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ENERGY SECTOR MANAGEMENT ASSISTANCE PROGRAM
PURPOSE

The World Bank/UNDP/Bilateral Aid Energy Sector Management Assistance Program (ESMAP) was launched in 1983
to complement the Energy Assessment Program which had been established three years earlisr. The Assessment
Program was designed to identify the most gerious energy problems facing some 70 developing countries and to
propose remasdial action. ESMAP was conceived, in part, as 8 preinvestment facility to help implemant
recommendations made during the course of assessment. Today ESMAP is carrying out preinvestment and
prefsasibility activities in about 80 countries and is providing a wide range of institutional and policy advice. The
program plays a significant role in the averall internationa! sffort to provide technical assistance to the energy sector
of developing countries. It attempts to strengthen the impact of bilateral and multilateral resources and private sector
investment The findings and recommaendations emerging from ESMAP country activities provide governments, donors,
and potential invastors with the information needed to identify economically and environmentaelly sound energy projects
and to accelerate their preparation and implementation. ESMAP’s policy and research work analyzing cross-country
trends and issues in spacific anergy subsectors meake an important contribution in highlighting critical problems and
suggesting solutions.

ESMAP’s operationsl activities are managed by three units within the Energy Strategy Management and Assessment
Division of the Industry and Energy Deg.artment st the World Bank.

- The Energy Efficiency and Strategy Unit engages in energy assessments addressing institutional,

financial, and policy issues, design of sector strategies, the strengthening of energy sector enterprises
and sector management, the defining of investment programs, efficiency improvements in energy
supply, and energy use, training and research.

- The Household and Renewable Energy Unit addresses technicel, economic, financial, institutional and

policy issues in the areas of energy use by urban and rural households and smali industriss, and
includes traditional and medern fuel supplies, prefeasibility studies, pilot activities, technology
assassments, seminars and workshops, and policy and research work.

- The Natural Ges Development Unit addresses gas issues and promotes the development and use of

natural gas in deveioping countries through preinvestment work, formulating natural gas development
and related environmental strategies, and research,

FUNDING

Tho ESMAP Program is a msjor intarnational effort supparted by the World Bank, the United Nations
Development Programme, and Bilateral Aid from a number of countries including Australia, Belgium, Canada, Denmark,
Finland, France, iceland, ireland, italy, Japan, the Netherlands, New Zealand, Norway, Portugal, Sweden, Switzerland,
the United Kingdom, and the United States.

RTHER INFORMATI

For further information or copies of the completed ESMAP reports listed at the end of this document,

contact:
Energy Strategy Management OR Division for Global and Intarregional
and Assessment Division Programmes
industry and Energy Department United Nations Development Programme
The World Bank Ona United Nations Piaza
1818 H Street N.W. New York, NY 10017

Washington, D.C. USA 20433 USA
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PREFACE

On July 3-7, 1989, the World Bank/UNDP Energy Sector Management Assistance
Program (ESMAP) and the Latin American Energy Organization (OLADE), jointly
sponsored a seminar for the Caribbean region on the reduction of losses on
electric power systems. The purpose of the Seminar was to share with
participants the experience of the two organizations on economic methods of
reducing both technical and mnon-technical electric power system losses.
Participants, drawn from 20 Caribbean countries, included high-level management
personnel in electric utilities and senior civil servants who administer their
governments’ policies in the electric power sector.

ESMAP, the Energy Sector Management Assistance Program, is an international
effort in the energy sectors of developing countries, sponsored by the World
Bank, the United Nations Development Programme (UNDP) and several bilateral and
other multilateral aid groups. As its name implies, ESMAP's major role is to
provide technical assistance to developing countries in the efficient management
of their energy sectors. OLADE, the Latin American Energy Organization, provides
energy assistance to its member countries from Latin America and the Caribbean.

The expenditures for the Caribbean seminar were borne by the sponsoring
agencies. ESMAP's costs were met from contributions to the program made by the
Governments of Switzerland and the United Kingdom. Funds made available to OLADE
by the European Community defrayed the expenses which OLADE incurred. The
Government of Jamaica graciously hosted the week-long seminar in Kingston.

This volume contains papers prepared for the seminar. It has been compiled
as a record of the proceedings of the seminar and in the hope that it may be
~Z use to persons who were not participants in the seminar but are concerned with
efficient power system operations, particularly in maintaining losses at
economically acceptable levels.



INTRODUCTION

ESMAP findings in a number of developing countries indicate that electric
utilities often issue invoices for less than 80 percent of the energy sent out
from the generating stations. The 20 percent difference is classified as losses.
In some extreme cases losses exceed 40 percent. In industrialized countries

losses do not normally exceed 10 percent.

Power system losses may be divided into two categories, technical &aad
nontechnical. Technical losses are those which result from current flowing
through the transmission and distribution lines, transformers, customer serviced
lines, etc. There are also nontechnical losses which are due primarily to human
factors including si:th problems as consumer invoicing, acecounting, metering or
meter-reading errors, and power theft. Electricity losses represent an economic
cost to the country since the resources used to generate and distribute
electricity are not being utilized to the greatest productive advantage. They
also represent a financial cost to the utility which is thereby deprived of
revenues due to it for energy consumed.

ESMAP ard OLADE Partunership

Much of EfMAP’s previous work has been focused on making recommendations
as to specific measures by which power system losses may be reduced and on
preparing evaluations which indicate the approximate costs and benefits of the
measures. ESMAP has extended its work in this area by presenting a serjes of
seminars in power loss reduction to qualified personnel in developing countries.
The first two of these seminars took place corcurrently in Abidjan, Cdte
d’Ivoire, in November 1987. Participants were drawn from 26 sub-Saharan African
countries. One of the seminars was presented in the English language, the other
in French.

OLADE has also been active in promoting loss reduction in Latin America
and hosted a seminar on this topic in October 1988 in Bogota, Colombia.
Participants were drawn from the Spanish-speaking countries of the region. As
a number of the English-speaking Caribbean countries are also members of OLADE,
the organization was beginning to plan a similar seminar in the Caribbean when
it was discovered that ESMAP was also planning in the same direction. It was
decided that a joint seminar would not only make more efficient use of the
resources available but would also deumonstrate the commonality of purpose of
these two organizations active in the regional energy sector.

ESMAP and OLADE agreed that the seminar would be targeted to participants’

drawn from senior management positions in electric utilities, particularly those
persons with responsibility for power distribution and commercial operations.
However, civil servants who monitor the performance of the utilities and/or
determine electricity tariffs were also considered. In addition to the
Anglophone countries of the region, Haiti and the former Dutch colonies were
invited to nominate persons for participation in the seminar.
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All participants expenses which resulted directly from the szuinar were
borne by the organizers. These expenses comprised the cost of travel and
accommodations, including overnight accommodations en route to or from the
seminar, where necessary, and the provision of a daily allowance to meet

subsisterce costs.

Seminar Objectives and Proceedings

The seminar was developed to meet four objectives. The foremost was to
improve awareness of the economic and financial costs of power system losses.
The seminar was also to be useful in indicating methods by which power system
losses may be reduced to economic levels. Because the participants had some
experience in confronting these types of problems and the sessions were
intermingled with experts having worked on resolving these problems, the seminar
was to be # forum for interchange of ideas on the subject. Finally, the meetings
were to be opportunities to encourage innovative approaches to system efficiency

improvement,

The seminar was prssented in Kingston, Jamaica, July 3 to 7, 1989. There
were 48 attendees from 20 countries, the countries represented being Antigua,
Anguilla, Aruba, Bahamas, Barbados, Belize, Bonnaire, British Virgir. Islands,
Cayman Islands, Dominica, Grenada, Guyana, Haiti, Jamaica, Monteserrat, St.
Lucia, St. Vincent, Suriname, Trinidad and the Turks and Caicos Islands. Thirty-
three of the participants are employed by electric utilities and 15 are in the
civil service. Five women were included among the participants.

The topics for the formal sessions of the proceedings included the
relationship between national development and power losses, the energy balance
of the Caribbean, sources of technical and nontechnical losses, identification
and reduction of technical and nontechnical losses, economic evaluation of loss
reduction projects, computer calculation of technical losses, and efficient
operation of diesel generating statioms.

A major focus of the presentations was the economic appraisal of losses,
both technical and nontechnical.

They further recognized that projects designed to reduce losses always
require investment of some funds. Discussions centered on the fact that the
investment required to reduce losses by a given increment increases as the losses
get lower. A point, thus, will be reached at which the investment required to
produce further reduction in losses #will exceed the benefits which will derive
from the reduction in losses. this point will be the economic level of losses
and is dependent on a number of factors peculiar to each system.

Participants agreed there is no level of loses which can be selected as
the standard to be used as the goal of all utilities. Each loss reduction
project must, therefore, before implementation, be subjected to careful cost
benefit analysis to ensure tha( the benefits are commensurate with the costs.
The methodologies by which the costs and benefits of loss reduction projects are
evaluated absorbed much of the time devoted to the formal sessions of the

seminar,
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Three countries in the region, Jamaica, Barbados, and St. Vincent presented
case studies of thr”r own experience in loss control. The case studies indicated
the =uccesses and frustrations which each utility had experienced and the
prograns being developed to deal with the areas in which improvement was still
required. These case studies were included as one of the means by which the
objective of providing a forum fcr the useful interchange of experiences in and
ideas for loss reduction programs could be achieved.

Field trips also formed part of the seminar agenda. Jamaica Public Service
arranged for visits to be made to a number of its installations which proved to
be of great interest to many of the participants. These installations included
the Rockfort Diesel Barge, the System Control Center, and the Roaring River

Hydroelectric Station.
valu () b S

Participants were asked to evaluate the relevance and effectiveness of each
session and to assess the extent to which the seminar achieved its overall
objectives. The average ratings on all counts was encouragingly high, above 70
percent. Among the recommendations made by participants was a similar seminar
on the topic of efficient thermal generation, both diesel and steam, which they
believed would be of benefit to the regional utilities.

ESMAP and OLADE were satisfied with the success of their initial joint
effort in seminar presentation. The various sugge-tions made by the country
delegates could very well form the foundation on which ESMAP and OLADE will build
their next joint venture in the Caribbean.
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IN _THE CARIBBEAN

OPENING STATEMENT
By
Gabriel Sanchez-Sierra, Executive Secretary, Latin American Energy Organization

July 3, 1989 Kingston, Jamaica

Mr. Chairman, Ladies and Gentlemen.

For the OLADE (Latin American Energy Organization) Secretariat, it is a
source of great satisfaction to be able to welcome all of you to this Seminar
on Power Loss Reduction for the English-speaking Caribbean countries, which the
Government of Jamaica has so generously agreed to host and the ESMAP (Energy
Sector Management Assistance Program) Division of the World Bank has co-sponsored
with us for the benefit of the whole region.

The presence of delegations from both OLADE members and non-members is yet
another eloquent expression of the broad-based support for the integrationist
principles which mark the Latin American energy organization’s programs and
aciivities throughout the region.

As all of us here today are aware, that the Latin American and Caribbean
countries are immersed in an acute economic crisis, within which the energy
sector has reached a situation of stagnation and even deterioration. There are
no simple, individual solutions to our problems; the solution will have to come
throcugh a true integration process based on strong, united actions.

The energy problems must be solved within the complex overall socioeconomic
panorama for the region and, since the problems are structural in nature, the
solutions must be structural as well.

A new energy development strategy must be found: a strategy more in line
with the countries’ macroeconomic context and also their energy resource
endowment. This will require changes in the supply structure and also
improvements on the demand side. Efficient production will in turn be achieved
through suitable policies for the optimal expansion of power facilities and
through optimized system operation.

It is in the context of these considerations that OLADE has identified
several areas of action geared to improving the efficiency of the power subsector
in the countries of the region. For example:

- System planning

- Strategic financial planning
- Optimal system operation

- Effective management

- Tariff policies



- System rehabilitation and
- Control of losses

Any improvement in efficiency, in any one of the components of a power
system, will have repercussions for the subscctor as a whole. These will then
be reflected at the level of the global energy sector and, firnal.y, at the

macroeconomic levcl.

The reduction of power losses at the level of end-users, through programs
of rational use of energy, combined with programs geared to demand management
and to the reduction of losses in the transmission and distribution systems and
in the generation systems, can together have significant repercussions for the

power subsector overall.

At the level of the energy sector, these results will imply a reduction
in the use of primary energy and, consequently, deferring some of the planned
power system investments.

Finally, there may be various types of repercussions at the macroeconomic
level. Some of the scarce financial resources availabe to Latin American and
Caribbean countries may be freed for use in top-priority areas, i.e. social
sectors. There may also be fuel surpluses in the exporting countries, and a
lighter fuel bill in the current account of the importing ones.

Global programs of power loss reduction prove to be highly effective.
OLADE has done preliminary estimates of their quantitative worth, based on
infrtmation from the energy balances for the countries in the region. 1In this
exercise, assuming power consumption growth rate of 6% annually over a l5-year
period 1983-1997, it was found that in the most pessimistic loss reduction
scenario an average of 190,000 GWh can be saved per year - and 87,000 MW during
the 15-year period.

Considering an economic value of US$30,000/kWh as the average production
cost and some 1,750 dollars/kW as the investment cost, the regional potential
for savings would be around US$240 billion over the period. These figures
clearly demonstrate the importance of the topics to be discussed at this Seminar.
However, investments have to be made and in any case, they would be in the order
of one hundred billion dollars.

In closing, may I take this opportunity to express my sincere appreciation
to the Jamaican Government officials, in particular to the Minister of Mining
and Energy and the Jamaican Public Service Company (JPS) for their collaboration
in the organization of this event; and on behalf of the OLADE secretariat, I
would also like to thank all of the delegates for their interest in attending
this Seminar, which consitutes one more step on the road to integration among
the Latin American and Caritbean countries.

Finally, I would like to specially thank the ESMAP Division of the World
Bank, which financed the participation of all the non-OLADE member countries at
this Seminar, which also marks the initiation of joint activities between our
institutions, in an effort to optimize our common goals in the Caribbean Region.
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Mr. Chairman, Ladies and Gentlemen.

It gives me great pleasure to welcome you to this seminar on behalf of the
World Bank and ESMAP. This is the second seminar on power efficiency that we
have held. The first was held in Africa in November 1987. In our view these
seminars offer an excellent opportunity for us to share the experience we have
gained in studying how to improve the efficiency in electric power systems in
more than 20 countries. It is also an opportunity for you, the participants,
to renew contacts among each other and to exchange experiences on loss reduction.

As you may know, the acronym ESMAP stands for Energy Sector Management
Assistance Program. ESMAP is a joint program of the World Bank, the United
Nations Development Programme and bilateral donors. ESMAP provides technical
and policy advice, performs investment studies and research, and carries out
training activities.

We are conscious that the demand on ESMAP services is much greater than
we can meet. In a region such as this there are many countries which are often
small, so that it is difficult to meet individual needs. Regional seminars such
as this enable us to provide a basic service that we hope will encourage
countries that we otherwise could not work in to make progress in reducing system
losses.

My talk this morning is in two parts. The first concerns some of the
issues that we believe are important in the effective development of the power
sector., Improving efficiency is of course one of the most important. The second
part is about what ESMAP is doing to address these issues.

In 1988 the World Bank published the results of a review of about twenty
years of lending in the electric power sector. This review confirmed what many
of us active in the sector had suspected. Irrespective of how efficiency is
defined, there had been a general trend for efficiency to decrease. For example,
financial performance had become steadily worse. Transmission and distribution
losses generally had risen. In many countries losses are now between 20% to 30%
of net generation, and in some systems approach 50%. Quality of service --
reliability, voltage 1lievels, for example -- had deteriorated. Project
implementation had been subject to delays and cost overruns.
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What have been the effects of this deterioration in utility performance?
As you are aware the problem of servicing external debt has become acute,
especizlly in the Latin America and Caribbean region. Available data indicate
that the impact of the power sector on indebtedness has been significant.
Electric power investment has often accounted for 15-25% of all investment and
as much as 358 of external debt. In many countries the "debt crisis” in a large
part was due to power investment that was excessive for several reasons, such

as

- demand that was over-stimulated by low prices;
- errors in demand forecasting;
- excessive reliance on large capital intensive plants, especially

hydro, that resulted in investment programs that were difficult to
adjust as circumstances changed;

- the overlooking of low cost options such as natural gas based
generation, rehabilitation and efficiency improvements; and

- investment in generation was needed to cover increasing technical
losses in generation and distribution.

Furthermore, the deteriorating financial performa' e of utilities has
caused the power sector to rely on govermment financial handouts that may be
direct or disguised through tax exemptions and subsidized credits. This has
affected both the financial solvency of the government itself and the autonomy
and morale of utilities. Non-technical losses -- theft, metering and billing
inadequacies -- have contributed to these financial problems.

As well as producing economic benefits, raising efficiency is one of the
most effective means for reducing the burden of energy use on the environment.
Lowering the ultimate fuel input or investment requirements to supply a kilowatt-
hour of useful energy to the consumer through higher efficiency, usually leads
to less air and water pollution, and in some cases can postpone the impacts on
forests and human settlements arising from the construction of hydro reservoirs.

While the consequences of inefficiency in electricity supply may be
serious, this seminar will demonstrate that the costs of reducing losses are
generally not great. A dollar spent in improving efficiency may provide as much
as three to ten times more capacity than c hat spent on construction of new
plants,

Nevertheless, ws should not lose sight of the fact that improving
efficiency in the electricity supply industry is not just a simple technical
matter. Engineers in power utilities are well educated intelligent people --
in many respects the technological elite of the country -- who are usually aware
of the options for loss reduction. However, they need the correct set of
incentives and the support of governments if a successful program i{s to be
implemented. We have found repeatedly that utilities with high losses are
characterized by weak internal organization and a poorly defined relationship
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with the govermment. Reducing non-technical losses requires decisive action to
impose sanctions on those stealing electricity and to root out dishonesty among
utility staff involved in meter reading and billing. Governments need to hold
utility managers accountable for the efficiency of electricty supply.
Government:sz also need to resist the urge to meddle in management matters and to
provide the resources needed to do the job.

What is ESMAP doing to help increase efficiency in the power sector?

Onr range of activities is broad, including overall assessments of energy
policy, studies of strategy, efficiency and management in the various energy
supply subsectors, supporting energy conservation in the industrial and other
sectors, determining how to meet the energy requirements of low income
households, and evaluating new and renewable technologies.

ESMAP services are provided on a grant basis for high priority activities
that are wanted by the recipient countries, are consistent with an efficient
energy sector strategy, and are capable of financial support from the program
donors. We are pleased to consider requests for ESMAP assistance from countries
directly, and activities are also identified by donors and the World Bank

operational staff.

ESMAP activities increasingly involve active participation by the
recipients. In power efficiency work we are ensuring that beneficiaries obtain
relevant gsoftware and hardware to analyse technical losses. Staff are trained
in their use and initially work closely with the ESMAP team to identify actions
to reduce losses. Our aim is for this activity to carry on after the cumpletion
of ESMAP's work.

As we are accountable to donors for the effective utilization of funds
provided, an ESMAP task manager is responsible for the overall activity, and we
insist that a concrete output is produced, e.g. a report detailing investments
and policy and administrative measures to reduce losses. The ESMAP team
typically consists of the task manager, maybe one other of our staff, and a
number of short term international or local consultants.

ESMAP can not function without donor support and we are particularly
grateful to the Governments of Switzerland and the United Kingdom which have
partly funded this seminar through their contributions to ESMAP. We are also
pleased that this seminar is a joint effort with OLADE. We welcome this
opportunity to strengthen our cooperation. UNDP has supported the seminar
through its contribution to ESMAP and through the exciéllent assistance given by
the UNDP resident mission in Jamaica. Finally, and certainly not least, this
seminar could not have taken place without the support of the Government of
Jamaica and Jamaica Public Service Company.

To conclude, I suspect much of what you will hear this week is not new to
you. However, I bulieve the strength of the ESMAP appre:.ch to pcuwer efficiency
is to bring together a number of elements to form a field of activity -- power
efficiency -- that produces wide ranging economic, financial, and envircnmental
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benefits. I hope you find the seminar instructive and useful and that it leads
to sustained improvements in the efficiency of your povwer systems.

Thank you.
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Mr. Chairman, the Hon. Hugh Small, Mr. Alastair McKechnie, Chief of Energy
Efficiency and Strategy at the World Bank, Mr. Gabriei Sanchez-Sierra, Executive
Secretary, OLADE; visiting participants to this Seminar; Ladies and Gentlemen.

I must first of all express the pleasure on behalf of the Jamaica Public
Service Company for the invitation to participate in this Seminar on electric
power loss reduction for utilities in the Caribbean. Thanks to the World Bank,
UNDP and OLADE which have seen fit to host a conference of this nature, and I
am sur: I am expressing the sentiment of other electric utilities present here,
as power loss of any kind does have a debilitating effect on the financial
viability of any electric utility company. The interest which your organizations
have shown in the development of enterprises such as ours is heartening and for
that we are extremely grateful.

While you and our Caribbean colleagues are here with us in Jamaica, we hope
you will feel that you are a part of our family and would be pleased to have you
visit with us to see any aspect of our operations which may be of interest to
you, I am sure that we will all find the deliberations fulfilling,

The matter of electric power loss from both the technical and non-technical
stand point has, for a long time, been of great concern to the Jamaica Public
Service Company. This has resulted in loss of revenue amounting to millions of
dollars which we have continually tried to recover with marginal success., At
present, the rate of power losses accruing to the JPS stand at some 20.1%.

In this regard a number of studies have been undertaken with a view to
determining how best this problem can be addressed.

In August 1986, the Jamaica Public Service Company commissioned the firm
of EBASCO Corporation of the United States of America to undertake a study of
losses in the electricity system in Jamaica and to make recommendations on how

these losses could be reduced.

The study was completed in July 1988 and presented to the Company for
consideration. Its main focus concerned the technical losses in the transmission

and distribution systems.



This report, however, fell short of our expectations as the study was
restricted to an evaluation of the 13.8 kV and 69 kV tra.smission systems, the
primary distribution feeders and the distribution transformers. The report also
stated that the main emphasis was placed on the primary distribution feeders as
these would yield the highest benefi to cost ratio.

Briefly, the EBASCO Corporation’s cecommendations to us proposed the
ronversion of a number of distribution feeders from 13.8 kV and 12 kV to 24 kV.
This suggestion was not new to us as we had already been carrying out such a
program across the island with funding from the World Bank.

The Management of the Company felt that more could have been done in the
examination of the issue of power losses and this led to the establishment of
an in-house committee comprising senior engineers to look at cthe~ factors which
to us, were important if we were indeed serious about reducing electric power
losses. Chief among the Committee'’s concerns was a study of non-technical losses
as they affected the Company’s operations.

This Committee drew on the experiences of the Company’s Revenue Protection
Department, a unit which was officially established in 1987 primarily to deal
with those losses which are not confined to the tramsmission and distribution
systems. The Committee in their report identified that approximately 12% of all
customer accounts, supplies or metering systems were in error thereby leading
to revenue loss to the Company. Main areas contributing to these losses were:

- defective nete-s

- tampered and backed meters _theft)
- incorrect me:=r multipliery

- line-taps in:luding meter by-pass
- incorrect uwete:r installation and

unbilled metexed supplies.

We are well aware tha: nor-technical losses are not the major contribution
to the shortfalls in revenus: to the Company; yet, we nevertheless felt that it
was impnrtant enough for th: Company to focus its attention in this area to be
able to meaningfully minimize the problem.

Over the past two years the Company has, through the efforts of the Revenue
Protection Department, made considerable progress in billing a total of Jamaica
$4.5 million in non-technical luosses. Of this amount Jamaica $3.3 million has
actually been collected by the Company. Overall effects of this will result in
an expected annualised revenue ¢«f Jamaica $1.8 million per annum.

Much of what I have made mention of in my address I am sure will be dealt
with in greater detail by the Company’s two presenters Mr. Raymond Silvera,
Director of Diitrict Operations and Mr. Huntley Higgins, Director of Engineering.
Both gentlemen have been very involved in the activities of the power loss
program and &ce competent to share with you more in-depth information as to what
the Company {s cdoing in this regard.
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The Jamaica Public Service Company realizes, as I have said in my opening
comments, that we are not alone in the problem of addressing power losses. We
have from time to time, in our own quest to find solutions to our problems, been
exposed to the statistics of other countries in, and outside of the region.

The Caribbean Electric Utility Surveys for 1987 and 1989 in giving an
account of electric utilities in the English-speaking Caribbean has shown a
number of countries whose power loss situation compare closely with our own here
in Jamaica. We note in 1987 that islands like Grenada experienced a level of

19.77¢ in power losses, :

St. Kitts - 27.9% in power losses
St. Vincent - 21.99% and
Trinidad & Tobago - 19.23% in power losses.

They, like Jamaica, fall in the higher percentage power loss-group in this part
of the Caribbean. The report for 1989 is by and large similar except for
Trinidad and Tobago which has shown a marked reduction from the 19.23% figure
in 1987 to 1lls in 1989. We also note the current figures for our fellow
territory Guyana (which was not included in the 1987 Report) being in the region
of 25% in power losses. These facts should make for interesting analysis during
your deliberations.

A seminar such as this one, therefore, should be taken as the golden
opportunity for Caribbean utilites to examine and identify, in a spirit of co-
operation, problems which for them are common in some cases and unique in others.
By the sharing of ideas and technical expertise bold attempts could be made to
reduce electric power losses to acceptable levels.

The matter of co-operation among regional countries is one which has come
to the fore many times in the last two yesrs, and there is the ever-increasing
indication that Caribbean countries, if they are to realise positive social and
economic development, will have to become committed to collaboration at a much
greater level.

In 1987, this Company along with the two Italian firms ANSALDO and ENEL
hosted a regional conference for co-operation between electricity generating
companies on Power Plant Maintenance here in Kingston. Much was achieved by way
of the exchange of ideas and experiences of participating countries. What,
however, stood out on that occasion and gained the unanimous approval of the
delegates present, was that there was a need for the establishment of a body of
Caribbean electricity generating companies to promote more intra-regional
training and technical assistance between these companies. It was at that
conference that it was suggested that a committee be set up to draft specific
proposals with a view to making this a reality.

More recently, the need for cooperation has been reinforced even further
with the devastating Hurricane ’‘Gilbert’ experience. In addition to the
assistance given to us by the more developed countries such as the United States,
Britain, Canads and Italy, our Caribbean neighbours like the Bahamas, Bermuda
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similarities which exist between our country and their own, were able to give
invaluable assistance in the restoration of power to several sections of our
island. Once again, we all saw the nced to forge more formal 1links of
cooperation between our countries.

It is my impression, however, that we have not moved swiftly enough in
making this ambition a reality. If we hope as developing countries to provide
& necessary service to consumers at the best possible cost, we will meet the
particular needs of our region. It might, therefore, be prudent for us to
initially look to training as one area which provides opportunities for this
increased cooperation. May I suggest that this be done on a formally structured
basis or be pursued through the exchange of staff at various levels within sister
utility companies.

In conclusion, let me say that it is my fervent wish that your discussions
here at this Seminar will break new ground in finding solutions to reducing the
avesore problem of power losses in electric utilities as we are all well aware
of the havoc which it plays with the revenues of our companies. Let us be
positive about it. The challenge is ours, my friends, and with will and purpose
. these goals can be achieved.

Once again, may I welcome you all here and wish you every success in your
deliberations. It is with great pleasure that I now declare this Seminar on
Electric Power Loss Reduction officially open.
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POWER LOSSES AND DEVELOPMENT LEVELS
by

Trevor Byer
Operations Evaluation Department
World Bank

This paper was prepared for the Caribbean Power Loss Reduction
Seminar held between 3-7 July 1989, in Kingston, Jamaica, and
sponsored jointly by the Latin American Energy Organization (OLADE)
and the UNDP/World Bank Energy Sector Management Assistance Program
(ESMAP) .

The views expressed in this paper are those of the author and do not
necessarily reflect, directly or indirectly, those of the World
Bank.

POWER LOSSES AND DEVELOPMENT LEVELS

I. INTRODUCTION

1.1 For the past several decades power development has been at the
forefront of development priorities in developing countries. The two primary
objectives in focussing on this essential infrastructure were:

(1) to improve economic growth and development prospects; and

(i1) to enhance living standards--especially in rural areas and slum
areas of urban centers.

1.2 Changes, however, since the early 1980s, in both international and
domestic LDC financial markets have tended to force a shift in priorities in
the power sector in most LDCs towards much greater concentration on efficiency
improvements, greater sector financial savings, reduced investment programmes,
and, as a consequence, somewhat lesser emphasis on enhanced coverage.

1.3 Typically, however, we hear about how many hundreds of billions of
dollars in investment are going to be needed in the 1990s by LDCs to finance
the several hundred thousand megawatts of new capacity that are expected to be
commissioned. These numbers mean nothing in a Caribbean context and, hence,
are of little relevance to this region, so I will not bore you with them. What
is of relevance to this region, in the framework of the power sector, is that
wvhat one believed was affordable during the 1980s is likely to be legs so in the
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1990s. This is because of the high share of foreign costs in power sector
investment in the region and the uncertain foreign exchange earnings expected
from regional economies. Second, because of the adjustment policies in the
region the power sector can no longer indulge in the past luxury of negatively
impacting the public sector fiscal deficit, implying significantly increased
sector savings are called for. What all of this means is that the fulcrum about
which power sector policy has to balance in the 1990s is that of improved

efficiency and higher savings.

1.4 We are going to hear in this Seminar many presentations and
discussions about how to equip ourselves and our companies better to reduce
power losses. What I wish to focus on, however, is setting a context for the
effort we will undertake this week. The context necessarily will be broad,
since too often we plunge into a world of details without understanding the
critical relationships between first, the task at hand (which we are trying to
solve); second Mmﬂgb_lg to address the problem, and third and above
811 g pen L ! s

1.5 In this presentation there is first a discussion of the broad
characteristics of the "post-generation” losses in power systems along with very
rough estimates of the economis costs of power losses within the region. This
is followed by a review of the key role of the gocio-economic context/
environment in influencing non-technical losses and the degree to which these
losses can be reduced given the context in which the utility functions in the
society which it serves. What is especially highlighted here is that there are
limjts to which non-technical losses can be lowered in certain socio-economic
contexts. The focus then shifts to the regulatory context, since there are
important contributors to losses stemming from this area. In many ways, one of
the problems of the past 15 years has been that since the power sector in most
LDCs was taken over by state companies, the degree of attention paid to
regulatory issues in the sector has declined dramatically on the part of most
governments. The fourth area then discussed concerns the utility context,
through which yet another layer of insights can be discerned. The final focus

is then that of the gonsumer context.

(a) Technical and Non-Technicel Logses

2.1 Power losses occurring after generation have generally been
classified into two groups--the technical component and the non-technical
component. The technical losses represent the energy that cannot be consumed
because of the physical characteristics of the transmission and distribution
(T&D) system. Such losses result in financial losses and also economic costs;
the latter since less resources are needed to meet demand if the technical
losses are reduced to an optimal level which can vary between 9%-11% of net
generation, dependent on the T&D system’s charactsristics. An important quality
of technical losses is that they can be measured.
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2.2 Non-technical losses, in contrast, are not measured directly but
represent the difference between total measured losses and the measured
technical losses; with the total losses being another difference, this time
between another two measured quantities, namely, net generation and billed
sales. Essentially, the non-technical losses represent the sum of consumption
and billing losses. The former accounts for the fact that not all consumption
is recorded, and the latter that mnot all recorded consumption is billed
accurately.l/ Since non-technical losses represent consumpticn that is not paid
for--i.e. free, it has the important effect of increasing consumption and
demand. This rising demand, in turn, could aggravate the technical losses.
This could occur if the peak-load demand pattern for the stolen energy is
essentially similar to that for the utility system as a whole. The net result
being that the increased demand arising from growing non-technical losses would
require system capacity to be expanded earlier. This indicates that non-
technical losses represent an economic cost to the society as well as a major
financial cost to the utility and those consumers not enjoying free electricity,
since they, in effect, pay a higher tariff.

(b) Power losses in Different Markets

2.3 Table 1 shows estimates of energy losses and their structure (when
known) for several Caribbean islands, as well as for three major markets in
Colombia and the State of Uttar Pradesh in India. The wide range of total loss
levels in the Caribbean is to be noted, despite the fact that the data cover a
wide time period between 1980 and 1986. As far as the Caribbean is concerned,
total losses range from the low end of the scale, around 9%-10%8 of net
generation typical of the Barbados and Trinidad systems, to about 30% in Haiti
and the Dominican Republic.

1/ “Non-Technical Losses” by R. Aubin and D. Daoust, Paper presented to
UNDP/World Bank Seminar, November 1987, on "Reducing Power System Losses
in Africa.”
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Table 1: STRUCTURE OF ENERGY LOSSES IN VARIOUS MARKETS

(Percent of Net Energy Available)

Market Yeax : Losses

Iechnical  Non-Technical JTotal
EEEB (Colombia) 1976 11.6 4.3 15.3
EEEB ” 1979 -10.7 7.6 18.3
EEEB i 1986 11.3 13.2 24.5
EPM ” 1976 9.4 8.3 17.7
EPM ” 1979 11.9 6.3 18.2
EPM ” 1986 9.6 10.4 20.0
EMCALTI ~ 1976 9.8 0.4 10.3
EMCALT ~ 1979 9.8 1.7 11.5
UTTAR PRADESH (India) 1988 20.0 8.0 28.0
ST. LUCIA (North) 1982 14.7 10.8 25.5
ST. LUCIA (South) 1982 12.2 7.4 19.6
BARBADOS 1981 N.A. N.A. 9.0
ST. VINCENT 1982 12.5 10.8 23.3
GUYANA 1981 16.0 8.0 24.0
TRINIDAD & TOBACO 1984 N.A. N.A. 10.0
JAMAICA 1986 N.A. N.A. 19.0
HAITI 1986 N.A. N.A 32.0
ANTIGUA AND BARBUDA 1981 N.A. N.A. 22.0
GRENADA 1981 N.A. N.A. 19.0
BELIZE 1980 11-12 4-5 16.0
DOMINICAN REPUBLIC 1986 N.A. N.A 30.0
2.4 What is the estimated cost of these losses in the region? 1In

arriving at this, of course, the very different sizes of systems across the
region is very relevant since the two largest public systems, those of the
Dominican Republic and Trinidad & Tobago, are at opposite extremities on the
scale of total losses. Based on all islands in the region, except Cuba, Puerto
Rico, and the U.S. Virgin Islands, but including Belize and Guyana, estimated
total losses in 1986 were around 2,000 GWh, representing around 19X of gross
generation. This would imply that regional power losses would have been about
USS160 million in 1986, around USS60 million (or 38%) of which can be considered

as capable, in theory, of being captured as revenue by the power sector.



