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EXECUTIVE SUMARY

The Brazilian Electricity Regulatory Agency (ANEEL) was created in 1996, under the
mission of providing favorable conditions for the electric power market to dewvelkbpa
balanceamongagents andn benefit of society. Since then, ANEEL has publishedessv
resolutions to regulatine power distribution segment.

Nevertheless, the act of deploying resolutions is not the only way to regulate. The periodic
publication of information about compataoi esé6 pe
improve service performandhan producing newules In this way, ANEEL monitors and
publi shes some indicators that give a measur e
conducts arannualsurveyof ¢ 0 mp a cohnsansed and produces an indicator satisfaction.

This indicator, called IASC, is a single score of compapesformancean the consumerpoint
of view. This scorecan be ranked tshow the best (and wadyscompanies which receivan
awardin a public ceremongponsored bANEEL.

However, there is still a need of providing a simpler and more efficient mechanssrovto
to the consumershow their distribution company is performin@pespite IASC being a
comprehensive survey, its sole use as an overall performance assessuaahismis
contestable. Other technical indicators are available, and may be used to compose a more
comprehensive and meaningfdore. Continuity of supply indicators, for instanaes likely to
be used in such a scomnce their degradation is usually follevd by an i ncrease in

complaints ands widely publicizedby the press.

This paperexplores the possibility of developing an overall performance index to assess
the performance of power distribution companiks.this paper, performance is seen as a
broader concept than the traditional quality of suppigbraing the requirements of consumers

and Brazilian legislatioin relation tothe service provided by power distribution companies

The main goal of thistudyis to provide useful information and to start a discussion about
the possibilities of developing an overall index. Thus, further work would certainly be necessary
to complete the development of such index. A secondary goal is to present the Brazilian

regulation related to the performance of companies in terms of service.

The overall index concept proposed in this papeould be an additionalegulatorytool

with the following positive points:



9 it would provide a simpler and more attractive information tonsumers about
companies6 performance;

1 the publication of thendex in form ofranking is an incentive for companies to improve
their performance; and

9 it could be used in tariff definition, givinglirectincentives (rewards or penalties) to

companies amrding to their performance.

The first chapter presentshaief introductionto the basic concepts related to Brazilian
power distribution regulation and mark&hapterll explores the main aspedssociatedo
compani es 6 p e rBraaillamalectdce secionChaptehlle presents two overall
performance assessment experiences in other industries, and also the ANEEL IASC.IZhapter
discusses the possibilities of creating an overall performance index to assess Brazilian power
distribution companies. Conclusions #tenpresentedalosing the study.
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I.  INTRODUCTION

his chapter presents an overview of electricity sector in Br&zdusing on aspects
Tconcerned tohe performance of Brazilian power distribution companliestats showing
the legal background since the reform of the Brazi#lantric sectori the worldwide movement
known asderegulation. Then concepts of incentive regulation are qexelinking the current
economic model applied iBrazilian power ditributiontariff definition (price cap) to the need
of regulating theadequacyof service. This chapter ends with the presentation of basic
information abouthe Brazilian power distribution market, allowing the reader to understand

how concessions areganized and thedifferences within the country.

1. Legal Background

In the 1990s, Brazilas many other countriestarted a process of liberalization of its
economy fostering markebriented reformdn order to promote competition and to attract
investments to infrastructure sectdrghis movement is known as deregulatidine reform of
the Brazilian electric sector began in 993 with the enactment of Law 681" which
extinguished the equalization of the tariffs that were in effect and creapptly stontracts
between generators and distributdriis was enlanced by the enactment of Law)®4, from
1995, that created the Independent Producer of Electric Power and the concept of Free

Consumer.

In 1996 the Restructuring Project for the Braziliaedlic Sectoi(Project RESEB) was
implemented, coordinated by the Ministry of Mines and Enérgg. paramount conclusions for
the project were the need to spiectric power companiggto the generation, transmissjon
commercializatiorand distribution segmen{(gle-verticalization)to incentivize competition in
the segments of generation and commercialization,ikgape segments of distribution and
transmission of electric power under regulation, considered to be natural monopdigs un

control of thegovernment

The power distribution in Brazil is considered a public service. The overall principles were
given by the fundamental law of state, the Constitution of 1988, followed by specific laws.

Therefore, power distribution compani® allowed to operate only under a defined concession

! All Brazilian legislation can be found http://www4.planalto.gov.br/legislacao/legislachfieis
ordinarias#content



http://www4.planalto.gov.br/legislacao/legislacao-1/leis-ordinarias#content
http://www4.planalto.gov.br/legislacao/legislacao-1/leis-ordinarias#content

(or a permission, in some specific cases), defined in a contract signed between companies and

the Brazilian Government.

Among the severalconstitutionalprinciples thatpublic service operatonseedto follow,
one of the most important is the need to offer an appropriate service. This privagfiather
detailed in Law8,987, from February 131995.Knownas t he fALaw ohfslaoncessi
was developed in the scenario of deregulation that was adopted in many countries, and

established than appropriate service is the one that satisfiefotlmving conditions:
i.  regdarity;

ii.  continuity;
iil. efficiency;
iv. safety,
V.  modernity
vi.  universality

Vii. courtesy

viii. affordability.

Chapter Ill of Law8,987st at es user so6 r i gpointswoamndtingedy! i gat i o
in addition tothe right of the appropriate service, the right to receive information to the defense
of individual and collective interests; thautd to inform the public power and utility the
irregularities that have knowledge regarding the service proviledjuty tonotify competent
authorities the illegal acts committed by utilities in providing the senacel the need to
contribute to thgpermanence of the good condition of public property, by which their services

are provided.

The Brazilian Electricity Regulatory AgencANEEL) was created in 1996, by the Law
9,427 of December 26. Following, the Decre835 of October 6, 199&stablishedANEEL
directives, its powers and responsibilities and its goverrmnd administrative structure.
ANEEL thenhad its Bylaw approved by Ordinance MME 349, on November 28th, 1997.

According toLaw 9427,ANEEL has the aim of regulating and inspecting thedpction,
transmission, distribution and commercializing of electricity, complying federal policies and
directives.This aim is stated iMNEEL®O snissionof providing favorable conditions for the

electric power market to develop with a balance anagamts and in benefit of society



Like otherBrazilian regulatory agenciefackground laws supporting the role of ANEEL
ensured two essential conditions for its proper operation: autonomy and indepeftesee.
two featureggive ANEEL theconditionto rely its decisiongn technical issueBut they do not
guarantee, though, that ANEEL is free of pressures from all parts interested in the electricity
sector.

ANEEL is often dealing with legitimate interest from consumemnpanies (investors)
and the governmenthese interests are almost always conflicting and even opposed. Therefore,
ANEEL needs to provide the equilibrium among padtecidingtechnicallyandwith isonomy
FigurelillustratesANEELO mole inelectricitysector.

Consumers

Quality of supply

Transparency and publicity

ANEEL
Investors Government
Expected remuneration Strategic interests
Contracts honored Development policy
Predictable and clear rules Industrial policy
Figurel. ANEELO6s role in providing equilibrium
1.2. Incentive Regulation andthe Adequacyof the Service

Power distributionindustry is characterized by economy of scale and itasisidered a
natural monopoly, that ishe production cost is minimized if one firm supplies the entire output
(Browning and Zupam2009) Monopoly companies are powerful in thense they can control
its price and output, and their powereigenbigger in power distributiomlue to its nature of
basic servicei characterizing lowprice elasticity of demand.Therefore government

interventionis requiredto avoidthe harmfulconsequences of monopoly industry.

One possibility of regulating monopaly power distribution industris by ddining a tariff
t hat C 0 Vv e r costs dnoapgrainglyeGervice This is known adi ast of serviced



regulation (Joskow 2008) The argument for adopting this mechanism would be that the
company would not get unreasonable profits at the expense of the corisacterally, the
profits would be entirely defined bthe regulator (assuminghe regulator has complete
information) However, in practice this scenario is not favorable to consumers, since the

company will not have incentive toarease efficiency

In order to stimulate efficiency in regulated sectors, many countries have adopted strategies
of incentiveregulation.Brazilian economic regulation of power distribution seattakes use of

an incentive regulation mechanismorldwide used in the electricity secttiefi pce capo.

In this mechanispthe regulator sets an initial prideat will last for a period the period
is stipulated in each contract aaabthree, four or five years (the majority cdmpaniesarefour
yearg. Actually in power distribution sector it is common to have not one single price, but a
structure of prices for different types obnaimers, voltage of connection anthe hour of
consumption It is adjusted from one year to the next for changes in inflation and a target
producti vity Thérefonegcemphnies drecencoufiaged to reduce their costs in the
period between reviews to increase tipeofit (Joskow 2008)

It is important to notice thainy incentive regulation mechanism that provides incentives
only for cost reduction also poteaity jeopardize thejuality of supply(or, in a general view,
the performance in providing the servioghen quality of supply and costs are positively
correlated with one anothddoskow 2008) Indeed, Ter-Martirosyan and Kwoka2010)
showed by an econometrical analysis that electricity companies igeel®ed tgeopardize
quality in the period of 1993 to 1999 whémere was not a regulati@msuringminimum quality
standardsThus, price caps are often only one component of a lam#iojo of regulatory
tools that includes quality of supply standards and incentiivissproveservice performance

In general,there are four instruments usually applieg regulabrs to try to secure or
improve thequality of supplyin power distributionFumagalli, Lo Schiavo and Delestre, 2007)
The first and simpler is the publication of

efficient enough to be employed alone, it is desirable in any environment of good practice in

d

reguation, as a concept of publicity.t can i mprove companiesd6 perfo

them to prevent the harm impacts of being kn@asworse than others om the other hand, to

compete to be better than others.

The secondnstrumentis classifiedas minimum quality standardslt is probably the most
applied instrument, in the sense that it defines the basic performance on with companies need to

operate.There can be individual or overall standards (applied to a detadk consumers)in

other wao d s , mi ni mum standards g¢gi nies ududiyeneeliqoual i ty



compensateonsumergor to pay a fine in case of overall standandben failing to comply

with defined limits.

The third instrument is the introduction of a reward and penalherse.This is an
instrument that operates in two senses: given a certain quality standard, rewards companies that
exceed the standard and punishes those who violate. Standards in thédésde generic,

measuringfor instancethe average performae of companiesor benchmarks

The lastinstrument is thggromotion of premium quality contracts. This modality is the
least common of the instruments presented, andsititablefor consumers with special needs
of quality. In this case, the contract provides a price for differentis¢edce,the required
quality standards and the punishmeéhat should beapplied to the company in case of

noncompliancef the standards.

It is worth noting that the instruments shown may be applied separately or jointly, and in
all dimension®of quality. However, in practice some instruments are more associated with some

dimensionf quality ofsupplythan othergFumagalli, Lo Schiavo and Delest2007)

1.3. Overview of Brazilian Power Distribution Market

Brazil is a country with8,514,877 km? of areaand about 190 million habitan{tBGE,
2012) It is composed byhe Federal District an@6 stateshat present huge differees in

density,development, wether conditionsandgeographical issues.

