience with voltage quality including real measurements will be an advantage.
The respective NRA should in any case be involved in the consultants’ work, ensuring
regulatory supervision at each stage of the process.

2 It different stakeholders contribute financially to the cost-estimation study; a joint objective for all stakeholders
should be developed.
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CEER has drawn the following conclusions from its work on this issue:

C-1: Results from cost-estimation studies on customer costs due to electricity interruptions
are of key importance in order to be able to set proper incentives® for continuity of supply.

C-2: Results from cost-estimation studies on customer costs due to voltage disturbances are
important input’ on the consequences of various voltage disturbances when deciding where
to focus regulation.

C-3: Society costs should be considered in addition to customer costs when doing a cost-
estimation study, as these can differ significantly.

C-4: National Regulatory Authorities should perform nationwide cost-estimation studies
regarding electricity interruptions and voltage disturbances.

C-5: A pre-study should be performed in advance of a main study in order to define the
objectives and to clarify country-specific characteristics, budget and consultancy needs,
possible funding partners, timeline and possibilities in general for the main study.

C-6: These GGP — including the SINTEF consultancy report — should be used as a reference
when performing a nationwide cost-estimation study, always taking into account country-
specific issues and needs.

C-7: Results and experience from cost-estimation studies shall be disseminated among
interested stakeholders.

8 Including load shedding, contingency planning, preventive maintenance, softened N-1 criterion, ordinary
(income) incentive based schemes, payment schemes.

* A cost-estimation study is not a prerequisite for introducing regulatory requirements on voltage quality. In
particular requirements for continuous phenomena can be introduced without a cost-estimation study
performed in advance, see also ERGEG Public Consultation and Conclusions papers on “Towards Voltage
Quality Regulation in Europe”; Ref.: E06-EQS-09-03 and E07-EQS-15-03.
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1 Introduction
1.1 Quality of electricity supply

Quality of electricity supply can be divided into three main elements: the availability of
electricity (continuity of supply), its technical properties (voltage quality) and the speed and
accuracy with which customer requests are handled (commercial quality). The quality of
electricity supply has implications on the functioning of the European industry, and hence, for
its part, the European electricity infrastructure influences the competitiveness of the
European industry compared to other industrial regions of the world.

Continuity of supply represents the availability of electricity. When electricity supply is
temporarily not available, this is referred to as an “interruption of supply” (or an
“interruption”). The fewer the instances of interruptions and the shorter these interruptions
are, the better is the supply from the viewpoint of the customer. The design and operation of
the power system should be such that the number and duration of interruptions are
acceptable to most customers, without incurring unacceptably high costs. A distinction is
often made between the types of interruptions, based on their duration. In most European
countries, an interruption is referred to as a “short interruption” if it lasts three minutes or
less. A “long interruption” is an interruption that lasts more than three minutes. The reason
for this distinction has to do with the way in which continuity data has traditionally been
collected. The effect of interruptions on customers varies a lot depending on the type of
customer, time of occurrence of the interruption, interruption duration, frequency of
occurrence, etc. Traditionally, for many customers, the impact of a 1-minute interruption is
much less than the impact of a 1-hour interruption. However, due to a number of
developments, in particular within the processing industry, but also modernising of the
agriculture sector, increased use of power electronics and electronic equipment, etc; the
sensitivity of electrical equipment and appliances with respect to interruptions and their
durations has changed over the years. The aim should be to have a balance between costs
and continuity of supply benefiting society the most.

Voltage quality represents the usefulness of electricity for end-users when there are no
interruptions. When the voltage quality is very poor, several problems may arise in the use of
electrical appliances and electrical processes: e.g. malfunctioning, breakdown, trips,
damage, reduced efficiency, flickering lights and even explosion and fire. A voltage
disturbance, such as for instance a voltage dip, may have a major impact on the continuous
processes within the industry, especially within certain parts of the processing industry like
the paper industry or steel manufacturing. In simple terms, voltage quality can be described
by deviations from nominal values for voltage frequency and voltage magnitude and by
distortions of the voltage wave shape. These can be further divided into several more
parameters or voltage disturbances.

1.2 Nationwide cost-estimation studies — motive

Finding a compromise between “reliability” and “costs” has been a subject of discussion for
several decades now and will likely continue for years to come. Cost-estimation studies are
an important tool to be able to estimate an optimal level of continuity of supply. The “optimal
continuity of supply” can be different for different regions (urban versus rural) and for different
types of customers (industrial versus domestic) and will certainly evolve with time as end-
user equipment, customer requirements and investment costs change.
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Over the past 10 to 15 years, several CEER members have implemented financial incentives
in their regulation in order to optimise the level of continuity of supply seen from society as a
whole [1]°. As a basis for implementing these kinds of incentives, some European countries
have conducted nationwide cost-estimation studies to reveal customers’ interruption costs.

In order to find the optimal level of continuity of supply from society’s point of view, it is
imperative to balance the various cost-elements towards each other, i.e. the costs associated
with reducing the scope of interruptions must be compared to the possible reduction in the
customer’s costs resulting from the same actions. In order for NRAs to be able to
implement reliable financial incentives® regarding continuity of supply, it is of great
importance that sufficient knowledge about customers’ real costs and their
willingness to pay and willingness to accept is available in order to introduce or to
improve such regulations. The impact on society’s costs is not the same as the impact on
customers’ costs and the difference is also important to consider due to the goal of many
national acts and regulations.

Only some CEER members have established national minimum requirements and
regulations on voltage disturbances, c.f. 4" CEER Benchmarking Report on Quality of
Electricity Supply [2]. This is probably due to various legal and real competences within this
field within the various NRAs. However, as from 3 March 2011, following the deadline to
implement the 3 Package’, all European NRAs will have the legal power to introduce
voltage quality requirements. Some European countries have carried out cost-estimation
studies to reveal customers’ costs due to voltage disturbances, although on a limited basis
and only including a few parameters. In most cases, this has been investigated together with
a cost-estimation study on electricity interruptions. Although results from a European cost-
estimation study exist [10], [11], cost elements due to voltage disturbances at national
level are still unknown or uncertain in many European countries. Hence, it is useful for
NRAs to gain new knowledge on customers’ costs related to poor voltage quality.

° While [1] provides a European overview as of 2005, an updated and global overview of former cost surveys and
methods applied regarding costs due to interruptions and voltage disturbances is given in [3].

6 Incentive-based regulation, penalty schemes, payment schemes, contracts, softened N-1 criterion, basis for
concession applications, justification of investments, priorities for load shedding, contingency planning,
preventive maintenance, etc.