- 15 -

2.5 When one turns to power loss trends over time this is shown in Table
2 2/ for some sixty to seventy LDC utilities over the period 1973-1987. Loss
levels there have been broken down by system size. What is of relevance is the
systematic increase in losses over the period for all systems, except the very
large ones, i.e. those representing a market of more than 50,000 GWh. In this
context, it should be noted that there are few systems in LDCs corresponding to
this last category--e.g., in all of South America only the Brazilian system is
in this bracket! The results in Table 2 are also shown in Figure I, which
illustrates that the smwallest systems have tended to have the highest losses,
though the differences between losses in small and medium-large systems has not
been necessarily statistically significant. Figure II shows the breakdown by
regions of the world. What is significant here is the explosion in loss levels
in Latin America in the 1980s as the adjustment process has unfolded.

Table 2: AVERAGE POWER SYSTEM LOSSES /fa
(1OSSES /CONSUMPTION)

(Percent)

System Size /b Period 1973-77 1978-82 1983-87
Small 20 22 26
Medium 22 21 26
Medium-Large 16 17 19
Large 25 22 19
Total /c 20 21 24

/a Based on annual weighted averages of 51 to 71 utilities.
/b Classification based on 1986 system generation.

Small -- less than 2,000 GWh
Medium -- 2,001-10,000 GWh
Medium-Large -- 10,001-50,000 GWh
Large -- more than 50,000 GWh

/e Weighted average (by GWh).

ource: "Technical & Non-Technical Power Losses in Developing
Countries,” by G. Schramm, World Bank, 1988.

2/ *Technical and Non-Technical Power losses in Developing Countries,” by
Gunter Schramm, November 1988.
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IIT. THE SOCIO-ECONOMIC CONTEXT OF LOSSES

3.1 This is the overriding context in which system losses need to be
viewed. If we forget this framework the basis of the analysis becomes flawed.
Though there are risks in generalizations, most evidence shows that the levels
of losses are inversely proportional to the development level of the society
(service area) served by the power system. In other words, the lower the
development level the higher the losses and vice-versa. Empirical evidence of
this is shown clearly in Figure III, where total losses are indicated as a
function of per capita national income between 1973 and 1987. In a way, the
level of power losses becomes yet another indicator of development (like infant
mortality, etc.) within the service area served by the utility company.
Regrettably, hard data are not available to show how the different components
of total losses, namely, the technical and non-technical, are geparately
affected by declining per capita national incomes, though there are some
indications that the non-technical component rises more rapidly with falling
income as power theft increases through illegal connections and meter tampering.

3.2 Of course, theft and fraud are endemic to the human condition, with
the only differences within and between societies being what is stolen, by whom,
and in what amounts? One only has to look at the recent stock market insider
trading scandals and indictments in the USA, where billions of dollars have been
involved, to recognize the veracity of this rudimentary observation. To the
occupant of a third world urban slum, stolen electricity is likely to have the
same relative monetary value as modest levels of embezzlement would in the world
of white collar bureaucrats. Recognizing that we are simply dealing with
different menifestations of the same phenomenon is an essential element of
defining the problem. Naturally, when faced with increased levels of stolen
electricity it is expected that strategies based on more intensive use of
tamper-resistant components of distribution systems is likely to reduce somewhat
the consumption loss element of the non-technical losses. However, we delude
ourselves if we beiieve that mere "technical fixes” can overcome a problem of
this nature. One expects that beefed-up physical safeguards would be an element
of the remedies enacted but what becomes more challenging is trying to judge,
for a given service area served by a particular company in a society at a
particular development level, what is the level (x%) at which non-technical

losses can be reduced to and sustalped at?
IvV. THE REGULATORY CONTEXT OF LOSSES

4.1 The element of non-technical losses that is aggravated by regulatory
measures, or the absence thereof, represents a more amenable problem. There is
one classic example I have come across in a major South American country. In
this ut:i.lity's service area about 1 in 5 residential subscribers in 1986

g - _ g : 2x8 since this is not called for in
the lawl Even 1f such subsczibers had had load limiters installed the
uncertainty in monthly epnergy consumption for the 120,000 such subscribers would
be very high. Yet in making an estimate of "non-technical” loss allocations by
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sources, shown in Table 3 below, the contribution arising from "service with no
meters” is uncharacteristically low at 1.6%.

Table 3: ALLOCATION OF "NON-TECHNICAL" LOSSES FOR

(Percent of Net Generation)

Sexvice with no Meters -- 1.6% Exaud -- 23

5.1 There are a number of issues that arise when viewing losses from the
utility perspective. First among these is the degree to which the company has
a profitability incentive. This does not mean that it has to be privately
owned. However, if it is state-owned, as most third world power companies are
today, then the company and its management need to have a high degree of
autonomy from the Government. Allied to such autonomy, the company must have
as its goal the ability to cover all of its costs, including contributions to
new investment, if it is to view the challenge of loss reduction in a context
that serves the company’s own financial interest. Clearly, the greater the
extent that the company operates with direct government budgetary transfers, the
less there is any incentive on the company’s part to improve its efficiency in
the form of reducing losses. In other words, unless the broad objective of
profitability is at the forefront of management’s vision, loss reduction can
fail to ignite a determined action programme. In my judgment, this is an area
in which more attention must be focussed in the design of loss reduction
programmes. It has nothing to do with hardware but everything to do with the
software of human and corporate incentives. What is the correlation between
power loss levels and government financial support?

5.2 It 1is at this juncture that one then runs into the second aspect of
the utility context, this being the level of staff morale, at all layers, to
vhich is intimately linked--the ~uality of their remuneration relatjve to the
rest of the society. Naturally, i: this framework the utility cannot completely
divorce itself from the realities of the society in which the company exists.
However, some degree of divorce has to occur, the more so the lower the
development level of the country. This is imperative given the skills the
utility staff must possess if it is to be capable of discharging its functions.
Clearly, it becomes something of an untenable battle, attempting to reduce the
billing loss element of the non-technical losses, beyond what is achievable
through use of upgraded technology, if the above types of issues have not been
satisfactorily settled.



- 18 -

5.3 The above observations can be considered as necessary conditions for
a successful attempt to be made at a loss reduction programme. Despite this,
however, considerable variations are to be found in the performance of different
utilities in the same country, albeit operating in very different types of
markets., This is shown in Figure IV for five of. the major Colombian power
utility groups--the variation of losses between 1971-86 for each of these five
systems. For example, the Bogota (EEEB) and CORELCA (Caribbean coastal)
companies have had similar movements in losses during the period, despite the
vast differences in the spatial coverage of their service areas and their T&D
system load densities. The CORELCA area is about 40 times greater in size than
that of EEEB and its population density and level of coverage is much lower than
EEEB's. In contrast, EPM (Medellin) has succeeded in maintaining its losses
relatively constant, though on the high level (about 18%-20%) throughout the
period. We need to understand better what causes these differences if we are
to design more effective loss reduction efforts. Once more, what appears to be
missing 1s a lack of grasp of how the myriad of factors determining loss levels
are interplaying even in a single country context.

5.4 The final aspect of utility performance I should mention concerns
forecasts of future loss levels, which become important targets for loss
reduction programmes financed by multi-lateral financing agencies. Figure V
shows the litany of failures in regard to the EEEB system. These represent
Joint failures by both the utility and che World Bank, which endorsed these
views of the future. Indeed, as losses became worse the forecasts became worse,
as & certain desperation appeared to enter the process. Of course, forecasts
must be seen strictly in the context for which they were undertaken. This
raises a further problem--if losses are not projected to decline fairly quickly
then tariffs would have to be raised to compensate for this. This inherently
introduces a short-term optimism on the part of both lender and borrower to
overcome the immediate hurdle of arriving at an agreement.

Vi. IHE CONSUMER CONTEXT OF LOSSES

6.1 The final perspective in viewing losses then becomes that of the
consumer. Here there is only one issue I will focus on--that of prices. The
rapid increase in power prices in most LDCs during the 1970s in the wake of the
oil price shocks also coincided with the period when power losses began their
upward spiral. Of course, many other factors were also contributing .o increase
loss levels, however, that of price must not be neglected. There is likely to
be a price threshold below which recourse to power theft is limited, but above
which action is taken by the consumer to preserve his consumption at no
increased cost. This can manifest itself through re-classification of the rate
category of the consumer so that in the new category, to which he does not
belong, his effective rate is lower. This is especially prevalent when
commercial tariff structures become massively distorted, whereby commercial
ugsers are charged 2008-3008 above their supply cost, while residences, on
average, could be paying 1/2 to 1/3 of their supply cost, and industry about 75%
to 1008 above its supply cost. This is another area in which more effort at
understanding the influence of prices is called for in the context of reducing
losses through lowering billing fraud.
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6.2 Finally, at the lower end of the scale, i.e. among residences, a
better grasp of how prices are affecting decisions of residential consumers
about pover theft is clearly necessary.



- 20 -

Figure 1

FY73-87 AVERAGE POWER SYSTEM LOSSI"S
BY SYSTEM SIZE GROUPINGS
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Figure tx
FY73-87 AVERAGE POWER SYSTEM LOSSES
BY REGIONAL GROUPINGS
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Figure mx

FY73-87 AVERAGE POWER SYSTEM LOSSES
BY PER CAPITA INCOME GROUPINGS
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* FIGURE 1V
.

COLOMBIA-POWER SECTOR
E.EE.B. Energy Losses 1971-868 and Forecasts to 1990
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FIGURE V

COLOMBIA-POWER SECTOR
Energy Losses, Percentage of Net Available Energy

o

envote, ..
.o 0... ....o. .,
®eveccoscerc? K -

o
P o0sasgu,, ’ *
o s.... "o’ I’
] - 7 ~ 4 '4
o S W N -
P & AN SO
A ——l e
- L]
\. OQ..". ¢ \ *
o N 4
: L )
¥ T Y T ] ¥ T T T T T Y T
1o/t 12 3 L] 75 76 mn 78 70 (1] -1} 82 a3 84 85 W

wenonws EEED. LOSIES  ecccses EPM. LOosses sesesses CORELCA Lusses
somewm CVC. (Vulle) Losses anvemaven §C E L. (Gioup) L 05509

Sourca: OED Review of Bank Lending to the Colombia Power Scuctor - 1958,



- 25 .

DETECTING POWER LOSSES
USING

THE OLADE ENERGY BALANCE
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Ms. June Natasha Budhooram
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Coordinator for the Caribbean at the
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Abstract

This article presents the philosophy of the Latin American Energy
Organization regarding the implications of technical and non-technical losses
in the power sector. The analysis englobes the genesis of the energy crisis by
presencing a retrospective review of the patterns of energy sector analyses.
An important feature of this presentation is the institutional criteria of OLADE
for achieving optimal efficiency in the power sector, specifically in what refers
to the role of loss reduction programs, and the economic and financial benefits
derived thereof.

1, INTRODUCTION

Recent studies undertaken in several countries of the Region have
indicated that few countries paid any attention to planning in the energy sector
as a whole. This phenomenon was quite understandable in the past because before
1973 oil was a very cheap and abundant energy source. During this period energy
planning was restricted to increasing energy supply at any cost, in each of the
individual s b-sectors (petroleum, gas, coal, etc.) and with little coordination
among them.

This total absence of overall energy planning began to change after
the first oll shock, whose severity of repercussions (abrupt deterioration in
their terms-of-trade, etc.) led countries to embark on a reduction of oil
campaign, where most oil substitution options were determined on the basis of
cost/benefits analyses of the individual project alternatives or what is known
as micro economic analysis. Another noteworthy feature of energy policy during
this period included the greater efficiency of oil use in an attempt to lower
0il demand and increase the supply of domestically produced oil.
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This led countries to try and identify options for substitution and
conservation of energy sources, which meant that the structure of energy demand
across the sector had to be analyzed from a highly disaggregated perspective,
including types of end-use such as lighting, heating, mechanical force, etc.,
and by the type of energy supply mix. High priority was therefore assigned to
identifying the technically and economically viable alternatives for oil
generation. It is worth emphasizing that in many power systems fuel oil and
diesel were their main electricity generating source and being such a ready
target for substitution options, plans were formulated and projects implemented
forthwith. Planning for the energy sector therefore became supply-side focussed

and comprising three main elements }/:

- Analysis of the interactions between each of the energy supply
sectors;
- The existence of coherent energy pricing policy both across the

supply and demand subsectors;

- Knowledge of the detailed structure of energy demand across the
economic sectors.

The importance of these elements and the need to demonstrate the
actual nature of their interrelationship led OLADE to develop a methodology for
preparing Energy Balances in 1979, a global analytical concept on the basis of
which more solid elements could be provided for energy planners and policy makers
throughout the Region. Energy Balances have arisen then, as the first stage of
a global focus and their aim is to indicate the current situation broken down
into primary energy transformation, secondary energy, final and useful
consumption. A first contribution of this planning instrument, which already
Justifies its existence lies ir developing a system of consistently reliable
information.

The analysis of the energy sector utilizing the energy balances pulls
together the whole energy sector and throws light on the interactions at a
physical level. However, it does not embrace analysis at the macroeconomic
level. In this regard OLADE shares the view of those who affirm that the
analysis of the energy sector needs to be undertaken in the broader context of
the macroeconomy, especially in those countries where energy investments are
considerable or where the sector is an important revenue source for the
Government, in terms of foreign-exchange earnings.

The urgency to emphasize this interdependence between the energy
sector and the rest of the economy becomes evident 1if one considers the present
economic and financial status of the Region. Prospects on economic development
seens to be dim due to the following constraints 2/:

ENERGY AND THE ECONOMY, Trevor Byer. Paper presented at the OLADE'’s Energy
Planning Course for the English speaking Caribbean. Barbados, June 1988.

INTEGRATION OF THE ENERGY SECTOR - BASIC PREMISE FOR THE ECONOMIC
TRANSFORMATION IN LATIN AMERICAN AND THE CARIBBEAN. OLADE, Quito 1988.
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- The foreign debt, whose nominal value exceeds some US$425 billion;

- Deterioration in the terms-of-trade with values comparable to those
of the 1930's depression;

- Protectionism by the industrialized countries;
- Increasing probleﬁs of capital mobilization for financing development
programs. ‘ :

The fore,oing considerations have generated pressures for creating
and adopting new approaches for redifining the techniques required for analyzing
energy and the macroeconomy and for strengthening the institutional coordination
at all of the corresponding hierarchial levels of the Integrated National Energy
Framework. This approach should include 3/

- separation of the energy sector into production, consumption, trade,
investment and financial flows;

- sectoral disaggregation on the supply side;

- the ability to assess the budgetary implications of alternative
energy policies;

- the recognition of the impact of the reallocation of savings-
investment flows between sectors of the economy;

- trade disaggregation and balance-of-payments/foreign debt accounting
with energy sector flows transparent;

- an inflationary mechanism which recognizes the impact of energy
costs;

- the usual monetary, fiscal and trade/exchange rate policy levers;

- the ability to evaluate the impact on employment of alternative
energy strategies; and

- the ability to deal with long term trends as well as short term
development.

2. OLADE’S CRITERIA FOR ACHIEVING OPTIMAL EFFICIENCY IN THE POWER SECTOR

One of the fundamental aspects in defining the potential importance
of any energy resource, is evaluating the impact that it has on the economy.
The availability of adequate energy resources at & reasonable cost is a vital

3/ ENERGY ECONOMICS IN DEVELOPING COUNTRIES : ANALYTICAL FRAMEWORK AND
PROBLEMS OF APPLICATION. Mnhan Munasinghe. The Energy Journal, Vol. 9
No.l, 1988.
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precondition for continued economic progress and the power sector in particular
is acknowledged as an engine for economic growth and development.

However, a historical examination of the performance of the power
sector demonstrates that it has generally drained financial resources from the
rest of the economy; has had a bad financial savings record relative to the sale
of its very high capital investments, very often for expanding generation
facilities and with little importance given to transmission and distribution
facilities. All these factors can be attributed to the easy access that the

subsector had to external borrowing. -

The power sector has also tended to have higher investment levels
than economically justified; significant increases in operating costs and in many
developing countries has accounted for the largest share of public sector
investment, while generating no foreign exchange as a tradeable energy source.

In this context, there are several constraints that have emerged over
the years, and which have had important repercussions for the power subsector
and its role in the economy. These include the increasing problems of external
capital mobilization, severe changes in the conditions being attached to funding,
and the mobilization of domestic savings to sustain the subsector’s investment.

Therefore, in an effort to maximize the role of the power subsector
in promoting economic development, while at the same time faced with limited
investment resources. OLADE, like many other institutions has subscribed to the
view that a very pragmatic and effective option available to utilities under
their present critical circumstances, is to improve its "EFFICIENCY.”

Perhaps, in evaluating these "efficiency” criteria it is useful to
recall first principles on the types of efficiency referred to and their defini-
tions. In the power sector one encompasses four basic types of efficiency &4/

- ECONOMIC EFFICIENCY which requires the double condition of productive
and allocative efficiency. The first cricicion is met by
economically optimizing power system planning and operation, while
the second is met by setting tariffs at their real economic levels.

- FINANCIAL EFFICIENCY which provides for financial soundness in
determining investments and pricing policies, improving revenues,
self-financing ratios, etc.

- TECHNICAL EFFICIENCY which implies remedial measures to problems such
as: veak planning, inefficient operation and inadequate maintenance,
high technical and non-technical losses.

- ADMINISTRATIVE EFFICIENCY which contemplates improvements in the
ability to raise prices to meet revenue requirements, poor
management, excessive staffing, etc.

&/ A REVIEW OF WORLD BANK LENDING FOR ELECTRIC POWER. Mohan Munasinghe, et.
al. Energy Series Paper No.2. The World Bank, Washington D.C. 1988.
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3. THE IMPACT OF POWER LOSS REDUCTION ON EFFICIENCY

In determining the impact of improved efficiencies on power loss
reduction, it is useful to examine systematically the structure of the energy
flow in question. From the matrix of the OLADE energy balance whose format is
shown in Fig. 1, one can derive a flow diagram (see Fig. 2) tracing any one
energy source from its production to its final and useful consumption.

This flow in simple terms identifies the varicus nodes within the
energy system where losses occur. These are basically found in three specific
areas, namely:

- TRANSFORMATION LOSSES (TC): On converting a primary energy source to
secondary energy in a given transformation

center.
- STORAGE, TRANSPORTATION & Losses incurred during transport, storage,
DISTRIBUTION LOSSES (STD): and distribution.
- CONSUMER LOSSES: On converting secondary energy to useful

energy forms, e.g. lighting, mechanical
force, heat, etc.

Having defined the types of technical losses that may exist in any physical flow
of energy, it is convenient, now, to examine this flow for electricity. The
purpose of this flow is to illustrate that in the process of delivering
electricity to consumers losses are incurred at the generation, transmission,
distribution and consumption stages of a power system. (See Fig. 3). Our
concern here are the technical and non-technical losses that are incurred in each
of the above mentioned stages.

For the purpose of simplifying the analyses to be pursued using the
data from the enregy balances for OLADE's Caribbean member countries, a condensed
flow of the losses encountered in the electricity subsector is illustrated in
Fig. 4.
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Fig. 4: Simplified Power System Flow

In physical terms we have:
(8) GL = Generation Losses
= 100 - nG (nG is the efficiency of the Generating System.
In terms of the transformation from a primary
source of energy to electricity).
nG = 100 EP/I1
(b) LID = Transmission & Distribution Losses

= 100 - nTD (nTD is the efficiency of the T&D System)

ntd = 100 FC/EP
(¢) FUL = Losses in converting Electricity to energy forms, heat, light, etc.

= 100- nFU (nFU is the efficiency of the converting device:
bulb, stove, etc.)

nFU = 100, UC/FC

It is intuitively clear that within the context of power 1loss
reduction one can improve economic efficiency by simply increasing the productive
efficiency of the generating system by reducing the technical losses LEG without
compromising the quantity of energy (kWh) generated. In fact, to maintain equal
levels of electricity generation less fuel will be needed thereby reducing fuel
costs in the case of thermal installation.
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Parallely, there is an optimization of capital investment as well
as improved operation of the generating system by reducing their power lcsses
(MW) which have a direct economic benefit which at a minimum improves the quality
of service and possibly permit more load to be served and/or delay the expansion
of generation and transmission facilities. It is worth noting here that in high
loss systems the outlays required to achieving energy and power savings are
generally very much less than the cost of increasing supply capacity.

Within the Transmission and Distribution System, the losses are
mainly due to heating in the system. On the average, these losses should
technically be below 108 of gross generation while economically optimal loss
levels may be as low as 5%. These T&D losses are usually very high and may
approach some 20% of gross generation of which three-fourths occur at the

distribution level.

It is not surprising then, that these are economic losses and do not
only adversely affect the financial state of the utility iteself, but also the
national economy. The energy that is lost, or more accurately wasted, due to
technical inefficiency, could satisfy additional incremental demand or load.
This may generate even more savings of national resources that are assigned to
produce electricity.

It is true that the principal reasons for the existence of
unacceptably high levels of technical losses in many of our countries are the
decline in the financial positions of the power utility and scarcity of foreign
exchange resources which has led to reduced investment in system maintenance and
rehabilitation in spite of the fact that the prices of copper and aluminium the
main components of the distribution hardware system have declined considerably.
Today the utilities can put in a lot more of the relatively cheap hardware to
reduce the more expensive losses.

On the demand side, at the point of the consumer and the consuming
energy devices (electrical machines and appliances), technical losses FUL also
occur. In fact, the energy conversion process, from electricity to other forms
of useful energy has inherent energy and power losses.

It becomes evidently clear that electricity and power loss occur not
only in the power delivery system, but also at the end-use stages. It is
convenient here to briefly mention measures to improve end-use losses before
discussing the convenience of their optimizaion in the transmission and
distribution system.

Energy conservation at the end-use stage may be achieved by two
principal methods: (1) improving the technical efficiency of energy using
devices and appliances, and/or (2) modifying the shape or characteristics of
the load through demand management techniques. More often than not, the public
utilities are more concerned with the latter method, which is based on the fact
that it is more costly to supply electricity during peak periods (seasonal and
daily) rather than off-peak periods. Therefore, changing the shape of the power
utility’s curve by shifting electricity consumption from peak to off-peak periods
will effectively reduce the cost of supply and at the same time, conserve energy.

Until now, discussions have been oriented to technical losses in all
the components of a power system. However, besides technical losses there are
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also non-technical losses associated with the system. These non-technical losses
refer to the energy that is consumed and not billed by the utility. The main
source of these losses are billing errors, metering errors, unregistered

customers and outright theft.

Non-technical losses are primarily financial losses to the utility.
Their main impact is evidently on the financial position of the utility itself.
The revenues that are lost when electricity is consumed but not paid for by the
consumers impose a heavy burden on the financial viability of the utilities both
directly and indirectly. Referring to Figure 4, non-technical losses are
represented by the energy flow NTL. It is noteworthy, that they are not losses
in the technical sense. NIL represents that portion of electricity which is

consumed and not billed.

Non-technical losses distort the optimal pattern of electricity
consumption, which represents an additional cost to the economy. In utilities
where tariffs reflect costs (operating and investment), non fraudulent consumers
are charged for the service relatively more than they should and as a
consequence, they tend to consume less because the higher cost of those who do
not pay for electricity is passed to them through higher tariffs. Conversely,
those who do not pay for electricity, tend to consume more than if they had to
pay for it. This feature creates a distortion in the economically optimal

electricity consumption pattern.
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4, THE ECONOMIC AND FINANCIAL BENEFITS FROM LOSS REDUCTION PROGRAMS

It has already been mentioned that a reduction in power and energy
losses, but technical and non-technical, may have fmpacts to the utilities and
to the economy at large. Nevertheless, it may be convenient to analyse in more
detail, possible direct and indirect benefits and to identify the beneficiaries,
as a result of comprehensive loss reduction programs.

From the national economic perspective, it is more convenient to
analyse loss reduction programs, taking into account all power system components
as an integrated unit, comprising the generation, transmission, distribution and
final user sub-systems. This approach, although unusual to most power system
analyses, have the advantage of considering the electricity sector as another
component of the macroeconomy. In this regard, this component produces an
intermediate pruduc: which is used for the preduction of other goods and services
in other economic sectors.

Diagramatically, this unit can be represented as follows:

¢ >4 Electricity* > UE

l ** TL =« Total Power System Losses

* Includes generation, transmission, distribution and final user sub-systems.

wk TL includes GL, TDL and FUL.
Figure 5

In the above Figure 5, TL may be interpreted as total physical losses, either
power (MW) or energy (kWh). In monetary terms, these losses may be "financial”
or "economic”, depending on the conversion factor utilized (market values or
shadow prices respectively). Therefore, it becomes evident that a reduction in
total pover system losses results in economic and financial benefits for the
whole economy.

In a sinilar manner, loss reduction preograms ‘n each one of the
components of a power system imply economic and financial benefits. accruing to
various beneficiaries comprising:

(a) At the macroeconomic level - Ministeries of Finance; Planning; and
Economy who can target savings in the development of other sectors
i.e. health, education, transport, etc.

(b) At the intermediate level - The Ministry of Energy which can re-
allocate these savings for intra-sectoral development. Additionally
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less fuel requirements will imply less 1mport pressures for OIDC‘s,
while more exports revenues for OEDC'’s

(¢) At the micro level - Power utilities and Electricity consumers, both
benefit because on the one hand, the operational and investment
costs, for power delivery may be considerably reduced, while on the
other, the consumer by increasing his electricity consumption
efficiency reccives the same service at a lower cost.

Programs aimed at reducing losses for specific components of a power systenm,
may have different impacts on the various beneficiaries mentioned above.

4.1 ed on _a e Fin se e

Although the loss reduction programs at the final user level may
appear to be beyond the scope of power utilities, it is important to highlight
the potential benefits derived from such actions.

BE
[

Final User

FC ———> (FU) > UE
>
NTL I
4 FUL
Figure 6

Figure 6 graphically represents the final consumer system, with its corresponding
input and output energy flows. A reduction in the final use losses (FUL) is
directly proportional to a reduction in the final demand of electricity (FC)
entering this sub-system. The resulting effect of this phenomenon are:

(a) The consumer consumes less energy and subsequently lowers his energy
bills

(b) The utility, receives less revenues, but at the same time, reduces
its operating costs and has the potential to delay investments.

A reduction of technical losses at the power delivery system
(generation, transmission, and distribution), shall produce economic and
financial savings to the various beneficiaries as follows:



- 38 -

Power Production
I ~—eeoe—>q and Delivery > FC
System (G. T&D) )

4 GL + T&DL = ESL
Figure 7

A loss reduction in the electricity production and supply system is guaranteed
to:

‘a. Reduce operating expenses in the system.

b. Delay investments in expanding generation, transmission and
distribution facilities.

c. Improve quality of service.

d. Permit more load to be served with existing capacity.

4.3 Non-Technical loss Reduction

So far the present analysis has been dealing with the benefits
derived from reducing technical losses. However, a more careful examination of
Figure &4 reveals that there exists other potential areas to further improve
efficiency by reducing non-technical losses, which would:

(a) Improve the financial performance of utilities by means of increasing
revenues, derived from previously non-billed consumers.

(b) Normalize the electricity consumption pattern, as result of billing
previously fraudulent consumers.

5. POTENTIAL ECONOMIC BENEFITS AS A CONSEQUENCE OF AN
AGGRESSIVE LOSS REDUCTION PROGRAM IN THE CARIBBEAN

On the basis of information extracted from the OLADE’s energy
balances for the Caribbean member countries, estimates of the potential benefits
derived from an active technical loss reduction program, at the generation level,
have been calculated. The purpose of that calculation 1s to highlight the often
neglected potential to improve efficiency at this level and to have an order of
magnitude of resulting benefits. To do so, data corresponding to the spectrum
of primary energy input into the power plant, auto-consumption and gross
generation for the period 1977 to 1986, has been utilized. Table 1 presents a
summary of the basic data.



-39 .

Table 1 : PRINCIPAL ENERGY FLOWS IN THE ELECTRICITY SUBSECTOR
IN THE CARIBBEAN (BOE x 10+3)
Year PRIMARY ENERGY LOSS AND GROSS
INPUT : AUTO-CONS. . GENERATION

1977 19731 14660 5071
1978 19883 14609 5274
1979 21341 ‘ 15738 5603
1980 21020 15220 5800
1981 21267 14916 6351
1982 21214 14781 6433
1983 23285 16523 6762
1984 23789 16842 6947
1985 23324 16075 7249
1986 25836 18267 7569

Source: OLADE Energy Balances for Latin American and the Caribbean 1970-1986.

A diagramatic scheme of energy flows presented in Table 1 may be represented as
follows in Figure 8 below:

l Imports
Schematic Representation of the | Gross 4
>——— Electricity Generation System > ! >
Energy in the Caribbean Gen. l Net Gen.
Input
{
Exports

Auto-Consumption
4 and Losses

Figure 8

Using the above data, loss figures for the generating system have been calculated
(including auto-consumption). No particular trends have been observed and with
an erratic behavior they range from 69%¢ in 1985 to 74% in 1977, with an average
of 71% for the period in question.

Net generation has bzen adjusted mathematically, using the least
square linear regression method of their natural logarithm. A 6.6% annual growth
rate has been obtained with a correlation coefficient of 0.98. A net generation
projection has been performed on this basis and two different estimates of
primary input energy have been calculated. The first assumes that losses during
the next decade will remain in the average value of 71% observed during the
period 1977-1986. The second estimate assumes a constant loss value of 66%
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implying on average a 5% loss reduction program in the generation systems of
the Caribbean. Results are presented in Table 2.

Iable 2: PROJECTIONS OF NET GENERATION AND.INPUT ENERGY FLOWS
FOR DIFFERENT LOSS VALUES IN THE CARIBBEAN -

Net Gen. Input Energy Input Energy
Year (GWh) . Logs = 71% Loss =~ 66%
BOE x 10~3 BOE x 10+3
1989 14116 30702 26118
1990 14762 32106 27313
1991 15437 33575 28562
1992 16143 35111 29868
1993 16881 36716 31234
1994 17654 38396 32663
1995 18461 40152 34157
1996 19306 41989 35719
1997 20189 43909 37353
1998 21120 45918 39062

The above results are the basis to evaluate the potential benefits
of an eventual loss reduction program. Energy savings have been quantified and
evaluated considering US$20 per barrel of fuel. Assuming an average 0.53 load
factor, potential power expansion delays have also been estimated, somewhat in
the order of 715 MW during the next decade, with their corresponding economic
savings evaluated at US$500/kW. Loss reduction costs at the generation level,
have been estimated at US$200/kWh delayed. Results are summarized in Table 3.

Iable 3: EVALUATION OF POTENTIAL SAVINGS

Year Enexrgy Savings Power Net Savings
MM of US$ MM of US$
1989 92 287
1990 96 300
1991 100 314
1992 105 328
1993 110 343
1994 115 359
1995 120 376
1996 125 392
1997 131 410
1998 137 433

Total 1,131 3,544
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CONCLUSION. AND RECOMMENDATIONS

(a)

(b)

(c)

(d)

From what has been discussed, the following conclusions may be dravm:

That against the background of the recent critical socio-econcaic
developments in the region there is an urgent need to formulate subh-
sectoral electricity policies not only at the sectoral energy leve..
but also within the macroeconomy.

That given the problems that have affected the electricity subsector,
there is an urgent need to improve its efficiency in economic,
financial, technical and administrative terms. In this regard, loss
reduction policies can play a major role by means of reducing power
and energy requirements, resulting from improved efficiency at the
power system production and delivery stage, as well as at the final
consumer level.

The loss reduction programs would appear to be the most beneficial
policy option within the short term provided that implementation
costs do not exceed the alternative expansion plans. In other words
the cost of saving a kW/kWh should be less than the cost to the
economy of providing an additional kW/kWh.

That the estimated potential benefits of a loss reduction program
for the generating systems of the OLADE’s Caribbean member countries
merit further consideration. Although it has been reported that,
up to three-fourth of losses do occur at the distribution level, it
may be worthwhile from a national economic perspective, to further
analyse the loss-saving potential at both the generation and final
user levels.
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SOURCES OF LOSSES

By
Mr. Winston Hay, Industry and Enegy Department, World Bank

Introduction

As electric power is transmitted from the generating station and
distributed to the ultimate consumer, the loss of a certain amount of the energy
sent out from point of generation cannot be avoided. Previous papers have shown
that these lcsses result in economic costs to the country and finencial costs
to the utility. 1In this paper, we will take an overview of the sources and
nature of losses and discuss briefly some of the approaches by which they may
be reduced.

Figure 1 is a very basic diagrammatic representation of an electric power
system. The power 1is generated in the station (section A) after which the
voltage is increased in the step-up transformer (B) to the level at which the
transmission lines operate. At the end of, or at points along the transmission
line (C) transformers in the substation (D) reduce the voltage to a level
appropriate for the primary distribution feeders (E). Distribution transformers
(F) along the feeders further reduce the voltage to energize the secondary
distribution lines (G) from which the service drops provide the supply to the
consumers’ meters (H). This diagram incorporates the major components of all
systems. Small systems may not have transmission lines, the primary feeders
being fed directly from the generating station. Most systems will also have a
number of large consumers who obtain their supply directly from the primary
feeders or even, perhaps, from the transmission line itself.

Traditionally, such systems have been designed with the major objectives
being to:

(a) supply the maximum consumer demand with a constant and acceptable
voltage level at all points of supply, even at the end of the
distribution feeder;

(b) ensure a reliable supply to the consumer;
(c) minimize investment and operating costs;

(d) ensure the safety of person and property of consumers and utility
employees alike; and

(e) easily accommodate expansion of the system as demand increases.

Losses were seldom a consideration in the planning and implementation of
such systems. With time, however, it began to be realized that the least
investment cost would seldom represent the least total cost, and that losses
represent real costs to the utility and to the country. This realization began
to gain wide attentfon with the increase in the price of energy in the 1970s.
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All of the components which form the building blocks of our model system
will result in some degree of energy loss. In this pape~ we will not deal with
losses in the generating stations, although these are usually significant and

must be included_in _any thorough evaluation of system losses.

t Epne

We will define system energy losses over any given period of time as the
difference between the energy sent out from the power stations and the energy
invoice otherwise accounted for during that

System Energy = Energy Generated at - Energy Delivered
Losses Power Stations to consumers

Losses are sometimes spoken of as being only the difference between the
energy sent out and that for which the utility invoices its consumers. However,
not all consumption is invoiced. Very few utilities invoice themselves for their
own energy consumption. It is, however, important from the standpoint of good
energy accounting that all consumption be metered. In order to know the true
extent of losses, the authorized consumption, invoiced or otherwise, must also
be known. In discussing power system losses, it is customary to speak of two
different classifications--namely ”"technical” and "non-technic-1.”

Technjcal losses

The technical losses are those which inevitably result from the flow of
electricity through the components of the system--through transformers, the
transmission system, primary and secondary distribution lines, the service drops
and even the consumers’ meters. In this process, a certain amount of the
electricity will be converted into heat. Technical losses can be further
subdivided into “load losses” which result from the resistance of the circuits
in which the current flows, and "no-load” losses which occur primarily in
inductive equipment such as meters, motors, and transformers, and which are
independent of consumer demand. They continue even when there is no such demand.
From the standpoint of electric power systems no-load losses normally need to
be considered only for transformers, since metering losses are very low and there
are not many motors as components of the utility’s power system outside of the
customer load. The no-load losses of a transformer comprise the eddy current,
hysterisis and dielectric losses, as well as the resistance losses resulting from
the exciting current in the primary winding.