Of all segments of infrastructure, electricity servicthesmostuniversalin Brazil. In 2008,
about 95% of the population had access to the power grid, which correspond to about 62 million
consumer units. Of these, the vast majority (about 85%) is residemtial.incidence and
dimensions of nichewithout electricity distributiorare diretly related to its locatioh and the
physical or economic difficulties for extending the power grid. After all, each of five geographic
regions in which Brazil is divided North, Northeast, Midwest, South and Southdagtas
characteristicsthat are quite peculiar and different from the others. These peculiarities
determine the contours that the generation, transmission and distribution acquired over time and

also determine the greater or lesser ease of access of the local populatiqroveettyzid.

Figure 2 illustrates the Brazilian power gridhorizon in 2012 (exiging and planned

transmission lineésand thedensity of poplation in 2007
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Figure2. Brazilianpower gridhorizon 201Z0NS, 2012)(a) and Brazilian population density in 2007
(IBGE, 2012)(b).

The Brazilian power grid (known as National Interconnected Syst&ihN) is the system
of production and transmission of electric energy in Brazil. It is a large hydrothermal system,
with strongpredominance of hydroelectric and with multiple owners. The SIN is comprised of
companies from the South, Southeast, Midwest, Northeast and part of the North. Only 3.4% of
the capacity of the country's electricity is out of the SIN, in small isolatednsydticated
mainly in the Amazon regiofONS, 2012)

In Brazil, power distribution companiesanageand operatelectrical networkdess than
230 kV (there are few exceptions above this voltagibeyneed to provide free access to any
consumer or generatandalso need tesupply energy to the majority of the consurmietbese

consumers are calleptive consumers

There are two energy trading environments. The Regulated Contracting Environment,
where distribution companies need to purchase energy from generators through public auctions
under cap prices set by government, and a Free Contracting Environment, wheonfiemers
(non captivend generators can freely negotiate their own bilateral con{@e&E 2012Y.

The power distribution in Brazil is operated by 63 companies holding public service

concessions. There are als? frermissiongsome of themhavenot signed a contract yetp

‘Except when explicit distinguished, in this paper
power distribution company, regardless if inisaptive orafree consumer.

10
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operateusually small areas Figure 3 shows the map ahe power distributiortoncessions in
Brazil.

Figure3. Map of power distribution concessions in Brazil.

Analyzing the arrangement of concessishswn inFigure3 and comparing their locations
to aspects shown iRigure 2 it is possible to infer that there are great differences in the reality
of each distributor. Assuming that the quality depends on costs (investamehbperation and
maintenance), it can be stated that the quality will be better in places with higher load density
(highly correlated with the habitants density shownFigure 2(b), which is larger in the
centralsouth of Braziland in the coastal regioAs the quality is also associated with network
reliability, it is clear, fromFigure 2 (a), thatthe eastern region of Brazil has more network

resources (SIN).

*)From now on, all menti ons ab o udnly@tidsescompanesithat on ¢ o mp a
hold a publicconcession.
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.  PERFORMANCE ASSESSMENT OF BRAZILIAN POWER
DISTRIBUTION COMPANIES

There are several dimensions that can be considerexsess distribution company
performance In this paper the focus is on performanceadspectto service, and other
aspects are not going to be considered (financial performance, for instance).

As previously commented in the Executive Summary, performang@wer distribution
systens is traditionally assessed in terms ofatity of supply, which rly on commercial
quality, continuity of supply andvoltage quality. However, regulatoryapproachesusually
pursuea wider view of performance, trying to comply with consurdeesjuirements. In this
sense, this chapter will alstiscuss other dimensionslassified here in the wide concepttioé
adequacyof theservice

It is noteworthy that this chapteelieson ascenarioof Brazilian regulation, and it is not

aimedto provide deep concepts about topics.

II.L1.  The Regulation of the Quality of Supplyin Brazil

Supported by Brazilian Constitution and specific laMSEEL has enacted resolutions to
address the quality alectricity supply The terms and definitions used in this subject are not
common and may vary among countries. This paper adoptfotlesving conceptdepictedin

Figure4.
Quality of
Supply
| | : | |
Commercial{ | Continuity Voltage
quality of supply quality

Figure4. Dimensions of quality of electricity supply.

The @mmercial quality is related to theansactionbetweenconsumes andcompaniesit
coversall possible relationbetween them, includinghose happened in the-contract period.
For instance, ame possible transactions are connection requebing and answer to

complaints.
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The continuity of supply refers to interruptions of the service. It is the astodted and
reported in Brazil and in most countries, as itusually the parametethat most affect

consumes.

Voltage qualityis related to impef ecti ons on the product el ec
electricsignal delivered to theonsumeiis outside the specified parametdgsen though it is
intrinsically a technical issue, this aspef quality is an increasingoncern, sinceonsumes 0
equipment are becoming m® sensible to it. Moreover, new 0 n s U @Aipnsedts are

increasingly becominthe source ofipollutions to the network.

The following subsections presean overview ofthe Brazilianregulatory aspects of the

quality of supjpy.

[1.1.1. Commercial Quality

ANEEL Resolution n° 414/20f@stablishes all directives related to the general conditions
of supply, which need to be followed by distritmuiti companiesand alsoby consumers

Therefore ittcomprisesll directives related to commaal quality.

Resolution n° 414/2010 is a compilation of several ofieemer ANEEL resolutions,

especially Resolution n° 456/2000contains 17 chaptekghich give the following directives:

1 terminologyandgeneral aspects related to consumers units like classification according
to activity, nominal voltage connectian electrical boundries that define the
responsibiliy of each part, the sharing of electrical installati@msl streetlighting

services;

1 therequest of suppland its requirements for consumers electrical asshesgeadline

to startthe service andheconditions taemporary supply;
T tariff arrangements assigned to class of consumers;

1 the standard contract to low voltade/) consumersrominalvoltage less than.2 kV)

and the minimum requirements to other contracts

1 metering issues, including exceptions where meters amarudatory, conditions to the

use ofaggregated metering systearsd therules aboutmetering readings;

4 All ANEEL resolutions are available http://www.aneel.gov.br/biblioteca/pesquisadigit.cfm

13
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9 Dbilling issues as the maximurand minimum extension of thbilling period, the
charging of theexceeding demand anithe reactive energy, minimunamount of
payment, revenugsom other servicessuitablediscounts defined by lavprocedure in
case ofrrors inmeasuring and billing, payment optigiormation on the invoicand
defaulting;

9 actions of companies in case of irregular procedures made by consumers;

I companieé responsibilities, like keeping registerd consumers data, commercial

quality standardsnd procedures whehandling with complaints;

1 consumers responsibilities in causing power disturbancewlaad there is aimcreag

of load;

1 discontinuation of the supplyhen there is inadequacy in consumer bedravailure to

pay or emergengy

T obligations regarding the public attendance, local structure, telephone assistance and

ombudsman requiremenemnd

1 reimbursement to the consumer when there is an electrical damhgec on s umer 6 s

electrical equipment.

Specifically on the commercial quality, tResolution n° 414/2010 statesveral standards,
presented iTablel.
Tablel. Commercial standards defined in ANEEL Resolutid114/201QgroupA refers to consumers

connected in voltage equal or above 2.3 kV or by underground circuit, and grefgr8toother
consumers connectéa voltage bellow 2.3 kY.

Maximum period for inspection i consumer unit, located in an urbarea after a| 3 working

connection request days
Maximum period for inspection of consumer unit, located in a rural aredter a| 5 working
connection request. days
Maximum periodfor connectionof agroup Bconsumer, located in an urban area, fr| 2 working
the date of approval of installatians days
Maximum periodfor connectiorof agroup Bconsumer, located in a rural area, from| 5 working
date of approval ahstallations days
Maximum periodfor connectionof a group A consumer from the da of approval of 7 working
installations days

Maximum period to prepare studies, projects and budgetgoaindorm the consumer| 30 days
when thee is aneed forimprovemenin networkto allow theconnection

Maximum periodto begin the improvementshenthe conditions set out in legislatiq 45 days
and regulationsrefulfilled by the consumer

Maximum period to inforntonsumetthe result of the analysisf her/his project, wher 30 days
the improvement of network is due to consumer and diriectly made by her/him

14



(countedafter its presentatign

Maximum periocto review theproject wherthere is failure or lack of information from
the distributon companyin the previous analysis

10 days

Maximum period for attending requests forthe inspection of meters and othe
measurement equipment

30 days

Maximum period for reconnection when found improper suspension of sty
company expenses)

4 hours

Maximum periodfor attendingrequest®of reconnection t@ consumer unit located in a
urban areaywhenceased the reason for suspension

24 hours

Maximum periodfor attendingrequestof reconnection t@ consumer unit located in| 48 hours
rural areawhenceased the reason for suspension

Maximum period for attending urgent requestgeconnection in an urban areghen | 4 hours

ceased the reason for suspension.

Maximum period for attending urgent requeefsreconnection in a rural areajhen| 8 hours

ceased the reason for suspension.

Maximum periodto send awritten noticeto the consumewith a list of allc o0 mp a | 30 days

local offices(uponrequest).

Maximum period forinspectionof a ¢ o n saguipenenéwken there is a complain 10 days

aboutelectrical damagéonly consumers withominalvoltagebelow2.3 kV).

Maximum period forinspectionof a ¢ 0 n s equipemend gsedo store perishable
foods or medicinewhen there is a complaint about electrical damage

1 working day

Maximum periodto send awritten notice to the consumaiith the result of the reque
for reimbursement from electrical damage, counted from the date wifsiectionor, in
the absence of tharom the date of the request for reimbursement.

15 days

Maximum period to compensafrom electrical damage theonsumer through payme
in cash, or the repair or replacement of damaged equipment, after informir

consumer the result of the request for reimbursement from electrical damage.

20days

Commercial sefice standards must be assessed ononthly bas. Failure to comply with

the standards presented iable | requires the company to automatically compensate

consumersThey also need to compensate consurmdren there is improper suspension of

supply.

Specificallya b o u t C 0 N s u me thesReesolwionmp K14/POAGtades that any

contact made by the consumer should be classified accordiig thfferent patternsThe

company mustomputethe following information on a monthly basis, thassof complaint:

1 number of complaints received;
1 number of founded complaints;
1 the number of unfounded complaints, and

1 average time for resolving founded complaints.

15



The companymust compute complaints mablg all provided means, such as call cester
local serviceoffices internet and corresponden&esolution n° 414/2010 also established two
indicators to assess performance ofareompanies
B &# ! 42 B &#

00Y ———— "00'Y
B &#

PTITT 1)

where FC; is the number of founded complaints to thestterni; ATR is the average timef

conclusionof founded complairgt Ny is the total number afonsumes.

Standards to DER and FER and its penalties wergatstated in Resolution n°® 414/2010,
and will besoonhandled ima furtherANEEL resolution.