" The 3rd legislative Package proposals for the European Internal Market in Energy were finally adopted on 13
July 2009 and include 5 legislative acts, which can be viewed at:
http://eurlex.europa.eu/JOHtmI.do?uri=0J:L:2009:211:SOM:EN:HTML
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1.3 The objective of these recommendations

There is a growing interest Europe-wide in cost-estimation studies due to quality deviations.
Activity in this area is witnessing differing levels of development across European countries
and CEER deemed it useful to try to set out European guidelines in the domain of studies on
costs due to electricity interruptions and voltage disturbances, also based on the current
experience available in some countries. CEER’s main objective is to provide a set of
recommendations on how to design and develop nationwide cost-estimation studies; and to
highlight possible problems (already experienced by some countries) in order to finally
improve the effectiveness of future studies and the quality and comparability of their results.
These recommendations aim at providing improved methodologies for studies on customer
and society costs due to interruptions and voltage disturbances in the supply of electricity as
well as possible questionnaires and checklists for use in such studies.

The NRAs’ interest in the need for a harmonised framework and methodology for cost-
estimation studies has in the past years been focused around costs due to electricity
interruptions and voltage disturbances. The methodological basis for customer satisfaction
and cost analysis for poor commercial quality can be more similar to experiences from other
industrial and service sectors. Indeed, a recent study examined electricity retail markets in
Europe, including customer satisfaction®. A number of consulting firms and market research
companies exist in Europe that can support NRAs in performing such studies. On the other
hand, CEER believes that only a few experienced consulting organisations exist in European
countries with knowledge of study methodologies on costs due to electricity interruptions and
voltage disturbances (maybe not even in all countries interested in performing a nationwide
cost-estimation study). Existing instruments might be adapted and used for customer
satisfaction related to commercial quality. Hence, the objective of CEER’s GGP is focused on
continuity of supply and voltage quality, and does not include costs or dissatisfaction due to
poor commercial quality.

This CEER report contains 4 chapters; Chapter 1 provides an introduction to the theme
including the objective of the report; Chapter 2 provides descriptions of and
recommendations on choices to be taken within the most important steps during a cost-
estimation study regarding electricity interruptions and voltage disturbances, while more
complete information on all steps for a cost-estimation study is included in [3]. Chapter 3
includes examples from three countries where cost-estimation studies have been performed
and where the results have already been used as basis for regulatory interventions. Chapter
4 sets out CEER'’s conclusions from its work on this issue.

8 ECME Consortium, "The functioning of retail electricity markets for consumers in the European Union",
November 2010. Link: http://ec.europa.eu/consumers/strategy/facts en.htm
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1.4 The consultancy report

CEER commissioned a consultancy study to support the preparation of these
recommendations. The consultancy report was performed by SINTEF Energy Research
(www.sintef.no) between mid-June and end-October 2010. The report [3] is available via
www.energy-requlators.eu. The scope of the consultancy study has been to develop
guidance for how to carry out nationwide estimations of costs due to electricity interruptions
and voltage disturbances in European countries. The detailed description of the scope is
included in Annex 3 for information. A steering committee of CEER experts followed the
technical and administrative project management. Halfway through the project, an internal
CEER workshop was organised to discuss interim results, and what elements to focus on
when finalising the consultancy study.

The SINTEF consultancy report is divided into two parts: part A presenting the guidance and
part B describing state of the art for methodologies for customer cost studies on electricity
interruptions and voltage disturbances. Part B forms the theoretical background and
reasoning for the recommended guidance. Part A can be read independently of Part B, if one
is not interested in the scientific reasoning of why the various approaches have been
proposed.

Part A of the report summarises the proposed approaches for cost studies including, inter
alia, specifications of customer groups, choice of cost-estimation and conduction method (i.e.
the means by which the survey or case analysis is carried out), design of questionnaires and
scenarios, sample selection, choice of normalisation factors and estimation of cost data. Part
A gives a short and practical description of how to execute a complete cost-estimation study,
structured in the sequence of a typical study. Flowcharts describing the different steps and
checklists are included. The SINTEF consultancy report also gives examples of
questionnaires and offers some consideration of country-specific characteristics that need
special attention at national level before implementing a nationwide cost study.

Part B serves as the scientific basis for the approaches proposed in Part A and gives an
overview of state of the art regarding methodologies for revealing costs through customer
studies based on an extensive literature research as well as the experience of the authors of
the report. Methods and approaches are presented with their advantages and
disadvantages. It is described how to design a questionnaire and how to conduct a cost-
estimation study including customer characteristics as well as interruptions and voltage
disturbance scenarios. This part of the consultancy report deals also with the estimation of
usable cost parameters from the cost-estimation results.
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2 Recommendations on cost-estimation studies
2.1 Cost-terms

Non-monetary
- Direct
- Indirect

Net costs

torest of society Monetary
- Direct
- Indirect

Non-monetary
Total - Direct

socio-economic - Indirect
costs
Private
customer costs
(net costs)

Monetary
- Direct
- Indirect

Figure 1 - Total socio-economic costs of electricity interruptions and voltage disturbances, [3]

In Figure 1, a principal overview is provided of the different cost-elements included in the
total costs for society as a whole when electricity interruptions or voltage disturbances occur.
Different methodologies exist to best reveal the different cost-elements. All cost-elements are
well described in [3]; below we briefly describe the “net costs to the rest of society” because
this might be less known to the reader. The term “rest of society” includes consequences for
other people or parties than the electricity customer, but who are affected due to their relation
to the customer or the customer’s public or commercial services. This cost category includes
monetary and non-monetary costs. One example is clients of a production facility who do not
receive the intended delivery on time, which may cause spill-over effects where clients in turn
lose production and are not able to serve their clients on time. Another example is the costs
and inconvenience of passengers if an electricity interruption disrupts train traffic. Spill-over
costs are not necessarily negative; other companies may benefit from an interruption that
affects a competitor (e.g. if they can increase their sales and production).
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2.2 Choice of consultants

CEER believes that one of the most important tasks for NRAs, before conducting a cost-
estimation study, is to choose the best consultants to assist or to carry out the work based on
the NRA’s objective®. Consultants are often used for parts or even for the complete cost-
estimation study. Consultants may be used for the choice of cost-estimation method, design
of questionnaires, conduction of the study (i.e. practical implementation of the survey or case
analysis), selection and analysis of cases, deployment of measurement instruments, analysis
of log forms and measurement data and cost analysis, depending on whether a survey-
based approach or a case-based approach is chosen and whether the study covers
electricity interruptions and/or voltage disturbances. The design of the questionnaire can also
comprise the choice of the customer grouping and of the conduction method. Additional
tasks for the conduction of the study can be selection of the conduction method and of the
sample. The consultants could even decide on the normalisation factor — but in close contact
with the NRA — if the consultants are responsible for the cost analysis.