The technical losses on electric power systems are predominantly resistance
or the so-called "I?R" losses. These losses may, therefore, be lowered by
reducing the current, the circuit resistance or both. However, since the losses
vary with the square of the current but directly with the resistance, loss
reduction measures which reduce the current are proportionately more effective
than those which reduce the resistance. For any given system demand the current
may be reduced by increasing the operating voltage or by improving the power
factor. The circuit resistance may be reduced primarily by increasing the size
of conductors, changing the conductor material and/or replacing existing
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transformers with others of lower load losses. The ways in which these loss
reduction measures may be accomplished are dealt with in greater detall in
subsequent presentations. Discussions of ways and means by which losses may be
reduced must necessarily consider details of the sources of losses, and it may
be useful to take a somewhat superficial look at these sources at this point.

Step-Up Transformer

Returning to Figure 1, and tracing the flow of current from the generating
station to the consumer, the first major system component will be the step-up
transformer. The losses in this transformer will consist of the no-load portion
which is constant as long as the transformer remains energized, and the load
portion which will vary with the square of the current, and therefore with the
square of the load if a constant power factor is assumed. Once the transformer
has been purchased and installed, there is little that can be done to reduce its
losses, short of replacing the transformer entirely. This lack of
flexibility in controlling transformer losses makes it important to properly
evaluate the losses before the transformer is purchased. The no-load losses are
sometimes overlooked in these evaluations, but recognition of the fact that they
continue effectively for 8,760 hours/year will indicate that they could possibly
exceed the load losses. In any case, they will be significant.

Transmission System

The current next flows through the transmission system. Transmission
losses will vary with the square of the current and directly as the resistance
of the line. The magnitude of the current will be determined by the total load
(consumer demand plus losses), the operating voltage, and the power factor.
Line resistance will be a function of conductor material, conductor cross
section, and the length of the line.

Losses can therefore be reduced by increasing the operating voltage,
improving the power factor, changing the conductor to one made of material of
lower resistivity, increasing the conductor size, and/or reducing the length of
the line. Of these altermatives, increasing the operating voltage and increasing
the size of the conductors are the approaches most often used on transmission
lines. Running an additional parallel line is effectively the same as increasing
the size of the conductor. It is also possible to reduce the resistance by
changing the material used for the conductor, but there are other factors which
influence the choice of conductor material and these are often more important
than variations in resistivity. It is interesting to note in this respect,
however, that all-steel conductors were once fairly widely used but are now
seldom, if ever, encountered on new power lines. This 1s because of the
relatively high resistance of steel in comparison to its weight.

The options for shortening the length of a transmission line are generally
restricted but ought not to be overlooked.

Power factor is best corrected at the source of the demand for reactive
power. Any power factor correction on a transmission line should therefore be
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to supply the reactive power demands of the line itgself. Transmission lines have
both capacitive and inductive effects but these tend to be small except on long,
high-voltage lines. They also tend to offset each other, the dominant effect
depending on the length of the line, the voltage, and the load. Power factor
correction on transmission lines is therefore normally undertaken only on long,
high-voltage lines. It needs to be carefully implemented to maintain slightly
lagging power factor at the source since leading power factor will result in
negative generator voltage regulation.

The transmission voltage is reduced to that of the primary distribution
system in the substation transformer. Loss considerations for this transformer
are the same as for the generator step-up transformer.

Brimary Distxibution System

Similarly, the sources of losses, and consequently the possibilities of
loss reduction, on the primary distribution system are essentially identical to
those of the transmission system. The emphasis may, however, be different. Line
reactance is of even lower significance for losses. Opportunities for shortening
the lengths of primary distribution lines are generally encountered more often
than is the case for transmission lines. This is because of the possibilities
of switching loads from one line to another in close proximity, and extending
additional feeders from the same or another substation. Power factor correction
is also most often installed on the primary lines. Although the reactive demand
may be predominantly on the secondary systems, it is generally more economic to
install the capacitors on the primary system. The capacitance of a given
capacitor varies with the square of the applied voltage. A capacitor of a fixed
size is therefore more effective on the higher voltage of the primary system than
on the secondary systen.

Primary lines are sometimes run as two phase or single phase extensions.
Increasing the number of phases in such instances will lower the losses by
reducing the current per phase.

Distxibucion Transformers

The distribution transformer links the primary and secondary distribution
systems. Again, the no-load and load loss considerations apply. Often the ratio
of average load to peak load is lower for distribution transformers than it is
for substation or generator transformers, so that the no-load losses assume even
greater significance for overall losses. It is dangerous to generalize, however,
and the economics of transformer loss reduction should be applied individually,
or in groups which are known to comprise units of very similar load
characteristics.
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Secondary Distribution

Loss reduction on secondary distribution lines is subject to the same
considerations as primary lines. The possibilities of reducing losses by
shortening the lines are even greater, as it now often becomes simply a question
of installing distribution transformers at more frequent intervals. The other
options of increasing conductor size or the number of feeders remain applicable.
1f power factor correction is undertaken on secondary lines it will be
especially effective at the points of supply to large cons.umers with high
reactive demands. Lines of less than three phases are more often encountered,
so that there will probably be greater scope for reducing losses by increasing
the number of phases. On the other hand, the supply voltage is normally
standardized, effectively ruling out voltage increase as an approach to loss
reduction.

The final link in the supply chain is the service drop from the secondary
line to the consumer‘’s meter. From the standpoint of losses, the important
consideration in this instance is to ensure that the line is adequately sized.
However, it is false economy to attempt to save investment costs by carefully
sizing the service line to each consumer’'s existing demand. That demand will
almost always increase with time, but checks on adequate service line sizing to
existing consumers are very seldom made before problems develop.

Inductive Reactance

The energy losses in a transmission or distribution line are determined
by the resistance of the conductors. However, the reactance of these lines is
also important because of its effect on voltage drop. The reactance of a line
often results in a greater voltage drop than that produced by its resistance.
Although the reactive voltage drop does not result in energy loss it can have
a critical effect on the quality of supply to power consumers and z2lso on the
quantity of energy sold. The latter will, of course, have an effect on the
financial returns on the utility’s investments.

The reactance of lines can be easily calculated. In general reactance
varies inversely with the radius of the conductor and directly with the conductor
spacing. In both instances the variation i1s a logarithmic function.

- OTHER SOURCES OF LOSSES

Two additional sources of technical losses are frequently mentioned. They

are high-resistance joints and vegetation in contact with the lines. 1In all
probability, these do not contribute significantly to overall losses. Both are
far more likely to affect reliability of supply than losses. High resistance
joints are especially a problem with aluminum conductors because the oxide on
the surface of the metal is not a good conductor of electricity. The energy lost
in the joints is transformed into heat, and the joint consequently gets hot.
If a lot of energy is being dissipated, the metal will melt and the joint will
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become open-circuited. Unless burning of conductor joints is a frequent
occurrence, the losses at these joints are probably negligible.

Similarly, vegetation in contact with uninsulated power lines will burn
awvay 1if they conduct significant amounts of “energy. = This 1is especially
noticeable on lines which onerate at or above 12,000 volts. Nevertheless, good
housekeeping demands that conductor joints provide good contact and that power
lines be kept free of vegetation.

In concluding these discussions of technical losses there is a point not
yet focussed on but which ought not to be overlooked. It is that losses increase
the power demand on the system and that this increase in demand is itself the
cause of further losses. The losses at one end of a secondary distribution line
will be the cause of an increase in the power generated and in the total current
flow through, and therefore in the losses in the various transformers, the
transmission and primary distribution lines, the secondary distribution system
upstream of the end point. Technical losses, therefore, are themselves the
cause of further losses.

Non-Technical Losses

Non-technical losses represent energy consumed for which the utility does
not receive revenues. The primary sources of non-technical losses are:

(a) Unmetered supplies. These may be due to direct connections made by
consumers who wish to enjoy the benefits of electricity without
having to pay the cost. It can also result from direct connections
made by the utility because of meter shortages, and which were never
regularized. Customers can be removed from the accounts records
while their premises are still connected to electricity.

In some countries supplies to government offices, public light, and
certain other public facilities are not metered or even reliably
estimated.

(b) Defective metering. This may be the result of the meter having been
tampered with in an attempt at fraud, or the meter may be incorrectly
connected, have been installed with defects or have developed defects
after installation.

(c) Meter reading errors. The meters are either incorrectly read or not
read at all.

(d) Billing deficiencies. Errors may be made in the calculation of the
bills, bills may not be prepared for certain consumers because meter
readings were not received or for a variety of other reasons, bills
may be prepared but not delivered, etc.

Non technical losses have a direct impact on the finances of the utility
affected. With the increase in energy prices in the 1970s, a large number of
utilities experienced an increase in losses as more and more consumers attempted
to avoid having to pay the increased costs of electricity supply. Many
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utilities, particularly in developing countries, have not been able to implement
the controls which would reduce the theft of power to a minimum,

If total system losses exceed about 158 of net generation, it is almost
certain that non-technical losses constitute a significant contributor to the
total. This is not to imply that these losses are insignificant if the total
percentage is lower than 15. It is best to make a thorough calculation of the
technical losses and so develop a realistic estimate of the extent of the non-

technical.
Iaxrget loss Levels

Reduction of losses, especially technical losses, will require investment
of capital. For any given system, there is therefore an economic level of losses
at which the benefits to be obtained from additional investments would not be
recovered in the benefits of further reduction in losses. This optimum loss
level is, however, dependent on a number of factors which, in combination, are
peculiar to each utility. No specific target level for technical losses can
be given as being applicable to all utilities. In general, however, it can be
confidently said that if the technical losses exceed 10% of net generation, there
is room for economic reduction of losses.

The case of non-technical losses is simpler. There the target level ought
to be zero. Unlike technical losses, non-technical losses are not inevitable,
and very often dramatic improvements can be achieved in this area without
significant investment of capital. Reduction of non-technical 1losses is
primarily a matter of good management. There are nany utilities, including
several in developing countries, which have levels of non-technical losses which
are effectively zero.

Conclusions

Per capita electricity usage is one of the measures of economic development
and quality of life. Losses, however, are a useless waste of resources. If
losses were totally eliminated, the consumer would still be able to have his
electricity demand satisfied but the resources required to satisfy that demand
would have been appreciably reduced. Technical losses cannot be completely
eliminated but they can be controlled. Non-technical losses can be effectively
reduced to zero. The extent to which a utility can economically reduce losses
is therefore one of the standards which may be used to gauge the efficiency of
itas operations. In particular, of its management.
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IMPORTANT PARAMETERS IN LOSS CALCULATIONS

By
Mr. Winston Hay, Industry and Energy Department, World Bank

Intreduction

Any program to reduce technical losses will involve the investment of
money. Typically the incremental effect of each dollar invested decreases as
the losses decline. For each system or subsystem, there is therefore an optimum
level of losses at which the costs of further reduction in the level of losses
will exceed the benefits which result. There is, however, no specific loss level
which is optimum for all systems. That optimum is influenced by a number of
characteristics which vary widely from system to system. Some of these
characteristics, such as the iacremental costs of demand and energy losses, have
been dealt with in a previous paper. Energy losses may cost less, fov instance,
on a system supplied from indigenous hydro plants than on one in which the power
is generated by steam plants fired with imported oil. The economics of loss
reduction will also be influenced by factors such as the size of the systenm,
consumer density, average consumption, etc, Especially important is the pattern
of load demand with time, as characterized by a number of system parameters.
We will cencentrate on some of these in this paper.

Table 1 below shows the hourly demands on a hypothetical feeder for a given
day. The demand profile is graphically presented in Figure 1.

Iable 3
Bour Load Hour Load
(kW) (kW)
1 320 13 400
2 310 14 400
3 300 13 420
[ ) 300 16 420
5 330 17 380
[ 350 18 550
7 3so 19 660
8 380 . 20 620
[ ] 380 . 21 520
10 400 22 400
11 400 23 360
12 400 24 330

The shape of the curve in Figure 1 is characteristic of feeders with a
preponderance of residential consumers. The demand is at its minimum in the
early morning hours, increases slightly during the business hours and experiences
a sharp incresse with the onset of darkness. The absolute peak occurs between
7:00 p.m. and 8:00 p.m., and the demand then declines relatively gradually to

the early morning.
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The nature of the consumer demand determines the shape of the time/demand
curve., Figure 2 represents the weekday demand profile of another feeder on the
same hypothetical system. This feeder is one on which the demand of commercial
consuners is primarily responsible for the shape of the profile. The demand is
also at its minimum during the early morning hours, but the steep increase occurs
at the beginning of business hours. The load remains relatively constant until
the businesses begin to close. There is a slight increase in demand as darkness
falls and lights are turned on, but the nighttime load is always well below the
average during the business hours. The peak demands continue for longer periods
than was the case with the former period so that the average demand will be

higher.
Peak Demand

The data points used to plot Figures 1 and 2 are such as would be taken
from a logsheet. Each value will be the instantaneous reading at the moment the
operator recorded them. These are hourly readings, and the peak, or maximum
demand experienced during the day being reviewed, is shown as occurring at some
specific hour, 8:00 p.m. in the case of Figure 1] and 1:00 p.m. for Figure 2.
In practice, the demand could have varied quite appreciably at periods in between
readings and the actual feeder peaks could have been experienced at some time
other than that at which the readings were made. The true peak demands may have
been experienced for 15 minutes, 5 minutes or even less. Similarly, it is quite
possible that during the period of lowest demand the true minimum load may have
been lower than that shown on the graphs. The two effects may tend to cancel
each oth-r, but the peak demand of a feeder or of an entire system is more
important because it determines the capacity which will be required of the feeder
or system. It must therefore always be kept in mind that the true instantaneous
peak demand may be higher than that recorded at hourly intervals. The actual
figure may be more frequently at times at or close to that or peak demand, or
by installing continuous recording devices.

ad cto

Load factor is the ratio of average load to maximum demand. Load factors
are usually expressed as percentages and may be calculated for any given period
of time but are normally for a day, a week, a month or a2 yzar. For loss
reduction purposes the annual load factor is the most useful as a year represents
a full cycle of seasons and is also the interval most often used in planning
studies.

The average load may be defined as the continuous and unchanging load which
would draw the same amount of energy over the given period of time as the actual
load. It is calculated by dividing the actual energy transferred during the
given period of time by the period of time. Care must be taken that the units
employed are consistent. For instance if the energy is stated in kilowatt hours,
then the unit of time should be hours and the average load will be obtained in

kilowatts.
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If we return to the load readings of Table 1 and assume that each of the
hourly demands shown in Table 1 did in fact continue for a full hour, then the
energy transferred by the feeder on that day would have been the sum of the
individual hourly loads, or 9,680 kWh. The average load would be 403 kW. The
peak demand of the day was 660 kW-at 7:00 p.m. The load factor, or ratio of
average of average load to peak demand for this feeder on the day shown would
be:

403/660 x 100 = 61% or
9,680/24/660 x 100 = 61%.

It is to be noted that the only data required for the calculation of the
load factor for any system or piece of zquipr~nut are:

(a) the period of time over which che load factor is calculated;
(b) the maximum demand during that period; and
(c) the energy transferred during that period.

It is therefore not necessary to record hourly or any other regular
demands. A kilowatt hour integrator and a maximum demand meter will together
provide the energy data required.

In the example above the period of time over which the load factor was
calculated is one day. As was mentioned previously, any time period may be used
as the basis of load factor calculations, and care must be taken to ensure that
units are consistently employed.

Losses

The load on any system will be determined primarily by the consumer demand.
The current flow to meet this demand will result in losses. Load losses are
proportional to tae square of the current flowing in the system and can therefore
be taken as being directly related to the squares of the demand in kilowatts,
assuming constant voltage and power factor. On this basis, if feeder or system
load losses are known for any given demand, they can be calculated for other
demand levels. System losses are normally calculated initially for the annual
peak demand.

For the feeder whose demands are shown in Table 1, the losses at peak
demand (660 kW) were calculated to be 48 k. The consumer demand at peak is then
610 kW. Tsble 2 below shows the losses and consumer demands for each of the
hourly readings recorded in Table 1.
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Zable 2: FEEDER DEMANDS, LOSSES, AND CONSUMER DEMANDS

Peeder Consumear Feederx . Consumer
Hour Load Loss Demand Hour Load Loss Demand .

(kW) (kW) kW) kW) (kW) (kW)

1 220 11 309 13 400 18 382
2 310 11 299 14 400 18 382
3 300 10 290 15 420 19 401
4 300 10 290 16 420 19 401
L) 330 12 18 17 380 16 364
6 ase 13 337 i8 550 33 517
7 3as0 13 337 19 660 48 612
8 380 16 364 20 620 42 578
9 380 16 264 21 520 30 490
10 400 18 82 22 400 18 382
11 400 18 382 23 350 14 346
12 400 18 g2 24 330 12 318

Figure 1 graphically represents not only the total feeder demand, but also
the consumer demand over the 24 hour cycle, the difference between the two
demands being losses. The increasing effect of losses on total demand as the
consumer demand also increases will be evident from the curves in Figure 1.

at Cu

A duration curve relates the variation of a given parameter to time over
a specified period. For any given value of the parameter, it is either equalled
or exceeded. Duration curves for demands and losses are useful to illustrate
the chronological patterns of these variables. Table 3 assembles the data
required to plot the duration curves for total demand and losses for the
hypothetical feeder of Table 1. As losses are proportional to the square of the
demand, the latter may be used to establish ratios for losses. In this way,
knowing what the demand profiles are, we can develop a duration curve for losses
without knowing what the actual loss values are.



Jable 3: DEMAND AND LOSS DURATION

. Damand 5q. of
Demand a/ Frequency b/ Eg/Bx g/ bur &/ Eq/Ex ¢/ Pk. Dm £/ Squared g/ Pk. Da b/

(kW) ’ %3 x) (kw2 (%) %)
660 1 1 & [y 100 435,550 100
610 1 2 4 8 94 384,400 88
550 1 3 & 13 83 302,500 69
320 1 & ] 17 79 270,400 62
420 2 S5 [ ] 25 (1] 176,400 40
400 6 12 25 50 61 160,000 37
380 3 15 12 63 S8 144,400 33
360 1 16 [ 67 58 129,600 a0
350 2 18 8 83 50 108,900 25
330 2 20 8 83 50 108,900 25
320 1 21 & 88 48 102,400 24
310 1 22 & 92 &7 96,100 22
300 2 24 8 100 &S 90,000 21

al Column 1 lists the various hourly demand readings recorded, arranged in deascending orxder of
magnitude.

b/ Column 2 indicates the number of times that the specific kilovatt demand was recorded during the
24 hour period.

r-Y Column 3 shows the number of times that the specific demand was equalled or exceeded.

a/ Colummn 4 indicates the poriod over which the demand wes experienced, expressed as a percentage of
the total period (24 hours).

el Column 5 indicates the period during which the demand was equalled or exceeded, again shown as a
percentage of the total period. The values in this column represent summations of the percentage
durations calculated in Columm 4 for the specific and higher demand levels.

Fij Column 6 shows the recorded demand as a percentsge of pesk demand.

&/ Column 7 lists the squares of the inatantanscus demands., The losses will be proportional to these
valuas.

W/ Column 8 shows the ratio of the square of the instantaneous demand, expressed as a percentage.
This percentage vill also be the ratic of the losses at that demand level to those at peak demand.

Table 3 is based on the assumption that each demand reading recorded was
maintained for a full hour. All values have been rounded off to the nearest

whole number.

The data in Table 3 has been used to plot the Demand and Load Loss Duration
curves shown in Figure 3.

Duration curves can be plotted in units other than the percentages used
in Figure 3. For instance, the abscissa (x-axis coordinates) could have been
in hours, and the ordinates (y-axis coordinates) in kilowatts. The area under
each curve would then be kilowatt hours. Percentages were used in this instance
because the average demand or loss can then be easily determined as a percentage
of the peak value of the corresponding parameters.
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The 50% point on the time axis of the load duration curve will indicate
the average load and therefore the load factor. On Figure 3, this value will
correspond to the 61% previously calculated.

Loss Factor

In evaluating system losses, it is important to know not only the extent
of power losses .1lowatts) which occur at times of peak system or feeder demand,
but also the energy losses (kilowatt hours) which occur over a given period of
time, usually a year. Modern microcomputer technology makes the calculation of
peak demand losses relatively easy. Calculation of energy losses is more
complicated however, since it is not feasible to make loss calculations for each
of the hourly loads experienced during the period being evaluated. The energy
losses are therefore usually calculated by application of what is known as the
"loss factor.” The loss factor is defined as the ratio of the average loss to
the peak loss. The ratio is often expressed as a percentage. In other words,
the loss factor is the percentage of the time which the peak load would require
to produce the same energy losses as are produced by the actual load cycle during
the same length of time. It may be calculated as follows:

Loss factor = kWh of loss During a Specjified Time Period x 100
(Hours in Time Period) (Peak kW Loss)

As losses vary with the square of the demand, the latter parameter may be used
to represent the losses, effectively being equal to the loss multiplied by a
constant. Then:

Loss factor = Summatjon of (Hourly Demand)2 x 100

(Hours in Time Period) (Peak Demand)2
In the example of Table 3:

Loss factor = 4,109,800 x 100 = 39%
435,600 x 24

Note that in the summation of the squares of demand the frequency of
occurrence (Column 3) must be considered.

Loss factors can therefore be calculated without knowing what the actual
losses are, provided the variation of demand with time is known.

If the loss factor and the losses at times of peak demand are known for
a specific period of time, then the energy losses in that period may be
calculated by multiplying the peak losses by the number of hours in the period
and by the loss factor. The loss factor must, however, be appropriate to the
period being considered. Calculations of loss factors for a given day and for
a year are likely to yield very different results.

- The loss factor applies of course only to load losses, that is those losses
vhich vary with the square of the load. No-load losses are independent of the
load and are therefore not affected by the loss factor. For this reason, the
terms "load loss factor” and "copper loss factor” are sometimes utilized.
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Load losses being proportional to the square of the demand, it follows that
the average losses will bear some relationship to the average load and hence to
the load factor. Note however that the loss factor is seldom equivalent to the
square of the load factor. This is so because the average of the squares of a
group of numbers is not necessarily the same as the square of the average of
those numbers. The loss factor is never greater numerically than the load
factor, and never less than the square of the load factor.

The 50% point on the time axis of a loss duration curve will give the
average of the squares of the hourly loads, or the square of the load factor.
In the instance of Figure 3, this will correspond to 37%. This is not the loss
factor in this example. The loss factor is the ratio of the area under the loss
duration curve to the area enclosed within the rectangle formed by the two 100%
boundaries. The loss factor for the load profile of Table 3 (or Figure 3) is

39s.

Unlike the load factor, the loss factor is not determined by peak demand
and energy transferred alone. The variation of load with time is also important.
Accurate calculation of the annual loss factor for any system or feeder would
require the summation of the squares of the demands for each hour of the year.
This would be a very tedious process and is seldom, if ever, done. More
commonly, a typical sample period is taken and allowances made for seasonal
variations, weekends, holidays, etc. Even then, the information required for
certain feeders may not be available and estimates of the loss factor have to
be made. In contrast, the data required to calculate the load factor is often
readily available. An empirical relationship between load and loss factors has
been established which generally yields results within tolerable limits of
accuracy. This relationship states that:

Loss factor = ¢ (load factor)? + (1-C) (load factor)

vwhere "C” has a value between 0.15 and 0.3 depending on the load characteristics
of the feeder or other system component being considered. In the absence of any
data on which to base the choice of "C,” a value of 0.2 may be used.

uivaie (o)

The loss factor represents the percentage of total hours which the maximum
loss would have to last to equal the actual loss. Thus, if the loss factor over
a year’'s time equals 0.20 or 20%, the equivalent peak-load loss lasts for 20%
of the 8,760 hours in a year, or 1,752 hours. This value is called the annual
loss equivalent hours. It is obviously possible to calculate daily, weekly or
monthly loss equivalent hours, but the annual basis is normally the one of
greatest practical significance. For the example in Table 3, the loss equivalent
hours for the day would be 0.39 x 24, or 9.4 hours.

t

Peak Regponsibility Factor

On each component or subsystem of a total system, the peak losses occur
at the time of maximum demand of that component or subsystem, but this may not
be at the same time a3 the overall system peak. For instance, the time of
maximum demand on a specific feeder may not be coincident with the overall system
peak., In that case, the contribution of the feeder to the system peak will be
only a fraction of the peak on the feeder itself. The contribution of any
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component to overall system peak is determined by the "peak responsibility
factor” which is defined as: )

Load_on_Component at Time of System Peak (kW)
Component Peak Load (kW)

This factor is a measure of the probability of any given component
experiencing its peak load at the same time as the system peak. A step-up
transformer for a peaking generator will normally have a peak responsibility
factor of 1. Conversely, the transformer serving an exclusively daytime load
on a system with predominantly residential demand will achieve its peak loading
coincident with the system peak, and its peak responsibility factor will be less

than 1.

Figure 4 is a plot of the demands of individual feeders and of total system
demand for a hypothetical system consisting of four feeders. The system peak
occurs at 7:00 p.m., which is also the time at which Feeders 1 and 3 experience
their peak demands. These two feaders therefore have peak responsibility factors
of 1. Feeder 4 however reaches its peak of 930 kW at 2:00 p.m. At the time of
system peak its demand is 670 kW. The peak responsibility factor of this feeder
is therefore:

670/930 = 0.72

The peak responsibility factor assumes importance in determining how loss
reduction measures carried out on a sub-system will affect the peak demand of
the system as a whole. As an example, improvements carried out on a feeder which
reduce the peak losses on that feeder by "x" kW, will reduce the overall system
peak by less than “x" kW if the peaks are not coincident. This consideration
will affect the economics of system upgrading to reduce demand losses as well
as of evaluation of such losses for equipment purchase. Energy losses on a per
unit basis are of the same importance as peak losses, except in those instances
where off-peak fuel costs are lower. This could be the case, for instance,
in a utility which uses gas turbines to meet the peak system demand but relies
on more efficient diesel units to supply the off-peak or base demand.

The peak responsibility factor is a ratio of loads. The contribution of
component losses to overall system peak losses will therefore be a function of
the square of the peak responsibility factor.

s Re b act

The peak loss responsibility factor of any system component is the ratio
of the losses experienced by that component at the time of system peak to the
losses at the time of the component peak load. From the previous paragraph, it
will be seen that the peak loss responsibility factor is the square of the peak
responsibility factor.

The internal losses of any individual system component will depend on its
demand profile and technical characteristics. They (the internal losses) are
therefore independent of the peak loss responsibility factor. The demand of that
component, however, will increase the load on other system components between
it and the power source. Therefore, other things being equal, a higher peak
responsibility factor will have the effect of increasing the overall system loss.
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Diversity Factor

A summation of the peak demands of individual consumers on any given
circuit will produce a total which is greater than the peak demand actually
experienced by that circuit. This is because the peak demands are not coincident.
For instance, each householder does not use his appliances at exactly the same
time as his counterparts. Appliances with cycling demands, such as refrigerators
or water heaters, will not cycle in unison, The importance of this diversity in
demands can be appreciated by considering the tremendous increase in system
capaclity-generation, transmission, and distribution--which would be required if
all connected loads were imposed simultaneously.

The diversity between maximum demands is mcasured by the “diversity
factor.” This may be defined as the ratio of the summa.ion of the maximum demands
of a set of consumers to the actual maximum demand of the whole group., If
diversity factor is abbreviated “DF,* then:

D, + D, + Dy +....4D,
DF =

D 14243+....4n)

vwhere D,, D,, Dy to D, are the maximum demands of consumers Numbers 1, 2,3 to n
respectively, without regard to time, and D is the maximum demand
of the group. (14243....4n)

Referring again to Figure 4, the sum of the maximum demands of the four
feeders is 660 + 840 + 1,250 + 930 = 3,680 kW, The system peak is 3,320 kW, so
that the diversity factor of the feeders is 3,680/3,320 = 1.11. Diversity
factors can, of course, be much larger than unity.

The diversity factor is used to determine the maximum demand resulting from
a group of individual loads, or from combining two or more of such groups. These
combinations may represent a group of consumers supplied by a single transformer,
a group of transformers supplied by the same primary feeder, a group of primary
feeders supplied from the same substation, etc., back to the ultimate point of

supply.

The diversity factor is useful in determining the effect of different
classes of consumers on the overall 1load demand profile. Numerically it is
always greater than unity.

Coincidence Factor

The "coincidence factor” is the ratio of the maximum demand of a group of
consumers to the summation of the groups’ individual maximum demands. It is
therefore the reciprocal of the diversity factor, and is numerically always less
than unity.
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Coincidence and diversity factors are usually applied to a group of
consumers with similar power demand time profiles. These factors will have
accuracy limitations if calculated for a small number of consumers. However,
as the number of consumers increases, the contribution of each load to the
group’s maximum demand decreases and therefore increases the accuracy of the
calculated factor. Figure 5 indicates the stabilization of the coincidence

factor with increasing number of consumers,

Demand and Energy losses

It is probably worthwhile here to review briefly the costs of system demand
and energy losses. There is general agreement on the evaluation of energy losses
as these are stated in kilowatt hours or other units of energy, and can in turmn
be translated into the cost of fuel required to generate these losses, or cost
of energy purchased or value of energy not available for sale.

The treatment of demand costs is sometimes not so easily agreed on. At
any given point in time, the system losses will impose a kilowatt demand on the
system over snd above that resulting from the consumers. This additional demand
must be accommndated by the distribution, transmission, and generation systems.
There are those who feel that demand losses form such a small proportion of total
system demand that they have no influence on the timing and sizing of new
generation, transmission or distribution installations. However, the generation,
transmission, and distribution systems have no means of determining the source
of the demand or distinguishing between a demand which will result in income to
the utility and one which will be dissipated as heat to the atmosphere. No
matter how small the demand losses they must be included in overall demand in
system planning. In many instances, the level of losses are by no means small
in comparison to the overall demand and form a significant comp:.ent of the
capacity planning to meet future needs. Technical losses in excess of 15% of
peak system demand are not unusual in developing countries Reduction in the
level of losses will therefore postpone the timing of new plant, and that
postponement can be converted into a value in dollars and cents. The actual
value of the reduction of losses by 1 kW will vary with the circumstances
peculiar to each utility. It will also be dependent on where on the overall
system the loss reduction occurs. Lower distribution losses will reduce
invesztment in the distribution, transmission, and generation systems. If the
transmission losses are reduced, however, only transmission and generation
investuents will be affected. It follows, therefore, that the greatest
incremental benefits are obtained by reducing losses on the distribution system.
Ttis does not mean, however, that losses elsewhere ought to be neglected.

loss Evaluatjon
Subsequent papers will describe in detail how losses on power systems are
to be calculated, particularly using microcomputers It is, however, desirable
that we review here some of the basic considerations in such evaluations.

Loss calculations require a certain minimum set of data. Important among
thcse are:

(a) peak demand, seasons, and annual;
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(b) daily demand profiles, weekdays, and holidays--season;
(c) energy sent out, at least annually, preferably monthly;

(d) physical configuration of system, distances, spurs, phases,
conductor materials, transformer locations and specifications, etc.

For economic analyses of loss reduction measures, information will also
be required concerning the incremental cost:

(1) kilowatt of investment in generation, transmission, and distribution
systems; and

(11) per kilowatt hour of energy supplied at the transmission and
distribution levels.

The cost of energy supplied at the distribution level is higher than at
the transmissien level because of the losses in the distribution system. Power
is rarely supplied directly from the generating stations to the consumers, but
in those instances where it is, the costs are lower than would have been the case
for supply from the transmission system, again because of the losses in the
transmission system.

The losses for a total system must be developed from analyses of the
individual system components. Thus, each secondary distribution system, each
primary feeder, each sub-transmission lines, and each transmission line must be
calculated independently. The total system losses will then te the sum of the
individual components, due allowance being made for the peak responsibility and
factors in determining the system total. On large systems, the calculation of
all of these system components individually may present practical problems
because of the length of time that would be involved. In such instances, a
realistic number of typical components for each category ought to be selected
and the calculated loss values taken to be representative of the sub-systems

It i3 to be noted that the data required as mentioned above (load profiles,
peak demand, energy sent out) will be required for each feeder or transmission
line being calculated, and not merely for the overall system. It is therefore
degirable that transmission lines and primary feeders be equipped with the
appropriate instrumentation 1f a serious loss evaluation is to be undertaken.
If the instrumentation does not presently exist, careful thought mu.t be given
as to hovw reliable estimates may be developed from the information currently
available and from spot checks which can be made in an acceptably short period.

In order to determine vhether a given loss reduction measure is economic
or not, the benefit of the lower losses must be compared with the coat of the
proposed measure. The benefits will be the sunm of lower demand and eneryy costs.
For simpler schemes, the calculation may be made on a straightforward payback
period basis. This wmethod is best suited to schemes which have very high
returns--payback periods of about a year. For longer payback periods, the
present value of costs and benefits ought to be determ.ned over a period of 7-
10 years. Due allowance must be made in such calculations for load growth on
the feeder or other system components during the period o. evaluation. The
benefits of any loss reduction scheme will increase as the load grows, and it
would be sghort-sighted to design efficiency improvement measures without
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evaluating their effect on future increases in peak demand and energy supplied.
Whenever the decision is made to implement a system improvement project, some
time will elapse between the decision and its implementation. The demand will
normally have increased during that period and other system changes may have
occurred. System improvements must therefore be designed for the conditions
which will prevail at, and subsequent to, the time of implementation and not
for the conditions which exist at the time of the decision.

Loss reduction schemes need frequent reevaluation to assess the effect of
changing conditions, such as energy prices, load growth, etc. A scheme which
was evaluated as being uneconomic a yeur ago may well prove attractive today.
Conversely, schemcs ought to be reassessed just before the commitment to
expenditures is made to assess the effects of changed conditions on the economics
of the project.
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ELECTRIC POWER SYSTEM TOSSES
JAMAICA PUBLIC SERVICE COMPANY LIMITED
BY

Messrs. R.A. Silvera and H. G. Higgins

Paper Presented at
Caribbean Regional Electric Power System Loss Reduction Seminar

ENERAL

Jamaica Public Service Company Limited (JPS) is a publicly owned
electric utility and is the sole supplier of electrical energy in Jamaica,
operating under licence.

A. Technical Characteristics of the System

Generation

The company has a generating capacity of 442.5 MW supplied from two
oil fired steam stations of 302 MW, one slow speed diesel station 40 MW, five
gas turbines 80 MW and five run of the river hydro electric stations 20.5 MW (see
Appendix 1), .

Subgtations

There are approximately fifty-four (54) substations which step down
from 69 kV transmission to distribution voltage levels with a total capacity of
655 MVA. Seven (7) bulk power transmission substations (138/69 kV) with a total
capacity of 427 MVA also exists.