The Resolution n° 414/2010 determines that utilities must suborithly to ANEEL the
indicatorsDER and FER, a summagf their commercial processes atide compensations
paid Companies must follow the Brazilian standard ABNT NBR I1SQ0A®i Customer
Satisfaction Guidelines for Complaints Handling in Organizations, and certify the process of
handing consumer complaints in accordance with ISO 9000.

[1.1.2. Continuity of Supply

The continuity of supply is strictly related to the reliability of the system. Investments and
operationalresourcesare both required to provide reliability. Some engineering maddgl®
emulate the reliability of a system to a given amount of investment and maintenance resources,
but these tools areore useful as simulation tools and they cannot provide a deterministic
answer to all situations. In fact, there are many differeategjies that a company can adopt to

reach a desired level of reliability.

The continuity of supply is regulated by ANEEL Module 8 of the Procedures for
Distribution of Electricity in National Electric SystemPRODIST, established by Resolution
n° 395/2009 This document presents all technical procedures that companies need to follow in
this subjectas the characterization of interruptionsypto compute indicators artde required
datato be stored by companies or periodically $erANEEL. Thus all information from this

subsectiortan be foundn Section 8.2 of Module.8

The ideal for consumers is to have the system always available. However, to ensure
continuity at these levels is neither technically nor economically feasible. Then, the test i
seekfor an efficient solution that minimizes the total céstomputed by summing costs of

consumers caused by interruptions of supply and the costs to provide the given reliability.

16
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Interruptions of supply are usually assessed by two indicatormézurehe duration and
the frequency of interruptiondn Brazil, they are called DEC and FEC, actog to the
following equation

O

. B . , B
000 —5 "000

2

whereN; is the number of consumers interrupted by each incidestthe restoration time for
each incidentN; is the total number afonsumes of the sebf consumes or any portion of the
system DEC and FEC are equivalent to the worldwide known indicat@kIS (System
Average Interruption Duration Indexgnd SAIFI (System Average Interruption Frequency
Index).

DEC and FEC represenain averageof all consumers Each consumer has iswn
continuity measured by three indicators: DIC, FIC and DMIC. Theylefieed as:

005 O 006 ¢ rd kg 4te 3

wheren is the number of interruptions to the given consumer;tditiis the duration of the
longest interruption to a given consumBEC (or FEC) can be computed alternatively by the
average of DIC (or FIC) taken fromset ofconsumers.

It is worth noting that all continuity indicators presented before measure only long
interruptions, defined as interruptions that last at least 3 gsntuhd there are alssome long
interruptions that are not accounted to these indicators, like thosearthadssociated to

exceptional eventdortuitous reasons or force majeufer instance)

TheDEC and FEC indicators were officially estiahed in1978, and are computdy sets
of consumer units. These sets of consumer units are any arrangement of consumers in a given
company with continuous areia. the end of 2009ANEEL hasstatedmore restricted rules to

thedefinition of set of consumers. Thaye:

1. Each set of consumers is priority defined by the electrical configurafioetworks,
that is the area that includes all medium voltgiy®/) networks downstream any high
voltage(HV) substation.

2. Very small set of consumers are not allowed (less th&®0 consumers), and
companies need to aggregate theranother neighbor set.

3. Relatively small set of consumers should be avoided (from 1,000 to 10,000 consumers),
and companies can aggregate theranother neighbor set.

4. Companiezannotaggregate sets with more than 10,000 consumers.
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5. Exceptional cases, like regions with very low density or with different electrical

configurationareanalyzed by ANEEL.

The rules presentedefore generated a wide review in almasi set of consumers of
Brazil, which was done during 2010.Now under this definition there arg,959 sets of

consumers in Brazil

The sets of consumers are the minimum unit to assess collective continuity of Jingply
DEC and FEGndicators are computed each seand sent to ANEEL every month. In addition
to these indicatotrsANEEL requires some quarterly informatidrom each set. Thes et s 6

attributesare:

area in square kilometers (Rm

]

extension of the MV network, segregated into urban and rural, in kilonfkme)s
energy consumed in the last 12 months, segregated by residential, industrial,
commercial, rural and other classes, in megawatt hours (MWh);

1 number of consumer units served, segregated by residential, industrial, commercial,
rural and other classes;
installed power in kilovotampere (kVA);
constructive pattern of the network (overhead or underground);

location (isolated oconnected to th&IN).

Starting from a premise that similar set of consumers should present equivalent
performance, ANEEL defines standards to indicadEC and FEC of each set based on a
benchmarking techniqudttributes are used insatisticalmethodto definesimilar setdo each
c 0 n s u meandg @erfoemarice in terms of DEC and F&Ca reference sas taken as the

goal to the rest presently the benchmark is taken as2fpercentile

Standards defined to DEC and FEC are used to compare and assessp ani es 6
perfamance, and are the reference to the definition of standantslitators DIC, FIC and
DMIC. These s@andards are defined in three different time frames: months, quarters and years
this division is due to the seasonal characteristic of interrupiioasd companies need to

compensate consumers if theraisolation in any of these indicators.

Recently, ANEEL has defined a rule to compose a ranking of compamation to DEC
and FEC indicators. The ranking an attempt to give incentives to comparbgpublishing
their performance. The rule is a simple composition of DEC and FEC indicators performed in a

ratio of its standards, with equal weights to each one.
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The ranking will be first published in April 2Q. As already discussed 8ectionl.2, the
publicaton of this ranking is solely a kind dhcentive regulation. But in addition to its
publication, ANEEL will start to use @&san incentive mechanism tariff definition next year.

11.1.3. Voltage Quality

Voltage quality is the most complex aspect in the quality of supply, and most of its
disturbance are not even perceived by ordinary consuméng Section 8.1 of Module 8
regulates voltage quality in power distribution systeftee following disturbances are listed:

voltage in steady state;
power factor;

harmonics;

voltage unbalance;
voltage fluctugion (flicker);

rapidvoltage variationgvoltage dips and swellsand

= =4 4 4 A -a -

voltage frequency deviation.

The most common voltage quality problems in Brazil are voltage variations in steady state
or slow voltage variations in root mean square valy&MS), and low power factor in some
loads. The other disturbances listed before were characteri&Zetiion 8.1 of Module ,8ut
their regulation is nofinished ANEEL is planning a national coordinated measurement to
diagnose the condition of voltage supglien Brazil, and, in parallel, a discussion about
indicators, measurement protocols, responsibilities definiiad,standards and penalties has

already started.

Reactive energy (related to lower power factor) is treated as a commercial procedure
thereis a limit of consumption to loads, and an extra fee is charged when loads exceed this
limit. These procedures are established in Resolution n°® 414/Z@&@efore, this section will

discuss only the voltage variations in steady state.

The steady state voltage variation is assessed in terms of RMS value of the voltage. It is a
continuous phenomenon, and measuremantassess it in a given point of the distribution
networkare taken during one weekveragevalues are storeelvery10 mirutes of this period,
leading to 1008&veragemeasurementdf interruptions of supply or rapid voltage variations
occur during a measuremerthis average valuaeeds to beeplaced by othetaken in a

consecutivel0 minutes measurement
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Eachaveragemeasurement is classified into three ranges in relation to the nominal voltage:
adequate, poor and critical. Then, two indicators are computed to each on& week
measurement:
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where DRP is the Relative Duration of Poor Voltage Transgressmm;is the number of
average measurements classified as poor; DRC is the Relative Duration of Critical Voltage

Transgression; analc is the number of average measurements classified as critical.

Measurements can be taken in answer to a con
measurement defined by ANEEL. In both cases, if DRP is above 3% oriD&tiove 0.5%,
companies have a procedure to settle voltage supplied, and need to compensatersaftar

a given time until the problem is solved.

The annual measurements defined by ANEEL are sampled randomly among all LV and
MV consumers. The sample size depeads t h e ctaammumaberyob mnsumers. DRP
and DRC indicators generated by each measurement need to haatertlyto ANEEL. They
areused to generate three collective indicators
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where DRR and DRG are the collective DRP and DRC indicators, computed to each company
as the simple average of indicators DRRd DRG measured from consumeér N, is the
number of consumers from the samplg;is the number of consumers with DRC non niliat

is, consumers that have at least one averagesumaraent classified as critical

II.2.  Other Aspects Related tahe Adequacyof the Servicein Brazil

The concepbf quality of supply presented in the previous section is very comprehensive,
and is, in general, uniform among researchers and regulators in the grewenfquality.
However, there are other important issues in the contetticohdequacyf service.Aspects
such as safety in the operation are increasingly important to societgpalade considered in
an analysis of performance of companies. In Brazil, some of these aspects are explicitly

described in the Law,987, alreadymentionedn the first clapter.

Here are some considerationthat will be presentedabout five important aspects for
companies thabperatepublic services: safetin operation socioenvironment, energy losses,

universalityand resilience.
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[1.2.1. Safety inOperation

The distribution of electricity is a service that involves various risk&razil, electricity
distribution ismostly performed at voltages frohl0 to 230,000 volts All this voltage range
involves risk to the population amo the employeesf companies.

The majority of the equipmentlines, transformers, poles, towers, e)ocated on the
streets, coexisting with buildings and traffic, dadubject to several dangerous situatidrtse
possible hazards of the power distribution include burns and explosions resulting from
unexpected equipment failureDther possible accidents can occwhen proper safety
procedures are not followe&ince companies are incentivized to reduce codttysand labor
regulation need to provide thelesto try to preventaccidentsand its severities.

In Brazil, safety and health of workers are regulated by the Ministry of Labor. Companies
follow directives from a wide legislation, which includeetiConstidation of Labor Laws
(CLT) and the Regulating Standard$RSs) from the ministry.The action of ANEEL in this
subjectis mainly to monitor some statistics from accidents reported by compaleifised in
Module 6 of PRODIST

1 Frequency rate of lab@ccidentsdefined as thaumber of accidents per million man
hours of exposure to risk, in a given period,;

1 Rate of gravenessiefined as théime computed per million mamours of exposure to
risk in a given period
Number ofdeaths of its own employees due to labor acciglents
Number of deathef outsourced employeelsie to labor accidents;
Number of accidentaffecting the general publiaccurred in elettical installations of
company;

T Number of citizen deaths due to accidentoccurred in electrical installations of

company

The hours of exposure should be taken from payroll records, considering only the hours

worked, including overtime.