Different steps during a cost-estimation study require different expertise; hence the
consultants’ experience and competence needs to be checked in detail before being
contracted for any of the different steps. CEER believes it is imperative that the consultants
have proper knowledge and experience within survey methodology and conduction,
economics, mathematics, statistics (complex statistical analysis and regression analysis), the
electrical power system, the customers’ systems that are influenced and the technical details
of electricity interruptions and voltage disturbances, depending on which parts the
consultants will be involved in. When doing a cost-estimation study on voltage disturbances,
practical experiences with voltage quality including real measurements will be an advantage.
The consultants should be qualified to perform power quality measurements, otherwise such
services must be hired from a third party. NRAs should carefully check the different
competences and experience of the consultants before they are used for any of the above-
mentioned steps.

Recent experience in several countries shows that in order to achieve high quality results of
nationwide cost-estimation studies, NRAs really need to follow-up the consultants very
closely in all steps of the process. The respective NRA should be involved in the consultant’s
work, ensuring regulatory supervision at each stage as described in the flowcharts presented
later in sections 2.3.1 and 2.4.1; thus simply awarding a consultant will not (automatically)
lead to satisfactory results from the study.

Regarding the consultancy project supporting the development of these GGP, the consultant
was expected, in particular to understand the different needs of NRAs interested in carrying
out cost-estimation studies in the future; to efficiently manage the contributions and
comments of experienced NRAs; to explore the wide range of methodological approaches
proposed by literature globally and as applied in practical studies; and to assess the real-life
complexities of carrying out and evaluating results of studies, etc. Similar knowledge and
experience as described above was expected.

® It different stakeholders financially contribute to a cost-estimation study; a joint objective for all stakeholders
should be developed.
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2.3 Recommendations for estimation of electricity interruption costs
2.3.1 Cost-estimation approaches — flowchart and checklist

This section is based on Part A of the SINTEF consultancy report regarding electricity
interruptions. However, here we emphasise on those steps in a cost estimation study which
are of most relevance for or require involvement of NRAs when deciding to undertake a
nationwide cost-estimation study, without providing an exhaustive description. The choice of
steps to be described takes into account that consultants will be involved (as described in
section 2.2). All steps are described in detail in [3]. Still, recommendations provided by CEER
and the consultant should be adjusted for country-specific characteristics. CEER further
recommends that a pre-study should be performed in advance of a main study in order to
define the objectives for the main study and to clarify country-specific characteristics, budget
and consultancy needs, possible funding partners, timeline and possibilities in general for the
main study.

A commonly used categorisation of types of valuation methods are “stated preference
methods” (survey methods) and “revealed preference methods” (market-based methods).
Stated preference methods are based on asking individuals to elicit their intended future
behaviour in constructed markets.'® Revealed preference methods base the cost estimates
on the observation of real choices in the market by the customer."" Both methods are based
on economic theory and the assumption that people are utility-maximising.

Another dimension is direct versus indirect methods. Direct methods focus explicitly on costs,
either through surveys or by studying markets. Indirect methods uncover preferences and
priorities (again through surveys or by studying markets) without focusing explicitly on the
cost of electricity interruptions or voltage disturbances. For the latter, the cost must be
estimated in a separate operation through the use of econometric models.

The typical sequence for conducting a cost-estimation study is presented in the flowchart
given in Figure 2. The flowchart is divided into a survey-based approach and a case-based
approach. Survey-based approaches typically include the design of a questionnaire which is
sent out to a large representative sample. On the other hand, the case-based approach
focuses on a few single cases to identify consequences of interruptions for these typical
cases. Both approaches could be used for all customer groups. CEER recommends using
either a survey-based or a case-based approach for each customer group (further
background can be found in [3]). In the following, some of the important steps of these
approaches will be described. A checklist for each step and for each approach is described
in Table 1.

'% This is the most common approach to estimate interruption costs [3].

1 Examples of choices are investments in back-up generation (UPS), other mitigation approaches, insurance
premiums for utility service interruption, etc.
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Cost analysis
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Figure 2 - Flowchart cost-estimation study of

interruptions

Table 1: Checklist for cost-estimation study of

interruptions

2.3.2 Definition of objectives

For NRAs, the first step in advance of performing a cost-estimation study related to electricity
interruptions is to set up a clear objective for the use of the results from the study. From
CEER’s point of view, these should be defined through a pre-study. CEER further believes
that from a regulatory point of view the results could be used for:

e Setting financial incentives;
e Achieving general knowledge about customer valuation of continuity of supply; and
e Estimation of society costs for interruptions including spill over costs in the value

chain.

For these purposes, CEER believes it is important to clearly define:
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e Whether it is important to cover all types of customers or only some specific groups;
and

e What kinds of interruptions (duration and frequency) which are important to
investigate.

The objectives of the cost-estimation study will give guidance for what information and data
should be collected and for the design and dimension of the study itself. Time and budget
restrictions are closely connected to the objectives and from CEER’s point of view they
should therefore be evaluated and estimated during the pre-study defining the objectives. A
very confined budget can also limit the choice of objectives, since it could make it impossible
to achieve an objective.

2.3.3 Specification of customer groups

CEER recommends that customer grouping should be connected to the statistical
classification of economic activities in the European community (NACE Rev.2). The NACE
groups and sub-categories are explained in more detail in [3]. Based on this approach,
CEER recommends the following grouping for a cost-estimation study regarding
interruptions:

e Households;

e Commercial services (without infrastructure);
Public services (without infrastructure);
Industry (without large customers);
Large customers; and
Infrastructure.

Alternative groupings are possible, depending on the chosen objective of the cost-estimation
study (e.g. whether to focus only on certain customer groups) and country-specific factors
(e.g. the importance of agriculture for the national economy).

2.3.4 Choice of cost-estimation method
Electricity interruptions pose qualitative and quantitative consequences and costs on

customers'?. These costs can be identified by different approaches, explained below2 and in
Table 2.

12 Examples of qualitative consequences for end-user companies that are affected by electricity interruptions
could be lost goodwill and lost confidence by their customers to deliver products in the future. For households,
qualitative consequences could be lost comfort. It is important that these kinds of consequences are not
forgotten.

% The methodologies briefly described here may in principal be used to reveal costs due to both electricity
interruptions and voltage disturbances. Hence, both terms are included in the descriptions. In section 2.3.4, the
recommendation on a survey-based approach (for some customer groups) refers to some of the
methodologies described here.
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In order to be able to check the accountability of the results, CEER recommends
triangulation by using different cost-estimation methods on the same customer groups. One
example is to collect cost-estimates for monetary costs with the Direct Worth method and to
supplement with other methods that in addition cover non-monetary costs, e.g. contingent
valuation (see alternatives “A” in Table 2).

When performing a cost-estimation study, CEER recommends using the methods presented
in Table 2. These methods are briefly described below, while a more detailed description is
available in [3]. For the customer group Households, the preferred solution is triangulation
by using the methods marked by “A”. An alternative solution is to use conjoint analysis, for
which the pros and cons are described in [3].