I;ansg;iss ggn LL!!QS

There are 171 circuit miles of 138 kV lines comprising nine circuits,
interlinked with 445 circuit miles of 69 kV transmission lines. The system is
predominantly of wood pole construction, but includes 90 miles of 138 kV and 42
miles of 69 kV on steel towers (see the attached map in Appendix 2).

Distxibution System

The primary distribution system consists of approximately 7000 miles
of lines operating at 24 kV, 13.8 kV, 12 kV and 4 kV. The system is presently
being upgraded islandwide to operate at a standard voltage of 24 kV. Conductors
used are all Aluminium Alloy in sizer 394.5 KCM, 155.4 KCM and 77.5 KCM. There
are 118 primary distribution feeders existing.

Secondary voltage levels are 415 V and 220 V 3 phase and 220V/110V
single phase.
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B.  Customer Management System

JPS maintains nine (9) district regional offices for the management
of customers accounts. Applications for electricity service, establishment of
customers contracts, extension of service, the conduct of meter reading and the
collection of revenue are all functions conducted at District level.

The bulk of customers meters are read once every two (2) months.
The meters of large customers (rate 50) are read monthly. Revenue billing is
computerized and customers are billed monthly or bi-monthly depending on the
level of kWh consumption. Actual revenues billed to customers are monitored,
reviewed, adjusted where necessary and collected at the district level.

Receipting machines are used at District Offices in the revenue
collection process to create and batch the collection data for the crediting of
customers’ accounts. Remote computer terminals at District Offices permit on-
line access to recent customer accounts history on the central cemputer. These
terminals also facilitate the conduct of revenue adjustment billing functions
at the district level.

C. emand a

Since 1980 extremes in the demand for electricity have been
experienced. The system recorded a growtn rate of -4% in 1984 to 9.6% in 1986
in terms of peak demand and -1.15% in 1984 to 11l% in 1987 in terms of energy
sales.

Table 1 supplies details on electricity demand, forecast, sales and
loss data.

D. e se

In recent years JPS electric system power loss, comprising technical
and non-technical (‘unaccounted for’) losses has been in the region of 19% to
21% of net generation.

Various efforts have bsen made to quantify these losses and apportion
percentages in the known categories. The most recent of these is a World Bank
funded study on "Electric Loss Reduction” undertaken by EBASCO, & USA consulting
firm. This was submitted to JPS in July 1988.

The approach used in the study was selection of a number of primary
distribution feeders for detailed analysis and extrapolation to project losses
for the entire system.



- 71 -

The EBASCO feport allocates losses in the respective areas which
total 19% of net generated energy, as follows:

¢ of Total kWh

Energy Generated
1. Transmission system, including
substation transformers 1.14
2. Primary distribution liﬁes 7.03
3. Distribution Transformers 1.52
4. Secondaries and services 4.18
5. Unaccounted (non-technical) 15‘%%

The annual cost of power losses on the system for 1989 is expected to be
in the region of J$160 m.

E. -Tec

0Sse

The company har determined that its non-technical losses arise from
both internal and external causes.

(a) Internal Causes:

1)

(2)

3)

{4)
(5)

Defective Meters : mechanical or electrical failure

in the component parts of the meter (10%)
Incorrect meter multiplier constants - caused from
incorrect field information or clerical effort (30%)
Incorrect wiring - improperly installed wiring

connections to meters (5%)
Incorrect metering - wrong meter installed in socket (5%)

Other - revenue billing errors such as incorrect meter
readings, closed accounts with advanced readings and

meters with advanced readings not appearing on the

billing system (unbilled supplies). (15%)

(b) External Causes:

1)

Line Taps and bridged meters - unauthorized connections
made to the line side before the metering point, includ-
ing also bridged meters (10%)



.72 -

(2) Direct connections - unauthorized direct connections
to the company'’s lines to serve customers installations
where no meter is existing. (5%¢)

3) Tampered Meters - unauthorized interference with the
meter mechanisms (backing pointers and adjusting gears
etc.). . (20%)
The percentages above reflect the estimated portion of total non-technical
revenue loss, due to the causes indicated.

There i{s high incidence of electricity theft in Jamaica and is found
among all income groups and consumer types. Electricity theft is a criminal
offence in Jamaica and offenders if found guilty in a court of law, is liable
to a fine and/or imprisonment.

F, o 0 - -

The company established a Customer Service Investigation Unit (CSI)
in 1982 to address the problem of electricity theft. Technicians from the unit
accompanied by armed police conducted widescale investigations primarily in low-
income communities. Those found in possession of an illegal supply of
electricity were arrested and charged. The programme however, was not very
effective economically. Technicians also spent long hours in courts. As well,
police action in the communities targeted had only short-term effects and only
a8 limited amount of revenue was collected during the four years of the Unit's
operation. .

In consequence, in November 1986, the comvany established a “Revenue
Protzction” pilot project with an expanded terms of reference. This project was
subsequently enlarged into a permanent department with regional representatives
in districts and was charged with responsibility for protecting ihe company from
revenue losses of all kinds.

The Revenue Protection Department subsequently instituted a number
of programmes. These include the following:

(a) CT Meter Audit Programme - a programme to audit all metering
facilities which have current transformers installed.

{b) Investigation of whole current meters with consumption levels
exceeding 2,000 kWh/month.

(e) Irregularity Investigation - where investigations are conducted
randomly, also on the basis of customers reports received and at the
discretion of the Department’s management. A major meter resealing
programme has subsequently been identified as one of the devices to
contort irregularity.

As at May 31, 1989 the Department had conducted 9,740 investigations
and discovered among them 1,403 irregularities. About 817 oi these accounts
with irregularities have been adjusted in the amount of J$4,495,000.00 of which
J$3,310,000.00 has been collected. The .evenue realizable from the adjusted
accounts is estimated at J$1,740,000 annually.



The company has recognized the benefits to be derived from power loss

reduction in the technical areas and has outlined a series of projecis to achieve
the reduction of such losses on the system. These are discussed in order of

priority.
1.

Vv e Standa ation Pro e

This programme was started some years ago with the objective of
converting all primary distribution circuits to operate at 24 kV.
This project will have the greatest impact on energy losses when
completed, due to the resulting substantially lower line currents
and will also impact on the standardization of material and
inventory. This exercise as well, has the potential to significantly
increase distribution line MVA capacities thus deferring capital
investments in upgrading of distribution lines and installation of
new substations. The programme is approximately 30% completed.

Capacitor Installation

An active capacitor installation programme is currently being pursued
on the primary distribution system. The objective of this programme
is to achieve and maintain a system power factor of 0.95 against the
current system power factor of 0.88. The reduced MVA demand will
also assist in deferring investments in new generating plants.

Primary Distribution - Reconductoring

The company has standardized on conductor sizes for the distribution
system and has recognized the need to reconductor all circuits
operating with conductors below the economic loading limit. The
studies and engineering for this project is expected to be included
as part of a distribution master plan to be prepared for the company.
Significant net savings is expected to be derived from this exercise.

stributio S a

A source of lo:s on the system is in the imbalance of phase currents
on the primary distribution system. It is planned to balance phase
loads on feeders so as to reduce energy losses arising from the high
currents.

In addition, the company has pursued the following strategies or adopted as a
matter of policy -

(a)

(b)

Overlay of the old 69 kV transmission grid system with a 138 kV
network. Energy losses on the transmission system is thus reduced
resulting from the transmission of bulk power at a higher voltage
on larger conductors.

Procurement of energy efficient transformers to serve substations,
customer pad mounted and distribution pole mounted installations.
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(c) Use of larger conductors and service wires on secondaries and
optimizing the locations of pole mounted transformers.

CONCLUSJON

The combination of technical and non-technical loss reduction
programme are expected to reduce total energy losses to a targeted level of 15%
of net generation in the medium term.

The company has recognized the financial benefits to be derived and
other advantages to be gained from the pursuits of these programmes and has
herefore committed itself fully to their implementation.
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Appendix 1
EXISTING JPS GENERATING UNITS
Type Station Unit Year - Nameplate | Maximum
No. |Installed | Rating MW | Continuous
Rating (MW)
1 1968 33.0 30.0
0ld 2 1969 60.0 60.0
Harbour 3 1970 68.5 55.0
Steam- 4 1972 68.5 60.0
1 1953 12.5
Electric 2 1955 12.5
Hunts Bay A 3 1959 15.0
4 1961 15.0
S 1962 20.0 20.0
Hunts Bay B 6 1976 68.5 68.5
Total Steam Electric 373.5 293.5
Maggotty 1959 6.4 6.3
Upper White River 1945 3.2 2.6
Hydro- Lower White River 1952 4.8 4.7
Electric Roaring River 1949 4.1 4.1
Rio Bueno 1956 2.5 2.5
Total Hydro Electric 21.10 20.2
Hunts Bay 1 1969 15.3 13.5
Hunts Bay 2 1970 15.3 13.0
Gas Bogue 3 1973 21.1 20.0
Turbines Hunts Bay 4 1974 21.1 15.0
Hunts Bay 5 1974 21.1 18.5
Total Gas Turbines 93.8 80.0
Slow 1 1985 20.0 20.0
Speed Rockfort 2 1985 20.0 20.0
Diesel
Total Slow Speed Diesel 40.0 40.0
Total System 17 528.3 433.7
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7,000 Circuit Miles

Operating Voltages

24 kv
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12 kv
4 kv

Conductor Sizes -
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ERIMARY DISTRIBUTION SYSTEM

Urban/Rural
Kingston Area
Rural Mainly
Kingston Area

All Alum. Alloy

11¢ "rimary Distribution Feeders

Secondary Voltare

- 415 V WYE
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JAMAJCA FUBLIC SERVICE COMPANY
Blectricity Demand, Forecast, Losses & Sales Data

Gzoss Net Comm/Indus Comm/Indus -
Year Genera- Genera- Sales Ensrgy Net Peak X of % of kih
tion tion & Losses Lossss Demand cost kith X of kiih X of kWh X of k¥h cost Sales
(cuml) (W) Co.Use (CWH) 4 o) ‘000 Sales Cost Sales Cost les Cost Sales ‘000 ‘000
1980 1345.3 1275.0 1028.7 245.8 19.28 223.5 199.5 317537 23765  AJBAS 23 133493 2229 136679 225.49 1022.8
A 1981 1357.3 1282.0 1028.,2 238.é 20.17 228.8 208.4 314869 23876 431496 22 125718 2229 144943 234.52 1017.03
c 1982 1404.8 1358.0 1086.6 231.9 16.83 241.2 216.4 328607 24207 466885 22 138639 ° 2221 144667 247.85 1078.8
T 1983 1523.9 1463.0 1178.2 284.7 19.46 256.5 220.7 363471 24329 524504 22 145945 2208 136552 247.23 1172.47
U 1984 1617.2 1448.0 1164.6 273.8 19.05 246.0 222.9 388111 24112 515135 22 142378 2160 131548 249.19 1157.17
A 1988 1523.9 12437.0 1136.4 260.5 19.32 263.1 226.1 340344 23849 516426 22 154007 2069 136368 232.06 1147.33
L 1986/87 1617.2 1525.0 1530.6 209% 19.00 223.8 233.8 469261 24261 698839 24 212128 1910 161779 260.03 1542.01
1987/88 1756.2 1721.9 1378.3 328.5 19.68
1988/89 1812.3 1669.0 1278.8 379.0 22.81 243.9 233.9 426415 25183 653934 24 166531 2176 123957 271.296 137D.84
? 1989/90 1921.3 1825.2 1321.6 3500.0 16.44 278.08 1315.6
o 1990/91 2096.3 1934.7 1361.2 343.% 15.97 285.03 1355.2
R 1991/92 2138.2 2060.% 3402.1 318.5 15.46 292.16 1396.1
B 1992/93 2287.6 2153.2 14A4.1 327.7 15.01 299.46 1438.1
[ 1993/94 2424.9 2250.7 1487.5 337.6 15,00 308.44 1481.5
A 1994793 2570.4 2818.7 1332.1 3A7.8 15.00 317.70 1526.1
: 1995/98 2724.6 29588.0 1578.1 358.2 15.00 327.23 1572.1
13 Months

% Xypuaddy
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No,

Total Irregular Accounts Found 634
Total Accounts Checked and Found OK. 3897
Total Investigations Conducted 4531
Ixregular Accounts No,
Line Taps 107
Bridged Meters 7
Tampered Meters 135
Defective Meters 135
Incorrect Multipliers 8
Direct Connections 35
Incorrect Rate 156
No Account On System 26
Incorrect Wiring 16

No Registration On Phases

a'
Lo
1o -

Total

14

86

100

16.88

21.29
21.30

4.10

100,00
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A.  Internal Causes , 3 Of Logs Revenueg
1. Defective Meters 10
2. Incorrect Multiplier Constants 30
3. Incorrect Wiring S
4. Incorrect Meters 5
5. Other 15
B. External Causes
1. Line Taps/Bridged Meters 10
2. Direct Connections 5
3. Tampered Meters 20
Total 100

Notes:

(1) Approximately 10% of all customers comprising a strata consuming over 2000
kWh/month, use 80% of all power delivered to the sytem;

(i1) Approximately 148 of all Customer Accounts, suppiies or metering systems
are in error leading to revenue loss to the Company.
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10SS REDUCTION STRATEGIES
.NON-TECHNICAL

C.G. Meter Audit Programme.

Investigations of all customers Facilities with Consumption Levels Over
2,000 kWh/Month.

Irregularity Investigations.
Meter Re-Sealing Project.

Improvements of Internal Policy and Procedures Relating to Customer
Accounts.
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DEMAND MANAGEMENT
PAPER PRESENTED AT THE REGIONAL SEMINAR ON

ELECTRIC POWER SYSTEM LOSS REDUCTION IN THE CARIBBEAN
KINGSTON, JAMAICA, JULY 2-7, 1989

By
Mr. Alfred Gulstone

0 DEMAND MANAGEMENT MAKES SENSE BECAUSE PEAK LOADS

ARE EXPENSIVE TO SERVE.

0o

MARGINAL COST OF SUPPLYING A CUSTOMER AT PEAK
CAN BE IN EXCESS OF 60% HIGHER THAN OFF-PEAK

MAIN CONTRIBUTORS TO HIGHER COST ARE:

- USE OF RELATIVELY INEFFICIENT GENERATING

UNITS;
- HIGH GENERATION MAINTENA..CE COSTS CAUSED
BY CYCLING UNITS;

- HIGH TRANSMISSION AND DISTRIBUTION SYSTEM
LOSSES (LOSSES ARE PROPORTIONAL TO 1.
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O THE OBJECTIVE OF DEMAND MANAGEMENT IS TO FLATTEN
THE LOAD PEAKS AND FILL THE VALLEYS.

Dailly Load Curve



- 85 -

o THE MAIN BENEFITS ARE:

LESS GENERATING PLANT

GENERATING PLANT OPERATED MORE EFFICIENTLY
REDUCED MAINTENANCE EXPENSE

LESS TRANSMISSION AND DISTRIBUTION
EQUIPMENT
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O OTHER LESS OBVIOUS BENEFITS ARE:

MOFE EFFECTIVE PLANNING AND DESIGN AS A
RESULT OF HAVING DETAILED INFORMATION
ABOUT THE BEHAVIOUR OF THE SYSTEM LOAD
RIGHT DOWN TO THE END USER.

LOAD CONTROL MEASURES OFTEN RESULT IN
CONSERVATION, |.E. THE PEAKS ARE SHAVED

BUT THE ENERGY IS NEVER USED. THIS IS

OFTEN A RESULT OF THE CUSTOMER'S INCREASED
AWAREMESS OF THE VALUE (AND COST) OF
ELECTRICITY.
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e WE MUST CONSIDER LOAD MANAGEMENT OVER TWO TIME
PERIODS.

O  SHORT TERM

- NOT MUCH OPPORTUNITY TO PERMANENTLY SHAPE

LOAD.

- OBJECTIVE IS TO RELIEVE IMMEDIATE
OPERATIONAL CONSTRAINTS.

- OPTIONS USUALLY LIMITED TO LOAD SHEDDING
AND VOLUNTARY CURTAILMENT BY LARGE
CUSTOMERS.
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o LONG TERM

- DEMAND CONTROL BECOMES A PART OF THE
SYSTEM EXPANSION PLANNING PROCESS.

- IT MUST BE CONSIDERED IN THE CONTEXT OF
OVERALL LEAST-COST PLANNING.

- ONE DANGER THAT MUST BE AVOIDED IS TO
ASSUME THAT DEMAND MANAGEMENT HAS NO COST.
SOME. OF ITS COSTS ARE THOSE RELATED TO:

- METERING AND INFORMATION SYSTEMS

- CONSUMER EDUCATION

. MANAGEMENT AND ADMINISTRATION
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o DEMAND MANAGEMENT MUST BE "INST;ALLED' AS A

COMPREHENSIVE SYSTEM.

o

WE WILL CONCENTRATE ON METHODS FOR IMPLEMENTING
THE LONG-TERM STRATEGIES SINCE ONCE THE

REQUIRED SYSTEMS ARE IN PLACE THEY CAN BE USED,
WHEN NECESSARY, FOR SHORT-TERM LOAD RELIEF.

THREE FUNDAMENTAL REQUIREMENTS FOR SUCCESSFUL

IMPLEMENTATIO*" ARE:

. APPROPRIATE INCENTIVES FOR CUSTOMERS.

- CUSTOMER EDUCATION.

- ADEQUATE INFORMATION AND CONTROL SYSTEMS.



o
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CUSTOMER INCENTIVES

o

CUSTOMER INCENTIVES ARE USUALLY RELATED IN ONE
WAY OR ANOTHER TO TARIFFS. “
THE USUAL OBJECTIVE IS TO APPROXIMATE AS
CLOSELY AS POSSIBLE THE CONDITION WHERE THE
CUSTOMER PAYS THE ACTUAL COST INCURRED IN
PROVIDING HIS SERVICES. THIS INCLUDES:
(A) COST OF GENERATION
(B) COST OF LOSSES
(C) COST OF MAINTAINING A CERTAIN "QUALITY

OF SERVICE"
SINCE THE (A), (B} AND (C) AT A GIVEN TIME OF
THE DAY DEPEND ON THE SYSTEM DEMAND, AND IT IS
NOT VET PRACTICAL TO MEASURE THEM CONTINUOUSLY,
WE HAVE TO MAKE CERTAIN APPROXIMATIONS.
ANOTHER IMPORTANT CONSIDERATION IS THAT THE
RESPONSE OF ONE CUSTGMER WILL CHANGE THE COST
OF SERVING OTHERS. SO, WE CAN FOCUS FIRST ON
THE CUSTOMER GROUPS THAT HAVE THE LARGEST IMPACT
ON DEMAND SHAPE, AND STRUCTURE THE INCENTIVES TO
MATCH THE BENEFITS THEY BRING TO THE SYSTEM.



o
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CUSTOMER EDUCATION

o

SINCE EFFECTIVE DSMAWD CONTROL REQUIRES
MODIFICATION OF THE WAY IN WHICH CUSTOMERS USE
ELECTRICITY, THE 'IDEAS MUST BE “SOLD" TO THE
CUSTOMERS.

CUSTOMERS MUST BE TOLD HOW IT WOULD BENEFIT
THEM - THEY ARE NO' INTERESTED IN THE UTILITY'S
PROBLEMS.

THE NECESSARY PROMOTIONAL ORGANIZATION CAN
USUALLY BE ADDED TO THE CUSTOMER SERVICE
DEPARTMENT.

IT IS OFTEN VERY EFFECTIVE IF THE TECHNOLOGY
USED ALLOWS THE CUSTOMER TO SEE (IN REAL TIME)
HOW MUCH HE BENEFITS BY REDUCING LOAD.



o
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INFORMATION AND CONTROL SYSTEMS

0o

DEMAND MANAGEMENT SHOULD BE CONSIDERED AS ONE
SUBSYSTEM OF A DISTRIBUTION AUTOMATION SYSTEM,
SINCE THE COST OF THE NECESSARY DATA
PROCESSING, METERING, AND COMMUNICATIONS CAN BE
SHARED BY OTHER COST REDUCTION FUNCTIONS,

SUCH AS:

- LOSS MANAGEMENT BY LOAD DISTRIBUTION
. TRANSFORMER LOAL MANAGEMENT
. LOSS MANAGEMENT BY VAR DISPATCH

THE TECHNOLOGY FOR DISTRIBUTION AUTOMATION IS
AVAILABLE NOW, AND A UTILITY SHOULD PLAN THE
IMPLEMENTATION OF VARIOUS MODULES, SUCH AS
DEMAND MANAGEMENT IN THE CONTEXT OF AN OVERALL
DISTRIBUTION AUTOMATION SCHEME.
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o INFORMATION AND CONTROL SYSTEMS (CONTINUED)

o TWO GROUPS OF SYSTEMS EXIST FOR DEMAND
MANAGEMENT:

- THOSE IN WHICH THE CUSTOMER IS SUPPLIED
WITH EQUIPMENT WHICH SHOWS THE COST OF
SERVICE AT ANY TIME, AND THE CUSTOMER
CURTAILS USE IN RESPONSE TO THIS

INFORMATION.

- THOSE IN WHICH THE UTILITY DISCONNECTS
PARTS OF THE CUSTOMER'S LOAD ACCORDING TO
A PREARRANGED AGREEMENT.

- IN THE CASE OF A PREARRANGED AGREEMENT,
THE CUSTOMER SOMETIMES WMAKES A CONSCIOUS
DECISION TO INVEST IN ENERGY STORAGE
EQUIPMENT TO TAKE ADVANTAGE OF THE
INCENTIVES OFFERED BY THE UTILITY.
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IN SUMMARY

DEMAND MANAGEMENT IS A VIABLE OPTION IN
SYSTEM EXPANSION PLANNING.

ITS IMPLEMENTATION REQUIRES THE USE OF A
WIDE ARRAY OF TECHNIQUES, INCLUDING:

. COMMERCIAL APPROACHES
- INFORMATION SYSTEMS
- COMMUNICATIONS AND CONTROL SYSTEMS

IT SHOULD BE CONSIDERED IN THE CONTEXT OF
OVERALL DISTRIBUTION AUTOMATION.
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EFFICIENT GENERATION - DIESEL

PAPER PRESENTED AT THE REGIONAL SEMINAR ON
ELECTRIC POWER SYSTEM LOSS REDUCTION IN THE CARIBBEAN
KINGSTON, JAMAICA, JULY 2-7, 1989

By

KLAAS KIMSTRA

1. INTRODUCTION AND OVERVIEW

For the purpose of this presentation I grouped the items which influence
generation efficiency into 2 parts:

- The first and larger part : Operation and Maintenance. This is the
main subject of this presentation because it is in O&M4 where major
influence can be applied on efficiency.

- The second and smaller part: Generating equipment.

This is a small section which addresses in a few words; (1) the
influence of engine type on efficiency; (2) the potential of heat recovery;
and (3) something about the so-called power turbine or efficiency booster.

2. QPERATION AND MAINTENANCE
Operation and maintenance aspects to be discussed here include:

1) Fuel management

(2) Lube oil management

(3} Clooling water management

(4) Engine management

(5) Auxiliaries management

(6) Personnel management to make (1) thru (5) work.

Let us look at £ ° management first.

2.1. FUEL MANAGEMENT

2.1.1. FUEL STANDARDS

Today’s diesel fuels can broadly be divided into (1) distillates and (2)
residual fuels, also called heavy fuels because of their high density.
Properties of these fuels are defined in various national and international
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standards of which the ones most widely used are BRITISH STANDARD 2869, ASTM
D 396 and D 975, and the CIMAC FUEL RECOMMENDATIONS. See References 1 to 3.
The BS and ASTM are national standards, whereas the CIMAC RECOMMENDATIONS are
issued by the INTERNATIONAL COUNCIL ON COMBUSTION ENGINES. This organisation
unites engine users, engine manufacturers, component wranufacturers and oil
companies into a congress every two years which defines problem areas in diesel
power and appoints committees from amongst its members to make recommendations.
This CIMAC RECOMMENDATION on fuels is one such recommendation.

2.1.2. DISTILLATE FUELS

The use of often expensive destillate fuels is a must in smaller engines
with, say up to about 250 mm bore. But also many stations with medium speed
engines, which could successfully burn residual fuels run on distillate fuel
because the local demand for residual fuel is too small for oil suppliers to
offer an attractive price. The few operating problems distillate fuels

sometimes cause are:

- ¥Water. Causes corrosion of injection equipment and
blockage of impregnated paper filter cartridges if water
percentage is higher than 0.2 of a percent.

- Dirt. Blocks filters and damages injection equipment.
Both water and dirt enter the storage tank along with the fuel.

The rules to prevent this water and dirt from reaching the engine
are:

(1) Use a simple closed settling tank with a capacity of
about 30 minutes of max fuel consumption of the engine
just upstream of the engine booster system. Such a
settling tank is actually no more than an enlargement
of the fuel transfer line to the engine booster circuit.
In that place in the system the tank has an undisturbed
flow pattern all the time. Water and dirt which have
settled in this tank are not whirled up by the
periodical inrush of a jet of topping-up fuel as happens
in a storage tank or in a daily service tank

(2) TUnless a proper water and dirt trap exists before the
engine’s filters, avoid drawing fuel from a storage tank
from the moment £filling starts till a couple of hours
after the filling is finished.

(3) Use preferably replaceable element type final fuel
filters of about 5 micron filter fineness.

The use of a centrifugal purifier for cleaning diéti.llate
fuels usually brings no improvement on top of what is achieved when
the three rules above are followed.

- . Densities as low as
0.82 @ 15 degrees Centigrade are sometimes met in medium



speed engined powerstations. This is considerably
lower than what manufacturers of medium speed and slow
speed engines use on their testbeds.

These light fuels have a lower energy content per unit of
volume, so more gallons of fuel must be pumped into the engine to
give it a certain amount of energy per unit of time. This requires
more fuel rack and so results in a longer fuel injection period

" which in it's turn causes an increase of fuel consumption in kJ/kWh.

Low density wusually comes together with low viscosity,
sometimes as low as 2 CS @ 40 degrees C. This lowers the volumetric
efficiency of the high pressure fuel injection pumps which causes
an additional increase in fuel rack required for a given amount of
energy to be injected. This in turn again raises the specific fuel
consumption of the engine.

These "expensive” effects of density and viscosity occur
especially in modern engines with very short injection periods and
very high injection pressures as are required for best fuel economy.
Consult in such cases your engine manufacturer for retuning the
injection system to recover up to 2% loss in efficiency.

2.1.3 HEAVY FUEL

Heavy fuel, consisting of high viscosity residual fuel to which (low
viscosity) distillate fuel is added to achieve certain specified viscosities is
a much more potential trouble maker than distillate fuels are. Heavy fuels are
also specified in the standards already mentioned.

On top of the aforementioned internationally used standards most engine
manufacturers issue detailed limiting fuel specifications, often per engine
model, telling which is the maximum viscosity that is permitted and what maximum
concentration they allow for sulphur, sodium, vanadium, catalytic fines (remains
of cracking catalysts used in many refineries), water and other contaminants.

Also the tendency to deposit carbonaceous combustion products is kept in
hand by specifying a maximum permissible value for the Conradson Carbon Number.

Relatively new and not yet laid down in internationally used standards are
means to quantify the fuel’s tendency to cause rough combustion and high peak
pressures which can cause damage to piston rings and exhaust valves. Shell has
developed for this purpose the so-called Calculated Carbon Aromaticity Index
(CCAI). The CCAI performs for heavy fuels the same function as the Cetane
Number for distillate fuels. This risk of rough combustion exists in heavy
fuels which contain products coming from refineries equipped with so-called
viscosity breakers which convert high viscosity fuel into lower viscosity
components with often unfavourable ignition properties.

The CCAI is calculated from the fuel’s density D (kg/m?+3? @15 C) and
viscogity V (cs @ 50 C) as:

CCAI = D-81-141%loglog(V*D.85)
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If this comes out highex rhan 860 then the fuel has a tendency for causing
rough combustion and should preferably not be used.

A particularly unpleasant property in the handling of some heavy fuels
(although not harmful for the engine) is their tendency to form excessive
amounts of sludge, especially during heating and/or when subjected to high shear
such as in pumps, centrifuges and filters. This property is called “thermal
instability®. 1In extreme cases centrifuges and filters may be choked with
sludge every 20 minutes, vhich means that such fuels cannot be used.

There is no test for this property incorporated in a national or
international standard yet, but major oil companies have developed test methods
which are available to the user. One of these is the Shell Hot Filtration Test,
which measures the amount of sludge formed after heating a sample of the fuel
for a certain time and at a certain temperature. When the sludge formed in this
test is more than 0.15% of the sample weight, the fuel is generally not
considered fit for use.

Careful monitoring of the properties of each new charge of residual fuel
with a view of avoiding engine damage is considered so important by large
engine owners and ships classification societies, that special services have
been created for carrying out ultra rapid analyses of each new charge before it
is going to be used. See for more details the papers by C.FISHER and by
F.A.RICHARDS and A.T.WOODFORD in Reference 5.

When the fuel properties are within the specifications indicated above,
and the fuel treatment system is provided with modern centrifugal separators
which operate at the right temperature and the right and constant throughput,
the burning of heavy fuel can generate considerable savings on total cost per
kWh generated for diesel power stations with large medium speed or slow speed
engines and which generate at least some 25 GWh per year in average. This is
of course only true when there exists an appreciable price difference between
the two fuels. Recommendations for design of heavy fuel treatment plants can
be found in the appropriate CIMAC RECOMMENDATIONS, see Reference 4.

2.2 LUBE OIL MANAGEMENT

That good oil filtration is of paramount importance for long engine life
is no news. Just as for fuel, replaceable element filters with S to 10 micron
effective filter fineness do a good job. They cost a little more per kWh
generated than the coarser and vashable gauze filters, but engine maintenance
savings resulting from the cleaner oil outweighs this. A service life of these
type of filter cartridges in the order of 1000 running hours for heavy fuel
burning engines and to over 3000 running hours for distillate burning engines
can be achie.ed, provided that centrifugal separators are used to remove the
bulk of the dirt out of the oil. '

VWater is an enemy of oil. It enters the oil either from internal leakages
in the engine or (and more often) as condensate from the combustion gasses which
pass by the piston rings. About 1 litre of water enters the crankcase oil for
every ton of fuel burnt. Normally this water escapes as vapour from the crank-
case ventilation but cold drafts over the engine may cause water to condense
against the inner side of the engine walls and then cause the water content of
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the oil to exceed the generally accepted 0.2% alarm limit. Centrifuging the oil
at increased terperature (near to 100 degrees C) removes the water in a few
days. A water percentage higher than 0.5%8 is generally considered reason to
stop the engine to avoid damage to bearings and crankshaft. Dry the oil first
to below that percentage before starting the engine again. It is worthwile to
perform a daily check on water in the oil by doing the so called crackle test:
dip a piece of toilet paper in a sample taken out of the oil circuit of the
running engine and light it using a match or a cigarette lighter. If more than
0.2 percent water is present it burns with a crackling sound. If that is the
case, determine the exact percentage of water by using one of the many test kits
on the market for that purpose and decide if you can keep the engine running or
if you have to stop it and dry the oil first.

Finally, have a spectrographical analysis made of a sample of the oil
taken from the circuit of the running engine every month. This tells you about
the condition of both the oil and the engine. Any undue wear shows up in an
increased presence of metal, the sort of metal telling you where to look for the
trouble in the engine. An example of a spectrographic analysis report is
given in Annex 1. When the oil (and the engine) are cared for in the above
described manner, life of an oil charge can often be extended to well over
10,000 running hours.

2.3 COOLING WATER MANAGEMENT

Scaling and corrosion are the the most frequent problems in jacket water
systems. Reputable water treatment specialists market marv good cooling water
additives plus the chemicals necessary for checking and correcting of the
cooling water quality. Checking must be done once a week or once a fortnight.
For topping up demineralized water or treated condensate should be used. 1In
turbocharged and intercooled engines operating in humid tropical climates much
condensate forms in the combustion air when it passes the charge air cooler.
This condensate can very well be drained into a condensate tank and be used as
top-up water. Because condensate is slightly acid due to dissolved carbon
dioxyde it must be neutralized in the condensate storage tank before being used
as top-up water.

Evaporative cooling towers are frequent sources of trouble in dusty
area’'s., In the cooling tower dust is caught by the water which deposits in the
coolers in the tower water circuit. When in such area’s evaporative cooling

towers are
unavoidable then a closed intermedite water circuit should be used to keep the
cooling tower water away from the jacket water coolers, lubricating oil coolers

and charge air coolers.

To avoid all problems associated with open water circuits full radiator
cooling is now often used, including air to air cooling of the charge air.

2.4  ENGINE MANAGEMENT

It goes without saying, that the engine must be operated in accordance
with the manufacturer’s instructions. But even then certain functions in the
engine can deteriorate more quickly than usual under influence of outside

parameters such as
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-load patterm

-fuel quality

-lube oil quality
-cooling water quality
-air quality

It is of paramount importance to discover such deterioration in an early
stage, so that either the outside parameters can be improved or the maintenance
schedule be modified to keep the engine healthy.

2.4.1. FINGERPRINTING

An excellent method for early discovery of deviations is the use of the
8o called "Fingerprint System”. This consists of taking a full set of readings
of engine temperatures, pressures, etc. every, say, 4 weeks and of comparing
the readings obtained with those taken four weeks ago and those taken during
the commissioning of the unit.

Any differences between the figures obtained at each test and those
obtained during the commissioning will tell the experienced engineer where
changes in the engine have occurred and enable him to diagnose and remedy the
causes at an early stage.

These fingerprinting runs should of course always be made at one and the
same load (e.g. 75%) and (to further improve comparability) preferably also at
the same day of the week and the same hour of the day.

The Fingerprinting System described above can be extended to include
vibration characteristics measured at a number of places on the engine. See
Annex 6.

Results of vibration measurements on the engine should be handled with
care if misinterpretation of measurement results is to be avoided. Operating
such equipment and interpreting the results of measurement requires some special
skill. If one wishes to include vibration in the fingerprint then the best
method is probably to measure the vibration velocity levels at a number of
defined spots on the engine. When deviations from previous readings occur, then
a further measurement should be done using an instrument with frequency
analysing capability. Interpretation of the results therefrom is a specialists’
Job. For criteria, see References 6 and 7.

A prerequisite for drawing the right conclusions from this Fingerprinting
is that the engine’s and the auxiliaries’ {nstruments can be trusted to give the
right numbers. This can only be the case when checking and subsequent
adjustment or replacement of instruments i{s an integrated practice in the power
station. This means that it is done at regular intervals, preferably when the
engine is out of operation for planned maintenence so that the engine does not
run with part of it’s instruments sitting in the instrument workshop.

Thermometers up to 100 C can easily be checked by using melting ice and
boiling water. Calibrated spare thermometers should be in stock for putting
into place of suspect charge air and exhaust gas thermometers.
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For calibrating pressure gauges and pressure switches, relatively cheap
and easy to handle hand operated pneumatic equipment is on the market.

2.4.2.