[1.2.2. SocieEnvironment

Issues related to social and environmental responsilaliéy increasiny important in

nationally discussed topics. This concesesfrom the perception of population that individual
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actions have consequendémsvorable or harmful)n the living conditionsof the whole society,

and it is related to the conceptsciifzenship and sustainable development

Nowadays this percéipn is shared by many invess which are seeking to invest in
companies that show transparently their consequences of its operations to Goaetxample
is the Dow Jones Sustainabilitydees (DJSI), launched in 199@ow Jones Sustainability
Indexes 2012) This attitudemakes economic sense, and can be seen as an attempt to capture
externalitieS in f i r preddction. For this reason, several companies have been investing
resources spdaneously in the social development of their employees and the communities in
which theyoperatea process of awareness abthew social order

In the context of public servicepower distribution companiefit into the social and
environmental context using the resources needed to carry out their economic activities (natural
materials,manpower, infrastructurand the basic services of third parties) and, in performing
their services, promote social, econonmenvironmental, cultural and technological changes.
The awareness of the consequences of those actions and activities in this context is itsdsocial a
environmental responsibilifANEEL, 2006)

Given that power distribution is a regulated public smryvithe analysis of this
responsibility should be further expanded through the understanding that such services must
primarily serve the public interest, since any concession or permission presupposes the
rendering of an appropriate service that satisfik® conditions of regularity, continuity,

efficiency, safetymodernity universality courtesy andffordability.

In accordance to 0 n s u desiressadd the LaB;987, since 2002ANEEL demandg$rom
electricity companies the Annual Report 8bcicEnvironmental Responsibility (ARSER)
following the guidelinegprovided inthe Accounting Manual foPublic Service Electric Power
(MCSPEB, established by ANEEL Resolutim® 444/2001

The ARSER is structured into five dimensions, which include desampbf activites and

quantitative and qualitative performance indicatditsey aredescribed hereinafter.

1 GeneralDimension in this dimension are presented general company informatich,
as the nature of ownershipthe form of managementompany history, mission,
principles and valuethat guide decisions, relationships with stakeholders and channels
of communication, risk controls and indicators and operational productivity.

1 Corporate Governance Dimensiotorporate governance is related to tompany's

adherence to ethical principles, transparency, accountability and Yzdtig®vern it.

® Externallities are the harmful or meficial side effects of market activities that are not fully borne or
realized by market participanfBrowning and Zupar2009)
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1 FinanciatEconomic Dimensiaonthis dimension seeks to provide transparency to the
economic impacts of the company, not always included in conventiamahcial
reports. Some information required arealtle generated and distributed werkers,
govenment, lenders and shareholddrse provision of services, income, employment
generation and incomand contribution to regional development and reducingakoc
inequality, enabling access to the communities served electricity services.

i Socialand SectorDimension this item aims to describe the social performance of the
company, with itspolicies and its actions related to some public affected by the
activities of the company in internal and external environments: employees, suppliers,
consumers, community, government and society in general.

1 Environmental Dimensianin this item companies need to repdheir projects,
programs, actions and indicadoto enable stakeholders to know and monitor the
activities of the company towards improvement irenvironment, as well as those
voluntary actions, not associated with compensatory measures, aimed at environmental
protection areas. Information can be gredipinto i) impacts, life cycle and
environmental preservation ii) environmental education iii) energy efficiency; iv)

R&D in environmenrdl issues; v) alture, sport andtourism andvi) health

11.2.3. Energy Losses

The process of generating, transmitting aglidtributing energy generates losse3.hese
lossesoccur naturally from the dissipation of power in electricity components such as lines,
transformers and measurement systeans are known as technical lossBsere arealsolosses
that are caused bgxternal actions to the power system, like errors in measuring and billing,
theft and fraud. These losses are known astedmical losses (or commercial loss@$je sum
of technical and notechnical losses gives the total losses, which can be definéd &nergy
injected in the power system that is sotd

Total losses irthe Brazilian power distribution systems during the second review of prices
were about 14%f the injected energy, 7% for technical and 7% for-teminical losses. While
technical losseslie in an accepted level, ndachnical losses are considered very high,
especially becausetheir high variance among companies. For instance, while there are
companieghat donat havenontechnical losses, there are others with more than 30fteof

injected energy.

There are historical and cultural factdigeat can be associated wikiigh nontechnical

losses. However, inefficiency of compagiin combating theft and frausl clear. Therefore,
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ANEEL defines acceptable levels of lossestablishing goals to incentivize companies with
higher level of losses to improve their efficiency. This procedure is carried out in tariff
definition of each company.

Every price review, ANEEL performs a simplified calculation of energy lofsesach
company Theterminology,methodology and procedures used in thisuaton are statedin
Module 7 of PRODIST Using energy angbhysical information (general attributes of each
individual MV and LV network, like total length and average resistaddEEL can compute
energy losses in each aggregate segment of power distribution netiigik® 5 depicts an
example of a simplifiedaggregateddiagram from a Brazilian company. Notéhat only
aggregate transformation and lines are represeasadell asnergy input, output and flows on
each aggregate segment.
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Figure5. lllustration of a simplified aggregated diagram of a Brazilian company.

The simplified procedure to compute energy losses allows ANEEL to analyze technical
losses per aggregate segment (transformations and linesjpgh@dlNEEL to define the
acceptable &hnical losses levelo each companyn the process of calculation, ANEEL uses
some parameters settled as a good practice in engineathag,usuallyleads the acceptable

technical losses to smaller values than companies claim they are.
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The difference between total losses and acceptable technical lossea gicage ofthe
current st at u stechnical lossemip thenyeas af theirpricae review. Then, by the
use of benchmarking techniques, ANEEL defines acceptable leveisndgbchnical losses,

proposing a reduction onaintenancef lossesn the years until the next price review

In reality, companies have an acknowledgment of their total losses. Companies above this
level are strongly incentivized to reduce losdeshrical or nontechnical,since no tariff is
provided to pay for this energ¥his procedure is regulated in Submodule 2.6 of Procedures for
Tariff Reviewi PRORET.

[1.2.4. Universality

The International Energy Agen@pnsiders thatin 2009, 1317 billion people worldwide
do not haveaccess to electricitflEA, 2012) Given this reality, severalctionsshould be taken
in order to reduce the consequences of this omission. This is because it is widely accepted that
the availability of electricityacts as an effective agent of development. In this sense, the
challenge is even greater i@ssdeveloped countries

In Brazil, surveys have found that areas with lower Human Development (iIH@¢xwere
in regions with lower rates of attendance of eleity. The reduction of these inequalities
would be accelerated with the use of electricity as a vector of develogkigtiE and [ICA
2011)

Inspired in this scenario and based onuhiversalityprinciple determined bitaw 8,987,
the Law10,438/2002 followed byANEEL Resolutiom® 223/2003 establishedhe foundations
for universal access to electricityn order to accelerate the universalcess to electricity in
Brazil, the Federal Government created the Light for All Progftaoe para Todo§ LpT)
through the issuance of Decne®4,873/200, establishing sector resources for funding.

The LpTis considered thenost ambitious poweinclusion program implemented in the
world. In December 2011, the programdheonnected 2.9 milliorfamilies, benefing 14.5
million habitants(MME, 2011) During the execution of the program, new families without
electricity in the home were located and, due to the emergence of a large number of demands
and the highest costs associated to these new locatimngrogram has been extended to be
completed irR014

ANEEL has an important role in implementing tbeiversalisation of electricityThe

agency assigns goals to companies connect unassisted families, estaiiishtors to assess
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the developmentfdhe program andettlespenalties in case of noncompliance. All these issues

are regulated in Resolution n° 223/2003.

Goals were established accordingly 4o index of attendance, estimated from data

provided bythe Brazilian Institte of Geography an8tatistic§(IBGE). Goals are defined in two

ways: to the entire concession and to eBcazilian city. Tablell and Tablelll show these

goals.

Tablell.Goal to companiesd i ndex
Company©6s | ndex | Lastyearto promote the universal serv

la >99.50% 2006

98. 00% < 1l a ( 2008

96. 00% < 1 a ( 2010

80.00% < 1 a ( 2013

la O 80.009 2015

Tablelll.Go a | t

citiesbod

i ndex

City Index of Attendance (la| Last year to promote the universalrvice

la > 96.00% 204
90.00% < 1| a 2006
83.00% < 1| a 2008
75.00% < | a 2010
65.00% < 1| a 2012
53.00% < 1| a 2014

la O 53.0 2015

of

of

attendan

attendance

Based on general goals providedTiable Il and Table lll, each company submitted to

ANEEL analysis and approval the Plan for Wmisal Electric Energy, containing information

about planned MV and LV network expansion, average costs of connection, estimated quality of

supply and the form of publication of all information to eligible consumers.

ANEEL has set up three indicators te@ss the evolution of universalisation. They account

to the total (global), urban and rural universalisation level, accordingly to the following

equations:
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whereTUC is the number of residential consumerg) is the number of residences in Brazil,
accordingly to IBGE; subscripts and r refers, respectively, to urban and rural located

consumers or residences.

There is a penalty associated in fails of compliance of universalisation gdeéth lead
companies tdariff reductions. Notwithstanding the penalty, companies must also submit to
ANEEL their justifications for the breach of the goal, and submit a pabpmntaining a
schedule for regularization of connectiohs.some conditions, companies can also receive a

fine.

[1.2.5. Resilience

Resilience can be defined as the capability of a strained body to recover its size and shape
after deformation caused especially by compressive stress, or an ability to recover from or
adjust easily to misfortune or chan@éerriam-Webster, 2012)Despiteits use bing originaed
in physics, nowadays it ismorecomprehensive concept, adopted in other areas of study as
computer networking, ecologgndorganizationaktudies

The National Infrastructure Advisory Councibf United States(NIAC) defined
Infrastructure Resilience as the ability to reduce the magnitude and/or duration of disruptive
events. Thus, the effectiveness of a resilient infrastructure or enterprise depends upon its ability
to anticipate, absorb, adapt to, and/or rapidly recover &q@uitentially disruptive eve(iNIAC,

2009) The definition was used to develop a common construct to describe and organize
resilience practices in the electricity sec¢taonsistingof four outcomefocused abilities:
robustness$ the ability to absorb shocks and continue operatiegpurcefulness the ability to
skillfully manage a crisis as it unfoldsapid recoveryi the ability to get services back as
quickly as possible; aratlaptabilityi the ability to incorporate lessotearned from past events

to improve resilience.

In 2009, NIAC conducted a report on Critical Infrastructure Resilience, which provided a
common definition of resilience but recognized that each sector applies resilience strategies and
practices differenyl. Therefore, NIAC decided to conduct a study to describe and clarify sector
specific resilience strategies and practices, and how they can serve as the basis for setting
sectorspecific resilience goaldhe document Critical Infrastructure Resilieric€inal Report
and RecommendationBlIAC, 2009)contains the first case studies of the electricity and nuclear
sectors and proposes a framework for setting resilience goals within all critical infrastructure

sectors.
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Although the reportrecognizes the resilience of distribution assets is impoitapgints
out thatelectric grid performance is driven by the ability of the bulk electric power system to
deliver reliable power to distribution systems throughout the United States and Canada
Therefore, e electricity sector case study centered on the generation and transmission
capabilities of the electricity sectawith the primary concern of the reliability of the bulk power
system.In short, reliability is the ability to meet the elecitty needs of endise consumes,
even when events reduce the amount of available elec(idi®yC, 2009)

Indeed, reliability of electrical systems hiagenhistorically focused on generation and
transmission systems, since failures in these systems affect muchladdseand population
The power distribution, S e e n , anly affects eonsimeest ai | 0 i
sparse/. However, the inaasing costs associated with power outages, plus the fact that most of
these interruptions occur in distribution systeihs not allow the distribution systents be
neglectedFor instance, from the secohdlf of 2007 to the end of 2009, only about 7%t
Brazilian DEC was due to the suppti€¢R0laet al, 2011)

There are severahctions that affectpower distributionresilience For instance, the
company can incorporate more realistic consume
provide more reliable systems with redundancy and aut@matin network Other possible
ways areto improve labor force investing moretiaining and equipmenty defining goals and
incentives. Investment is one of the most significant possible astionimprove system
reliability. Companies campurchase mobile transformers and substations, control systems,
weather forecast systems, communication syste@msmore advancedsimulation tools.