Households ~Commercial Public Industry  Large Infrastructure
services services Customers

Direct Worth A A A A
e}
§ Contingent Valuation A A
[0
% Conjoint Analysis B
% Preparatory Action (A)
E Method
?
2 | Preventative Cost Method (A) (A) (A)
(%2}
3 Direct Worth in Case A A

Study

A — Alternative A
B — Alternative B
() — Possible to include/use

Table 2: CEER recommendation on use of cost-estimation method.

Direct Worth Method:

This method is commonly used to estimate the monetary costs of electricity interruptions,
and the data collection is based on surveys. Customers are asked to estimate the expenses
which they incur due to a hypothetical or experienced interruption or voltage disturbance.
Usually, several scenarios are presented to the customer and the customer has to specify
the economic costs according to predefined cost categories. The scenarios must be
understandable, realistic and accepted by the respondent.

Contingent Valuation:

Using Contingent Valuation studies, the respondent is presented with a hypothetical or
experienced scenario of an electricity interruption or voltage disturbance, and asked for the
willingness to pay to avoid it or willingness to accept compensation when it occurs, to be
indifferent to the welfare losses in the scenario. The scenarios must be understandable,
realistic and accepted by the respondent.
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Conjoint Analysis:

This method is based on customers expressing their preferences for different hypothetical
scenarios. Instead of asking directly for the costs, willingness to pay to avoid or willingness to
accept certain interruptions or voltage disturbances, customers are asked to select the
preferred option between pairs of hypothetical scenarios, or they may be asked to rank or
rate a list of different hypothetical scenarios. Based on the choices, the costs are estimated
indirectly through econometric models.

The Preparatory Action Method:

Using this method, the customer is asked to choose from a list of hypothetical actions which
reduce the consequences of an electricity interruption or voltage disturbance. Each action is
associated with a given cost. An action may be the purchase of candles in households. Note:
this method asks for possible actions which are not implemented by the customers.

The preventative Cost Method:

This method measures customer expenditures to prevent or counteract the consequences of
interruptions or voltage disturbances. The value of such purchases can be seen as an
estimate for the costs of an interruption or a voltage disturbance that they seek to avoid.
Note: this method asks for costs of preventative equipment which is already installed.

Direct Worth in Case Study:

For this recommendation which is listed in Table 2, the term applies for an intensive analysis
of one or several “cases” in question. These “cases” are normally typical customers who can
represent a large customer group or customers which have such complex consequences that
the costs of interruptions and voltage disturbances have to be assessed on a case-by-case
basis. These case studies can be based on both real experience and hypothetical scenarios.

2.3.5 Choice of normalisation factor and clarification of data needs

Cost estimates provided by respondents during a cost-estimation study are normally stated
in absolute values for a given interruption frequency or duration. The data received from the
respondents must be transformed into so-called normalised data in order to be able to
compare data from different respondents, and to be able to group respondents with similar
cost characteristics but perhaps with different electricity consumption. CEER, therefore,
recommends that an electrical variable is chosen as the normalisation factor. More
specifically, CEER recommends using a normalisation factor based on electricity demand or
load as shown in [3], preferably a constant such as annual electricity consumption, average
load, peak load or interrupted power. CEER recommends that the choice of factor is seen in
connection with the use of the cost data and the available data in the actual project and
within the current scheme for reporting interruptions and within the network and customer
information systems. Hence, the final choice of the normalisation factor is highly country-
specific.
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2.3.6 Check for available data

For the survey-based approach presented in the flowchart in Figure 2, it is important to
reduce the number of questions in the questionnaire to a minimum, while still revealing the
necessary information, e.g. about customer characteristics. This is beneficial to the
resources and time needed for the survey, and also to the expected response rates. For the
case-based approach, the same is important in order to minimise the time needed for
interviews and the time spent at the location of the business. Some data may be available
within the context of the NRAs’ data systems and data already reported from the distribution
system operators (DSOs) and transmission system operators (TSOs).

2.3.7 Choice of conduction method

The conduction method is highly country-specific. CEER therefore recommends that the
proposed methods have to be carefully considered by NRAs on a national level. In general, a
proposed procedure to increase the response rate in postal/web surveys is to use a “phone —
post/e-mail — reminder” approach. With this method, it can be ensured that the correct
person is addressed, and normally that an acceptable response rate is obtained, in a cost-
efficient way. Response rates, especially from households, can also be increased by
implementing some kind of incentive for answering the questionnaires. CEER recommends
approaching households by telephone since this gives higher response rates than mailed
questionnaires and also reduces the risk of misunderstanding the questions. However, the
telephone approach is not feasible if conjoint analysis is chosen as the cost-estimation
method due the complex design of the questionnaire (see the SINTEF consultancy report [3]
for more details). Commercial services, public services and industry should be approached
either by web-based questionnaires. In order to ensure that the person with the most
appropriate competence is addressed, the contact person should be identified by phone in a
first step. Large customers and infrastructure are quite demanding, so cost-estimation should
be based on case studies. Therefore, CEER recommends telephone or face-to-face
interviews for these two groups.

Households Commercial Public Industry Large Infrastructure
services services Customers
Postal B
c
S o 25 | Telephone A A A
cQEcE
SE 50
2835¢ Web B A A A
8 = (:_)/ %) E
ace-to- A A
face

A — Alternative A, see Table 2
B — Alternative B

Table 3: CEER recommendations on use of conduction method.
“A” and “B” refers to the chosen conduction method as presented in Table 2 in section 2.3.4

The choice of conduction method is closely related to the choice of cost-estimation method
presented in section 2.3.4, as well as to country-specific characteristics. The timing of the
cost-estimation study is usually not dependent on the season of the year. Generally, a study
can be conducted at any time of the year; still it is important to avoid expected busy time
periods or holidays. The normal duration for conducting a survey is about 2 months, including
reminders [3].
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2.3.8 Design and test of questionnaires and scenarios

A questionnaire should contain two parts, one asking for the specific customer characteristics
and one asking for the cost estimates for different interruption scenarios. These two
elements are described in detail in [3], providing also examples of relevant questions and
questionnaires.

CEER recommends testing all aspects of the survey: firstly in a focus group or in direct
contact with the respondent, and secondly with a pilot study. The experience from the pilot
gives NRAs and others a possibility to evaluate how realistic the estimates for the time,
resources and budget needed for performing the final cost-estimation study are.
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24 Recommendations for estimation of voltage disturbance costs
2.4.1 Cost-estimation approaches — flowchart and checklist

This section is based on part A of the SINTEF consultancy report on a cost-estimation study
on voltage disturbance costs. However, here we focus on those steps in a cost-estimation
study which are of most relevance for or require the involvement of NRAs when deciding to
undertake a nationwide cost-estimation study, without providing an exhaustive description.
The choice of steps to be described takes into account that consultants will be involved (as
described in section 2.2). All steps are described in detail in [3]. Nevertheless,
recommendations provided by CEER and the consultant should be adjusted for country-
specific characteristics. CEER further recommends the a pre-study should be performed in
advance of a main study in order to define the objectives for the main study and to clarify
country-specific characteristics, budget and consultancy needs, possible funding partners,
timeline and possibilities in general for the main study. Many of the issues presented in
section 2.3 regarding electricity interruptions are also relevant to estimating the costs of
voltage disturbances and are repeated, as appropriate, in this section.