The risk of costly engine failures can be reduced by maintaining the
engine protection system in proper order, protection against low oil pressure
being the most important one. Pressure switches and temperature switches should
be checked and calibrated on an engine running hours and time schedule.

When checking engine trip systems one should not overloo: the loop which
opens the generator circuit breaker. If this loop does not work all other
engines on line will cooperate in milling an engine to pieces which ought to
have stopped following its low oil pressure trip action.

2.4.3. ENGINE OVERHAUL PRACTICE

Engine manufacturers specify intervals by running ho'rs or calendar time
after which inspections and everhauls should be done Following these
instructions all similar components are usually serviced all together at the
same time, e.g. all pistons are pulled, cleaned, reringed, etc. in one job.

Many users however have benefitted by modifying this sequence to pulling
half the number of pistons at half the specified number of running hours and
pulling the remaining ones at the soecified number of hours (then leaving the
first half untouched) and pulling the first half again after they have done the
specified number of hours. In the marine world this is called the Continuous
Survey (CS) method of maintenance. This CS method has three advantages over the
standard method:

(1) Down time per overhaul job is less, which allows the job to be done
more easily and finished in a period of time when the engine is not
required (week-end).

(2) It allows an in-between check on component condition, which may
induce lengthening or shortening the overhaul interval for optimum
results.

(3 In case one has decided to use exchange components to speed-up the
overhaul, for instance, to exchange cylinder heads complete with
valves, thus allowing the valve job on the heads which came off the
engine to be done after the engine went back into service, only half
the number of exchange components is required.

This continuous survey method is sometimes used with considerable success. One
particular station with two 3.25 MW units burning 380 CS heavy fuel has managed
to maintain an average of over 8200 running hours per engine annually already
during 4 years.

2.4.4. AIR FILTERS

The oil-wetted revolving screen type of filter i{s the most wicely ...~ in
not too dusty areas. It works well provided its oil bath cortains oil 2uu not
rainwvater wvhich has driven out all oil as is sometimes founi. it must therefore
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be avoided that rainwater reaches the screen by either placing the filter inside
a plenum chawber or by providing it with an effective type of rain screen.

2.5. AURIL...RIES MANAGEMENT

The availability of the diesel engine depends considerably on the
availability of its auxiliariss amongst which pumps and radiators are the most
important ones. For this type of equipment Finger Printing by taking vibration
readings at regular intervals reveals such things as misalignment between
electric motor and pump, loosening of bolts which keep radiatcr motors in place,
cracks in steel structures of large radiators, etc all before these defects have
grown to the stage of causing break-down. Repairs and adjustments should of
course be logged into the Equipment History Logbook. See Annex 3 for an example
of vibration measurements for a cooling-water pump.

2.6. PERSONNEL MANAGEMENT

Few things get properly done by people who lack the enthusiasm to do
things and to do them right. Everybody knows that there is much pleasure and
satis-faction in getting tangible results from using knowledge or skills one has
acquired in whatever way. This mechanism - learning and successful application
of what was learned - has always been the necessary nurturing for enthusiasm
and curiosity which brought new knowledge and results, and so on.

This also applies to work in the (larger) diesel power stations, which
will always remain tailor made, very much different from a mass product as a car
vhich you can drive without even knowing whether the engin: is under the hood
or in the trunk. This cycle of learning - application -learning is in power
stations nowadays often interrupted because of the ever increasing pace at which
new sophisticated techniques and equipment enter the scene, both in the field
of diesel operation and diesel maintenance. Even the good old diesel engine now
carries a harness of electronics and has also in other aspects developed into
a complicated and sophisticated machine.

The key to solve this problem cannot be anything else than "permanent
education” of diesel power stition personnel by the participation in external
courses, especially on the subjects of instruments and control, fuel and lube
oil treatment as well on certain areas of the engine itself such as fuel
injection, bearings, pistons piston rings and liners. And even then, the Ten
Commandments for Diesel Engine Maintenance, will remain “rue, Figuvve 1.

3.  GENERATING EQUIPMENT

A few things about station design as far as they influence efficiency have
already been touched upon in the foregoing. Three special things will be
addressed under the heading of this section.

The first is the effect of cylinder dimension upon specific fuel
consumption. When comparing two engines of different cylinder size but of
comparable technological level one will always find that the "bigger” engine has
a lower specific fuel consumption than the "smaller” engine. This results from
the foct that friction losses and heat losses become relatively smaller the
bigger the engine becomes. Fig. 2 illustrates this effect. By rule of thumb
one can say, that increasing of the bore by 50% lowers the fuel consumption per
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kWh by about 58, This means that for a given power demand the fuel bill will
be lowest when engines with the largest possible cylinder dimensions and thus
with the lowest possible number of cylinders are selected. This low number of
cylinders brings another advantage, namely the higher availabilicy of engines
with less cylinders. .

Unfortunately the cost per kW of a 6 cylinder engine, of say 3 MW, is
higher than of an 18 cylinder unit of the same output. Depending in part, on
the required load factor of the engine (which is largely a function of the
demand profile of the station) and the fuel price an optimum "engine size” can
be found. In most cases this turns out to be a big bore/few cylinders model.
An approach to quantify this effect was made in SWDiesel Review No. 40 of June
1987 (Reference 8).

The second item to be mentioned here is the use of waste heat from the
diesel engine. Figure 3 shows a typical heat balance for a turbocharged
intercooled diesel engine. From the diagram in this picture it can be seen that
the usable exhaust gas heat is up to about 40% of the generator power over most
of the load range. When also heat at 95° C can be used the total usable heat
goes up to 60% of generator power. This can mean a considerable saving on fuel
cost for water desalination as an example. Note, that in case of the use of
high sulphur heavy fuels exhaust gas should not be cooled much under 200° C to
avoid boiler and stack corrosion.

The third and last item to be mentioned here is the power turbine or
efficiency booster which is a new development in diesel generation. Modern
turbocharged medium speed diesel engines have a slight excess in exhaust gas
pressure before the turbine of the turbocharger. For low specific fuel
consumption it is advantageous to divert about 25% of the exhaust gas the engine
produces before the turbine of the turbocharger and to duct this into a small
separate turbine which can either be geared to the diesel engine shaft or to a
separate generator. The fuel saving in g/kWh generated is between 2 and 3%.
The ultimate cost saving depends on fuel price and very much on the load factor
of the generating unit concerned.

Figure 4 shows a schematic arrangement of an engine and a power turbine
in which the power turbine drives an asynchronous generator.
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Figure 1

Ten Uonumandments
for Biesel Enoine Waintenance

jm eep thine engine clean and in adjustment that thu life in its
companu shall be long and that the owner shall incrcasc thu pav.

annm thine engine and all its parts and funcnuns tise thou
shalt be in some unholu spot.

ﬁz not wise in thine own conceit. Remember the facton
inscructions and kttp them holu, lest repairs be thine nndnmg

ﬂt not loose in thu jaw hinges for no man knotweth all about
diesels. The truly wise absorbeth much knewledge and exccedeth
little, and he Wwho st doeth shall gain repute among his fellows and
favors among his sueriors.

3I'nt alt things it ttus life chat thou desireth thou shalt also pau
pleaty and for the tigdom of experience, no less. Qdvice from the
muititudes costech meching and is usvally worth jeot that.

B the books tho: avest read hat to do and when, but onlg
the voice of expevience :-au tell thee whu and how, else thy rtadmg
of what and when sha:' 51t plague thee With smoke.

B0 maketh the carth to rotate endicssty wichout. bearings, or
gil, but not thy diesel.

@jum not thine engine Wwhen it turneth not. Eurse rather chine
own stupidicp. v

ﬁt&m engines and gas emgines map long turn over though
slop3u; a diesdl not s0. MWith ganges and mikes be thou cver busu.

mht eternal eue Watcheth universal operations, but thou shalt
not rely upon it as to thy diesel. hine own vigilance is the
price thou pavest for thy jub.



DECREASE OF SPECIFIC FUEL

CONSUMPTION WITH INCREASE OF
CYLINDER DIMENSIONS

DECREASE IN SPECIFIC FUEL CONSUMPTION

G/KWH

ASFC = - 28 LN(D)

CYLINDER BORE (MM)
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Figure 3
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STORK WEIKSPOOR DIESEL 8.V.

DHR. C.H. VERBERNE

POSTBUS 4196
1009 AD

i

Dear Sirs,

AMSTERDAM

05 ANAL?SJ:éméEPORT

o\

B0S-Registration numper: 973626

Machine

Maxe

Type

System capactity
, 041 grace

: DIESELMOTOR
: STORK

: 9 ™™ 620

: 15 m3
: ARGINA T 40

Here are tne results from the laboratory analystis of the received ofisample.

Date grawn ©9-05-89 28-04-89 17~04-89 10~04-89 31-03-89 23-00 ..
Analysis gate 19-05-89 *12+05-89 24~04-89 24-04-89 11=-04~-89 06-0--0?2
Sample numper 345887 345856 345855 345854 345353 345652
Macnine nours 3.772 3.582 3.329 3.155 2.963 2.8¥3
Q11 nours * 3.772 - 3.582 3.329 3.185 2.963 2.879
041 adoea. 1 ¢ 2.4%6 2.496 2.496 2.496 2.496 ~.486
¢ singe 1ot oil shange
Visc. at 40.C, mm2/s 154.4 150.4 i83.2 158,7 164.0 158. 4«
Visc. 3t 100.C, mm2/s 14.9 15,1 15.4 14,8 15,0 11,8
Flash cec, .C > 190 » 190 » 190 > 190 > 190 > 180
watercontent, ¥ v/v < 0,08 < 0.05 < 0.05 < 0,05 < 0,05 < 0.CS
TBN, mg KOH/g 25.0 24,3 23.6 22.4 22,2 21,5
Compust ton scot 0.27 0,21 0,20 0.26 0.21 0.23
Dispersancy 88.4 89.3 84,1 8s%.0 78.5 81,3
Calctum, % ao/m Q.99 1,00 0.94 0.84 0.82 0.94
Barium, % m/m 0.00 0.00 0,00 0,00 0.00 0.00
Phosphorus, % m/m 0.04 0.04 0.04 0,04 0.04 0.04
Zinc, % m/m 0,05 0.05 0,05 0,04 0.04 0,04
METAL-ANALYSIS:
St1licon, mg/kg 0 0 o] 0 (o] 0
iron, no/kg ) 0 o 0 (o] 0
Aluminium, mQ/kg 4 4 4 S S S
Chromium, mg/kg 2 2 ) 1 1 ]
Molybgenum,mQ/kg 0 1 (+] 1 2 0
Copper, oQ/kg 1 1 1 1 1 1
Tin, mQ/kg 0 1 0 0 o] 1
Lead, mg/kg 0 2 o ? (o] (o}
Nickel, "/kg 6 5 4 4 4 [
Manganese, mg/kg 2 1 2 1 1 ]
Stiver, mnQ/kg 0 0 o 0 (o) 0
Vanagiuym, mQ/kg 18 17 15 12 13 14
Commentse®e: 95 95 95 95 95 g5

Shell Neaerlana verkooomaatschaoptj 8.v.

Dealt by : MLl

Phone : -
o0 Par cnplanstisn of commentondes ®b.m, »

Nt



- 111 -
COMMENTS ex_1/2

CURRENT SAMPLE:

95 ALL ANALYSIS FIGURES ARE WITHIN NORMAL LIMITS AND DO NOT NEED TO BE COMMENTED. THE OIL IS FIT FOA FURTHER USE

PREVIQUS SAMPLES

95 ALL ANALYSIS FIGURES ARE WITHIN NORMAL LIMITS AND 00 NOT NEED TO BE COMMENTED. THE OiL IS FIT FOR FURTHER USE

when investigating and producing the analystis figures we presume that the sample fully represents
the ingicateg o1) charge. Excedt in the case of gross negligence on our sice we G0 Ot accept
respongidtlity for the recomsendattons given.

Shell Nederland Ve. L00pmaatschappiy 6.V. Estaplished in Rotterdam. H.reg. Rotterdam 11 29 07
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VIBRATION~-LEVELS

9TM 620 DIESEL ENGINE.
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IBRATION-LEVELS
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WAYS TO REDUCE TRANSMISSION AND DISTRIBUTION LOSSES
AND

WAYS TO REDUCE TRANSFORMER LOSSES

By

Mr. Barry Kennedy
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NON-GENERATING PUBLIC UTILITIES LOSSES

DIST. TRANS 36.5%

BULK SUBST. 2.2%

TRANS/ST 10.5%

SECY SYS 8.17%

FEEDERS 34.9%
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INVESTOR OWNED UTILITIES LOSSES

BULK SUBST. 4.0%

DIST. TRANS. 16.2%

TRANS/ST 32.3%

- L1IT -

FEEDERS 38.4%

SECY SYS 9.17%
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Step-up \AANAY r) Copper Losses Proporilonal to Load
Transloimet, ~~—v™\ 2)iron Losses are Constant
High Voltags
Transmisslon fscane  Power Flow Losses (1°R)

msps;nlns:on A
ubstation (vw

Sub-
Transmission

3¢

s Power Flow Losses (I’R)

Siation Transformer and Regulator

Distribution \AANA * ”l Copper Losses Proportional to Load

Subsiation v

Distribution
Primasy

Transfoimer

Distribution \AAA {
~

Secondary
Syslem

2)lron Losses are Conalant

ifrmennnn  Powst Flow Losses (PR)

Transtormer

st) Copper Losses Propurtional to Load
2)ison Losses are Constant

sfpermmmmme  Power Flow Losses (i°R)

TN




REGION’S T&D COMPONENTS

1.3 million distribution transformers (under 7.5 kVA to over 500 kVA)

1,200 substation transformers (1.0 MVA to over 60 MVA)

60,000 circuit miles of primary feeder (normal voltages from 11 kV to 33 kV)

24,000 circuit miles of nonfederal transmission lines (operating voltages of 34.5
kV to 230 kV.)

- 611 -



FEEDER LOSS FORMULA

Feeder Loss Formula

(Peak kW)*(Resistance per phase per mile)(Loss factor)(8760)
kWh loss =

= oct -

.. (kV)*(Power factor)’(Number of phase)(1000)
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- Sample System

Scale, |
1inch =2 Miles ;

z—*




POWER FACTOR CORRECTION

_ . Net Load
1000 kW
1.414 Units of Current 1000 kVAR

—_— > 1414 kVA

Generation ®-§ Transmission % Sub é Distribution Load
Transmission . .

{A) No Power Factor Correction
) 1000 kVAR
Capacitor

1.00 Units of Current __O

1 >

O3 5

0 kvar
1000 kVAR

-S?‘[-

(8) With 100% Power Factor




PENINSULA LIGHT CO. LOCKER ROAD FEEDER
MOST COST EFFECTIVE METHODS

METHOD (MILL/KWH)
1. Reconfigure -
2. Add Capacitors 18
3. Reconductor 50
4. Replace Transformers 66

- 9T -



Supply Curve Methodology

Estim=ie Unli Costs

Estimate Numbers and Establish Operating Esiablish Operating
and Replascement Cosis Types ol Equipment Characteristics of Cheracteristics of
(Section 2.0) (Section 3.0) Existing Stock Elficient Stock
{Section 4.0) {Section 4.0)
Estimate Levelized E;Ilmalo Ag.e
Cost of Replacmen? Disuribuilon of
Equipment ¢ Existing Stock
{Ssction 6.0) {Section 6.0}
A 4
Estimate Yoial Levelized Estimate Lavelized
Cos! to Replace Existing Cost of Reliri
Standard-Efficiency . Existing s..,;" c':;:::::ﬂ":;"“
Equipment with High- (Secilon 6.0) '
Elficlency Equipmemt
{Section 86.0)
Estimate Levelized
Cost per kWh of
Loss Rcovary (AMW)
{Seciion 6.0)
Create Supply Curves

{Sections 6.0 and 8.0)

- 631 -
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Cost (cants/kWh)

O - N W A e N & O

-
N
.

Distribution Transformer Supply Curve

Loss Reccvery = 78 AMW
Cost = 6.6 cents/kWh

| I T I T

- 80 60 70 80 90 100
Loss Recovery (AMW)

110

120

- L1 -



Cost (cents/kWh)

12

Reconductor Supply Curve

Loss Recovery = 99 AMW
Cost = 6.6 cents/kWh

~

60 60 70 80 90
Loss Recovery (AMW)
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Distribution Voltage Upgrade

Cost Retovery = 276 AMW

: _ N

a—
20 40 80 00 0 140 80 00 0 0 2 00
' Loss Recovery (AMW)

FIGURE 6.6. Supply Curve for Voltage Upgrade of the Existing 12.5 kV System to 34 kv

Cost (cents/kWh)
F Y
i
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Cost {cants/kWh) -

|
0o 100 200 300

Composite Supply Curve

Loss Recovery = 380 AMW
Cost = 5.5 cants/kWh

tLoss Recovery = 335 AMW
Cost = 4.0 cents/kWh

- Loss Recovery = 293 AMW
Cost = 2.0 conts/kWh

Loss Recovery (AMW)

400

- O€T -
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T & D, R & D Evaluation Method

1
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STATE OF THE ART RANKING

TECHNOLOGY

bl ol ol A

- I

IMPROVE VAR SITING

OPTIMUM FEEDER RECONFIGURING
DYNAMIC PHASE LOAD BALANCING
DISTRIBUTION AUJTOMATION
ANALYZE LOAD
CONTROL/IMANAGEMENT
DISTRIBUTION AUTOMATION/LOAD
MANAGEMENT ‘
AMORPHOUS STEEL TRANSFORMERS
IMPROVED SILICON STEEL
DISTRIBUTION TRANSFORMERS

10.

11,
12,

13.

14.
15.

ALUMINUM CARBIDE CONDUCTOR
OPTIMAL COMPONENT COSTS FOR
TRANSMISSION

STANDARD TO INCLUDE LOSSES
CONSERVATION VOLTAGE
REDUCTION

IMPROVE DISTRIBUTION
ANALYSIS/PLANNING

IMPROVED INSULATORS
IMPROVED FUSES
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TOP STATE-OF-ART TECHNOLOGIES

DEMAND SIDE MANAGEMENT

AMORPHOUS STEEL DISTRIBUTION TRANSFORMERS
CONSERVATION VOLTAGE REDUCTION
DISTRIBUTION AUTOMATION

SUPERCONDUCTIVITY

- €T -
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WHAT ARE DEMAND-SIDE ACTIVITIES

Defined as any means by which a utility
modifies its customers’ load shapes either
directly or indirectoly

Includes:

-  Load management
-  Conservation

-  Electrification

- Load growth

—— e —
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A Method for Evaluating the General

Load and Loss Effects of
Demand-Side Management on the

T&D Delivery System

CL. BROOKS B.W. KENNEDY

WESTINGHOUSE ELECTRIC BONNEVILLE POWER
CORPORATION ADMINISTRATION
SENIOR MEMBER MEMBER
J.W. SANDERS
BENTON COUNTY (WA)

PUD NO. 1
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Application of Method

BENTON COUNTY P.U.D. NO. 1 IN STATE OF WASHINGTON
SYSTEM MODEL

3 URBAN AND 1 RURAL SUB

ABOUT 150 MW

LOAD DATA FOR ALL DISTR. TRANS.

LOAD FLOW

¢ 500 NODES

: FIXED IMPENDANCE LOAD

: 3-PHASE UNBALANCED

FOUR SUBPROFILES

: DIVIDED BY RURAL AND URBAN AREAS

: DIVIDED BY 6-MONTH WINTER AND SUMMER SEASONS

- LET -



Load Characleristics

150 +
3 K Winter PeukDay
WinterPeak ¥ K Summer Peak Day
1061
Summer Peak ™ Actual Load
Average loadon
_— Summer Peak Day Average
50 + —" Winter Load
\
Average
I Summer Load
0 t i 11 1 L | L 1l
— -1 . L. N I A 8 ~L LN L L
J F M A M J J A S o N
MONTHS OF THE YEAR
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Sample System

Scele
1inch =2Miles .

2 m—
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Results

o  PEAK DROPPED
128,429 KW TO 106,596 KW (17.0%)
o  WINTER URBAN LOAD FACTOR INCREASED
0.414 TO .499 (20.5%)
o  PEAK LOSSES DROPPED
6,887 KW TO 5,263 KW (23.5%)
o  ENERGY LOSSES DROPPED
18219 MWH TO 17,376 MWH (4.6%)

Benton County - high, short peaks

- I91 -



0

0

AMORPHOUS STEEL TRANSFORMERS

RP 1290-1 AMORPHOUS STEEL FOR TRANSFORMERS

RP 1529-1 AMORPHOUS STEEL CORE DISTRIBUTION TRANSFORMER

- ot -



- 163 -

NOLLINAHY ADVLTOA NOLLVAYASNOD |
| . . M



WaIsAS QUL 31439913 I5aMy3UON 30 UoiIVILASIGSY TTT TERSTI




implamentation Cast {C/kWh)

- 145 -

CVR Regional Supply Curve

Zone E. All fesders are more than ‘12 miles long.

Representative of a feeder system that supplies
a rural arsa.

10p

6.0 NWPPC Conservation-Cost-Effectiveness Threshold

Zone D. Same feeder-length and service-area
characternistics as Zone C. Depicted as
distinct zone to show supply curve trend
from 1 to 5.04 ¢/kWh,

1.0

Zone C. Most feaders are 3 10 12 miles
leng. Representative of a feeder
system that supplies a mixture
of rural and suburban areas.

0.1

( Zone B. A mixture of fesders that are either
less than 3 miles or ‘n a range from
3 w0 12 miles long. Reprasentative
of a feeder system that supphes
moderately populated area.

0.01

Zone A. Most feeders are iess than 3 miles
long. Representative of a feeder
system that supplies densely
popuiated srea.

»

o 40 80 120 160 200 240 280

Conservation Resource (AMW)



RP2021
RP5689

RP1420

P850

RP1535

RP1472

DISTRIBUTION AUTOMATION

ECONOMIC EVALUATION OF DISTRIBUTION AUTOMATION SYSTEMS

DEMONSTRATION OF DISTRIBUTION AUTOMATION SYSTEM

DEVELOPMENT AND TESTING OF MULTIPLE FUNCTION ELECTRONIC WA’[THOUR
METER

=9t -

DEMONSTRATION OF ALTERNATE COMMUNICATION SYSTEMS FOR DISTRIBUTION
AUTOMATION

BROADCAST RADIO SYSTEM FOR DISTRIBUTION AUTOMATION

INTEGRATED CONTROL AND PROTECTION OF DISTRIBUTION SUBSTATIONS AND
SYSTEM ..



SUPERCONDUCTIVITY OVERVIEW

WHAT IS SUPERCONDUCTIVITY?

WHY DO SOME MATERIALS BECOME SUPERCONDUCTING BELOW A CRITICAL
TEMPERATURE?

APPLICATIONS AND LIMITATIONS OF CONVENTIONAL (METALLIC) SUPERCONDUCTORS.

- -

" THE NEW METAL-OXIDE SUPERCONDUCTORS:

" a.  STATE OF DEVELOPMENT/WHO IS INVOLVED
b.  CHALLENGES FOR R&D



1. WHAT IS SUPERCONDUCTIVITY?

CGNVENTIONAL (METALLIC) SUPERCONDUCTORS ARE POOR CONDUCTORS AT ROOM
TEMPERATURE. WHEN COOLED BELOW A CRITICAL TEMPERATURE, TWO REMARKABLE

- 89t -

PROPERTIES APPEAR:

1. Zero Electncal Resistivity

2. Bxpulsion of all magnetic flux (Meissner Effect)



1987 Onsite Review Pacific Northwest Laboratory

Heating Up Wil N

a2z c28h || K
Feb. 1987
98K (-283 F)
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Liquefied ot
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New Oxides
Compounds

Aprl 1986
. 35K (-397 F)
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Transformer Loss Formula

E= AMA%‘.:LEJXIW

WHERE E = EFFICIENCY OF UNIT (%)
A = INSTALLED NAMEPLATE CAPACITY OF UNIT (KVA)
NLL = NAMEPLATE NO-LOAD LOSS OF UNIT (KW)
LL = NAMEPLATE LOAD LOSS OF UNIT (KW)

- 0stT -



Losses in Watls

700

600

500

400

300 |

200 |

100

- 151 -

Load In kVa

100
Efficiency
Total losses
—4 90
~i 80
Copper loss
— ! 70
Eddy current loss Iron. loss
Hysteresis loss ' ‘
e L b 1T,
0 5 10 15 20 25 |

Eficiency In Percent
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BASIC TRANSFORMER MCDEL

@ Single Phase
® Three Phase
® Bank of

Transformers

Core Losses | - Demand (1)
(kW) (kW kVAr)
r
| c, _bb
Jv | Total
T
} Resistance |
l
Model : Reactance
!
i
i

L——-———u-

- Demand Losses (kW)
Energy Losses (kWH)
. Probable Loss of Life (%)

(1) Demand may be:
Single phase
Three phase
Mixed single and three phase



ANNUAL TRANSFORMER LOSSES
FOR A 5000 MW UTILITY

MILLIONS OF KWHR

TRANSFORMER TYPE IRON COPPER
GENERATOR STEP-UP 18 8
BULK POWER SUBSTATION 67 138
DISTRIBUTION SUBSTATION 97 114
DISTRIBUTION 328 127
TOTAL 510* 468

* 1.4% of Electricity Generated.

- gST -



Load 10ss (watts)

4500

- 154 .

Flgure 33
Transformer Losses
Standard Transform
(97.8% Efﬁciencw

No-Load Losses
Ral:inﬂ Wattassl-ﬂss
10 67
15 S0
25 130
50 ‘ 215
100 :

100 120 140 160

Loading in 9 of Namepiate Rating
Page aa

180
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Figure 3b
Transformer Losses
-High-Efficienicy Transformers
(98.4% Efficiency)

3000

No-Load Losses
Rating watts Loss
S 30
2500 10 47
15 64
25 88
S0 150
o 2000 100 225
"
§ 1500
b~
(13
S
4000
B
Ei\\
I 4/5—LVA/'/
B .
0

80 100 120 140 160 180 . 200
Loading in % Of Namepiate Rating .

Page 45



Load Loss (Watts)
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Figure 3¢
Transformer LoOsses
very High-gfficiency Transformers
(98.7% Efficiency)

1800

1600
1500
1400

1200

1000

8

/

80 100 120 140 160 180 200
Loading in % of Nameplate Rating

Page a6




Core

Conventional Amorphorous
COST OF LOSSES
NO-LOAD LOSSES 48 WATTS 18 WATTS
X _$5 WATT X $5 WATT ,
$240 $9 . =
LOAD LOSSES 284 WATTS 249 WATTS '
X 31 XS
$284 $249
TOTAL LOSSES $524 $339
PURCHASE PRICE $510 $695

TOTAL OWNING COST $1034 $1034
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By

Mr. Barry Kennedy



Ccost

Conductor Size
Figure 1 '
Page 7

- 65T -



To calculate the conductor losses:

Conductor size and material

1.
2. Peak load on the conductor in .
kilowatts (KW}

. Power factor
Voltage
5. Load factor

I S eY

Figure 1
Page ?

= 091 -



The peak load must be modified

by two factor S

» Growth Factor

e Distribution Factor

- 191 -
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Flgure 2
Growth Pactor and Distribution Factor

Distribution Factor
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Growth Factor:
e Ratio future load to present ioad

e Enter the nomograph of Figure 2

Fage 8

- €91 -
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"Flgure 2 -
Crowth Pactor and Distribution Factor

Distribution Factor
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Distribution Factoi-
e Ratio load at the end to load at source

e Enter the nomograph of Figure 2

Page 8
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Load Factor Formula:

total annual energy

(peak month's demand) 8760

Page 8

=load factor

- 49T -



Loss Factor Formula:

loss factor=9(load facton?+ 1(oad factor)

‘Page 9

- 891 -



LOSS Formula:

KWh loss = {£€3k kW)?(Resistance per phase per miie)Loss factor)(8760)
(ki2{Power facton2(Number of phasesi1000) .

Page 9

- 691 -



Loss Formula Reduced:

KWh loss=(Peak kw)2(Conductor constant)

Page 9
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Table 1A

CONDUCTOR CONSTANTS—ACSR

SINGLE-PHASE LINES

System

Load 26608 336.4 an 566.5

Factor L] 12 110 2/0 3/0 4/0 KCMIL  KCMIL  KCMIL  KCMiL
30 . 0519 0327 0206 0163 0129 0103 00810 00644 00454 .003%0
40 0860 0541 0341 0271 0215 01 0134 0107 00752  .00645
50 42685 0809  .0509 0405 0321 0255 0201 0159 0112 00964
.60 1794 4130 .0 0565 0449 0356 0200 0223 0152 0135
JO - .2388 1503  .0947 0753 0597 0474 0373 0296 0209 0179
.00 .3065 A930 1215 0966 0766 0609 049 0380 0268 0230
.90 3027 2409 .A5%? 1206 0957 0760 0598 04zt 0335 0207
100 - 4673 2942 1852 1473 1168 0928 0730 0580 0409 0350

V-PHASE LINES '
.30 0259 0163  .0103 00817 00648 00515 00405 00322 .00227 00194
40 0430 0271 .0170 0135 0107 00854 00672 00533 .00376 - .00322
.50 0642 0404 0255 0202 0161 0120 0100 00797 00562 .00482
.60 0897 0565  .0356 0283 0224 0178 0140 0111 00785  .00673
.70 4194 0752 0473 0376 0298 0237 0187 0148 - 0104 00895
80 1533 0965 .0608 0483 0363 0305 0239 0190 0134 0115
90 1914 4204 0759 0603 0478 0380 0299 0237 0167 0143
1.00 .2336 43711 0926 0736 0584 0464 0365 0290 0204 0175
. 3-PRASE LINES

30 0173 0109 00685 .00S45 .00432 00343 00270 00215 .00159 .00130
40 0286 0180 0114 00903 00717 00569 .00448 00356 .00251 .00215
50 0420 02720 .0170 0135 0107 0085% 00669 .00532 .00375 .00321
.60 0598 0377 023 0189 0150 0119 00934 00742 00523 .00449
J0 0796 0501 0315 0251 0199 0158 0124 00988 .00696 .00597
80 1022 0643  .0405 0322 0255 0203 0160 0122 00894 .0766
90 1276 0803  .0506 0402 0319 0253 0199 0158 0116 00956
1.00 - - .1558 0980  .0618 0491 0389 0309 0243 0193 0136 0177

- T -



- Application:

Description of the line section

. Wire size

Length of the section

. System load factor

Annual peak power (KW) (effective)
Voitage -

Power factor

= CLT -

@O onDTR

Page 9




Assume:

e 7.2/12.5 kV system
-+ 90 percent power factor.

Page §
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Power Factor Multiplier:

(.90)?
(PF)?

Page 10

72 e



Voltage Multiplying Factor:

(7.2KkW?-
(actual voltage)?

Page 10
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Method:

1. Transformer nameplate rating, i.e.,
10 kVA, 25 kVA, etc.

2. Number of customers served by the
tr ansformer |

Page 11
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Determine if customers high-use or low-use:

e LOw-use customers load of appr Oleatelv
- 1,500 kWh

° High—use customers approxmiately
3,000 kWh. -

Page 12
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TRANSFORMER LOADING AS A PERCENT OF RATING

AND LOSS FACTOR
LOW-USE CUSTOMERS
Number
of Nameplata Ratlng-m -
Customers 0 .15 25 50 100 Loss Factor

1 120 80 48 24 12 026
2 - 144 87 43 22 030
-3 - 197 119 59 30 035
4 - - 148 74 37 039
5 - - 169 85 a2 045
6 - - 190 95 a8 051

HIGH-USE CUSTOMERS
1 - 149 89 45 22 029
2 - — 162 81 40 034
3 — - -— 110 55 039
4 - - - 135 68 044
5 - - - 157 79 051
6 - - - 177 89 056

Note: Dashes indicate transformers icaded above 200% of rating. This is not recommensted.

Page 43

* 84T -



- 179 .

rd Transforme
(97.8% Efficiency;
|




“e

.

toad toss matts

- 180 -

Fgure 5b
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10ad 10ss Watts
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Figure 3¢
Transformer LOssSes
very High-Efficiency Trans
" (98.7% Efficiency)
1300
1600
1500
1400
1200
1000
800

LOBGING in % OFf Namepiate Raung



Economics of Loss Reduction Method:

1. Calculation of kWh savings
2. Calculation of annual benefits
3. Calculation of annual costs

Page 27
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The time period:

» The useful life remaining in existing
equipment, which will be replaced before
It is necessary to do so by higher
efficiency equipment

Page 27
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Study
Pertod

tYears)

5
10
. 20

Table 3
COST PER ADDITIONAL DO

c
LAR OF INVESTMENT

FACTORS FOR DETERM!NIN.G AVERAGE INVESTMENT COST

Cost of Capital
5% '

New Old New oid
0.0651 0.2310 0.1061 0.2638
0.0651 0.1295 0.1061 0.1627
0.0651 0.0802 0.1061 0.1175

Page 49

15% X

New Old
0.1523 0.2983
0.1523 0.1993
0.1523 0.1598

- 981 -



Table 3¢

COST PER ADDITIONAL DOLLAR OF INVESTMENT

FACTORS FOR DETERMINING AVERAGE INVESTMENT COST

Cost of Capital
Study ;
Period 5% 10% 15%
(Years) New Old New Old New od -
S 0.0651 0.2310 0.1061 0.2638 0.1523 0.2983
10 0.0651 0.1295 0.1061 0.1627 0.1523 0.1993
20 0.0651 0.0802 0.1061 0.1175 0.1523 0.1598

Page 49
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Typical Costs

Reconductor
$35,000 to $45,000 per miile.

convert Single-Phase to Three-
Phase (Add Two Phases)
$30,000 to $35,000 per mile.

Convert V Phase Line to Three-
Phase Line (Add One Phase)
$25,000 to $30,000 per mile:

Reinsulate 1 ¢ 7.2/12.5 kV Line to
1¢14.4/24.9 kV
$5,000 per mile.

Reinsulate 3 ¢ 7.2/12.5 kV Line to
3014.4/24.9 kV
$15,000 per mile.

Change Out Transformers

10 KVA $550 each
15 KVA 585 each
25 KVA 680 each
50 KVA 975 each

Add Capacitors
$3.50 to $7.50 per KVAR.

" page3s



Table 3¢
COST PER ADDITIONAL DOLLAR OF INVESTMENT

FACTORS FOR DETERMINING AVERAGE INVESTMENT COST

‘ Cost of Capital
oy 5% 0% 5%
(Years) New o New old New 0l
5 0.0651 0.231u 0.1061 0.2638 0.1523 ﬂ‘..29.83
10 0.0651 0.1295 0.1061 0.1627 0.1523 0.1993

20 0.0651 0.0802 0.1061 0.1175 0.1523 0.1598

- L81 -



Table 3b
SAVINGS FROM LOSS REDUCTIONS ON CONDUCTORS
AND LOAD-LOSS REDUCTIONS ON TRANSFORMERS

FACTORS FOR DETERMINING AVERAGE VALUE PER kWh
BASED ON BPA'S PF-1 RATE

Dollars per kwh .