Managenent of vegetationby regular trimming can alsogreaty improve systm resilience

since this is a source of many interruptions

The discussion abotite acceptable level of regulationresilienceis polemici actually,
manywould questiorif it is desirable at &l Regulation of power distribution is mainly based on
incentives, and companies responses are measured by performance in@cattirsteare at

leastthreereasons for regulators to not tryregulatetheaspects mentioned before

9 it can be consideredn intrusion a the right of the company to manage its business,
and as the cmmanager, the regulator could be blamed if the company performance is
bad;
these aspects are already measured indirectly in other performance indicators; and
these informations hard to standardize and to control, due to its high level of

informationasymmetry.
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Perhapstte only, but strongseasorthat maysupporta certain level oflirect regulationof
resiliencein power distributions the inertial characteristics tfe mostmanagement actions in
power distribution networks. As other infrastructure sectomyep distribution requires
complex management, with many different options of investment®uuetdexpenditureghat
can lead to a given level of reliability all of them assoaited with huge amount of money.
Many of these optionsiay take some time to be noticed in indicataveen the problem can be
realized by the regulatoAnd that could be too lat&ome actions that can takdong time to
be reflected inndicators are the mismanagement of labor force and assets age.

The management of assets may be the easiest characteristic to be assessed by ANEEL.
Information about the age of assetsaiseady considered in the review process, so it is
standardized andvailable. And it is undoubtdy related to the system reliability, since

equipments generally present a behasigpictedn Figure6.
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Figure 6. The batkub curve

Figure 6 describes a particular form of the hazard function which comprises three parts.
The firstrepresenta decreasing failure rate, known iagant mortality or debugging phase
The second partepresentsa constant failure rate, known aseful life period or normal
operating phaseThe third partrepresentsan increasing failure rate, known as weat or
fatigue phaséBillinton and Allan 1992)

Companies need nab replace assets when they are exaatlyhe end of designed life
Some ompanies have been successfulinoreasingassetlives through a bettecontrol of
equipment ands risk of failure However these actionsandelaythe substitutionof equipment

for only arestrictedtime. Companies which strategy is totrinvest may postpone equipment
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replacement more than the recommended, and, if it is a goii@dlyused in electrical assets,
failures may increase exponentially (as showedrigure 6), especially in adverse weather
conditions. When it happens, companies may not be financially capable to restore
satisfactory level of perfmmance, ANEEL penalties are no longer effective, and consumers face
a long period of low quality.

ANEEL currently does not regulate any of thesilience aspects mentioned in this
subsection. However, there is a discussion about the appropriatenstsatinng to monitor
companie8 practices by requiringsome periodic information. ANEEL, just like other
governmentegulatorgHouse of Common£004f, has being increasinghskedto improve its
monitoring practices to anticipate some problemsrtieat arise

®The report prepared by the UK House of Commons

government department nor the regulator should seek to -mianage the private companies engaged in
an industry. However, the energy industry is not quite likeadhgr sector: all other industries, the public

sector and every person depend on its efficient operation. While not wanting Government or regulator to
manage the industry, we thought it right to question whether either has enough resources to enable it to
make an independent assessment of the performance of the network companies and to determine what

more, if anything, needs to be done to ensure
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M. REGULATORY APPROACHES TO ASSESS C
OVERALL PERFORMANCE

his chapter presentsome regulatory approaches that intent to describg 8ingle
Tnumber, the overall performance of companies. Performanageneralconcept. While
the traditional approach tends to retpre m technical indicatorgsontemporaneous approaches
tend totranslatealso theconsumer8need This can be realized imany infrastructure sectqrs

wheresur veys on consmewelyapgiedsati sfaction

The chapter startby showing a proposal that is currently being discussed in land
transportation sector in Brazil. The second section describes twoesqgas in the regulation of
water and sewerage in England and Wales. The chaptewg&hdbe description of the ANEEL

experience with the overall assessment of cons.

Rather than describing a large number etmodologies, this chapter aints show few of
them, presentingmore accurately the dimensions of performanaesiciered by regulators, as

well as the weighting mechanism to combine them.

ll1.1. Regulation of the Land Transportation in Brazil i ANTT

Set up in 2001, the Brazilian Agency for Land Transportation (ANTT) is linked to the
Ministry of Transport and has finanal and administrative independence. The agency is
responsible for the concession of railwayslroads for the use of infrastructurand also for
granting permission for regular passenger traridporail and roadin addition, the ANTT is
the organizabn that authorizes passenger transport by tourism companies on a charter basis,
international cargo transport and the use of terminals and multimodal transport (integrated

transport that makes use of several different means of transport).

In 2008, ANTT ha launched the Project of the National Interstate and International Road
Transport of Passengérg’roPass Brasi{ANTT, 2012) aiming at restructuring the services of
interstate and international road transportation of passengers. After a public consultation in
2009, ANTT conducted countrywide resear¢b collect information to develop plans of
granting and basic projects oféirs 6 bat ches to be auct i otheed. ANTT
documents related to the Public Tender and the Permission Contract to interstate raad lines

the Public Hearing n°® 121/201ANTT, 2012)
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The Annex V of the proposed contract defines the Redace Assessment System, which
can be seen as a set of i ndex dAMNTTt 202 Almeasur es
indexes can be combined to compute the overall index of performance: the Transport Quality
Index (ndice de Qualidade do TranspoiitdQT).

Standards to each index will be established after agefieollecting information. Then
accordingly to compani e sevardband peraltiesiailhbe applieca me c h a
Penalties are defined as a result of the trespassivagityfrom the standard, varying from fines
to the extinction of the contracExcellence on Performanceertificates will be issued to
companies with good performandehe possible additionalcentives are:

1 preference in selection of companies to operate dadtbservices in special cases or in

emergences;
9 creation of a quota to explore the batch that company currently operates; and

1 discount of 10% in the annual tax paid to ANTT.

[11.1.1. The IQT methodology

The Transport Quality Index (IQT) is computed by composing several other indexes,
accordingly to five main characteristid§igure7 shows a hierarcbal disposal of all indicators
that compose IQTANTT, 2012)

IQT is computed in a simple weighted sum of the five main indicators, as described in
Equation(7):
‘00 "Yrp @ ‘06 O p O0 0@ ™ OYT® p U 00T ¢ 000 )

where ICG is the General Comfort Index; IOP is the Operational Efficiency Index;th® is
Safety Index; NIL is the score of the Legality Index; and IEG is the Service Management
Efficiency Index.
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1aT
Transport Quality Index

The General Comfort Index (ICG) assesses aspects relatbé toelfare of consumers
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accordingo Equation(8):

where NIC is thescore of theComfort Index; NIH is thescore of theHygienic Index; and NICo

is thescore of theCourtesy IndexThese threescoresare obtained from evaluations of users

ol

Figure7. IQT compositiori adapted fronfANTT, 2012)
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The ICCV is calculated using the indicator of completion igist(the ratio of the number

— Trip Completion Reliability

—— Rate of Occurrences of Lost

— Departure Punctuality

— Arrival Punctuality

NICV

Score

NTBED

and Damaged Baggage Score

NIPS

Index Score

NIPC

Index Score

NTPV
Rate of Transport
Victims Score

Rate of Accidents per
Travel Length Score

(8)

ndex

(9)

(1 OoP)

compani esbxeservices

assS e s

of trips completed without transshipment and the number of trips offered in the same type of
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service) and the rate of occurrences of lost and dathéd@ggage (ratio between the total

occurrences of lost and damagedipage and total passengefsjs computed by:

VO6w® ™T O6wmd ¢ 0"Y0 (10)

where ICV is the Tip Completion Reliability;and NTBgp is the scoregiven to the Rate of
Occurrences of Lost and Damaged Baggddee ICV represents the relationship between the
number of tips completed without transshipment and the numberipd tffered by the same
company and it is obtained from the NICV a score forthe ICV. The NTB:p represents the

ratio for each 10,000 passengers between the total occurrences of lost and damaged luggage and
total passengers carried

The Punctuality Index (PI) is calculated by consitg the degree of scheduled and
verified compliancef departures and arrivals of interstate travel.

‘00 ™ ¢ 00 Vi@ Y 00 6 (12)

where IPS is the Departure Punctuality Index; and IPC is the Arrival Punctuality THoei®S
represents the degree of compliance of scheduled and verified times for the departures of
interstate tripslt is obtained from the NIP& score for the IPSand delays or advances of less

than 15 minutes are tolerablEhe IPC represents thiegree of compliance of scheduled and
verified times for the arrival of a trip (delays or advances of less than 10% of the scheduled time
are tolerable)Like IPS, there is a scote the index IPG the NIPC

The Regularity IndexIR) is calculated by caidering the relationship between the number
of scheduled trips that happened and the total of scheduled trips.

The Safety Index (Sl) is calculated by considering the relationship between the total
number of people victimized during transport and totab@agers carried and the relationship

between the number of accidents per mile traveled. It is given by:

OYT® ¢ 0"YO womd ¢ 0 Y0 O (12)

whereNTPV is the score given to the Rate of Transport Victims; NTAE is the score given to
the Rate of Accidents per Travel Lenglthe Rate of Transpolictims (TPV) represents the
relationshp for each 10,000 passengeisthe total people affected during trangpand total
passengers carried. The Rate of Accidents per Travel Length)(fefdresents the relationship
between the number of accidents per distance travelédis computed for eacmmillion

kilometers traveled

The Legality Index (IL) represents the compliance of the services provided with current

legislation, contract and pertinent technical standdr@sldresses the relationship between the
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weighted average number of fines (with final decisions) and thendest&raveled by the

company. It also includes the aspect of service appropriateness regardinyéngal access

The Service Management Efficiency Index (IEG) assefse management policies of

companies. It is composed by two specific ket accordigly to Equatior(13):

‘OO0 x 0 00 'Y o U 00 w (13

where NIMT is the score given to the TarAffordability Index; and NIAV is the score of
Modern Vehicle Index. The IMT is calculated based on the relationship between the current
tariff and the reference tariff (provided in the bidding documents). The IAV is calculated by
considering the relationship between the sum of the age of vehictbe ocbnpany and the
numberof vehicles in its fleet. Poorand unacceptableatings are not assigned to both indexes,
since ANTT already establishes and controls the maximum rate and the average maximum age
for the fleet (five years). Thus, the operator who sieeprwithin the stipulated maximum value

or offer services with a fleet within the allowed parameters is not necessarily running an
inappropriate service. However, operators who make more discounts in the price or use newer
vehicles will better assess thidicator. Therefore, the IMT and the IAV are only capable of

incentive and no penalty.