Collecting data on interruption costs from customers is a challenge. Getting good quality data
from customers on costs for voltage disturbances is even more difficult. It is quite straight
forward for customers to notice when there is a total loss of power supply but to know the
difference and recognise transient overvoltages, voltage swells, voltage dips, harmonics,
unbalance, etc is something the vast majority of electricity customers is not capable of.

The typical sequence for a cost-estimation study is presented in the flowchart given in Figure
3. The flowchart is divided into a survey-based approach and a case-based approach.
Survey-based approaches typically include designing a questionnaire which is sent out to a
large representative sample. On the other hand, the case-based approach focuses on a few
single cases to identify consequences of voltage disturbances for these typical cases. Both
approaches could be used for all customer groups. However, with the exception of the
industry customer group, CEER recommends using mainly either a survey-based or a case-
based approach for each customer group (further background can be found in [3]). In the
following, some of the important steps of the two approaches will be described. A checklist
for each step and for each approach is described in Table 4.
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Check for available data

Are avaiable data spurces checked?
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customer group and possible sub-samples?

Choice of conduction method

Can the expected response rates be achisved with the chosen
cenduction method?

Selection of cases

Are the selected cases typical for a larger group?

Is the whaole spectrum of customers covered?

Deployment of measurement mstruments
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(in case of conjoint analysis is chosen)?

N questions included for data which can be obtained from other
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Is the sample size large enough to ensure statistically significant
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‘Were respendents able to gve reliab’s cost estimates?

Are the achieved response rates in the same order as used for the
caleulation of the sample size?

Survey eondustion

Are resources available to conduct the survey in the envisaged time
frame?

Cost analysis

Are competences and resources available to perform the quality
assurance of data, normalization and estmation of cost data?

Figure 3 - Flowchart cost-estimation study of voltage
disturbances

Table 4: Checklist for cost-estimation study of voltage

disturbances

2.4.2 Definition of objectives

For NRAs, the first step when conducting a cost-estimation study related to voltage
disturbances is to set up a clear objective for the use of the results from the study. From
CEER’s point of view, these should be defined through a pre-study. CEER further believes
that from a regulatory point of view the basic aim of the results of a cost-estimation study on
voltage disturbances is to get information on the consequences of voltage disturbances, as
input on where to focus regulation, and further to prepare for (possible) penalty schemes. It
must be considered whether it is important to cover all types of customers and phenomena,
or a few specific groups or specific phenomena, only.

Experiences in several countries show that voltage dips, voltage swells, transient
overvoltages, harmonic voltages and supply voltage variations can cause highest costs for

customers.
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The objectives of the cost-estimation study will give guidance on what information and data
to be collected and on the design and dimension of the study itself. Time and budget
restrictions are closely connected to the objectives, and from CEER'’s point of view should
therefore be evaluated and estimated during the pre-study defining the objectives. A very
confined budget can also limit the choice of objectives, since it could make it impossible to
achieve an objective.

2.4.3 Specification of customer groups

CEER recommends that the customer grouping should be connected to the statistical
classification of economic activities in the European community (NACE Rev.2). Still,
customers included in a cost-estimation study related to voltage disturbances, need to some
extent, knowledge about these disturbances and related consequences. Industrial
companies, infrastructure customers and large customers having their own personnel with
electricity and voltage quality knowledge may be able to deliver good quality answers to
consequences and costs due to at least some voltage disturbances. However, even such
personnel may not always have detailed knowledge about all aspects of voltage quality.
Experiences so far indicate that not only household customers but even commercial services
and public services have very little knowledge on voltage quality and how the different
voltage disturbances affect or could affect them. CEER recommends specifying the customer
groups as for interruption cost-estimation studies, i.e. using the following groups:

Households;

Commercial services (without infrastructure);
Public services (without infrastructure);
Industry (without large customers);

Large customers; and

Infrastructure.

In the consultancy study, SINTEF recommends focussing on industry customers, large
customers and infrastructure customers, since they expect to find sufficient knowledge about
voltage disturbances and their consequences for the operations in these customer groups.
SINTEF also recommends asking the other customer groups, in a qualitative manner, of
experienced consequences of voltage disturbances, if included in the study. Some cost
estimates can be collected by presenting really simplified scenarios of voltage disturbances.
CEER recommends that at least industry customers, large customers and infrastructure
customers are included in cost-estimation studies on voltage disturbances. CEER further
recommends that NRAs evaluate, during a pre-study, whether to include also additional
customer groups when investigating costs due to voltage disturbances, taking into account
the objectives of the study to be performed and country-specific characteristics.
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2.4.4 Choice of cost-estimation method

Voltage disturbances can impose qualitative and quantitative consequences and costs on
customers'. These costs can be identified by different approaches.

The best method for assessing data about voltage disturbances for all customer groups is a
combination of a questionnaire survey and a limited number of case studies with logging of
data. CEER recommends that case studies include both measurements of voltage quality
data and logging of events, problems and costs/consequences in a journal at the customers,
depending on the objective defined for the study. When performing a questionnaire survey it
is necessary to do this with carefully selected simplified scenarios or with qualitative
questions, without assessing the costs of voltage disturbances in quantitative terms. CEER
recommends using the same survey-based methods for households (direct worth, contingent
valuation), commercial services (direct worth), public services (direct worth, contingent
valuation) and industry (direct worth) as given in the recommendations for estimation of
interruption costs (see section 2.3.4 and Table 2). For industry, CEER recommends that
NRAs consider whether to apply a survey-based or a case-based approach, or alternatively
to use a case-based approach for some industry customers and the survey-based method
for a representative sample of the whole group. Table 5 presents CEER’s recommendations
on whether to use a survey-based or a case-based approach for the various groups.

Households = Commercial Public Industry  Large Infrastructure
services services Customers
c A
Re] Survey-based A A B
L= O
n © c
SEs
D=
3 Case-based A A A

A — Alternative A
B — Alternative B

Table 5: CEER recommendations on use of cost-estimation method.

The case-based cost-estimation study as one part of the methods for assessing data about
voltage disturbances focuses on a sample of companies and collects real time data about the
voltage quality as well as the consequences of voltage disturbances for the customer. This
approach is laborious, but it can ensure that the consequences can be assigned to different
types of voltage disturbances, which is the great challenge in assessing the costs of voltage
disturbances. The survey-based methods are, to some extent, explained in section 2.3.4;
however, a more detailed description of all methods is given in [3].