Study Perlod {years) 5% 10% 15%
409% System Load Factor
5 $0.0353 $0.0346 $0.0340
10 0.0429 0.0413 0.0200
20 0.0551 0.0504 0.0465
50% System Load Factor
5 _ $0.0277 $0.0272 $0.0266 .
10 0.0335 0.0324 0.0313
20 0.0432 0.0395 0.0363
60% System Load Factor
5 $0.0231 ° $0.0230 $0.0224
10 0.0281 0.0273 0.0263
20 0.0363 0.0332 0.0307

Page 48
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RECONDUCTOR COST-EFFECTIVENESS

CALCY

LATIONS

Determine LOsS
Savings (kWi Using

Tabie 1A . 38

Y

Using worksnee. 1

Determine Annuai Determine Annuai
Cost using Benefit Using
worksnest 1a, worsnest 1@,
Page 33, Tanie 3¢ (. 49 ““nie 30 (p. 48)
Caicuiate
Caicuisre _ANOUS Cost 5O _ _Annyzi Benefit &
ANNUal Savings (KW mm(m
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TRANSFORMER REPLACEMENT
COST-EFFECTIVENESS CALCULATIONS

Determine No-Loaa
ana Lo3d Loss
Savings (XwWtY using
worksheet 2,
(0. 44, &S, a8
Determine Annual Determine Annual
Cost using genefit using
worksneet 21a), worksheet 2(a),
Tabte 3¢ (p. 49) Tabie 3a (3. 47, 3D (D. 48)
Calcutate
Catcutare __ANNUal Cost (SO Annual Benefit $8)
Annual Savings (KW Annual Savings (kW
using worksheet 2(a) using
. wornsnheet 2@




Economic Evaluation Procedure:

e Compare annual costs to annual savings.

o If the savings exceed costs proposal is
feasible.

Page 29
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WORKSHEETS

REGIONAL SEMINAR ON ELECTRIC POWER LOSS REDUCTION IN THE CARIBBEAN
KINGSTON, JAMAICA
JULY 2-7, 1989

BARRY KENNEDY
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Example 1—

Reconductor the feeder section with either
477 or 556.5 kemil conductor.
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Examples characteristics:

Voltage: 7.2/12.5 kV

conductor: 336.4 kcmil ACSR, three-phase
Load factor: 40 percent

Power factor: 90 percent

Present source-end load: 6,000 kW
Present load-end load: 5,000 kW

Study period: 5 years

Future load (in 5 years): 9,000 kw



Worksheet 1(a)

ECONOMIC ANALYSIS - CONDUCTOR LOSSES

Items

Trial) 2

Existing Trial 1
A. kWh Loss Savings
Conductor size ~ kemil kemild kemil (1)
Study period years years yesrs (2)
Load factor 3 3 (3)
Pover factor 3 ) ) 3 (4)
Voltage kv kv kv (5)
Losses kvh kwh kith (6)
loss savings (existing minus Trial 1) kWh (1)
Luss sevings (existing minus Trial 2) kWh 0))]
B. Annual Benefit from System Modification
Loss saviags (Item 7) __ kWh kWh 1(8)
Factor from Table 3b /k¥h $. /W )
Average annual savings from loss reduction $ (10)
(Item 8 times Item 9)
C. Annual Cost of Making Loss Savings Investment
Value of existing equipmeat to be tetired£
Salvage value $ $ (11)
Factor from Table 3c for ___ years (12)
Annualized credit for salvage $ $ (13)
(Item 11 times Item 12) .
Value of new equipment to be insulled:' ‘
Installed cost $ $ (14)
Factor from Table 3¢ (15)
Annualized cost (Item 14 times Item 15) $ [ (26)
Net annualized cost (Item 16 minus Item 13) $ $ an
Item 17 divided by Item 7 /kv¥h $  /xwm (18)
Item 18 times 1,000 sills/ ______ =ills/ (19)
kWh k¥h

- 661 -
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EXAMPLE 6—Replacement of
Transformers Assumption:

For this example, a 50 kva standard
efficiency transformer serving six high-use
customers Wi" pbe consider ed_.



WORKSHEET 1

LINE SECTION:
CONDUCTOR SIZE:
NUMBER OF PHASES:
LOAD FACTOR:
ENTER CONSTANT FROM TABLE |
VOLTAGE MULTIPLIER
VOLTAGE  MULTIPL)

ENTER
4.16/7.2 KV 30 ULTIPL
comoky 24 Movor
212 J VOLTA
76132 KV 893 0 JF GE
14.4/249 KV 25 KV
19.9/34.6 KV 13 —

69 KV 0328
115KV 0118
POWER FACTOR MULTIPLIER
WER FACTOR MULTH
80% 1.27 | ENTER
85% 1.12 MULTIPLIER
80% 1.00 FOR POWER
05% 90 FACTOR OF
100% 81 : %
VOLTAGE
CONSTANT X MULTIPLIER X
EXISTING
CONDUCTOR X X
TRIAL 1 X
TRIAL 2 X X

EXISTING

T——————
T —————————
———————

TRIAL §

TRIAL 2

POWER FACTOR
MULTIPLIER

X {

X KW 2=KWH LOSSES

’2

X {

)2

x (

) 2

KWH/MI
KWH/Mi
KWH/MI

- L6T -
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EXAMPLE 6—Replacement of
Transformers

Example 6 demonstrates the procedure to
be followed to evaluate the economic
feasibility of replacing an existing
transformer with a higher efficiency
transformer or a transformer with a higher
nameplate rating.



Worksheet 2(a)

ECONOGMIC ANALYSIS - DISTRIBUTION TRANSFORMERS

Iteas Existing

Trial 1)

Trisl 2

kWh Loss Savings

No-10ad losses N
No-load losz savings (existing minus trial)

Load losses kWh
Load loss savings (existing minus trisl)

Total savings (Itea 2 plus Item 4)
Annual Benefit of Early Installation of New Equipment

Benefits from raduced no-losd losses:
NRL savings (Item 2)
-Factor from Table 3a:-
Average annual gavings from KNL reductiom
(1tem 6 times Item 7)

Benefits from reduced load losses:
LL savings (Item 4)
Factor from Table 3n'
Average annual savings from LL reduction
{(Item 9 times Item 10)

Total average annual benefits (Item 8 plus Item 11)
Total annual kWh saved (Item 5)
Average benefit per kWh saved (Item 12 divided

by Item 13 times 1,000)

Annual Cost of Early Installation of New Equipment

Existing equipment value:
Salvage value of existing equipment
Factor from Tablele (for ___ years)
Annualized value of salvage credit (Item 15 times
Item 16)

New Equipment Cost:
Installed cost of new equipment
Factor from Table3c (for ___ years)
Annuslized cost of new equipment (Item 18
times Item 19)

Net annualized cost (Item 20 minus Item 17)
Total annual kWh saved (Item 5)

Average cost per kWh saved (Ttem 21 divided by
Item 22 times 1,000)

£% E3

Rl

g

L]

kWh
/kvh

vy N

kWh
/kWh

kwh
mills/
kWh

1T

ARl

T nr

mills/
kWh

£E £3

g

H

Z

. JkWh

11T

kWh

1T

k¥h

2

(1)
2)

(3)
(4)

(s)

(6)
(1)
(8)

(9)

- (10)

(11)

(12)
(13)

mills/ (14)

(15)
(16)
an

(18)
(19j
(20)

(21)
(22)

mills/ (23)

kWh

- 661 -
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ECONOMIC ANALYSIS OF POWER LOSS REDUCTION PROJECTS)/

By

Mr. Luis E. Gutiérrez-Santos

I.  INTRODUCTION

The purpose of the paper is to present a methodological framewor: for the
economic analysis of "power loss reduction projects” (PLRP). This paper is
necessary because, even though technical staff are aware of the problem of power
losses and of the technical solutions, the means to realize the benefits are less
evident, and the specialized literature lacks a comprehensive treatment for
analyzing and justifying PLRP in an economic context2/. Thus, the emphasis of
this paper is on the rational for benefit estimation., The adequate measure of
economic costs and benefits of PLRP would help to assess better thefr importance
within the limited investment budgets of the electricity supply ..ndustries of
less developed countries. There are two types of power losses: physical or
technical, and non-technical losses (also known as unpaid, irregular or non-
registered consumption, power theft, etc.). The projects to reduce technical
losses (TL) are also known as network rehabilitation investments. The prcjects
to reduce non-technical losses (NTL) are also called revenue recovery (or revenue
enhancement) projects.

A certain level of power losses is unavoidable on physical and economic
grounds. However, losses above 12 to 15% of the energy requirements (net
generation plus purchases) are unacceptably high. PLRP would not be needed if
proper planning had been the case and financial resources had been available in
the past. Such projects are a consequence of past policy mistakes, which led
to the deferment of necessary expenditures for asset maintenance and
replacement. In spite of the fact that generally the largest concentration of
the industry’s capital is in distribution, it is where financial shortages were
first felt, not necessarily in terms of a decline in the rate of connections but
as regards asset maintenance and replacement. System weaknesses manifest
themselves less spectacularly (high losses, low voltages, etc.), than generation
shortages and a slow down in the rate of connections. Dwindling resources were
concentrated in expanding generating capacity and for electrification programs,
as visible signs of progress. This explains why losses reached extremely high

p ¥4 " This paper is the author’'s exclusive responsibility and’ doés not
necessarily represent the points of view of OLADE and/or the World Bank.

2/ Munasinghe and Scott (36) are the first who studied the literature on these
projects in order to examine different methods for reducing losses and
incorporating the results of the economic analysis into the criteria for
the design and operation of distribution circuits.
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levels in countries with financial difficulties, specially during the debt
crisis. Indeed, while levels of TL under 10% are technically feasible, in
various LDCs this figure exceeds 20%, of which the greatest share represent
distribution losses. Furthermore, when the service is of very poor quality,
theft has greater socfial acceptance compounding the dimensions of the problem.

The poor condition of distribution networks, the resulting degradation of
service rendered, and the deteriorated image of the utilities in most LDCs are
largely due to the tariff distortion .that has prevailed since the 1970s. This
situation has a numver of causes, but probably the most important had to do with
the oil crisis fn 1973 when the price of oil quadrupled, resulting in large
increases in costs for utilities with thermal generation  The utilities were
prevented, due to policy considerations, from transferring these cost increases
to the users. If the utilities had been allowed to do so, probably supply
conditions, service quality and reliability would be better and PLRP would not
be needed. A good investment policy is merely the other side of a good pricing
policy. The public service feature of electricity supply has meant in a large
number of cases that governments have prevented utilities from charging the full
cost of supply, especially in inflationary contexts. Public enterprises have
been used as another policy instrument for fighting inflation, giving rise to
a sequence of problems:

1. low relative tariffs stimulate consumption even further;

2. the wutility reduces wages and salaries adjustments and
postpones necessary expenditures and investment; and

3. supply efficiency and quality of the service decline,
increasing operating expenses and costs to users of blackouts
and brownouts.

Continuation of this financial, operative and planning degradation, reaches a
point in which the required tariff increases to overcome the financial shortages,
are so steep that the political costs are deemed unacceptable, not only because
of the magnitude of the increases, but because the quality of the service is so
poor. Thus, where this situation has prevailed for a considerable time, not only
power utilities have lost key technical personnel and neglected asset maintenance
and replacement, but as time goes on it becomes increasingly difficult to corvrect
the situation. As a result, after several years of financial and operational
neglect the losses and outages in the primary and secondary distribution networks
of many LDCs have reached levels high enough to justify the design of specific
projects tec reduce them,

The interest today for PLRP has to do with the foreign exchange shortages
posed by the foreign debt problem and the high international cost of enexgy.
PLRP are an important form of energy conservation, in that they reduce waste in
transportation and distribution of electric power. The level of losses is
excessive when it is cheaper to reduce them than to increase supply cape.!ty.
At the margin, the value tu the country of each kWh lost is the lorg term
marginal cost; therefore it is worth investing to reduce such losses whonaver
the cost of doing so is lower than this marginal cost.

The purpose of the economic analysis is to show that the benefits of power
loss reduction are greater than, or at least equal to, the benefits foregore
elsewhere in the economy when the funds are committed to the project. Cost
benefit analysis (CBA) is a more efficient way of allocating resources than the
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traditional methodology of cost minimization, since it enables the ranking of
power supply projects and the comparison with other projects in the energy sector
and elsewhere in the economy. CBA allows for a better use of the limited
investment funds of the public sector budget.

The following sections sets out the rationale for the economic analysis
of PLRP, distinguishing between TL and NTL., Section II deals with the
information needed for the economic analysis of PLRP, Section III examines
projects to reduce TL, while section IV deals with NTL.

II.  POWER 1OSS REDUCTION PROJECTS

Technical losses consist of the energy prodaced and lost through
transmission, transformation and distribution. TL arise from the resistance of
conductors and equipment to electrical current. TL represent added production
costs to the utility. On the other hand, non-technical losses (NTL) consist of
that energy consumed but not paid for. NTL arise mainly from theft and fraud,
and to a lesser extent, due to uncalibrated and broken meters, errors and
problems with meter reading, invoicing and collection, etc. NTL translate into
less sales revenue to the utility.

Each type of power losses gives rise to two different sorts of projects,
TL can be reduced, among other ways, through better design, selection and
location of substations, capacitor banks, voltages and primary circuits, and a
better combination of transformers, secondary circuit conductors and
connections. NTL can be reduced by controlling theft and fraud, and solving the
problems in meter reading, billing and collection.

When both losses are present in a given distribution network, projects for
the reduction of NTL are appraised first. This is necessary in order to prevent
overestimation of benefits, since if unpaid consumption is reduced sc will part
of the load, and hence the associated levels of technical losses.3/

CBA is applied to projects, not programs. The analysis is done for each
group of interdependent works that fulfill the same objective. This means, for
PLRP, examining each independent circuit separately. When the rehabilitation
of a number of secondary circuits depend on the renovation of a primary circuit,
the nroject encompasses all of them. Although substations are typically built
to increase the supply capacity, their redesign and relocation can also help
reduce losses. Increasing the capacity of a substation, or installing a new
one, changes the load distribution and results in lower losses. In a number of
projects it is necessary to increase the capacity, since rehabilitation can
increase the load. In this case the substation forms part of the project. When
the substation cannot operate without a new subtransmission line, the substation
and the line are examined as part of the PLRP, The economic criterion for
deciding whether a specific component should be part of the project is: 1if it

3 Even though thisz will be developed further on, it is convenient to note
here that in some cases the reduction of NTL might lead to an increase in
the load.
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does not increase the met present value (NPV) of the project, then it should
not be part of the project.

The appraisal of PLRP proceeds in stages. In the first stage, the program
stage, a global analysis is carried out to appraise the dimensions of the problem
and the convenience of the program. This global ex-ante appraisal is done for
typical projects based on representative samples. Execution of the second stage
depends whether the results of the firct stage were positive. On the second
stage, what can be called the executive project, or design stage, each project
is examired in greater detail. The type and quality of the information required
for examining the progr.m and the project are different. In the program stage,
the nature of the data requirements are for planuing purposes, while in the
project stage more detailed estimates of costs and benefits are needed. An
approach for gathering the necessary information for the appraisal of typical
projects within a power loss reduction program is described in what follows.

The gathering of data proceeds from the general to the specific. The
easiest information is obtained first. The starting point is the energy balance
of the systenm:

GENR = TOTL + ES

where
GENR = generation requirements,
TOTL = total system losses, and
ES = total cnergy sales.

Second, TOTL are differentiated by tension levels, to separate those relating
to transmission (TRNL) from the remainder (OTHL).

OTHL = TOTL - TRNL

TRNL can be estimated as the difference between the energy supplied to the output
busbars at the generating plants and that received at the substations. However,
in practice these measurements are not consistent in intercomnected systems,
requiring an indirect estimation. Power losses are estimated with simulation
models for maximum load flows. Average energy losses are then calculated using
the loss factor, which states the relationship between average energy losses and
pover losses. It can be expressed as an empirical equation reflecting system
characteristics and conditions4/.

Third, losses in primary circuits are in turn estimated by measuring the
load flows 1leaving the substations and received at the distributivn
transformers. As in the previous step, it is difficult, and in this case
expensive, to do this, requiring an indirect estimation. A load flow simulation
model is used to determine primary distribution losses (FDL).

&/ The loss factor (1f) is expressed as 1f = ([EL(kWh)/t]/PL(kW)) where
EL(kWh) represents energy losses during period t (generally a year, making
t = 8,760 hours), and PL(kW) power losses during the same period. An
expression commonly used in Brazil in planning studies is as follows: 1f
- .2(df) + .8(df)?, where df is the load factor of the line. In the
Domini;:an Republic this expression is different, viz.: 1f = .5(df) +
.4 (df)“.
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SDL = OTHL - PDL

Fourth, a survey is carried out in a representative sample of secondary
circuits, metering the energy from the transf-rmer, counting the number of meters
and link-ups (legal or clandestine) in each circuit, and recording the user’s
consumption at the beginning and end of the surve=. It is important to note at
this stage, that the information comes from a sample of circuits, and that the
selection of the sample is very important and should be as representative as
possible. A first selection criterion could be by main consumption type
(industrial, residential, commercial, etc.). A second criterion could be by
consumption levels (for instance for residential circuits, by type of
neighborhood: high, medium and low income). Once the representative samples are
selected, measurements are undertaken for brief periods, (Visbal {49] proposes
a methodology for this purpose.)

Once the results of the survey are known, they are subsequently expanded
to the system level and for the year with adequate parameters, such as average
number of transformers by circuit, average consumption level by user, average
number of users, seasonal correction factors, etc. With these system estimates,
the secondary technical and non-technical losses can be computed. This can be
expressed for a circuit i as follows:

SDL£ - Qsl - 2“ cu‘_, and
where

QS, = energy from the trurafcrmers;
c,; = consumption of user u in circuit i, for , = 1, n; and
n = number of users in the circuit.

The first equation states that the difference between the ¢ ergy delivered to
the secondary circuit, QS,, and the :zensumption, I, c,,, corresponds to the total
distribution losses in the circuix i, SDL;,. The second equation states that
these losses are technical and non-technical in nature.

Technical losses can be estimaicd using simulation models of load flows
for the typical distribution circuit icentified. NTL can then be estimated by
subtraction.

NTL, = SDL, - TJ,

The non-technical losses can be further studied in order to determine their
origin: theft, fraud, unadjusted meters, inadequate meters, consumption in
excess of the contracted amounts for fixed tariff users, or other ressecns. The
differentistion of NiX. by source is necessary to design an adequate program of
loss reduction.
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IIX. ERQJECIS TO REDUCE TECHNICAL LOSSES

Technical losses occur when a current of electrons encounters the natural
resistance inherent in the medium, somewhat analogous to losses caused by
friction. These losses occur at all stages, from the generation plants to the
users’ equipment, transformation, transmission, subtransmission and distribution.
Technical losses also occur at the consumer level.

The relation between losses (L), the current (I) and the resistance (R)
is expressed as follows:

L - IR

where demand (the load) is analogous to the current I, and the capacity of supply
to R, the resistance of the medium (e.g., diameter of line, conductivity of the
material, distance between supply and load, ambient temperature, etc.). Each
system component (line, substation, conductor, etc.) has a resistance associated
with its physical and technical characteristics. The equation shows that losses
increase geometrically as demand rises and that they are directly proportional
to the resistance of the medium through which the current is flowing.

Losses can thus be reduced by either decreasing demand or increasing
capacity (reducing the resistance). Aside from load management measures, like
tariff restructuring and conservation, load reduction is achieved on the suprly
side by dividing the load among various components, either by building parallel
works or by expanding existing capacity. However, reducing the 1load or
increasing capacity costs money. The economic problem is to find the optimum
point at which the benefit of reducing losses fs equivalent to the cost.

The economic benefits of PLRP for technical losses are, first, a reduction
in generation requirements, leading to lower operating and expansion costs.
Second, PLRP improve and expand available capacity, which in turn improves
reliability of supply for existing users. Third, the reduction of power losses
releases capacity for new users who previously could not be connected with a
given standard of reliability. Fourth, rehabilitation may reduce expenditures
on maintenance and emergency repairs, especially in old and deteriorated
systems. Finally, reduced unit costs reflect (viz a viz the without project
situation) greater investment resources and/or lower tariffs, resulting in an
increase in supply and/or demand. It should be pointed out that a number of the
above-mentioned effects have significant financial benefits for the power
company, either in the form of loWwer costs and/or increased receipts5/.

In brief, a project to reduce technical losses may prevent during part (not
necessarily all) of its existence some of the following effects: (a) higher
technical losses; (b) a deterioration of service reliability; (c) supply
shortages; (d) higher operating costs, and (e) umnecessarily high tariffs. In

2/ In an optimum pricing environment, all of the above economic benefits
improve the financial position of the utility. However, in an non-optimal
situation, where tariffs are below marginal costs, an increase in supply
leads to added financial losses to the utility.
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other words, if the project is not implemented some, or all, of these effects
can be expected.

A. Cost/Benefit Analysis

The objective function to be maximized is the net present value (NPV) of
the benefits (B,) less the discounted costs (C,) during the economic life of the

project (n); i.e.

NPV = 2, [ (B,-C.) / (1+1)% ]
where

t=1, n, and
i = the opportunity cost of capital.

For simplification sake, comnsider all the benefit and cost flows below as
expressed in discounted terms.

Benefit estimation considers the entire supply system, starting with the
optimal alternative to minimize technical losses. The operation of system is
then simulated with and without the project for each year of the planning
horizon. If the project is worthwhile, the present worth of the net system
benefits (PW,) will be greater than without it (PW,). The benefits and costs
for the "without project situation” (B, and C,) are subtracted from the benefits
and costs with the project (B, and C,), obtaining the NPV of the project:

NPV = PW, - PW,,, and
NPV = [B, - C,] - [By - Cuo (a.1)

The system’s benefits are the users’ willingness to pay for the energy
(WIP): sales plus consumer surplvs. The total costs are, on the demand side,
the users’ costs of uaserved energy, or service interruptions (UEC), and on the
supply side, the total cost of the energy supplied (TC). That is,

B -« WTP
C = TC + UEC

and substituting
PV = WIP - TC - UEC.

The total system costs of the energy supplied (TC) are the costs of generation
(GC), transmission (RC) and distribution (DC):

TC = GC + RC + DC.

At the margin, smc = mcg + mct + mcd (system marginal cost equals the marginal
costs of generation, transmission and distribution), the first two terms express
the marginal cost of increasing bulk supply of electricity (mcq). Since PLRP
aim to optimize costs by minimizing distribution losses, this can be expressed
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smc = mcq + mcd
and substituting
TC = mcq Q + med D

where

smc = system marginal cost

mcq = marginal cost of increasing bulk electricity supply (i.e.,
consumption plus distribution losses).

mcd = marginal cost of distribution

Q = bulk electricity supply.

D = net increase in energy demanded.

All of the above costs are present in the with and without project
situation. An additional cost with the project is the project investment (I,).
Thus, substituting in equation (A.l), we have:

NPV-[BV-B'O]-[CU. o)
= [WTP,-WTP,] - [(VEC+mcqQ,+mcd,D,+1,) - (UEC, +mcqQ, +med,D,,)] (A.2)

As PLRP principal aim is to reduce losses, we can assume the same demand
with and without the project (D, = D,,), assumption which can later be released.
We therefore expect the following relations:

WTP, 2 WTP,,
UEC, < UEC,,
< Q.

Q
mcd, € med,,

Given the nature of PLRP, the long run marginal cost of bulk electricity
requirements should basically stay the same. Thus, if the willingness to pay
does not change, the previous expression may be simplified to

NPV « mcq[Q,,-Q,] + [UEG,,-UEC,] + [mcd, -mecd,]D - I,.
and since Q corresponds to demand D plus distribution losses L, we have

NPV = meq(L,,-L,] + [UEG,,-UEC,] + [med,,-med,]D - I, (A.3)

Net Generation Added Op & Man Project
present| = cost + |(reliability| + | distrib.| - |investment
value savings benefit savings

The main benefit of a decline in power losses is the savings of scarce
resources in generation. This benefit is estimated by comparing the level of
losses with and without the proposed project. The reduction in kWh is then
valued at the relevant long run marginal cost; that is, the marginal cost of
generation plus transmission up to the tension previous to the project tension.
The mcq includes transmission losses and the cost of future expansions in
generation and transmission.
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The accumulated marginal cost increases when power goes from one tension
level to another. There is a cost associated with: a) transforming power, b)
the lines and equipment at a given tension, and (c) the losses. Evidently,
generation cost savings should not include the cost of the project itself.
Therefore, the relevant mc value for valuing the reduction in losses from the
remodeling of a 13.8 kV network is the marginal cost at 34.5 kV, that is, the
marginal cost of delivering electricity to the 13.8 kV network.

Savings in operation, repair and maintenance costs of distribution networks
are a function of age, wear and tear, and their previous neglect. Distribution
networks in need of rehabilitation are generally old, designed according to
non-economic criteria, wusing different standards and non-stendardized
specifications, and for smaller loads. In many systems, equipment is subject
to greater loads than originally intended for, receiving little or no adequate
maintenance and, thus, breaking down often. Frequently, transformer connections
do not take the number of phases into account, overloading one part of the
transformer while under utilizing the rest. Conductors are overloaded and
therefore overheated, becoming brittle with time and shatter easily. Poles are
neither uniform nor safe and very often consist of tall sticks, generally leaning
and supported by cables. Many poles are located near public highways and
frequently fall down or are knocked over by wvehicles. Hence, a grid
rehabilitation project may reduce cperation and maintenance costs, where a large
share is repair expenditures, since it improves the installations in almost all
of the above-mentioned respects.

The assumption of equivalent demands for (with and without the project)
was previously adopted to simplify the exposition. However, in most cases as
the project increases capacity and improves reliability, in due course it
stimulates consumption. For example, city centers are generally old
neighborhoods, avoided by business, office and residential buildings because of
electricity service constraints. Rehabilitation removes these restrictions,
leading to a greater demand for new connections. Furthermore, when
rehabilitation reduces voltage variations, previous users who did not acquire
any new equipment and/or appliances because of the poor quality of the service,
buy them increasing their consumption. 1In this case, the objective function
corresponds to equation A.2.

B.  Benefit of Greater Reliability

In addition to saving resources in generation and stimulating additional
consumption, the rehabilitation project also improves quality of supply. Two
of the most relevant components of the quality of supply are the interruptions
in service (power cuts), and voltage variations. The improvement in service
reliability is estimated from the cost to the economy of not implementing the
project. The relevant question is: What are the direct and indirect economic
losses experienced by industrial, commercial, residential and other users as a
result of supply failures? .

The quality of supply depends on the security and homogeneity of the kWh
delivered. Reliability is high when the number of interruptions is 1low.
Likewise, the fewer the variations in voltage, the greater the homogeneity of
power supply. The unserved energy cost (UEC) is the cost to the economy of a
reduction in the reliability of the supply. This cost has two components, a
direct and an indirect component. The former i{s measured in terms of what users
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suffer as a result of the interruption in supply, aud the second involves the
effects on the economy at large consequent upon the damages to consumers. In
practice, a supply breakdown affects not only users but other sectors of the
economy through the multiplier affects of the reductions in incomes and outputs.

Naturally, UEC is not a constant figure. It varies according to the stage
of supply involved (generation, transmission, or distribution), or the region
(rural or urban area, etc.), the type of users (energy intensive industries,
low-income househo®4s, etc.), the duration, the time, whether it is a sudden or
expected failure, and whether it takes the form of a power cut or a voltage

variation.

The duration of an outage is longer for a forced shutdown of a generating
plant, relative to transmission or distribution equipment. The frequency of
outages in distribution is higher than in transmission or generation. The depth
(i.e., the number of consumers affected) of an outage in generation is higher
than transmission and distribution. In general, the costs of supply
interruptions to industrial users are generally higher than for residential
users, and the UEC in high-income neighborhoods is higher than in low-income
ones. An outage in the morning is less damaging than one in the afternoon, when
more users are consuming power., A power cut lasting one minute may be
insignificant, while an hour’'s interruption may be very costly. A power failure
generally occurs suddenly when the maximum demand cannot be met because of lack
of capacity, while an energy failure can be managed (low water levels in the
reservoirs). When users are aware that an interruption is going to occur they
make the necessary preparations and thereby minimize the impact. In other words,
the cost to users of an unexpected interruption in supply is greater than an
anticipated one. The cost of a service interruption is greater than that of a
voltage reduction. In the first instance, no energy is delivered, while in the
second some is, even if less than normal.

There are various methods for estimating the cost of unserved energy, such
as:

1. the aggregate value per unit of energy supplied in the past (Mattson
[29]), Telson [46], Jaramillo and Skoknic [25];

2. the user’s willingness to pay for future supplies of electricity
(Brown and Johnson [5], and Crew and Kleindorfer {8];

3. the direct losses resulting from supply breakdowns (Munasinghe and
Gellerson [34], Munasinghe [35] and Sanghvi [41]), and

4. the cost of emergency equipaent (Sanghvi [42], Bental and Ravid [3]).

Possibly the oldest approach is the production function (QF) approach.
It involves the relationship between production and electricity consumed, from
vhich an initial value is obtained for UEC, the cost of unserved energy.
Jaramillo and Skoknic [25] used this approach in Chile in 1973. Telson ([46]
concluded in 1975 that U.S. systems were over-reliable. Notwithstanding its
simplicity, the QF approach suffers from a number of shortcomings. For one
thing, it tends to underestimate the costs to industries in which the
interruption not only prevents production throughout its duration, but also
damages inputs and equipment. Furthermore, QF tends to overestimate UEC in
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industries which can recover part of their lost output through extra shifts
and/oxr other compensatory procedures.

According to Munasinghe and Gellerson [34], the willingness to pay approach
(WTP) only considers the direct impact on users, which may not include other
activities affected by the supply shortage. This is the case with the damage
to materials, and lost productivity during the restart period after power is
restored. Munasinghe and Gellerson therefore consider that to calculate UEC from
users WTP, underestimates its reel cost. As Anderson and Taylor [l] indicate,
in principle there should be no difference in the wvalue, since the direct
opportunity cost of the unserved energy ought to be equivalent to the user’s
willingness to pay to avoid it. The advantages of this method are its simplicity
and the minimum requirements. The most serious flaw of the WTP approach is that
it does not consider the indirect opportunity cost, namely the effects elsewhere
in the economy of the decline in the users’ level of economic activity. It
therefore underestimates the true UEC.

Munasinghe and Gellerson [34) suggest that UEC should be determined through
user surveys in order to appraise the direct consequences. The industrial UEC
becomes under this approach the industry’'s productivity losses; i.e., what the
company stands to loose from a shortage in supply. The residential UEC is
related to the value of the activities affected, be recreational or household
tasks: and so on for different users.

There are some limitations with the "direct losses” (DL) method. First,
surveys are resource intensive (time, money and information). Second, DL suffers
from the limitation common to all hypothetical situations. If the interviewed
have not suffered these costs (residential consumers), or if they have
experienced them but have no way of estimating them (industrial users), they will
tend to bias the results in their favor by exaggerating the harm done. Third,
users nay deliberately answer inaccurately because of fear of higher rates.
Fourth, users may not reply, or may make mistakes, because lack of knowledge or
have not thought about the issues entailed by the questions in the survey.
Finally, it is not only the user’s activities that suffer with the shortage in
energy supply but also the rest of the economy, through the multiplier effects
of the reduction in users’ incomes.

Bental and Ravid [3] propose that the unserved energy be valued on the
basis of the costs to the users of maintaining back-up generation and voltage
regulation equipment. This is based on the idea of a profit maximizing firm,
which in the margin expects to gain from the self-generated kWh the same as it
would loose from a kWh shortage in public supply. The problem with this approach
is that back-up generating equipment depends to a large extent on past quality
of service. As a result, the worse the supply in the past, the more emergency
equipment and the greater UEC would be under this approach. However, in reality
the better the quality of service, the smaller the expectation of an interruption
and less back-up generation. Thus, UEC is higher when users are not expecting
an interruption, since they have less or no protection at all, Sanghvi [41]
distinguishes between the short and long-term UEC. Long-term UEC in a
low-quality system is less than short-term, since expectations induce users to
protect themselves against poor service reliability.
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Despite the limitations alluded to, the DC method offers the best
possibilities, when supplemented with information about users’ back-up equipment,
and complemented with estimates regarding the effects on the economy of the drop
in users’ incomes. As the DC approach is applied and its results known, the
utility and the users gain experience. This avoids the initial mistakes, and
reduces the implementation and interpretation costs.

In the context of PLRP for technical losses, the type of reliability
improvements we are interested in are those at the distribution level. At this
level interruptions are generally sudden, except in the case of planned
maintenance. The reliability benefit is estimated in stages. First, the
physical improvement in supply resulting from the project is estimated, in terms
of: (1) frequency of shortages, (2) their average duration, and (3) the unserved
energy. This is the estimate of the unserved energy (EUE) which will be supplied
if the project is implemented. Second, the users affected by the energy
shortages are examined and the consequences valued. In this second stage the
UEC is calculated in economic terms for each user type: industrial, residential,
commercial, etc. Finally, the reliability benefit during the life of the project
is estimated by bringing together EUE and UEC§/.

c. Benefit of Voltage Improvements

PIRP frequently reduce voltage fluctuations, improving the quality of
supply. A survey is too expensive for estimating this benefit. A simpler and
more economical approach is required. The proposed approach is based on users’
willingness to pay (WIP) for the increase in energy consumption attributable to
better voltage regulation.

How much would users be prepared to pay to achieve this quality improvement
in supply? The WIP is the area below the users demand curve for electricity.
Graph 1 depicts the demand curve without the project. At price t,, consumption
is D,,. With the rehabilitation project, the voltage improves and more energy
is supplied at each price, displacing the demand curve to the right. Thus,
consumption at price t, increases with the project to D,..

&/ For a detailed explanation of calculating outage costs using the survey
method, see Gutiérrez [17].



The benefit (B) of the voltage 4
improvement is the difference between
WIP, and WIP,,. WIP is the energy
sales (S) and the consumer’s surplus
(Cs). Assuming a linear demand
curve, sales without the project are:

Syo = tyy (Dyo).

The consumer’s surplus is:

CS,, = ¥(a-t,,) D,

Figure 1l: Demand Curves With and Without
and WTP is therefore: Better Voltage Regulation

WIP,, = S,, + CS,,

= t,, (D) + ¥(a-t,,) D,

= k(a+t,,) D, (D.1)
WIP with the project is

WTP, =~ M(a+t,) D, (D.2)

The increase in energy consumed as a result of better voltage regulation
"Q," is obtained from market demand forecasts and from circuit studies. D, is
the sum of D,, and Q,. The demand curves can be estimated from these values:

two = a'bvoDvo
and t, = a-b/)D,

The known points on the demand curves are D, and t,, for the situation without
the project, and D,, t, with the project. The demand curves’ coefficients remain
to be estimated: the intersection value "a* (the same for both curves), and the
slope of each curve,”b,” and "b,,” (note that since t,, =~ t,, b, /b, = D,/D,,).