After their computation, alhdexesare scaled in a range from 0 to 10. The final qualitative
classification deach index is shown ifablelV .

TablelV. Qualitative classification of index¢ANTT 2012).

Score Interval | Classification
8P |10 Excellent

6p 8 Good

4P 6 Regular

2p 4 Poor

Op 2 Unacceptabte

* IMT and IAV do notfulfill thesecategories

I1.2. Regulation of the water and sewerage sectors in England and Walés
Ofwat

Ofwat (The Water Services Regulation Authority) is the economic regulator of the water
and sewerage sectors in England and Watglsvat launchedthe Overall Performance
Assessment (OPAgcorein 1999 and was last published and used in the report of peafoce
of the water companies in England and Wales in ZAD@FWAT, 2010)
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OPA providel a relative performance among companies, in a quantitative scale based on
key areaslt was used to take account of relative performance when setting limits on the prices
the companies chargeonsumes through their water billsS o , according to <co
performance, the price limits could be adjusted in a range from +0.5% for the esnhjpey
companies td1.0% for the worst.

Recently, Ofwat replaced OPA by a new approach called Service Incentive Mechanism
(SIM). Whereas both indexes pursue the same aim (assess the overall performance of
compani es) , SI'M i s b a siesttad oftechnicahirdicatoesrBobll e x per i e
be presented in next subsections.

[11.2.1. The OPA methodology

The OPAscoreis anumeric indicator computed by@mbination ofdifferent key areas
(OFWAT, 2010)

1 Water supply, levels of service: Properties at riskload pressure; Properties with

unplanned interruptions; Water quality failing DWI standards.

1 Sewerage service, levels of service: Sewer flooding incidents (capacity); Sewer
flooding incidents (other causes); Properties at risk of sewer flooding.

1 Security of supply: Population with hosepipe restrictions; Leak&geerformance
against target; Security of supply indéxabsolute performance; Security of supply

indexi performance against target.

1 Customer service: Company contact score (response to billingctsynta  response to
written complaints, billing of metered customers and telephone contact combined);

Other customer service.

1 Environmental performance: Category 1 and 2 pollution incidestsvage; Category 3
pollution incidentsi sewage; Category 1Ind 2 pollution incidents water; Sewage
treatment works in breach of their consent; Sludge disgog@rcatage of sewage

sludge disposedf unsatisfactorily.
The calculation of the OP#scorefollows these step®©FWAT, 2004)

1. Each performance score is changed so that it is in the range of O to 1. Then all scores are

on the same scale and when the scores are added together one performance measure
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does not dominate the score. This is calculated, for each element of perfornsamge, u
the following equation:
6€andews 1 1A E QO (14
Yt IQAGI hE QO

2. The score is increased so that it is between 0 and 45. This is calculated by multiplying
the above score, which is ndvetween 0 and 1, by 45. This is to avoid scores being

below one decimal place which are more difficult to read.

3. Finally the score is changed so that it is between 5 and 50. The OPA score is calculated
by adding 5 to the above scores (currently betweemd 4b). This is to set the

minimum score for each assessment to be 5 and the maximum to be 50.

The ranges have been chosen based on historic performance. If a company performs better
than the maximum expected they will receive the top score of 50. Ifpigrm below the

minimum expected then they will receive the lowest score of 5.

A detailed methodology to all OPA measures can be foun(ODFWAT, 2004) The
following table shows the weights appliedeach element of performance.

TableV. Weighting of performance measu(&FWAT, 2006)

Key area/measure Weighting for | Weighting
water and | for all
sewerage companies
companies

Water supply, levels of service 2.50 2.50
Properties at risk of low pressure 0.75 0.75
Properties with unplanned interruptions 0.75 0.75
Water quality failing DWI standards 1.00 1.00

Sewerage service, levels of service 1.50 0.00
Sewer flooding incidents (capacity) 0.50 -

Sewer flooding incidents (other causes) 0.75 -
Properties at risk of sewer flooding 0.25 -

Security of supply 1.00 1.50
Population with hosepipe restrictions 0.25 0.375
Leakage performance against target 0.25 0.375
Security of supply indek absolute performance 0.25 0.375
Security ofsupply index’ performance against target | 0.25 0.375
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Customer service 1.50 1.50

Company contact score (response to billing contg 0.75 0.75
response to written complaints, billing of mete
customers and telephone contact combined)

Othercustomer service 0.75 0.75
Environmental performance 2.25 0.25
Category 1 and 2 pollution incidentsewage 0.50 -
Category 3 pollution incidenissewage 0.25 -
Category 1 and 2 pollution incidertsvater 0.25 -
Sewage treatment workslimeach of their consent 1.00 -
Sludge disposal percentage of sewage sludge dispg 0.25 0.25

of unsatisfactorily

TOTAL 8.75 5.75

Figure 8 shows the OPA results for the water and sewerage companies forl@009
compared with 20089. Figure 9 shows the results for all comparfie$he best performing
companies have the highest scores.
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Figure8. Overall performance assessmeéntater supply, sewerage service and consumer service for
water and sewerage companies 2008nd 20090 (OFWAT, 2010)

" Ofwat regulates water only companies (WoCs) and water and sewerage companies (\WaSCs).
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Figure9. Overall performance assessmentater supply and consumer seevior all companies 2008
09 and 20090 (OFWAT, 2010)

[11.2.2. The SIMmethodology

OPA incentivizesthe companies to improve performance against specific measures defined

by the regulator. Ofwat has realized that while the OPA has achieved a great deal, it has

reached its limits. The historical evolution@PA scorescross three price reviews shows that

compani eséb

OPA

scores

wer e

gr oup eatccoaligly to h e

Ofwat, that the OPA will not drive further significant service improvemeRitpure 10 presents

this view.

39

t

op



100% .:h:t:\—‘m‘r}‘*

90%
80%

70%

% maximum score achieved

60%

50%
Water and sewerage companies Water only companies

B 1999 price review Il 2004 price review M 2009 price review

Figure10. OPA performances at successive price revi@RWAT, 2010)

In addition to that scenario of saturation, Ofwat realized that most consumers are satisfied
with the basic aspects of the service they receive, but about 6% are not. The companies and the
Consumer Council for Water continue to receive a significant nurmbeomplaints about
service. Therefore, instead of focusing on a rigid set of performance measurements, Ofwat has
decided to focuses more on the consumer experience itself. It has them replaced Qfe4vby a
approach called Service Incentive Mechanism (SI0FWAT, 2010)

The SIM is based on two consumer experience mea&DFRYAT, 2010}

1 A quantitative measure, based on the number of complaints and phone contacts a
company receives. It measures the number of complaints at different stages of the
processandal so takes account of whet her or not

issue the first time round.

1 A qualitative measureeflecing consumer8 s a t iaboutthe qualitg of service. It
is based on a survey of consumers who have had direct cattatheir company for

example, if they have asked for a service or made a complaint.

Figure 11 presents the elements used Il tquantitative measur@nd its corresponding
weight(OFWAT,2010)
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Ccioment | weighing_

All lines busy/calls abandoned 1
Unwanted telephone contacts 1
Written complaints 5
Escalated written complaints 100
CCWater investigations 1,000

Figure1l. Weighting of individual measuré®FWAT, 2010)

The main point of the qualitative measure is that the survey is made only with consumers
that have had contact with the company. That is, it does not capture the views of those
consumers who do not contact their supplier. That was the goal of Ofwat. Singal gene
satisfaction surveys tend to show that most consumers are satisfied with the overall service, the
survey is designed specifically to give companies an incentive to get things right first time and
to deal well with those who need a service or have apm. These are the issues that
companies need to address in order to deliver further improvements in general satisfaction
(OFWAT, 2010)

The qualitative measure score wild/|l be cal cul
their billing or operational experience. Consumers will be asked to rate in a scale of 1 to 5
(where 1 is very dissatisfied, 5 is very satisfied) their satisfaction with the way their company
dealt with their billing or operational issue. Both issues are going to hagare weight, and

companies will get an average score, that is, a score per consumer.

Finally, qualitative and quantitative measures are going to be combined with equal weights
to produce a final score for each company. The relative score are going tedd® eempare
companiegOFWAT, 2010)

[11.3. Regulation of the Electricity in Brazil T ANEEL

As already commented the Executive SummanANEEL fosters an annual survey with
all residential electricit)consumes in Brazil, aiming to assess their satisfactidthvgervices
offered by distribution companie¥he survey has a countrywide coverage with about 20,000
consumes being listened each ye&onsumes are chosen randomly, accordingly to a given
sample defined to each compgNEEL, 2010)

Themain goalof the survey are:

I assess throughout consumers perception the level of satisfaction due to power

di stribution companies6 service;
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1 generate comparable indicators by region and company size;

1 generate a single indicator of consumer satisfaction indicatingvidrall perception in

the sector; and

1 complement information of a domestic nature (e.g. DEC and FEC, records in the
Ombudsman, among others);

The processing of surveyso data gA\ERETr ates a
I ndex of Con sonimMASC.OThiIs irglextisi psbfished annuakjnce 2001and an
award is given to the best companiesa public ceremonyFurthermore, ANEEL turns
available a seal (logotype) that can be usethbyinners.Winners of annual IASC can use a
seal as anarketing strategy.

ThroughoutResolution ANEEL n° 55/200ANEEL establishedhe useof the IASC in the
tariff definition. Accordingly to its performance measured by IASC, companere penaized
or awarded in a range of-% or their Factor XcalledFactor Xc)

Whereas the incorporation of | ASC in compani ¢
consumergo influence directly in price definitigrit was rejected by companiaad it was not
even unanimity among ANEELO®Gs board of directio

mainly about these topics:

1 the so argued subjective aspect of the procedure (especially when compared with

technical indicators, like DEC and FEC and call center complaints);

1 the possibility of negative answers fracbnsumes becausehey were aware that it

could decrease their tts;

1 the low variability of IASC scoreassociatedvi t h s ur v e(-8.5%0) eulcc ur acy

lead to unfair situations.

I according to a company, a research showed that distribution companies, even those
private owned, were seen at that time as a part of thver@ment, and it could lead

consumes to assess companies as they were assessing a regional public administration.

In 2007, the beginning of the second period of tariff revisions, ANEEL decided to drop
IASC from price definition.In 201Q the beginning of the third period of tariff revisions,
ANEEL returned to consider performance of companies in price definition. But the performance

is now measured only by continuity of supply indicators (DEC and FEC).
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It is important to highlight thagven though IASC is not used anymore in price definition,
it is still a mechanism used to incentivize or penalize companies indirectly, because of the

publicity of its award.