14 Examples of qualitative consequences for end-user companies that are affected by voltage disturbances could
be lost goodwill and lost confidence by their customers to deliver products in the future. For households,
qualitative consequences could be lost comfort due to, inter alia, flicker in the lights. It is important that these
kinds of consequences are not forgotten.
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Selection of cases for a case-based approach:

CEER believes that electro-technical education and preferably experience with voltage
disturbances and related consequences is necessary to evaluate the consequences of
voltage disturbances (either on the side of the consultant which is conducting the survey or
by the customer who is being interviewed). In addition, cases should be selected where the
customer seems interested in performing a study and therefore is willing to participate
actively in the study.

2.4.5 Choice of normalisation factor and clarification of data needs

Cost estimates provided by respondents during a cost-estimation study are normally stated
in absolute values for a given voltage disturbance. The data received from the respondents
must be transformed into so-called normalised data in order to be able to compare data from
different respondents, and to be able to group respondents with similar cost characteristics
but perhaps with different electricity consumption. CEER, therefore, recommends that an
electrical variable is chosen as the normalisation factor. More specifically, CEER
recommends using a load-based normalisation factor (in kW) for voltage disturbances similar
to electricity interruptions (as described in the recommendations for estimation of interruption
costs, in section 2.3.5). If statistics of different voltage quality phenomena are available for
different customer groups, it could also be possible to use the number of incidents and order
of severity as normalisation factors per customer group; i.e. to calculate a cost per incident,
cost per voltage dip of certain depth and/or duration, and so on. CEER recommends that the
choice of factor is seen in connection with the use of the cost data and the available data in
the actual project and within the current scheme for reporting voltage disturbances and within
the network and customer information systems. Hence, the final choice of normalisation
factor is highly country-specific.

2.4.6 Check for available data

For the survey-based approach presented in the flowchart in 2.4.1, it is important to reduce
the number of questions in the questionnaire to a minimum, while still revealing the
necessary information. This is beneficial to the resources and time needed for the survey,
and also to the expected response rates. For the case-based approach, the same is
important in order to minimise the time needed for interviews and the time spent at the
location of the business. Data may be available within the context of the NRAs data systems
and data already reported from the DSOs and TSOs.

2.4.7 Choice of conduction method

The conduction method is highly country-specific and the proposed methods have to be
carefully considered by NRAs on a national level. CEER recommends conduction methods
for survey-based studies to be consistent with those recommended for estimation of
interruption costs (see section 2.3.7 and [3]). CEER recommends conducting case-based
studies by face-to-face or telephone interviews and measurement of voltage disturbances
with simultaneous logging of the consequences. Table 6 summarises CEER
recommendations on conduction methods for various customer groups.
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Households Commercial Public Industry | Large Infrastructure
services services Customers
5 Postal A
§538 Telephone A A A A
3£ Web A A A B
§ = % Face-to-face A A A
e Measurement/logging A A A

A — Alternative A, see Error! Reference source not found.
B — Alternative B

Table 6: CEER recommendation on use of conduction method.
“A” and “B” refers to the chosen cost-estimation method as presented in Error! Reference source not found. in
section 2.3.4

The choice of conduction method is closely related to the choice of cost-estimation method
presented in 2.3.4, but also to country-specific characteristics. The timing of the study is
usually not dependent on the seasons of the year. Generally, a study can be conducted at
any time of the year; still it is important to avoid expected busy time periods or holidays.

2.4.8 Design and test of questionnaire and scenarios

CEER recommends a survey-based approach for the customer groups: households,
commercial services, public services and partly industry customers. CEER further
recommends a case-based approach be used for the customer groups: large customers and
infrastructure customers and partly industry customers. Questions used for voltage
disturbances can be developed as a stand alone questionnaire or be included in a joint
questionnaire - if at the same time a survey on interruption costs is to be performed.
However, when performing a questionnaire survey it is necessary to do this with carefully
selected simplified scenarios as regards voltage disturbances. The need for simplifying
voltage quality questionnaires is most pronounced for household customers and partly
commercial services and public services but should be considered for all customer groups. It
can be expected that almost all household customers have no competence in voltage quality.
The questionnaire for household customers as well as commercial services and public
services should be focussed more towards the consequences (from voltage disturbances)
rather than the voltage quality parameters themselves.

Examples of questions and questionnaires are presented in [3]. CEER recommends testing
all aspects of the survey; firstly in a focus group or in direct contact with the respondent, and
secondly with a pilot study. The experience from the pilot gives NRAs and others the
possibility to evaluate how realistic the estimates for the time, resources and budget needed
for performing the final survey are.
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25 Country specific characteristics

CEER recommends that the general advice on cost-estimation studies as provided in
sections 2.3 and 2.4 and in [3], should be adjusted for certain country-specific characteristics.
This is because the people and companies in different countries are using electricity for
different purposes due to, inter alia, different climate. Therefore, they value the availability of
electricity differently. The costs of voltage disturbances will also differ between countries due
to different use of electrical equipment and appliances, different types of public and
commercial services, industry customers, infrastructure customers. Also, the agriculture
sector differs across Europe, including the level of automation. Different history of countries,
various historical developments and culture are expected to influence the results as well. Any
design of cost-estimation studies should therefore be adapted to country-specific
characteristics. Some elements in the study approaches can be adapted irrespective of
country-specific characteristics, while several elements may be quite different from country to
country. CEER recommends investigating at least the following elements at national level,
before performing a major cost-estimation study:

Obijective of the cost-estimation study for interruptions and voltage disturbances;
Choice of customer groups and standard industrial classification;

Data available for the normalisation factor(s);

Worst case scenarios and use of electricity;

Choice of interruption scenarios and voltage disturbance phenomena; and
Conduction method and expected response rates.

These elements are explained in more detail in [3]. Furthermore, Chapter 3 shows how these
elements are treated differently in three countries.

29/72



Ref: C10-EQS-41-03
GGP on Estimation of Costs due to Electricity Interruptions and Voltage Disturbances

ITMmO

3 Real-life implementation of some past studies and their possible use for
regulation

3.1 Introduction

This chapter provides real examples from three countries (ltaly, the Netherlands and
Norway) where cost-estimation studies have been conducted at national level for regulatory
purposes. The intention is to describe how elements of and results from cost-estimation
studies have been dealt with in real life. The experience is described separately for electricity
interruptions and voltage disturbances, in sections 2.3 and 2.4, respectively. The various
sub-topics are described according to the CEER recommendations outlined in this report;
see the bullet point list below. The examples include regulatory use of results from cost-
estimation studies.