These coefficients can be estimated from the price-elasticity of demand
(€). Once € is calculated, a ceteris paribus price-demand equation is assumed
and the values of the coefficients derived. In other words, all other demand

variables are assumed constant, varying only prices and guantities. The slope
of the linear demand equation is given by:

b = dt/dD
since

€ = (db/dt)(t/D)

b = (1/€)(t/D)
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The intersection is calculated as

a = [t(e-1)]/€

Once the coefficients are determined for both situations (with and without
the project), the benefit of the voltage improvement is easily estimated. This
benefit is the difference between WIP, and WIP,, up to the consumptions D, and
D,,, respectively. In other words, B is the difference between the areas 0aBD,

and 0aAD,, in Graph 1.

B = WIP,-WIP,, (D.3)
and substituting (D.1l) and (D.2) in (D.3)

B = ¥(a+t)[D,-D,]

The net benefit (NB) of the improvement in voltage regulation is the

benefit less the cost of supplying the additional energy. This cost is the
marginal cost (mc) times the additional energy permitted by the project (Q,):

NB = B - mcQ,

Repeating, the relevant mc is equivalent to the marginal generation cost plus
the marginal cost of transmission and subtransmission in the tension level prior
to the tension in which the user is being supplied.

It should be noted that in a
large number of developing countries Unit
tariffs are out of 1line with the Price
marginal costs of supply. Different
users are frequently subsidized for
equity reasons and/or political
considerations, or assumedly because
it provides economic incentives to
some iIndustries. Also, subsidies
frequently occur in inflationary
situations because of tariff
adjustments lags. When the marginal
cost is higher than the tariff, the 0 Dw LS kWh
project may not be profitable for the
utility, but convenient for the Figure & Costs and Revenues of the
economy. This can be seen in graph
2. The rectangle, indicating the Additional Energy
cost of supplying the additional
demand mc(D,-D,), is larger than the revenue generated by the project t,(D,-D,,.) .

IV.  NON-TECHNICAL 10SSES
A. Causes of NTL

Befoie examining revenue improvement projects, certain points should be
cleared up. NIL are a form of consumption which is not charged by the utility.
Thus, the reduction of NTL constitutes a major objective for electrical
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utilities, because the utility has to generate more (which is costly), aund
receive less revenue (which is inefficient). Non-technical loss reduction
projects (NTLRP) vary according to the type of NTL. The make-up of NTLRP depends
on the type of losses and the characteristics of the electricity supply system.

When energy theft and fraud are not quickly controlled, the practice
rapidly spreads and becomes socially acceptable. Fraud becomes a game in which
everybody wants to participate, a politically acceptable way of subsidizing
low-income groups, and a practice in which better-off users increasingly
participate. Where theft 1is deép-rooted, more investment is needed in
distribution equipment relative to expenditure on meter reading, billing and
collection,

In some countries, newspapers advertise illegal connections at modest
rates. Private retailers--illegally connected to the grid-- offer power at rates
below official tariffs. Personnel for meter reading offer customers lower
readings in exchange for gratuities, etc. In such situations eliminating fraud
becomes unpopular and difficult. Normal administrative measures, police
activities and disconnections of illegal users are rapidly outflanked by new
forms of fraud and recomnections. In such cases, the unit costs of NTLRP are
higher than when this practice is rapidly corrected. NTLRP need to be
complemented with expensive technical fixes, so as to make it as difficult as
possible to commit fraud; examples are duplex and triplex service drops, meters
in strongboxes and/or mounted on posts, etc.

Unlike projects to reduce technical losses, the user’s location in the
circuit is not relevant, what matters is the nature of consumption. This is so,
because the type of user determines the level of consumption (benefits) and the
measures to fight fraud (costs). NTLRP may include various users connected to
different circuits and dispersed over a wide area, but with similar consumption
patterns. An example would be a poor residential neighborhood (or an industrial
zone or commercial center, etc.) supplied by different circuits, but forming part
of the same project. The project scale is defined by the number of users
regardless of their location in the system.

It 1is convenient to differentiate wusers according to tariff types
(residential, commercial and industrial), and then subdivide them according to
consumption levels (high, medium and low). This breakdown is appropriate because
the reduction in consumption (from unpaid to paid consumption) varies according
to the type of users involved, and within each users’ category, according to
income level. For instance, the decline in NTL is greater for higher-income than
for low-income neighborhoods. Therefore, projects aimed at reducing NTL in
circuits with higher average consumption levels are more profitable and should
be implemented first. Furthermore, the decline in consumer’s surplus as a result
of the reduction in fraud is not as serious, from an equity point of view, for
the higher income levels than for the lower income groups.
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Hence, it is important to determine the origin of the losses to design
optimum PLRP. NTL come from two sources: users’ fraud, and inefficiency of the
utility. The fraudulent causes are:

1. illegal connections,

2. tampered meters,

3. deceitful under-reporting of true consumption by personnel uf
the utility, and

4, resale to third party users of energy by cur-omers with fixed

tariffs (no meters).

The greatest share of NIL in LDCs is due to theft (stolen electricity by the
user, first cause) and fraud (underpaying electricity consumption, last three
causes), frequently accounting for three quarters of NTL. Inefficiency losses
stem from technical imperfections in the meters or from management carelessness
and/or inefficiency; for example:

1. inaccurate reading (or not readings at all) of meters and
estimation of consumption;

2. incorrectly connected or defective meters;

3. unregister users;

4, fixed-charge users with greater consumption than the contracted
for;
non-measured public consumption (such as public lighting and
other public facilities in several countries):

6. billing and collection deficiencies; and

7. discrepancies in power generated, transformed and recorded at

consumption.
The common feature to NTL is that the tariff on marginal consuiption is zero.

NTIRP are designed to fight theft and fraud (first four causes) and
inefficiency consumption (second group of causes). This is done through a
variety of measures, such as regularization of users, substitution and
installation of proper hook-ups and equipment (leads, connectors, and meters),
introduction of new systems of meter reading, billing, collection and
surveillance.

These projects may include equipment, systems, and procedures such as:

1. new transformer casings, service drops, connections and
meters, as well as calibration equipment; '

2. computing hardware and software for billing and collection;

3. design and introduction of procedures to penalize {llegal
users; :

4, procedures for meter reading, billing, collection and personnel
mansgement of meter readers (such as personnel rotations), and

5. personnel training, supervisien and surveillance.

B.  Benefits of NTIRP

NTLRP vary according to the type of benefits. There are twc main benefits.
The first one is the resource savings in generation, since a share of the energy
previously consumed free of charge (t,, = 0), will no longer have to be
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produced. The second benefit consists of the increase in WIP since the project
might avoid higher tariffs, or lead to a higher demand level. Even though, the
first benefit generally predominates in most projects, the second benefit is
frequently present, which, when important, should be explicitly estimated.

Not all the previously unpaid consumption will cease to be generated, part
will continue to be supplied with the project, but paid for at the tariff rate
for that user, t,. Thus, it is necessary to determine the reduction in the
consumer’s surplus resulting from the price increase. When this type of NTL
predominates, the electrical utility obtains significant financial benefits:
firstly, from the reduction in operation costs associated with the lower output
level, and secondly, from the added sales revenue.

The increase in WIP can result from a potential reduction ‘n tariffs and/or
an improvement in long term reliability. On the one hand, when existing users
subsidize unpaid consumption, the reduction in NTL benefits the former by
preventing unnecessarily high tariffs. On the other, when the utility covers
part (or all) of the cost of NTL, the improved financial position resulting from
the loss reduction and the increase in sales reveme, enables it to keep
investments and maintenance work on schedule, thereby preventing unnecessary cost
and tariff increases. (As already indicated, this benefit also accrues from
projects to reduce technical losses.)

C. Cost t

From an economic point of view
users who consume more than what they Unit
pay for (whether for reasons Price
attributable to them, such as fraud L
and theft, or not), are receiving a s

benefit equal to what they would be
willing to pay for this free energy
(WTP,,). With the project, the
reduction in WTP becomes a cost, i.e. w
the loss of the congsumer’s surplus.

Likewise, the supply cost savings mo R C
associated with the elimination of /éf%

NTL is a benefit attributable to the - idozazatiy

project. Therefore the benefit for 0 Dwo kWh

the economy of unpaid consumption
(B,,) can be expressed as:

Pigure 3: Savings due to the Reduction

B,, = WIP,, - mcD,, in Unpaid Consumption

The purpose of the project is to charge for the unpaid consumption (D).
However, not all of the unpaid electricity that was consumed will be demanded
with the project, since the price-elasticity of demand is higher than zero.
Therefore, a price increase from 0 to t, reduces quantity demanded from D, to
D,. The benefit with the project (B,) is expressed as

B, = WIP, - meD, - C,,

where C, = project costs.
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and the net benefit (NB,) of the project is

NB, = B, - By,
NB, = mc [D,, - D,] - [WTP,, - WIB,] - GC,

Project Resource Decline in Project
Net - Savings - |consumer’s| - costs
Benefit surplus

We know that WIP,, is larger than WIP,, since the energy consumed falls from D,
to D, as a result of the project. Therefore, the first term of the equation
constitutes the benefit, the savings in resources resulting from a decline in
NTL. While the second term is the cost, the reduction in consumer’s surplus.
The final term is the discounted project costs (investment, operations-
maintenance, billing, collection, etc.). It should be noted that all the project
flows are expressed in present value terms at the opportunity cost of capital.

The benefit in figure 3 is the rectangle DACD,,, the savings resulting
from the reduction in consumption when previously unpaid consumption begins to
be paid. The cost is the decline in WIP equal to the triangle DJE,. The
project is desirable when

D,ACD,, > D,ED,, + C,

that is, when the area D, BC is larger than the triangle AEB plus the cost of the
project. It is worth noting that, for a NTLRP not to show an acceptable return,
the cost savings would have to be negligible and/or the tariff be much higher
than the marginal cost. In graph 3, Cp would have to be zero so as to be
indifferent between doing or not the project, since the tariff is higher than
me. However, this case is less frequent in the real world, than the case of
tariffs below supply costs. Consequently, the possibility that the decline in
the user’s surplus would be larger than the resource savings is remote.



When the tariff is set Unit
according to marginal cost, the net Price
benefit from the project 1is the T
shaded triangle in the graph below, a

less the prcject costs. This is the
optimal situation, where the costs of
the service are covered and the
consumer’s surplus is maximized. The
reduction in the surplus of the |{ =me

irregular consumer is equal to half | %
of the resource savings; in other
words, 0

NB, = mc(D,,-D,) - [t ,(D,-D,)] - C, Figure 4: Benefit From Reduction of NTL
When Tariff Equals Marginal Cost

and as mc = t,, then
NB, = % mc(D,, - D,) - C,

When the tariff is subsidized, the project benefit i{s smaller than in a
situation of marginal cost pricing. The resource savings associated with a
reduction in consumption from D, to D, is smaller by the shaded triangle in the
figure below. In this case the resource savings is twice the reduction in the
consumer’'s surplus plus the subsidy (the difference between the marginal cost
and the tariff wmultiplied by the reduction in consumption). This can be
expressed as follows:

mC(Dvo- v) - tv(Dvg' v) + (mc'tv)(nio

-D,) Unit
Price

The net benefit from the project 4

(NB,) 1is the resource savings less a

the reduction in the consumer’s
surplus and the project costs,

NB, = mc(D,,-D,)- ¥t, (D,-D,) - C; Net
bmef/it

Substituting the term me (D,,-D,) and mo
manipulating the equation tu, .
algebraically, we arrive at the 4
following expression 0 nw Dwo kWh

= 4t,(Dy-D,) + (mec-t,) (Dy-D,) pigure 5S: Benefit from a Reduction in
-G NTL when Tariff Below Marginal Cost

Finaily, in the case of a tariff higher than the marginal cost of supply,
the reduction in consumer’s surplus for a move from a price of zero to one higher
than the cost of the service is, as might be expected, larger than in the two
previous cases. However, the over-pricing is not normally as high as to make
uneconomical NTLRP; {.e., a reduction in consumer surplus larger than the decline
in costs. Figure 6 illustrates this situation. As can be seen, to the left of
the optimum point B the resource savings, mc(B - D,), is smaller than the
reduction in the willingness to pay for this energy by the area %(t, - mc)(B -
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D,). To the right of optimum point B, the resource savings mc(D,, - B) is twice
the reduction in the consumer’s surplus. The net benefit of the project is given
by the shaded area.

B.  Calculating the Benefit and the

Economic Cost Unit
Price

L\

Resource savings are estimated
from the reduction in consumption, a
which in turn is estimated from the
known data on marginal cost and the

unpaid consumption D. The equivalent
consumption D,, once the users are ilu E areas
regularized, is calculated from the

demand curve, In the case of meo Y ’l;(et fit
clandestine commections, the tariff ; °"g
without the project is zero (t,, = 0). 0 D B D kIWh

w wo

The linear demand curve takes the
following form:

Pigure 6: Benefit from Reduction of NTL
tea- [a/D,] D when Tariff Above Marginal Cost

where

a=[t, (€ - 1)]/e
t = tariff (t - 0,.., mec,.., t,,.., a);
D,, = fraudulent consumption, and

D = demand at price t.

If a meter has been tampered so that it records only a fraction of true
consumption, or in the case of a by-pass, where part of consumption (D,) is paid
at the current tariff (t,) while the remainder (D,) is not paid for, the relevant
tariff consists of the weighted average of both prices. In both cases the
relevant tariff without the project is higher than zero (t,, > 0).

ty = (t,D,)/(D, + D;)
-ty (l/D:)-

The demand equation in this case is as follows:
t=a-bD

wvhere
b = (1/€) (t/D).

Once the demand curve is estimated, the consumption of the regularized
users is calculated by replacing t with the with-project tariff t, and solving
for the unknown quantity D,. The savings can then be calculated as the product
of the marginal cost of replacing the connections mc and the reduction in

consumption (D, - D,).
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The reduction in WIP (WIP,, - WIP,) also varies according to the type of
unpaid consumption, i.e., whether entirely free or partly paid for. If the tariff
is null (t,, = 0), the loss of consumer surplus CS is:

CS = % t, [Dy, - D,]

When the tariff is greater than
zero (0 < t,, < t,), the reduction in Unit
CS is calculated from: Price

6S = & [t, - t] D - D] ak

C. Unpaid __ Consumption _ with
Improved Reliabjlity

In cases where the consumer t
receives a low-quality service, the
result of regularizing his situation
and incorporating him into an 0 D D kWh
upgraded network may represent an
improvement and a net increase in his
consumption, rather than a PFigure 7: Benefit to Previous
reduction. In balance, the increase Clandestine Usera From Improved Quality
in demand iIn response to an of Service
improvement in the quality of supply
may offset the reduction in consumption resulting from the price elasticity of
demand.

o Gross benefit

Residents in low-income neighborhoods often connect themselves to a
secondary circuit with their own wires, frequently of different sizes, the joints
are done manually. The wires are taken to their homes, in some cases several
blocks away, by hanging them on walls, trees, roofs, tall poles and whatever is
at hand. Other residents connect themselves on the original wires, becoming for
all practical purposes informal secondary circuits. Their condition making them
not only a constant danger but also contributing significantly to technical
losses. In these circumstances, the voltage level is very low. In many cases,
turning on an appliance in one of the user’s residence often reduces
significantly the voltage of the other consumers in the circuit. In other cases
users cannot turn on any electrical appliance during the hours of maximum demand.

The benefit to the clandestine user is the shaded area between the two
demand curves shown in Figure 7. The low-quality fraudulent consumption
corresponds to D, at a null tariff. Consumption increases to D, as a result of
the quality improvement, despite the fact that a tariff t, is now being charged.
The benefit can be determined by calculating the area between these curves, using
the same procedures described previously.



- 221 -

The net benefit is determined Unit
by subtracting from the benefit the
cost of the incremental energy, mc(D,
- Dy). Considering <he three
previous cases (i.e.: mec = ¢, mc >
t,, and mc < t,), the utility is in
the most favorable situati~n when
marginal cost pricing is the rule
(Figure 8), where the difference
between WIP and the cost of resources

b 4

is at its maximum. In other words,
the equation 0 DIWDW kW
0,BD, - OmcBD, = t,aB Figure 8: Cost of Additional Energy From
Improved Quality of Service When Tariff
reaches a maximum when t, = mc. Equals Marginal Cost

When the tariff is subsidized,
the improvement in quality of service
produces a relatively larger increase
in the cost of supply than the
increase in consumer’s surplus. The
dark triangle to the right of and
above the demand curve in figure 9
shows what the company loses for
being in a suboptimal situation,
i.e., from charging less than 1its
production costs.

: Finally, when the tariff is
higher than the cost of supply, the
increase in demand as a result of the Figure 9: Cost of Additional Energy From
improvement in service quality will Improved Quality of Service When Tariff
be smaller than in the previous Below Marginal Cost

cases, and, depending on the

magnitude of the over-pricing, the with-project demand D, may be smaller than D,
(see the graph below). Therefore the change in consumption of illegal users when
their situation is normalized, under an improvement of quality, varies inversely
to the differential b tween tariff and marginal cost.

It should be pointed out that with the project, not all clandestine users
are going to comnect legally to the grid during the first year after completion
of the project. Some will during the first year, others during the second and
so on. Similarly their consumption when they have to pay for it will be lower
than vhen they were not paying for it. The increase in consumption due to a
quality improvement affects only some consumers, i.e. the better off.
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v. CONCLUSJONS

The purpose of this paper was to present a methodological framework for
the economic analysis of PLRP.. We therefore describe the methodology for
calculating the benefits of such projeccs distinguishing between technical and
non-technical losses. The main benefits of PLRP are first, the savings in costs
of system operation and expansion, and second, the improvement in service
quality. The project may also enable a higher level of demand to be met, but
generally this is a secondary benefit. The principal economic benefits of NTLRP
(non-technical loss reduction projects), also known as revenue enhancement
projects because of their positive effects on the company’s finances, are the
resource savings and the improvement in the quality of supply. An additional
benefit of both kinds of project is the increase in demand as & result of tariff
reductions in relation to the without project situation.

These benefits are the result

of the following effects: (a) a Unit

reduction in illicit consumption and Price

an increase --larger than the

reduction-- in paid consumption; (b) 2

more efficient meter reading, billing

and collection; (¢) a reduction in

technical losses as a result of the i,

net reduction in consumption and the me

reduction of NTLs; (d) an increase in \

sales revenue and consumer’s surplus

as a result of quality improvements N
and the reduction in marginal costs. o w Do xWh

No electric utility in the
world can sell all of the energy Pigure 10: Cost of Additional Energy
produced. The costs of attempting to From Improved Quality of Service When
reduce losses to the physical minimum Tariff Above Marginal Cost
would exceed the benefits. There is
always an acceptable economic level of losses. This level varies from country
to country, depending on supply conditions and the structure of relative prices.
The level is reached when the cost of reducing losses by 1 kWh is larger than
the long-term marginal cost of supplying it. In most cases this level is around
10% of total requirements. Higher levels generally represent an unnecessary use
of resources and indicate inefficient past policies, especially as regards
manageuwent and tariffs. 1In all the cases examined, the optimum operating level
occurs when tariffs are equal to the marginal cost, the latter including future
expenditure on maintaining the system in good condition. If tariffs had been
established on this basis, they would probably be no need to invest in projects
to reduce losses.

In the final analysis, PLRP are nothing more than corrective measures
required by the lack of preventive maintenance and adequate policies in the
past. Although it is difficult to speculate about what would have happened if
other conditions had prevailed, there is no doubt that when losses are reduced
to an acceptable level and appropriate tariff, planning, and maintenance policies
are in place, there is no need for such projects.
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LOSSES CONTROL IN ELECTRIC SYSTEMS
GENERAL CONCEPTS AND DEFINITIONS

By

Dr. Renato Cespedes G.

1. Introduction

The growing costs of investments in the expansion of electric energy
power gystems and of its operation has motivated the need of increasing the
efficiency of the electric power systems in the region.

One of the means to reach a higher efficiency is to reduce the
electric losses. The electric losses of the Latin American and Caribbean
countries are, in general, higher than those observed in other developed
countries and in consequence it has been concluded that it is imperative to
reduce losses.

Some studies have pointed out that reducing a Kilowatt of losses has
a higher benefit to cost ratioc than installing a new source to produce the same
power.

Several studies in various countries have been carried ocut in order
to golve the “losses problem®, This problem has several aspects such as:

- From a general economy point of view of a country it is considered
that the losses is an inefficiency of the system but that only a part
of the losses is really dissipated energy being another part energy
that is effectively used but not paid to the utilities. In this
respect more emphasis 1s given to the so called technical losses that
will effectively reduce peak load demand and will reduce operation
costs.

- From the utilities point of view the losses problem is more related
to a problem of loss of revenue and therefore it is focused with more
emphasis to the "financial losses®” (non-technical losses) and to the
short term and fast recovery of investments that reduce the losses.

- From the users point of view the problem is considered more a problem
of the utility alone and since internal losses of the end users are
in general not measured, nc attention is put to a "rational use of

the energy”. '

The losses problem is in general a complex one that has several aspects to be
solved, including:

- Determination of the losses sources, causes and assessment of the
losses level for each one of the causes for the actual system.
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- Determination of optimal long run economical losses levels in order
to identify areas where potentially loss reduction actions could be
more effective.

- Identification of the losses control actions that have a higher
benefit to cost ratio. Classification of “ese actions and establish
a "Losses Control Program”.

In this document the losses problem is presented in a general form
with emphasis in the identification of the different causes of losses and the
analysis of the statistics that are related to energy losses with the objective
to define common points of interest to all countries in the region regarding this
problem.

This document presents some aspects already discussed in the
"Simposio Latincamericano de Perdidas Electricas" of Bogota Colombia, October
1988, which 1is part of the losses reduction program of the Organization
Lationoamericana de Energia, OLADE.

2.0 Demand and losses
2.1 Losses Amounts

In order to gain insight into the losses problem this section
presents some statistics of losses taken from different sources.

Figure 1 presents the evolution of the electric losses of a company.
This company includes generation, transmission (220 and 115 kV), subtransmission
(115, 57.5, 34.5 kV) and distribution (most at 13.2 kV for primary circuits and
440 and 208 volts from secondary distribution). It generates internally
approximately 60% of its demand of 1300 MW.

The figure presents the evolution of the demand and the total energy
losses during the period of 1976 to 1986. They grew from 13% to 24.5% of the
demand with an annual average growth rate of 12.8% while the demand increased
at an average rate of 5.68% during the same perfiod.

For comparison purposes the "square of the demand®™ curve is also
included in Figure 1, considering the demand square for each year and normalized
so that it matches with the losses value at the initial year. It can be observed
that the losses grevw almost at tho same rate as this curve. Since most of the
losses change with the square of the current it can be considered that this would
reflect a system with almost no reinforcement.

Unfortunately, the losses breakdown in technical and nontechnical
losses is not known for the same period. The company report establishes that
for 1976 the technical losses were of 11.2% and 6% of non-technical while for
1988 the same were of 11.2% (constant losses for all this period!) and 13.2%
respectively.

The previous data illustrate the need to know with at least a fair
precision the different losses amounts in order to direct adequately the
available losses reduction resources.
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2.2 on o @ e ve

Table 1 presents, as an example, the losses reported by three
different sources named Colombila 1978, Cadafe and "ldeal". This last one
corresponds to the World Bank report source from which the column “"Maximum
tolerable) has been also extracted. Since not all the sources present the data
in the same way some adjustments were made in order to have comparable data.
For instance, for the Cadafe case the average values of the presented range were
selected; also for Cadafe and the "Ideal" case the percentages were corrected
to present them with respect to the demand instead of with respect to the

generation.

The comparison of the different data allow to establish the following
conclusions:

- The "ideal" amount of losses (assuming that this vilue is applicable
to the other cases) is much lower than the 12.68% of the Colombian
case and the 10% of the Cadafe case.

- It can be noted that the losses distribution among the different
voltage levels between the "ideal® and the other cases. In the
Colombia and Cadafe case the higher proportionally losses are due
to distribution feeders and transformers. Figures 2, 3 and 4
illustrate these results,

The previous data do not try to establish that the "ideal" case shall
be considered as a target for the losses level of a country but it stresses the
importance of comparing the losses levels of different countries together with
the information of experiences, standards, design considerations that are applied
in some countries and that contributes to have low losses levels. This can be
considered by others in order to apply corrective actions correspondingly.

Finally, the losses reduction programs cannot be generalized. The
technical literature present cases in which the benefit to cost ratio arrives
to as high as 15/1 for losses reduction actions. However, no generalization can
be made based on other systems results and each case shall be analyzed
independently in order to arrive to the correct solutions for each case.

3.0 ass at s s

3.1 Introduction

An electric power system is integrated by a complex set of
generators, high voltage transmission lines, power transformers, distribution
feeders, etc. Each element through which an electric current is circulating or
is energized, that is connected to the power source like the case of an energized
transformer, contributes to increase the system losses.

The puwer (or energy) losses can be defined for each component of
the system as the difference between the input power (or energy) minus the output
power (or energy) of the component. The losses are in consequence the result
of a reduced efficiency of the transport or transformation of a system element.
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The instantaneous efficiency of each system component can be defined
in terms of the input and output power. In the same form the efficiency over
a time period can be defined in terms of the input and output energy. The
following relation can be established:

losses (8) = 100 - Efficiency (8) ‘ (1)

The previous relationship is applicable to power or energy according to the
utilized efficiency being the losses less when the efficiency approaches its
limit of 100s. '

It {s important to recognize that in general all the system elements
have different efficiencies which may change with the operating conditions. In
addition, only for design the losses of each element are not considered
independently being it necessary to group the losses according to causes and
according to the sources that produce the losses.

The previous conducts to the need of classifying the losses with
several purposes including:

- The evaluation of the losses by appropriate methods applicable to
each case.
- The geographical location of the losses to establish the contribution

of each part of the system to the total system losses.

- The contribution of the components at different voltage levels to
the total losses.

- The contribution of elements with different functions (transport,
transformation, etec.) to the losgses.

3.2 General Classification
3.2.1 Power logges

As mentioned before the power losses are those that are produced
instantaneously in the power system. Figure 5 {llustrates the demand curve and
the corresponding demand losses.
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The generation of the pover system shall be programmed to supply the demand and
the losses: .

G(t) = D (t) + LP(t)

vhere

G(t) is the generation at time t

D(t) is the demand at time t

LP(t) are the power losses at time t

It is evident from the previous equation that the losses increase the system load
and require additional generation. Im other terms a reduction of losses reduce

the total load and ff this loss reduction is performed at the system peak,
investments to feed the total load can be postponed.

The power system losseés can be classified in the following form:

By _type By cauge By tine By _variation By site

-Technical -Corona i -Peak -Load depen- -By company

Losses -Joule effect losses dent -By zone or
-Eddy currents -Off peak -Fixed region

and histeresis losses
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3.2.2 Enexgy losges

Energy losses can be expressed in terms of power losses in the
following form:

le = Int (LP(t)) dt = Ave(LP(t)) T (2)
vhere

Le are the energy losses in the pe'r:lod T

Lp(t) are the power losses as function of time t
Ave ( ) indicates average

Int ( ) indicates integral

Being the eneregy equivalent to useful work, the energy losses is that part of
the energy that is not used or is dissipated in the system (Joule effect for
example). The fcllowing equation can be deducted from equation (1):

Generated energy = Demand energy + Energy losses (3)

In a utility the generated (or received) energy and the demand (or
supplied) energy are measured by means of energy counters located at the
different points where the energy is the generation minus the demand and should
be the same as those that could be calculated from equation (2). In case that
the energy losses are greater than the calculated ones this additional loss is
also an "energy loss" for the utility although it is energy that was effectively
delivered. This type of losses called non-technical losses cause financial
losses to the utilities since the service provided by the utility is not paid
adequately by the user.

Considering the previous concepts the following classification can
be established for the energy losses:

By type By cauge By time By variation By site
-Technical -Corona -Losses of -Load depen- -By company
Losses -Joule effect period: daily dent -By zone or
-Non tech- -Eddy currents monthly, ect. Fixed region

nical and histeresis
3.3 Technical losses -
3.34 By funccion of element

- Transportation losce;
In transmission lines
In subtransmission lines

In primary distribution circuius
In secondary distribution circuits

e & o o
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Technical

Losses
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Transformation losses

* In transmission/subtransmission
* In subtransmission/distribution
¢« In distribution transformers

By losses cguseg

+ Corona effect losses
* Joule effect losses
* Eddy currents and histeresis

Summary Table
By Types By cause
1008 Transmission Corona
Subtransmission
Transport
Primary Feeders
Joule
Secondary Feeders
Trans./Subtra.
Transforma- Eddy Curr.
tion Subtr. /Distrib. &
Histeresis
Distribution
0%

3.4 Non Technical Losses

proposed:

For the non technical losses the following classification is

Consumption of users that are not registered by the company or theft:

Comprises all the direct connection of the users of energy to the
pover system without having subscribed a contract or agreement with
the utility for the energy use. In this group are also included
those users that had a contract with the utility but that having been
suspended, reconnect themselves to the network without permission.
This type of users have of course no energy measurement.

Energy measurement error of subscribers with energy meters.

Comprises all those measurement errors of meters, reading of counters
and billing of subscribers excluding the cases of equipment
adulteration., In these losses those due to the non-simultaneous
measurement of counters are included.
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- Error of estimated consumption of subscribers without energy meter.

Corresponds to all those subscribers that for any reason are billed
by an estimation of the consumed amount. Includes those cases of
temporary users yhich the utility decides to bill without a meter.

- Energy theft by utility subscribers.

Comprises all those cases of which the user, being a utility
subscriber, adulterates thz measurement equipment or takes the energy
directly.

- Error in the own utility consumption.

Corresponds "o tae energy used by the utility but not meterd.
Includes substation auxiliaries, street lights, etc.

4.  Enexgy Stetistics

One important aspect related to energy losses is the statistics that
reflect the energy produced and sold over a certain period. The statistics are
normally presented as energy balances and included in the annual report of the
utilities. This section presents the various aspects regarding energy balances
that are related to energy losses.

Figure 6 presents a typical energy balance in a graphic form. This
balance does not include the generation losses since it takes as input the gross
generation at generators terminals. Also it does not consider the end use of
energy at the user level.

4.1 Particular Congiderations

(a) The generation of the electric energy is a process that has losses
at the production level. In effect, the thermal generation and in
a lesser extent hydrogeneration requires energy for the auxiliaries.
This implies that in order to reflect the efficiency of the
transportation, transformation and distribution of the electric
energy, the energy used by auxiliaries be subtracted from the
generation which is the net generation of the system.

. The previous will alow to compare on the sane bases systems that have
hydro and thermal generation avoiding those systems that have less
efficient generation and could present less losses in peicentage.

(b) Some electric systems generate all the energy they require to supply
their own demand while others purchase additional energy for its
supply. These purchases shall in consequence be added to the net
generation in order to have a statistics of an available energy input
to the systenm.

(c) The sales of energy to other utilities correspond to commercial
agreements that in general do not reflect the needs to the own demand
of a particular system. In consequence it is convenient to substract
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them from the available energy in order to calculate the demand
energy of the system. The demand energy varies slowly and in general
increases constantly while the energy sold may present substantial
changes from one period to another.

(d) The period considered for the energy balance may be variable. 1In
general the most important is a year. In some systems, in order to
analyze the seasonal variations, it is important to have balances
at shorter periods, for instance a month. In these cases rather
than considering a month as period it is important to consider a
moving year period ending at the month of interest avoiding in
consequence the problem that are found in process like billing that
cover longer periods of time.

4.2 Percentage of Losses

One figure that is commonly used in energy statistics is the
percentage of losses. It has been found that in order to find this number
different basis is considered by different utilities including:

- Case A: The available energy that is the net energy input to the
network including energy purchases.

- Case B: The demand energy but considering as part of the demand the
auxiliaries consumption in generation.

- Case C: The demand energy without the auxiliaries consumption in
generation.

From the generation point of view the losses in percentage shall be
calculated according to case A that is considering the total energy input to the
systems. However, “his figure may reflect variations due to the sells to other
companies. Therefore it is important to also compute the percentage of losses
from the demand point of view, that is, according to case C.

This document presents as appendix the paper "Assessment of electric
energy losses in the Colombia Power network" which presents the work performed
in order to determine the losses-causes and amounts-in Colombia and the best
approach to correct them.

This study reflected that of a total of 19% of losses 2/3 were
technical losses while 1/3 corresond to non technical ones. The non technical
of 6.43% are distributed as follows:

- Non calibrated meters 1.03s
- User modified meters 0.93%
- Damaged meters . 0.63%
- Estimated consumption 0.92%
- Theft and others 2.92%

Total 6.43%
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As noted one important source of non-technical losses for this case is found
associated to the energy meters. In fact the calibration of meters and the
replacement of damaged meters would reduce the losses in approximately 2%. In
addition the installation of meters in order to avoid the estimation of
consumptions would reduce the losses to approximately 18.

Theft in general, including the modification of meters is responsible
for approximately 3.5% of losses. This amount can be reduced only if several
aspects are considered including:

- The necessary legal backup to the utilities in order to permit the
punishment of theft.

- The periodic visits to users with energy meters in order to detect
the cases that imply that the meter is modified.

- The periodic visits to users with energy meters in order to detect
the cases that imply that the meter is modified.

- The measurement of blocks of energy in areas of generalized theft
in order to determine amounts of the energy not paid and determine
the best way to legalize these areas.

- The supply of energy at tariffs that consider the reliability and
quality of the service.

6.0 Conclusions

This document gives an overview of some important aspects of the
"Losses problem" including the classification of losses and the statistics
associated to them. These are considered important since they permit to define
the causes and amounts of losses which are crucial questions to be answered
before starting efforts in order to reduce the losses detected in any system.

Finally it is considered of utmost importance that general
definitions are adopted in the Latin American region in order to start jointly
an effort towards the solution of this problem which without doubt can be solved
by us with our own resources.
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FIG. 2 COLOMBIA 1978
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1G4 SISTEMA "IDEAL"
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Acpendix A
Page 1 of 8
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ASSESSMENT OF ELIUCTRICAL ENERCY LOSSES IN THE COLOMULAN POUVER SVYSTIM

R, Clspodes . ODurda
Hemder LEZE
Sintecon Leda.

Sagots, Colosbia

Ahstract « The eleccrical energy losses for che
meire Colombian povee network comprising distributicn
rottage levcls up to the high voltage transmission le=
rals are calculaced. The cnergy Jossee are classifiad
1s "physical® losses corcosponding to Joule effect -
{1%R),Cocrons and core transfermar losscs and “"black™ =
\osses vhich are defined as the difference botween the
mergy availadble at the conaumer loyel and che enorgy-
iftectivaly. billed by the diffcrent eleceric utilities
in Colombia. A nov ssthcdology for calculaging the =
‘physical” lossas is presented which {s cxtensively ba
scd in the use of computorized methods including state
rscimacion for the high voltage anetvork and radial lo-
wd flow for cthe discribucion levels. The "black" los-
ses including mecering creovrs, theft and ditling er-
pes ave calculated vith statistical ecclods also using
conputerized tools. The results obctained highlight «
the izportance of tho losses io terwns of loss of rave-
aue for the electricsl energy utilicies.