[11.3.1. IASC nethodology

The model used to assesmisumes 6 s at i mpased byive variables: Brcaved
Quality, PerceivedValue, Confidence Faithfulness andatisfaction.Figure 12 presents these
variables, its specific aspects and their interaction

Overall Customer
Confidence Care

Competence Information

Information
CONFIDENCE
Change x
Access to PERCEIVED Price
Company QUALITY
N
Change x
FAITHFULNESS
Supply
Reliability
Change x
Customer
Servi
Price x ervice
Benefit SATISFACTION
Price x PERCEIVED
Supply VALUE
Price x Overall Overall Distance to
Customer Satisfaction Disconformity the excellence

Service

Figure12. ANEEL IASC modelANEEL, 2010)

The Perceived Quality was measured by a group ofeh7s generated from a qualitative
research held in 2000, and consolidated in discussions with representatives of ANEEL, state
agenciesand distribution companie¥heseitemswere grouped into thredimensions, resulting

from a factor analysis proceduiihey arepresented bellow.

1 Customer Informationclarification of their rights and dutiegformatiorfguidance on
risks associated with the use of enedptails of thebills; explanation of the proper use

of energy equitable service to all consumeaisdsecurity in the amount charged.

1 Access to Company: easy get in touch with the compamgpid response toonsumer
requests, oitime delivery of servicessordial service an@ccessibilityto positions of

receipt of the account.
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1

Reliability of Services: power supply without interruptions, power supply without
voltage variationearly warnings about thaterruption of the supply due to a failure to
pay, reliability of the available solutionspeed inrestorationof power supply when
there are inteuptionsandearly warning about supply interruptions dueraintenance.

The Perceived Value assessed according to the followingdeoff aspects:

)l

the fairness of the priacegardingthe facilities, comfort, convenience and secutltat

electricity brings to consumerso |ife

the fairness of the priceegarding theguality of supply(for instanceinterruptions and
voltage variationsspeed angunctualityof repairs on the network, early warning,)etc
and

the fairness of the price regardirgl aspects relating teonsumerservice, such as
courtesy and good will, the ability to solve problems).etc

TheConfidenceon the company is assessed by four indicators:

1

1

how reliable tle company is (overall confidence)
if the company is competent in its services;
the confidence that company is worried about consu(oastomer careand

the confidence in companyo6s informat.

Faithfulness is assessed by three indicators:

)l

)l

1

the chance of the consumer to choose other aognjif (supposing) the itgrice is

better;

the chance of the consumer to choose other company if (supposinglality of

supply (interruptions and voltage variations) is better; and

the chance of the consumer to choose other company if (supposimgjsthmer care

(commercial quality)s better.

Satisfaction was then assessed according to three indicators:

1

1

overall satisfaction

how far is the company of the excellenaad
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1 overalldisconformity.

These indicators were selected to measure ovaadifaction in different dimensions, and
by the valuation method used, the common variance to these three indicators can be considered
as the synthesis of satisfaction.

All indicators presented beforerere measured in a scale that ranges from zero umto t
The combination of indicators is given by tRartial LeasSquared PLS methodIASC errors
varied by companyn a range ofL.57 up to 4.33.The error for thelASC Brazil was 0.36
(ANEEL, 2010)

Figure 13 shows the results of the IASC Brazil from 2001 to 2010. It also shows a
comparison among IASC 2010, the American Consumer Satisfaction Ind€&81 2010 for
energy utilities and the Hong Korgonsumer Satisfaction Indéx HKCSI 2009 for electric

power companies in Hong Kong.
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**hitpi/wikisites. cityu. edu hk/sites/media/pr/Pages/2010033100.aspx (2009)

Figure13. IASC BRAZIL 20032010, ACSI 2010 and HKCSI 208NEEL, 2010)

I11.4. Some Considerations about Presented Methods

Experiences presented in previous sections showed different ways to assess overall
performance of companies in monopoly regulatidmey rely basically in two different

paradigms: i) combination of predefingtechnical) indicators developed by regulators; ii)
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consumer sb6 experience gaandber ek afsrucreamgumalsi todt icw

contacts with company.
In a simpistic and general viewthe presented methods candbgded in three steps:
i thechoiceofwhch aspects are going represent compe
1 the definition of each aspects in terms of indicator(s); and
1 the combinatiorfweights)of aspects (and also indicatote¥eveal a final overall score.

Actually, the weights associated to eaglerformance aspect atbe most important
parameter of all approaches high weight means that the aspect is predominant among others,
and thatods what pussoepfdhere is somecentive.@nahie atlger hianal, an

aspect that was not cadered can actually be seen as considered with null weight.

It is interesting to notdifferent trends between regulators. Ofwat has first adopted the first
paradigm above indicated (i) and has recently moved towards the second paradigm (ii),
whereas ANEE has presented the oppos#ieategy Both changes ware guidedoy regulatory

scenarios captured by regulators &nd hard to judge which is the most suitable
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IV. A PROPOSAL OF A FRAMEWORK TO ASSESS OVERALL
PERFORMANCE OF BRAZILIAN POWER DISTRIBUTION
COMPANIES

Overall performance assessment is nadely addressed in regulatiohe most common

approach is toapply standards to indicatorsn an attemptto guide companies to match
consumer s 6s measgyrecb y e men i o d i overal satiskactiomesunseyslhe

matter iswhethei t i s possi ble to describe companiesdé p

There is a myriad of possibilities to address this isBassibility hereis a broad concept:
IS notjust setting arequationcombining manyndicators. 1 is the definition of aeasonable set
of dimensions, described by coherent indicators and combined by a precise and meaningful set
of weights.

Given the polemic nature of this issue, a question arises: should regulators try to describe
compani es6 performance in such a aswerbowtpniyp way? T
the current case of ANEEL, the ansvgeems to bges.There aresomecompanies thadlready
entitle themselvesas the best companies in Brazil, based in one sole aspect (continuity of
supply, for instance). Othessipport their argumefita sed on consumeris6 satis
ANEEL IASC and other survey developed by Higgest association of the sect@n the other
hand, the worst companies Brazil are unknown, in a silendbat hides their inefficiency.

ANEEL, as the regulator of the sector, has the duty to make information available and as clear
as possible tthe society.An overall performance inddrads tahis goal

As already stated in the beginning, this paper does not aim to propose a complete
methodologyof the regulation of this issue. Rather, the aim is to start the discusSitwe
Brazilian power distrbution sectar In this sense, this chapter discusses all performance
dimensions described in Chaptir and suggests some of them to be used inozarall

performance index.

IV.1. The Overall Performance IndexApproach

ANEEL, as the Brazilian agency in charge of regulating the electric power sectsimeed
follow directives established by our Constitution and ldwsthermore, its actions need to meet

consumer s o6 requir ement and ofthe otheraside, heed ta mdicatd a i r p
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clearly toc o mp a ni e s &he diractioasgt@ neach a good serviteying to fulfill these

requirementsan overallindexcan bedesignedo match thdollowing premises:

1 comprehensiveness, in the sense #ifigterformance aspecexpected from consumers

should be addressed
1 coherently tuneg@weighted) regarding the importance of aspects; and
1 simplicity, allowing its eag understanding and reprodudityi.

The frameworkhere proposeds inspired in other referencesesented beforaegarding,
mainly, ANEEL experience within last decadedicators arechosenfrom each selected

performance aspect and combined throughout weights to compose a single index.

IV.1.1. Characteristics that should be addressed

Traditionally, the electric sector evaluates the quality of service provided by distmibut
companieghrough measurements and indicateelying in concept®f quality of supply The
three majorconcepts continuity of supply voltage and commerciguality, are usually seen as
cowering the needs of the consumer.

Within these threeonceptsin Brazil (as in many other countries) the continuity of supply
has been receiving wider attentimom consumersSincecostumers(householdscommerce
and industry are increasinglyelying their activities o electrical equipments and machines, it is
clear that the cost of interruptions is increasing in our sodssyides, Brazilg experiencing a
period ofeconomy expansigmwhich, in a simpler analysis, turns the cost of interruption even

bigger.

DEC and FEC are the two available indicatorsnmasurecontinuity of supply.They are
equivalent to the worldwide indicators SAIDI and SAIFI. The use of DEC and FEC to assess

overall aspects of continuity of supply is, therefore, natural.

The commercial quality is another important aspgectmeasure qality of supply, and
shouldbe considered in any overall ind&here are several aspects that can be used to measure
companiesd6 perfor mance du espresentedondhseetiond.l.B | qgual it
ANEEL hasestablishedwo main indicators to address this is$URBER and FERThey seem to
fit well in the concept of the overall assessment of commercial issues, and this paper proposes

their use in a overall performancendex
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The last aspect concexth with thequality of supply is the voltage quality. As presented in
Subsectionl.1.3, there ae several parameters measuring different technical aspects of voltage
quality. Among all parametershé¢ steady state voltage variatiorthe onethat most concem
Brazil nowadays,since it reflects systemic problems that may affect several consumers.
Besides DRPeq DRCeq and ICCare the most well established indicatofsvoltage quality
and ANEEL hasuchinformation which dates backiore than ten year®nthe other hand, la
other voltage quality indicators measpieenomenorhat are nothe concern of all consumers,
since theydo not happenso often and the regulationof these issuesare not finished yet.
Therefore, this paper proposes the usthefteady state voltage variation parameter to assess
di stribution compedommaecs.0 voltage quality p

Continuity of supply and commercial quality have one indicator to measure the duration of
the violation of the standardBEC and DER In steady state voltage variatjadhere are two
indicators related to theollective (average to all consumerdyration of the violation of the
standardsDRPeq and DR€g They measure the intensity of trespasspupr for DRReqand
critical for DRCGeqg Thus, a situation when DRG= 10% and DRBg= 10% is certainly wos
than when DR€qg = 0% and DRBq= 20% since in both situations consursa@re supplied
with voltage outside the satisfactory lex@0% of the time but in the first one they were
supplied in ecritical levelin 10% of thetime. But it is hard to define ithe first situation is
worse tharwhenDRCeq= 5% and DREq= 20%

Therefore, it is clear that there is a need of defining a weigltbtobine DRPeq and
DRCeq, with a higher weight to the DRCed.his issueis pretty controversialand for
simplicity, this paper proposes the sole use of the ICC as the index to assess overall voltage
quality.

Safetyin operation was presented 8ubsectiorll.2.1 as one aspect important in Brazilian
background oadequacyf the serviceSix indicatorsrelated to this aspect are periodically sent
to ANEEL. As mentionedbefore, there are no standardsrnzentives in ANEEL regulation that
could guide companies to keep or impraiveir safetyin operation.