The recommendations for studies on costs due to electricity interruptions and voltage
disturbances include:

Definition of objectives;

Choice of consultants;

Specification of customer groups;

Choice of cost-estimation method;

Choice of normalisation factor and clarification of data needs;
Check for available data;

Choice of conduction method (means by which the survey/case analysis is
performed);

Design of questionnaires and scenarios;

Sample selection;

Test of questionnaires;

Survey conduction: how to conduct the survey/case analysis;
Selection of cases;

Analysis of cases; and

Cost analysis.

In addition, as regards costs due to voltage disturbances, the recommendations cover a
few additional aspects, specifically for case-based VQ studies:

e Deployment of measurement instruments;
e Logging of events; and
e Analysis of log forms and measurement data.
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3.2 Continuity of supply
3.2.1 Iltaly

Background information:

A nationwide customer survey on interruptions - not referring to voltage disturbances - was
carried out by AEEG (Autorita per I'energia elettrica e il gas) in 2003. Further information on
the survey can be found in [5]. The results of that survey contributed to the definition and
quantification of several regulatory mechanisms during the second tariff/quality regulatory
period 2004-2007 and for the current tariff/quality regulatory period 2008-2011. Before the
survey, a performance-based incentive (overall) regulation of distribution continuity of supply
already existed since 2000, based on the cumulative duration of unplanned long interruptions
(SAIDI, System Average Interruption Duration Index). The reward/penalty incentive scheme
is symmetric and provides penalties (rewards) for under-performance (over-performance)
with respect to the baseline SAIDI.

Definition of objectives:

The initial objective of the customer survey was to update the reward/penalty rate used in the
performance-based incentive overall regulation of distribution continuity of supply.
Theoretically, the continuity level is optimal when the sum of utility and consumer costs are
minimised. This corresponds to having the same value of incremental costs for the utility to
provide better continuity of service and of incremental costs for the customers due to poorer
continuity. Further, theory can assume that a reward/penalty mechanism is a perfect driver
for the decisions of a utility with perfect information on its input-output function (i.e. cost-
continuity function).

In practice, it is difficult to choose the best continuity indicator. It is rather impossible to
estimate a polynomial function of customer costs versus one continuity indicator, customer
preferences (and consequently the cost they associate to electricity interruptions) can vary
widely depending on their locations, use of electricity, etc. and the utility input-output curve
can differ significantly depending on technical and geographic conditions.

Nevertheless, continuity indicators are currently adopted by many countries. It is possible to
estimate an average customer cost for a selected continuity indicator and it is possible to
differentiate this estimation for a set of parameters (e.g. for the size of municipality,
distinguishing rural, intermediate and urban areas). Further, utilities have sufficient
information on their input-output functions to select best-performing capital and operational
decisions. The combination of these factors allows regulators to promote a move towards the
optimality region, where costs of network services and benefits of continuity are optimised for
customers.

As a matter of fact, the results of the ltalian customer survey were later used also as a
reference for other regulatory mechanisms which have a lesser impact than the
performance-based incentive regulation of distribution continuity of supply in terms of
financial amounts for the utilities, but could end up being significant for individual customers:

e performance-based incentive (overall) regulation of transmission continuity of supply;
and

e guaranteed standard (individual) with automatic compensations for customers
suffering a very long interruption.
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A summary description of the use of the survey results for policy-making is reported at the
end of this section.

Choice of consultants:

In 2002, AEEG had no practical experience on how to set up a survey. On the other hand,
attitudes of ltalian electricity customers with respect to surveys were known, as customer
satisfaction surveys are carried out yearly since 1998. The decision on consultants and
consultancy activities was therefore to have i) a technical-scientific support on how to design
and carry out the survey and how to assess its results; and ii) practical support by a company
specialised in market research and surveys for conducting the survey and initially treating the
results.

Specification of (sectors and) customer groups:

Two sectors were considered: domestic and business electricity users. The ‘business’ sector
was further split into three groups: industry, commercial services (shops) and other
commercial and trading services (e.g. banks). The last two groups turned out to be, however,
extremely heterogeneous. For this reason, sub-samples were identified for single segments
of sub-sector activity (wholesale commerce, retail commerce, hotels/restaurants, and so on).

Choice of cost-estimation method and choice of conduction method:

Interviews were conducted directly at the home of the residential respondents and at the
productive units of the business respondents (i.e. face-to-face interviews) and lasted on
average 30 minutes. This is a rather common survey method in Italy, especially when dealing
with complex surveys. In ltaly, response to postal interviews is extremely limited and this
would have led the sample to self-select, even when performing reminder and follow-up
operations.

The Italian survey on interruption costs was based on the contingent valuation approach and
also implemented a Direct Worth approach. The analyses included consumers’ Direct Costs
(DC) and use of results was based on the valuation of consumer Willingness to Pay (WTP)
and Willingness to Accept (WTA).

Choice of normalisation factor:

The already adopted (since 2000) continuity indicator for distribution continuity was System
Average Interruption Duration Index (SAIDI), expressed in minutes of interruptions for low
voltage customer per year. For transmission continuity (not yet regulated and taken into
account at the time of the survey), the main indicator is Energy Not Supplied (ENS).

WTA and WTP normalised values were expressed in €/ kWh not supplied for long unplanned
interruptions (1 hour, 2 hours, 4 hours, 8 hours) and in €/kW not supplied for short unplanned
interruptions (3 minutes).

Check for available data:

The samples represented the ltalian low voltage end-user population, with different network
features (high, medium and low population density areas). All together, the populations
covered an extremely large share of consumers in terms of number (97% of total consumers)
and accounted for approximately half of the total ltalian electricity consumption. The
reference universe for the domestic sector was composed of Italian families, 22 million (less
than the number of household customers, which includes other residential buildings for
holidays, etc.). The reference universe for the business sector was in the order of 3.8 million.
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A first indicator of energy use by consumers in ltaly is the contractual available power in kW:
all residential consumers fall within the 1.5 — 6 kW band. The highest concentration is at the
3 kW value, which is the default level for domestic power.

The average household consumption was lower than 3000 kWh per year (now slightly above
2000 kWh per year), while business averages were approximately ten times higher.

Scenarios:

Each respondent was presented with a 2-hour interruption scenario, characterised by a time
of day in which it occurred and a day of the week (work-day, holiday, Saturday). In order to
investigate the impact of the interruption’s duration, the respondent was required to estimate
how much more or less (in percentage terms) would the afore-stated damage be if the
interruption lasted 3 minutes, one hour, 4 hours or 8 hours.

Sample selection:

The survey was targeted to reach 1100 domestic users and 1500 business customers: 500
industrial customers, 450 commercial services (shops) and 550 other commercial and trading
services.

The possible problem regarding estimation of response rate by customers was treated by
AEEG by giving the evaluation to the market survey company: a contractual clause
requested a pre-defined result - the figures above with at least 80%-completed
questionnaires.

Even after censoring (suppression of interviews featuring anomalous extreme values or
missing values), the number of replies for the analysis of results slightly decreased to 909 for
the residential customer group and to 1217 for the business sector (percentage of useful
answers higher than 80%).

The sample was further sub-stratified, according to the variables shown in Error! Reference
source not found..

Variables Household customers Business customers
Number of 1500 face to face (500 in the industrial
interviews 1100 face to face sector and 1000 in commerce and
other services)

. On the basis of number of employees,

Sc'z‘:no‘;;he NAP in 4 classes:
pany 1-2,3-9, 10-49 and 50-499

Geographic North West, North East, Centre, South North West, North East, Centre, South
macro-area and Islands and Islands

Size of Metropolitan areas, Large, Medium, Small Metropolitan areas, Large, Medium,
municipality locality Small locality

Table 7: Sub-samples of the ltalian interruption cost survey
Source: [5]
Survey conduction:

The survey was conducted during one month: September 2003. The first utilisation of results
was implemented for the second tariff/quality regulatory period 2004-2007 (regulatory order
in January 2004), as illustrated in the following section.
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Cost analysis and use of the survey results in regulation:

Performance-based incentive (overall) requlation of distribution continuity of supply

Setting the reward/penalty rates (one for households and one for business customers) for
this regulation was the main objective of the survey on interruption costs. Translating the
information coming from the survey into a few numerical values required an effort of
synthesis and, in part, also discretional decision-making.

The reference numbers used by the regulator were the normalised values of WTP and WTA.
WTP was systematically less than WTA and the disparity between the two was often
extremely significant: WTA was 4 to 7 times higher than WTP. Given the extensive spread
between the WTP and WTA values, each sector is presented in Figure 4 (1-hour interruption
scenario) with a range of values consisting of:

e Alower limit, the WTP parameter; and

e An upper limit, the (WTP+WTA)/2 parameter.

This range may be interpreted as the interval of values within which the regulatory body may
act in establishing unitary incentive rates.

ITALIAN CUSTOMER OQUTAGE COSTS SURVEY (2003)
ELECTRICITY LOW-VOLTAGE END-USERS POPULATIONS

0 Legend
[WTA +WTP)2
50
40 . r Incentive and
penalty rate
. B

WTA: Wilingness
to accept

10 compensation
t WTP: Wilingness

to pay

Interruption Cost (1 hour)
€/kWh-not-supplied (ENS)

DOMESTIC GLOBAL INDUSTRIES SERVICES SHOPS
BUSINESS
{N=1.100) {N=1.600) (N=500) {N=550) (N=450)

Figure 4 - Treating the volatility in survey results, Italian interruption cost survey
Source: [5]

Given the large difference in numerical values, especially for business customers, a prudent
choice was made for business (21.6 €/kWh not supplied). The decision to select a value
towards the lower end of the range makes allowance for the relatively low levels of
willingness to pay and is dictated by a principle of “caution”. The incentive rate for domestic
consumers was set, instead, in the upper range of the interval [WTP + (WTP+WTA)/2] (10.8
€/kWh not supplied). Further, these figures were differentiated (Error! Reference source
not found.), in order to promote a stronger impact of the continuity regulation in territorial
districts with bad continuity indices.
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Customer group

Reward/penalty rate
Unplanned interruption

€/kWh ENS

Reward/penalty rate

Unplanned interruption

€/kWh ENS

Reward/penalty rate
Unplanned interruption

€/kWh ENS

Below the long term
SAIDI target
(differentiated
urban/mid/rural)

Between the long term
SAIDI target and 3
times SAIDI target

(differentiated
urban/mid/rural)

More than 3 times
SAIDI target
(differentiated
urban/mid/rural)

Business (all customers
except residential)

14.4

21.6

28.8

Residential customers

7.2

10.8

14.4

(households)

Table 8: Setting the reward/penalty rate for SAIDI indicator in Italy
(2nd tariff/quality regulatory period, years 2004-2007) Source: AEEG regulatory order 4/04

In the third regulatory period (2008-2011), AEEG slightly reduced the values for SAIDI
reward/penalty rates, as fine-tuning of the regulatory scheme and also in order to take into
account the introduction and the complementary role of the SAIFI+MAIFI indicator in the
performance-based incentive (overall) regulation of distribution continuity of supply.

Performance-based incentive (overall) regulation of transmission continuity of supply

The approach for this regulation is conceptually similar to the already described case for
distribution continuity. In this case, only one reward-penalty rate is adopted for the ENS (15
€/kKWh). As a matter of fact, the weighed average of costs for LV households (less than 25%
of Italian electricity demand) and costs for business (assuming that figures for LV industry
can also represent MV and HV industry, as survey results were not available for MV and HV
industrial loads) would be higher than 20 €/kWh. Nevertheless, this setting has to take into
account a complementary role of the “frequency” indicator NOU (Number of Interruptions for
high voltage network Users) for determining rewards and penalties for the transmission
network operator. Further information about this regulation and the rationale for regulatory
choices are available in [7]. Also in this case, the final decision tended to be cautious, taking
into account that a “new regulation” was just starting in 2008. It is interesting to mention that
AEEG informed, during the consultation process, about the approach of Ofgem'® in
regulation of transmission continuity for National Grid (reliability incentive scheme, prepared
in 2004 and starting in 2005): Ofgem set a reward/penalty rate at 33 £/kWh, £ as of year
2005. Ofgem clearly stated in both irs consultation and decision that it did not derive the
incentive structure from an estimate of VOLL (Value of Lost Load), but rather to stimulate
management attention on the costs of disruption to consumers and to encourage a strategy
minimising the overall risk of an interruption in supplies [8].

15 Ofgem: Office of the gas and electricity markets, Great Britain energy regulator, www.ofgem.gov.uk.
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Guaranteed standard (individual) with automatic compensation for customers suffering a very
long interruption

In order to protect customers against very long interruptions, and to complete continuity
regulation also for exceptional events (interruptions of this type are considered “force
majeure” and excluded from regulation), AEEG introduced in 2007 new standards on the
maximum duration of very long interruptions per single customer, with automatic
compensations. The proposal was initially submitted for public consultation in May 2005 and
it underpinned a significant debate with network operators. In a second document in June
2006 with more advanced proposals, AEEG proposed to introduce new standards on the
maximum duration of very long unplanned and planned interruptions.

The guaranteed standards in force from 2009 are oriented at protecting and safeguarding
customers and at stimulating DSOs to define and carry out the necessary measures to
reduce the length of interruptions both in normal circumstances and during exceptional
events. Long unplanned interruptions during “normal and exceptional condition” shall be
restored within 8 (12, 16) hours for LV customers and within 4 (6, 8) hours for MV customers
in urban (mid, rural) areas.

DSOs pay customers the initial basic compensation if the threshold is exceeded and
additional compensation based on the additional length of the interruption up to a cap (to limit
the financial risk of DSOs). Responsibility lies also with the transmission operator for HV
interruptions and a socialised compensation fund is used to pay compensation f