This paper proposes to consider omlyp parameters to compose the overall indexnber
of deaths due to labor accidents (@dgand outsoured employees)Theywerechos& based o
two reasonsThe frst is because othe confiderce of thisinformation Labor unions areery
active intheelectric sector, and asonstantlymonitoringaccidentsThe same does not happen
in the case of accidentad deathsffectingthe generalpublic (although they are historically
reported to d@razilianelectric institution, they are hatdto monitor) The second reason is that
they pesent one of the most desirableracteristic in regulation: they are easily definThere

is no space (or fewpf misunderstandings when computing these parameters.
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Sectionll.2 presentedive aspects relevant to the Brazilian regulatory framework: safety in
operation, socik@nvironmet, energy lossesuniversality and resilience As previously
mentioned the only aspect thalhis paper proposes twe considered ianoverall performance
indexis the safety in operatiofhe reasons for not adopting the remaining aspects are given
below.

The socieenvironmental aspect imcreasinglyimportant, buti n  t hi s aut hor 6s
ANEEL is notready toreward or penalze compaiesin this subject.Although there is a
standard report described$absectionl.2.2, the aim of the report is to show information to the
society, not to assessompanies based on it. Sdyete is still much more to know and
standardize before any attemptpobposing any stronger incentives to this subject

Energy losses andiniversdity are already regulad, and there areincentives for
companies témproveefficiencyi otherwise, they will lose moneidence, the proposal here is

to not compute them t@noverall performance index.

Resilience is an increasimpncern inthe Brazilian electricity sector. Som@mmpanies are
being accused of letting their networ&zist in a process of continuodsgterioration, due to
long low investment periods. Besides, seeking for the reduction of their operational costs, some
companies are not operating theetworks as bests they canlowering, for instance, planned
maintenancénspections This behaviorcan drive networks to weakreliability and, due to the
inertial characteristic of network industry, continuity of supply indicatyesnow starting to

capture this corition.

Given this scenario, some people are moguingthat ANEEL should control morelosely
the investment of companies. In this wiye aje of theelectricalassets could possibly lmme
indicator to be used. This paper does not propose it to bedeosdiin a performance
assessment framework, huaybeANEEL shouldimprove the monitoring of somesilience

related parameters

The discussion presented in this subsection was based on aspects related to performance
assessment in each specific dimension. Four performance dimensions are being proposed to be
used in an overall performance index: continuity of supply, voltage quatitgmercial quality
and safety in operation. Indicators selected in each dimension provide a quantitative
measur ement of c o rBptdha qualisy,bin apbeoadf viewsamreotibe 2mply

measured.

According toFalconi(1992) a product om servie with quality is one that fits perfectly,
reliably, affordably, safely and on time consumemeeds. The true criterion of good quality is

the consumer preferenc€ontinuity of supply, for instance, accounts for interruptions at any
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time of the day witht he s ame fAweight o. But one can suppo
occurred between 2am and 4am, the majority of consumers would not be affecteSathaie
may be different levels of satisfactions even if the indicat@asuredhe same number.

ANEEL I ndex of Con $ABCrethetastual $hdex that ANEEL uses to
assess companies6é overall performance. It i s a
10 year s, and fits the requir efioenheproppsalofassess
this paper is teombinelASC with the other four aspects already detailed to generate a single

index. The combination of the aspects will be detailatiémext subsection.

Figure 14 summarizes the framework of the overall performance index proposed in this

paper.

Performance Dimension

Dimension Aspect lgaicators

Continuity of Supply == - Long Interruptions

§ Steady State Voltage

Voltage Quality Variations

Overall Performance Consumer’s

Index | Complaints

Deaths in Labor

Safety in Operation Accidents

Perceived Quality,
Customers’ - Perceived Value,
Satisfaction Reliability, Faithfulness
and Satisfaction

Figure14. Framework of the overall performance index proposed.

IV.1.2. Combination of indicatorand performance aspeatgights

Indicators in eaclaspectneed to be combined to generate a comparable $moeach
performancedimension An overall performance index céimenbe generated by weighting the

Scores.

The combination of indicators in eaapectis notassimple as it seems. In the case of
DEC and FEC, for instance, ANEEL defines standards to each set of consumers. Therefore, two
sets with DECof 10 hoursper year present the same absolute performatheg,is, consumers
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will realize the same continuity of supply (in averagelt Bhe performance relative to the

standard is the most suitable measurementa s sess compani esd perfor mal
reflect the expected quality for the average carmuConversely standards were not assigned

to other indicators presented figure14, and can be used in their absolute values.

Indicators measure different magnitudes, and need to be rescaled to allow their
combination. A simpler way to do this is to transform them in real numbers ranging from 0 to 1.
A linear function can be used in this caBegmensbn with more than one indiaatcan be

simply averaged to create a unique number.

When a single number is available to each performaimension the combination of
them to generate the final score is usually made by assigning weights tiraankion Higher
weights should be assited to the most relevant dimensio@ne possible set of weights is

presented ifcquation(15).

0 00 YGR UL 00 ™o 600 Y 60 "Y8iu YOY (15)

whereCOM s the commercial quality dimension scoBNTis the continuity of supply score;
VOLT is the voltage quality score; ar®FT is the safety in operation score. All scores are
numbers between 0 and 1.

This is a controversial issue, and much more discussion will be necessary to reach a
reasonable set ofeights. The suggestion presented in Equati@h assignsa strong weight to
consumers6 satisfaction and continuity of supp
contribute with 15% of the index. Voltage quality and safety in operatimtribute with the
remainder 15%.

After the proceeding described above, each company will have a final score. They can now
be ranked to be finally compare@®ne additionalissue to be considereghen comparing
companiess the need to splthemin different setsaccording to their characteristidSNEEL
usually split companies in two sets, based on their $tzis.can be more efficient in emulating

competition tamproveperformance.
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V. CONCLUSION

This paper studied the assessment of the ovemitformance of Brazilian power
distribution companiesThe adoptionof a single index to assess the whole performance of a
companyis a strong regulatory tool whicteed to be carefully designed to avoid some possible
harmful consequences. However, thendfés of regulating this issue shotlat it can be
advantageous.

The concept of performanae this papeis focused on the service provided by companies.
Traditional dimensions of quality of supplyere consideredas well as more contemporary
aspects whose consumersé interests (and stakehoct

Regarding the current status of regulatimnsome performanceimensionsshowed in
Chapterll, and based in the need of simplicityregulation the proposal of this paper is to
consider in a firsstepfive aspectdo compute the overall performance index: continuity of
supply, commercial quality, voltage qualjtgafety in operatormand consumer.s6 sati
The set of weights proposed is an attempt to balance con€umaeds andshouldcertainly be
exhaustively discussed if ANEEL decides to regulate this issfter all, these weightsvill
provide directiongshatcompaniesieed to follow in their strategy.

Besides of the fivaspectshoseno compose the overall indgthis papepresentd other
performance dimensions that are also eligible to be used in an overall perfoanaesement
Some of them need, though, to be better def{gtahdardizedand monitoredbeforetheir use

in any incentive mechanism.

This paper provided an initigliscussion about the subjethis work is expected to be an
input to the regulation of power distribution segment in Brazil, as ANEEL has just started to
take into account the quality of suppiyp price reviews The possibility & a more
comprehensivée ndi cator wi | | comply with ANEELOGs aim

consumes and to incentize power distribution companies to provide a better service.

53



VI. REFERENCES

| b99[ ® GDdzZA RS T2NJ 530St 2-EhodnméntaR@ponsiffilifydd £ w S LI2 NI
9t SOGNRO t 2 ¢GideJBrastiay2006.y A S & dé

l b99[ & &t Nb YW FLIIS{NRA 2H n.MNd A f ®é Hamn P
ANTT. ProPass Bras2012. http://propass.antt.gov.br (accessed in February, 2012).

Billinton, Roy and Allan, Ronald Norman. ReliabilityEvaluation of Engineering Systems:
Concepts and Techniquépringer, 1992.

Browning, Edgar K. and Zupan, Mark A.. Microeconomics Theory & Applicationgioboken:
John Wiley & Sons Inc., 2009.

CCEE. Camara de Comercializacdo de Energia EI€80&2. http://www.ccee.org.br (accessed
in January, 2012).

Dow Jones Sustainability Index&&12. http://www.sustainability-index.com (accessed in
January, 2012).

Campos, Vicente Falconi. TQC: Controle da Qualidade total (no estilo japom@&k).Horizonte:
Bloch, 1992.

Fumagalli, Elena; Lo Schiavo, Luca and Delestre, Florence. Service Quality Regulation in
Electricity Distribution and Retaerlin; Springer, 2007.

| 2dzaS 2F [/ 2YY2yad awSaift i Sy GhirdRéportiofiseSsiom | G A2y £ ¢
2003-n n kbigdon, 2004.

IBGE. Instituto Brasileiro de Geografia e Estatistica - IBGE. 2012. http://www.ibge.gov.br
(accessed in January, 2012).

IEA. 2012. http://www.iea.org (accessed in February, 2012).

wz2ailz2ézxz t I dz [ ® aLYOSYy (A @S wS3dzZ I Révipwof YR LG& !
Network Economi¢®ecember, 2008: 547-560.

Merriam-Webster. 2012. http://www.merriam-webster.com/dictionary/resilience (accessed in
February, 2012).

aa9® ALY TF2NMHEKMHAYWm2 B A[YLILIZ2 NI dz3dzSaS0 Pé HAaMMOD

MMEandL L/ ! ® &! yASSNEIE | 008aa FyR 'aS 27 9t SOGNK
§KS [AIKG F2NI!'ff tNRINIY OAYy LENIdEdSaS0PE HAi

bL!/ ® &/ NXAcilrs Radiliénce LG/ATYNG fa GWN3EI2 NI | YR wSO02YYSYyRE (A 2

hC21l ¢d dat dzidAy3a dholv &MNde hallghde dmnSdlEconipakidsto i
AYLINR OSKE HAMANO

54



hC2!l ¢ Gt dzidAy3d 6 KSNIORHOAY SNEO SV NEAS YSOKLE yAa
hcC2! ¢ ® dagweSufity of sOpplykiythe overall performance assessment (OPA) ¢
AdzYYE NE 2F O2yadfg GF A2y NB&aLRyasSa FyR 2dN 02y Of

hCc21! ¢ ® a&{ SN X feHormaytdof the Sdtekc@mPaniBs in England and Wales
2009-Mmn ¢ HAMAOO

hC21! ¢® d&! LIR lalliparigrihande &sessniemd @MW) - Conclusions and methodology
for2004-np 2y 6HMRE D E

ONS. 2012. http://www.ons.org.br (accessed in January, 2012).

Réla, Davi Vidal; Fontan, Djane Maria Soares; Queiroz, Leonardo Mendonga Oliveira de; Capeli,
Luiz Henrique and Sousa, Renato Eduardo Farias de. 6Assessment of the Brazilian Regulation of
Continuity of Supply and Future Prospects (in portuguese)® €onferéncia Brasileira sobre
Qualidade da Energia Elétric€BQEuiaba, 2011.

QX
(V)]
g
>
O
N

Ter-Martirosyan, Anna, and JohnKwoka. a L Y OSYy G A @S NB 3IdzZ | GA2Y >
AY D of{ & St 80 GNRGIEGQROLRESRTBNK 6 dzi A 2 y ® ¢

55