INTRODUCT 10N

The alectrical ensrgy losses in & pover system ~
are produced by differenc causes including: Joule af -
fect, core losses in transformers, deficiencies in the
sctering sycten, thelfc, ate. These causes can be grou
ped into tvo subgroups: tha first including chose thac
crveate icascs that are inherent to the afficiency of
the systca to producs cnergy and to transport this e -
nergy to the end consumer, i.e., up to the peint where

this encrgy is sold by the elecerical uctilicy ¢o the - .

custorec; the second groyp comprising the causes thate
create the differencs batveen the energy available ac
the consu=er lovel and the energy actually billed by
the electrical ueilicy. The first group of causes re~
sultsin che "physical™ losscs of che pover system; the
sccond group is respoasible for the “black™ losses as
asned in chis paper.

Incerconexidn El8ctrica S.A., ISA, the company -
that .coordinaces the national intercoanscted pover syp
teo of Coloabia decided to undercake a complete siudy-
tn ardor to sssess the smount of energy losses fn the
eatice Colowbian pover system. The two major gosls of
157 for this study were:

¢ The classification of the losses according 2o «
their isportance in terxs of economical impace «
and the feasiwility of corrective actions that

would reduce the losses.

* The definition of policies that would coatrol =
° and reduce tha losses in the {uture.

In order to veach these goals the (ollowisg spe-
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Bogock, Colenbia

18A

ISA
Kadellin, Colombia Modallin, Colowdbia

cific objectives vera defincd for ths study:

. Evaluate the informacion available ac the diffe~
rent utilicies, membny of cha Colombian Ingeccon
nected power netvork in order to detervine {te ~
spplications {n the study.

¢  Fatimrto che encrsy lossea by utility, & velta-
© ge lavel and by causc of loss with a owthedology
defined according ¢o tha available inforeacion.

¢ Evaluate the economic inpact of the enargy los -
ses.

hd Determine and snalyze in teras of ecomecy for =
the utilities, possible corveastive actions that-
weuld concrol and reduce che losses.

The scope of the study covered tha entirs Colon-
bien pover systes and tho mathodology used vas design
ed in order to' osec che study objectives subjcct to =
tha time scheduls and tho hucan resourcas allocated =
to the study. This compreanise resulted in a methodo-
logy that incorporaced computer based tools which sin
plified the Jossea estination process and mac the te-
quired accuracy level.

This paper presents the mathodology used in the
losses study of 1SA for the Colombian pover systea.
The mothods caploved to dotermine all the fdontitied-
types of losses are discussad st the light of che cb-
tsined results, More cephagis is given o this as -
pect as to mmeorical vesults vhich ave parcicular to
the power system studied.

CLASSIFICATION OF LOSSES

: The enirgy losses in & gower systen verc classi-
£ied according to che follewiag criteria:s

a. By ntuiq of the Colombian pover netwosk,
b.' By voltage level vhere the losses occur,
e By type of cause producing the losses.
Tourteen utilicies of the Colombian pover system
clessified as:

®  Two companies with ealy high voltage transais -
sfon lines and genaration powver plauts.

" were comnsideccd in che study; these ucilities can be

° Five companics comprising goneration, transais -
slem and distribution of eloctrical energy.

d Saven utflition with pover necworks at the sud o
teansminsion and at che distgibucion levels.

The encriy loases were evaluated for each ueilie
ey comsidering 4ll voltace lovels coaprisced in cach -
ene., 1o addition, the Vunaen for the iuteprated Co -
Jomhian power netwerk weire obtained by tetalizing the
partial venulen,

8y voltage lewel thn envrey loases were classi -
fied as:

RUE LD B DL YUNRAL OB o) (98 14 ¢
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i Losses in the transaioaion gyetes,

« 1) Transmiscion linec 12sses (220 and 213 RV).
11) Transforsur lossce,
4i1) Subcransmission line losses (66, 57.3 cud
34.5 Kv3.

* Losses in che distribution system.

4) Primory feeday losscs (13.8, 33.2, 11.4 and
4.16 &V).

41) Distribution transformcr lossas,

444) Sccondary feeader losscs (all lov woltages =
included),

8y type of cause tha losses were clasgified ast

. *"Phycical” lossas vhich correspond to:

1) Corena effect losses at high voltages.

iL) Joule effect losgos in lines and fesders =
and in transformors.

{i{1) Transformer core losses,

. “Blsck™ losses due to the following reasonss

1) Decalibvration of enargy msters dus o por «
mal wvear or due to wroag calidration by the
utilicy.

41) Intencional decalidracion performed by the
custoners. .

115) Byp=aas of the energy maters.

iv) Dacaged meters (blocked votor).

v) Ervors of billing custorers that permanent=
ly or tempotarily ave billed wichaut enetgy
matars.

vi) Thaft of cnorgy of persons not registered =
as customers in the utilitics.

It should be noted chat the snergy lost i{a the -
genevation plant. and subseation auxiliaries is ot 4n
cluded in che classification of losses by voltage le <
vel or by causa. The reason for not including chese »
enargy losses in this study vas because the electrical
utilitics corsider that the smounc of theo are vell «
known and lictle or nothing can be done in ordar to e
duce thea. For this resson the energy considored as
the input to the pover syscem is the cnergy gencrated-
(gross generacion) minus che energy cocsyzed in the =
auxiliaries. The net energy input to th: system is na
wad “Available" enaergy snd is im consequence mstdu-
ed as 100Z for this scudy.

FYigure 1 presents 8 diagran rc.puun.tiag the ¢ =
nergy losscs as classified for this study. .

The "black” losses calculated in this study arve
{dentified in figure 1. All the types of losses pre=
senced in this figure vere evnluated separately withe
the exception of theft and bypass losses vhich vere <=
considered as the "slack”™ variable and vers in conse =
quance evaluated sg the diffccence Latwveen the energye
svailadble for billing, the total billed ensrgy sad ehc
calculated “black” losses.

METTIODOLOCY FOR LOSSES EVALUATION

Ceneral Cons{derseions

The classification of losses reflects the need to
have geveral methodologies in order to evaluate the i~
dentified losses by ecause. In adlir-un it was necesss
Ty to adapt the methodology sccori:ng to the informa =
tion available in the pouer gysces uti.litice and ¢co =
the charactevistice of the power systea of cach urilie

ty.

Appendix A
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The exsuinacion of the informacion svailabla for
the otudy or collecced during the study gave the fol-
loving result:

®  the inforusticn is more cocplete as ths waltage-
level increascs, vhich allows for a good occura~-
¢y in the calculation of lecsses at the trapsoise
sion and subtransmission levels. -

¢ At the distribucion levels the infcrmaties ir ~
varely cocplete gnd particularly-at the ssconda~
ty voltage levels where the expectad losses vere
greacer, the informacion availsble gt most of =~
the utilities in Colombia correspouds to globale
figures (cotal lengeth for mnpu) or is inexis-
tent.

® : The information on theft snd decalidration was -
almost nosaxiztenc at the tise of starting the =

.M’- .

Aceording to chis result, the scudy was divided-
{n tvo consecutive phasest

®  Phase One vas dodicstod to evalusge the "physi =
cal” losses including all transmission and dis = .

tribution loeses.

®  During Phase Tvo the “black® losses verc evalus~
ted par cause as identified in the scction des -
eribing the clagsification of the losces. .
Table 1 presents a .mnr'y of the methodologies-



~ 244 ~

1sed for the evaluncion of esch typa of loeses accord=
g to the availablo inforrweioa. Thane sachodologien
tve explained in more dstail in the next secticas.
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Zaunle Zffect losses in the Transmigsion gnd Subteans =

SS2gion Svsten

The inforuation available for the estimation of
these losses cousfasced of:

¢ Eastgy wmater readiage.

° Readings of other pover system dats 1like wolts -
ges, active snd veactive pover in lines and -
Ctansformers.

¢ Power system Copology and parsasters.

The divect use of the neasurcments for losses e~
valustion was considared not feazible bocause of the
folloving reascns:

d Mo complecs messutevents sre tekes in all cthe te
quirved sices.

® The pariodicicy of the oessuvemsnts changes from
¢ i@ company tu another; this impacts the inter =~
conngetioa lines daca.,

° The measurencnts arve not taken simultanecusly.

. The accuracy of the veadings is further impacted
oy human errocs.

Figure 2 prescats as an example, the active powe
ar measuccacats taken at both ends of a 220 RV lina.
This (igure illusteates the imps: ssnbnu.y co use diene
tly and reliably the ficld measurom <t s, to caleulate=
the trannmistion losacs, an the difterence hotuoen
both mvasuraments vould give pewer beoed which Jdo oot
curscspond to ceality.

In order to wvercome the abuee diff icnlty'. atitl

- wagk vas gelectad.

Acpendix A
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using the available swaaurceenta and in grdor to mini
mize the maasurercac atfort {a the ficld, the use o
State ¥stimation techniques vas adooted.

Tha losses vare estimated boch {n pover (Y%9). and
{a encrgy (KWh)( A atate estimacion propram which us
ses the loast square weighted mochod (1],{2] was dcvc
1spod. This program can accept all types of powae =
systen mcagurements includings R

¢ Voltages (KV) ac all bus-bars

b Active and reactive flows in 1ines, transforoers
and {njections (loads and gonecation).

M Currents (Asps) in lines, transformers snd injec
tions (loads and genaraticnm),

®  Angles of all dus-bars.

The daveloped progran allovs the use of all mes=
surezents logged mauually by the substation and plant
operators wich a periodicity of half or one hour. .
Tron this dacs, it appeared that enough redundancy ws
available in ovder to take full advantage of state eg
tisation. The major sdvantages of state estioation =
under the condition described were:

b If provides a reliadle pover flowv solution which
uinjnizes the influence of the normal errocs im
bedded in the meaguvenencs. Ecrrors vare esciuacad
to be 22 for voltage measucesents, 8 to 13X for-
sctive powvor and 272 for reactive power.

® It pravides a useful manner to point cut greas =,
errors like configuration changes not reparted =
ia the log shects by che oparators. The prozcaa
sleo identified "wrong" weasureoeuts like flows
* with wrong flov direction.

16 ovder to ssses the amount of losses s sacple-
This tize period was coasidered =
the ain{num to include different operating conditions,
Of che 168 hours of the week, the 91 hours with the -
wost varisbla load conditions ware analyred using cthe
field measuremsnts. The anslysis vas pecforecd as fo
1llovs:

.
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* Thoe power lusacs were detormined for cach honr
with the atate estination propran, A andlvsiae
subreutiae of the program cstubl ished dirretly «
the loasci by company, by woltage level and cal-
culaccd separaccly the losoes of Lfncs and crang
formerg,

b Tho encrpy losges were detersined by numorical -
i{ntegration of the powver lossen for the studiede
time period. The trapezofdal culc of {ntegra =
tion was used. *

The results obtained lor the cnergy losses wure~
as followas

hd Transaission linas: 2,03 of the available enerpy
for the entirc Colombian systen; per ucility, the
ainimua vas 0.22 and the maximw 3.5%.

i Subtzransmission lines: L.12 for the entire Colonm
bian systea: per utilaty, the wininum vas 0.12 -
and tha maximum 1.62.

¢ Transformers: 0.9% for the antire Colowbian sys~
ten; mest of che utilitiec presenzed losses in -
tho range of 0.5 to 0.6%.

Corona Effect lozses

The Corcna losses vere calculated for all the 1
nes with voltages of 220 KV, the saxioum voltage level |
in operation in Coloabis. The method of Cozber sud I3
far.ella vas sclected after 8 cocparison with cthe we =
thods proposed by Sugizote end Cari and Clade {3), as
it gave intcrmadiate results becwsen the calculation -
for "nev” snd "old" conductors praposed by Cari ond <
Clada vhile the Suginote metnod gave lever valuas -
than the other two mechods. Tha Corons offact losscss |
caleulation tock inZo account the configuratioa of the
1lines, the charsceorigtisa or -the conductors 3ad the =
mecccrological conditions. Thc lattar cnag weru g3 =
thered from weatacr control stations located clese to =
the srcas of the transmimsion lines: duta of the same-
saple veek as for the transuission line locszes esti-
mition was used. Tha enargy losscs in percentage were
encinzted to be 0.8% of the availzhle energy.

Primary Diserituyzicn Feedars

All che fecders in Colonbis operace as vadial 1§
nes; thus, the anclysis for evaluating the lessas  in
this part of the syacem was conscquently siupler than
the one used for the transmission and subtrsaswisrion=
levels. The following simzlifications were made:

¢ The power factor of all tho luads vas asgused to
be aynal to tlm power factor of tho fecder as ue
. ssured at the substation.

hd The unbalsnce between phises vas nuglected and o
one linc cquivolut vas.used for losces calcula-
tion,

hd The ascunt of load in czch distribution transfor
mer vas determined according to the available i.u
forezation: nzasured peak loads or load distribu=
tion according to transforwmr capacities.

. The voliage wvas considurcd constant for the feer
dezs.

+ The previous simplifications do not introduce -«
significant errors as Jdutermined for the power systems
stalyzed. 1n parcicular, not considering the volcege-
dtap intcoduces an urror of luss tham 2.5% which is n2
gligible given thic accuracy of the remrining data uged.

page 4 of 8

For the focdera for which the topnlopy vas knom
and conuidering the sfmplificasions denerfbod, 3 £2
dial power flew .-rograa was developed baged on vefa «
vence £4). A sarple 0f vove than 202 for wost o2 the
analyzed utilitics vas atudicd. ‘

The data uecd Sy the progran f{s the folimwing:

d Data logned at the cubstations: buabar voltige,=
phase currcuts, active end rcactive povur for =
the fecders: (where availadle), energy constiwd =
by the fecdey (vhere awvnilabile),

. Pecdar topology and transforzer loads as ncwsur-
ed in the ficld or calculated according ro diu ~
eridution factors which assjign to cach transfore
mar a portion of the total feeder load based oo
the cransformer capacity.

The pover losses wera ¢alculated only for the =
peak load detected for cach feeder during the sasnle-
week, The enercy losscs wers calculated fionm tha o
peak losses, the tica pariod coasicered and che load
and losses factors defined as:

168
=1 | S T § 10y
L I3 ¢ 2 peak

vhera:

kEI peak

I&) is the curraat measured for hour k of tho sazple
week.,

I pogk is che poak curvent of the sacple week,
r‘ {s the losses facter
7 is tbe load factor ) .

The energy losses caa be ¢alculated fa perceata-
ge as:, .

Peok

A @) Losses

)4
Losscs @ = 'iz-

The result obtained for the prizary éiseridutics
fesders were: 2.7/2 of the available ecergy with a =
eaxioun of 7.4% and a ainimm of 0.92 depending ou =
the utility analyzed.

Diseribntion Transfor=ers

Yor éistridution transfcr=ers lossec evaluatione
the sase simplificecicas as for the pricary feedars o
wers made. Joule effect losses and core traniiniit =
losses were calgulcoted frem equivalent tracsforsdr =
eirecuits vhich ware deternined for cach tranzforner =
typt.. The losses $n the discributifon traasforwcr vee
rs estinared to be 1.9% for the Colombian cystes with
the valuas per utilicy in the roage of 1.5% to 2.21,

Secondary Distribution Freders

The sace metlwodolog” eq’lcnd for the prirary fea
dars vas applied for the evaluation losses’in the sc~
condary distribution feeders. Field mcasurersnts aund
cuntouct dictribucion factors were used instesd of «
substation meagurecenis aad transforuer distridutione
factors. 7The evsluation losses for the Colombian ays
tes R chis area vhere estirpted 20 be 4,02 vith & -
vange between 2.4% ond 6.3% on a per utility basis.

"Black” Losses

These loneo vere evalucted considering all poasf
ble sources of energy loescs 48 presented in figure o
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In this figure the causes that produce par=snent
and teaporzry losses ave ideacified. Due co the sca -
tistical nature of the problem a sacple of customers <
was selected. Ths size of the sazpie vas deacermined -
o be in the ovder of 0.5 of the tocal nuaber of cus-
toners of each cempany. As the range of customers for
the utilicies considered wvas betucea 50.000 and 500.000
usera the sauple size varied fros 250 to 2500. A form
containiag questions relaced to the conditions of cthe-
¢lectrical inutallation snd che energy maters as da =
tected during field and cests performed jn the compa -
sies’ Cest workshops vas. elaborated in order to datect
the csuses of loss and co evaluate the losses for thee
selectad sample. The customers' inacallacions wvere «
inspacted, thafr anergy and meters vere removed and ca
lideated by the corresponding utility and reinscalled-
or changed if found ¢o be dacsged. The folloving sec~
tions present the methodology uzed to evaluate the los
ees and cha rasults cbtained. .

Becalibratad Matirs

The losses due te: natursl decalibrscior of ma -
tevs or Sun t2 iceorrect calibraticn performed by ths
«tiliry are comsidered under this cause. Piguee 3 prs
seats a typical curve of decalibracion as function of
the percentage of nominal current. Thres zones of low,
wsruzl and high cutrenz are ideatilied {n this figuve.
Yor very low currents the decalibracion geaches 100% -
Jue 2o the metar ¢ ‘srgy consumpcion. Throe models to
pproxisate the meter curve were cinsidered i{n the sty
dy; these vare: a quadracic, & lovarichaic and & 1f =
®ear model, The thres code’a =es :°lustrated in figu~
e S, 1a this figure %. - ..0% f.¢ 8 %ecec that {s ~
1002 celibrated at 100X 204 +5" of <ominal current =
ore shown. For the evaluacion of losses thece points~
Vere decormioad for tesciag each oue of che sampled s
teen; the selected poines were (23, 1€I2 and 200Z of -
Sminsl curzent, The decalibration vaiucs foc these <

QITRISUNIN OF “0ACK® LOSNS

points vers determined and with chis daca the diffe -
rent models vere compared. Due to tha fact that most
of tha sverage consumpcion currents of the customarse
ara in the range of sor=al currenc (between 10 and -

.} and that in chis area the linear oodel providide
accurace results, this model vas selectad for the los
ses evaluation.

The energy losses estimated in this study for de
calibraced seters wvare 1.1 of che svailable enargy -~
for the Colosbisa system but the analysis par utility
provided results ranging from ~0.12 (decalibracion fa

w"bl. ‘? ctluty) to 306‘. . .
m.
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1llegal Decslibeacion

The snecrgy meters {llegally dcultbraud were do
termined by two methods: by {nspection and by stacisci
cal analysis. By inspection the weters thac pmcutod
daticiencies in metering one or two phases wvere noted-
as such. Besides, other meters vhich presented statis
tically unexpected high decalibracion were classified=
as to produce losses dua to illegal decslibdracion.

The bdreak point betveen natural and iliegal decalidra-
tion vas escablished to be in the vange comprised bet~

_ veen -10% and ~23X of decalibration depending on the-
utilicy scudied. The losses evaluation for {lleg:l de
calibraced maters vas done in the ssme manner as for =
naturally decalibraced meters. The tosults obecained =
are 0.92 of the available energy for the Colombian sys
ten. The range on & per utilicy basis vas deternined=
to be betwesn 0.1 and 2.1Z.

Damaged ecay .

A dasaged seter vas considered as one that does
0t messure aoy ensrgy because of blocked rotor fir ex
asple. The approach to daternine the losses for the -
electrical ucility vas to consider that in average the
oeter is dsmaged in the middle of the period comprised
betvesn two consecytive readings of the macar. As vor
mally a blocked meter is only detected by two identical
readings it vas es:iablished that the losses for thecos
pany correspond to the energy consused in & time ps
viod comprised betveen one and a half periods of wmeter
sasdings. Based on this econsiderstion the amount of -
losses vare estimated te de 0.62 of the available emer
gy for the Colombisn systes vith a asxisum of 6.8% and
© sisimm of 0.22 on & per ucilicy dasis.

Incorrectly Escimsced Con eion

. During this study it vas determined that sowe of
the weility regiscersd customers are billed for o fix-
od amount of energy dus to their low consumption (us ~
ars permanently with this billing spproach) or dus ¢o
special condicions like temporary sarvice, changs ofe~
energy meter, etc. For thase customers s statistical-
method was designed considering the geographical atea,
the installed load of the customcr and cthe consuoption
of customers with sisilar characceristics but vhich we
re billed with energy msters. The energy consumption
of & “typical” cuscomer per area coeprising around 500

Appendix »
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customers vas calculated. The customety {n the same
arca bhilled without acter vere conaidered to have the
same consumption as the “typical® customer. The los=
saen vere vatimated aa the dilfereace botveen the esei
mated consumption and the billcd enerpy. The losses~
evaluated Jue to this cause were 0.92 of the available
eucrry for the Colombian swatem with a4 minimus of 02
and 8 maximun of 1.62 on A per conpaay basis., The =
computer vas extensively used (or cthis calculation as
the nusber of analyzed customers vas over 50.000.

Theft_and Bypass T

These losscs vere evaluated as the difference -
betvaen thevgvailable energy for billing (sce figurs
1}, the billed energy and the evaluated "black® les «
res. Tho losses estimated were 2.92 for the Colom =
bian systea with & maximus of 13.5% and a sinimm 9!
1.8Z according to the results per utility, B

Additional Mothods Employed

Por primary and secondary distribution feeders =
vhere only glodal dsts vas avaflable scatiscical -
correlation methods were used. Different models wers
tested through correlation vith fesders vhich losses~
vers evalusted by radial load flov, PFrom this snsly-
sis the parsasters of the selacted models wers deter-
nined snd used for the systems vhere the global datae
vas availsble.

CORCLUS TONS

The energy losses in s utility are wore and more
important as the costs of preduci.u; energy and as the
price of installing nev generating upacity ave jocrea
sing. Due to this tac:. ic is of major importance for
the electrical utilicies to asses the amount of losses
and ¢o knov, vith enough sccuracy, vhere and in what
amount the losses ate produced in order to taxe correc
tive actions chat can reduce the significant associat=
ed loss of reveaus. This study presents a complets me
sthodology for che assessment of losses according to =

the described classification. The state nstimatijon «
techniques with macually logged daca appesrs £o be the
most appropriace method in ovder to cbcain good results
wvith fairly sccurate informstion and vich a ainimus of
stasurensat effort in the field. The methods exmployed
for distribution losses evaluation based oa a radial -
loed flov gave accurate results but as the smoung of =
dacs to be processed at this voltags level is very =
high, it is imperative to work on a sample of fesders~
sad extrapolate the muu to the rest of the pover =

systew.,

" the sajor contridbution of this paper is the at -
tewpt to classify sud to avaluste the “black” losses =
as presentsd. From the results obtained for the Colom
bian systes it is concluded thac 2/ of the losses are
dus to "physical™ losses and 1/3 to “black” iosses.
The anslysis of possible corractive cctions also per »
formed as part of the study, revesled that the svaluat
od losses could be diminished considerably wich ndan
te economic investaents and high potentisl bensfits -
for the utilicies. The resulcs are in accovdance vwith
vetently published papers (5], [6], C7], £8] and cthers
fore highlight the importance of this type of study =~
for other utilicies.
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A STATISTICAL APPROACH FOR EVALUATING SOME
NON-TECHNICAL LOSSES IN POWER SYSTEMS

By

Mr. Angel Zannier
Head Electricity Program
Latin American Energy Organization (OLADE)

ABSTRACT

A statistical method to measure those non-technical losses which are
caused by alteratio.s in watthour meters is presented. The methodology is
suitable to determine: (i) the number of fraudulent customers as well as the
number of non-fraudulent customers per consumer category; (ii) the amount of non-
billed energy as a consequence of alterations on meters, per consumer category;
and (iii) a fair dilling system, so as to recover losses due to detected
infringements. This methodology is based on sampling techniques and statistical
theory, has been originally developed by Dr. Jose Luis Calabrese and tested at
the Empresa de Energia Electrica de Bogota in Colombia ]}/, with promising
potential for further use in other power utilities in Latin America and the
Caribbean. The paper is oriented to power engineers and therefore does not
concentrate in mathematical demonstrations or pure statistical analyses.

1. INTRODUCTION

It is well known that methodologies to measure, evaluate, reduce,
and control losses in power systems, mainly concentrate on technical losses.
In practice however and taking into account the Latin American and Caribbean
context, it is very common to find power utilities in which non-technical losses
are higher than those of technical origin. The present paper is an attempt to
establish a suitable method for measure those non-technical losses arising from
alterations in watthour meters, and where an exhaustive inspection of meters is
not feasible due to costs and time constraints. In those cases, one is normally
guided by rough estimates of loss figures and the usual approach is in accordance
with rules of thumb.

One practice that is quite common in most utilities in the region
is that of deriving non-technical loss figures as a subtraction of calculated
technical losses from total measured losses. Although that methodology is
correct in principle, it may hide several procedural errors, the most obvious
of them being that of using different time periods among the measured produced
energy and the corresponding billed energy, to derive total losses. Another

i/ METHODOLOGIES DE EVALUACION DE PERDIDAS NO TECNICAS. Jose Luis Calabrese,
OLADE 1988.
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source of uncertainty refers to the methods used to calculate technical losses.
They may range from state estimation techniques to simple Ohm’s law application
in distribution feeders, including the well known load flow algorithms. Although
those techniques may be quite sophisticated from the computational standpoint,
the data to be used is normally error prone and engineering judgement is commonly
used to assume "representative” active and reactive power demands in the nodes

of the corresponding networks.

The calculation of non-technical losses as the difference of two not
very reliable figures, gives therefore a doubtful result. It is well known that
in economic and engineering disciplines, sometimes rough estimates are sufficient
to make decisions. In the reduction of losses in power systems, however, a good
knowledge of the absolute loss figures and a disaggregate of them may help
management and decision makers in their efforts to reduce losses in the most cost
effective way. This fact, highlights the urgent need to improve measurement
technique for technical and non technical losses.

One approach that may result promising 4is that of wusing
representative sampling techniques and statistical inference to the universe.
The use of this approach is gaining impetus worldwide, as a result of recent
improvements in computer technology and their corresponding costs reductions.

In Latin America and the Caribbean a significant portion of non-
technical losses has been attributed to altered watthour meters at all consumer
category levels, These losses not only adversely affect the financial
performance of the utilities, but also distort the composition of future demand.
In fact, in utilities where prices (tariffs) do reflect costs, those non
fraudulent consumers may be paying more than they should, affecting in
consequence their future levels of consumption, given that in the long run, price
elasticities are not zero.

2. BASIC DEFINITIONS

Before embarking on a description of the proposed methodology, it
may be worthwhile to discuss some basic definitions and assumptions which will
be used throughout the paper.

2.1 Billing Factor
A billing factor may be defined as:

BF = Eb/(T * Pi) (1)

vhere "Eb" represents the billed energy during the period "T", to a consumer
vhose installed active power iz "Pi". The billing factor may be interpreted as
the relation of the actual billed energy to the theoretical maximum possible
billed energy for a given consumer in & given period of time "T”. *

Using the above definition, and considering two customers with
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similar electricity consumption behavior, that is, with the same installed power
*Pi* and consuming the same amount of energy "Ec” during period "T", but assuming
that one has a fraudulent watthour meter, their corresponding billing factors
may be calculated as:

BEf = Ebf/(" * P1) (2)
BFn = Ebn/\T % Pi) (3)

where "f" represents for the fraudulent customer and "n" the non-fraudulent one.
Since it is assumed that both customers consume the same quantity of energy "Ec”
during period "T", it may be inferred that:

Ebn > Ebf 4)

and therefore:

BFn > BFf (5)

Expression (5) means that given two customers with the same electricity
consumption behavior, the billing factor of the non fraudulent one is always
greater than that corresponding to the fraudulent customer. This conclusion
should be borne in mind as it will be utilized in statistical terms, for
customers of the same consumer category, with the same electricity consumption
behavior.

2.2 Relationship Between "BF* and Pi”

It is worth noting, at this point, the differences between the
billing factor, defined in (1), and the commonly used load factor of expression

(6).
LF = Ec / (T* Pm) (6)

In expression (6), "Ec” represents the energy consumed during period "T", by a
customer (load) with a maximum demand of “Pm". The billed energy “Eb” used in
definitions (1), may be equal or less than “Ec”, depending on whether the
customer is non fraudulent or fraudulent, respectively. Installed power "Pi”
is normally greater than maximum demand "Pm" and in some cases may be equal.

The commonly used load factor may be interpreted as the portion of
energy that is actually consumed in relation to the energy that may be consumed
with a constant maximur demand lasting for the whole period "T". The billing
factor, may be interpreted as the portion of energy that is actually billed in
relation to the energy that could have been billed if the customer would have
used its installed power during period *T”.
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Normally, the load factor is used as an inherent indicator of the
load in the sense that it measures how the maximum demand iz wutilized.
Similarly, the billing factor may be used as an inherent indicator of the
customer, because it measures how the installed power is used.

From expressions (2) and (3) it may also be concluded that there is
no correlation between the billing factor "BF" and the installed power “Pi”.
In fact, two customers with the same installed power "Pi”, consuming the same
amount of energy "Ec” during period "T” may have iifferent billing factors "BDf”
and "BFn”, depending on the alteration or not in their watthour meters

respectively.

The last r2marks, in statistical terms mean that the covarience
between the billing factor and the installed capacity is nil. Mathematically:
Cov (BF,Pi) = 0 (7)

Expression (7) will be used in making statistical inferences on the basis of a
sample and extended to the universe in a given consumer class.
2.3 Correcting Detected Fraudulent Energy Bills

Considering the hypothetical case of the two consumers with the same
electrical behavior, and considering that one of them is fraudulent and the other

1s not, expression (5) has been derived. From expressions (2), (3) and (4), one
obtains:

Ebn = BFn * T * P{ (8)
Ebg = BFf * T * P{ < Ebn 9

Having assumed that both customers consume the same quantity of electricity "Ec”,
and considering that the non-fraudulent customer has been correctly billed, the
non-billed energy for the fraudulent customer may be calculated as:

NBE = Ebn - Ebf = (BFn - DFn - BFf) # T # Pi (10)
or:
NBE = d * T % Pi (11)

where d = BFn - BFf is the difference between billing factors for the non
fraudulent and fraudulent consumers respectively. Conceptually, it is therefore
possible to calculate the unbilled energy of a fraudulent consumer, knowing its
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installed power “Pi", its billing factor "BFf* and the billing factor of an
equivalent customer. This principle shall be expanded in statistical terms to
the universe.

3. METHODOLOGICAL FORMULATION

3.1 Methodological Approach

The first step for the formulation of the present approach for
determining non technical losses due to altered watthour meters, is the division
of customers in consumer classes. Disaggregated information of customers umust
be pursued as much as possible. An initial approach may be that of utilizing
consumer categories which are established by the utilities. It is highly
advisable to disaggregate customers within each consumer category, so as to
classify them in consumer classes.

Having classified the customers into consumer classes, a sampling
process must be carried out within each class. The sample components must be
chosen at random, and its size can be initially determined using well known
statistical formula to do so. One commonly used formula 2/ is that of expression
(12):

- Pq N
" (a72)°2 (\-1) # pq (12)

where

n = sample size

p = probability of occurrence of the phenomenon in question

q=1-p

N = population size (size of the consumer class)

a = sampling error given by the losses evaluator (for instance 0.05 for
a confidence interval of 95%)

In the present formulation, since the sampling process may have two
possible outcomes, that is altered or unaltered meters probabilities p and q are
both 0.5. Error "a” may be interpreted as the probability of those cases for
vhich the sample does not represent the population (consumer class). For
instance an error a = 0.05 would mean that in 5% of cases, the calculated sample
does not represent the universe (population class).

Table 1 lists different sample sizes for different cenfidence
intervals, for three different sizes of consumer classes.

2/ Household Energy Consumption in Rfo de Janeiro Shanty Towns. Alfredo
£ Behrens, International Development Research Center, June 1988.
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Table 1: SAMPLE SIZES FOR DIFFERENT CONFIDENCE INTERVALS
WITH THREE DIFFERENT SIZES OF CONSUMER CLASSES

P=0.5AND Q= 0.5

Confidence Size of the Universe (N) for each

a Interval . Congumer Class
n n n
0.01 99% 5.000 909 99
0.02 98% 2,000 714 96
0.03 97% 1,000 527 92
0.04 96% 588 385 86
0.05 95% 385 286 80
0.06 94% 270 218 74
0.07 93% 200 170 67
0.08 92% 154 135 61
0.09 91% 122 110 55
0.10 90% 99 91 50

It is noteworthy that the greater the consumer class, the smaller
the relative size of the sample for a given confidence interval. Thus for
instance, for a given confidence interval of 97% the sample would be of 1,000
customers for a universe of 10,000 (108 of the class), 527 customers for a
universe of 1,000 (more than 50% of the class), and 92 customers for a universe
of 100 (more than 90% of the class). It is also important to bear in mind that
the greater the required confidence interval, the greater the gsize of the sample.

Once the sample size has been defined and customers belonging to that
sample are selected at random, a site survey should be conducted in order to
analyze their electrical installations. First a careful inspection of watthour
meters should be carried out. From it the number of fraudulent and non-
fraudulent customers may be determined, and their proportion may be extended to
the consumer class.

The survey must be concluded by an installed active powver calculation
for each surveyed customer. For that purpose, nameplates of electrical machines
and appliances may be utilized if possible. If that information is lacking,
measurenents may be done machine by machine, using preferably wattmeters or else
clanp ampmeters and voltmeters and estimated power factors. The later may
however introduce errors, and should thus be avoided. Having the results of the
site survey, and records of electricity consumption, by customers billing factors
may be calculated for fraudulent and non fraudulent consumers.

The sample may be subdivided into two sub-classes, namely fraudulent
and non-fraudulent. The mathematical expectation of real energy consumption,
for the non-fraudulent sub-class, may be calculated as:
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E[RCn] = T % E[BFn] % E[Pin] (13)
and for the fraudulent sub-class it can be assured that: .
E[RCE) > T * E[BFf] * E[Pif] (14)

It is important to note at this point, that expressions (13) and (14) are
implicitly assuming that there is no correlation between the billing factors and
the installed power. This fact has been discussed previously when analyzing two
consumers with the same electricity consumption behavior with its corresponding
mathematical conclusion as represented in expression (7). Should there exist
correlation between the statistical variables "BF" and "Pi” expression (13) and
(14) should take into account a further term with the covariance between those
variables. Observing expressions (13) and (14) it can be said that they are
statistical extensions of expressions (8) and (9). The expected real consumption
for the fraudulent consumers, may be calculated using the mathematical
expectation of the billing factor corresponding to the non-fraudulent consumers,

as:
E[RCf] = T * E[BFn] * E[Pif] (15)

Expression (15) is a statistical extension of the concept inherent
in expression (10). 1In fact, in expression (10) the real consumption of a
fraudulent consumer has been calculated using the billing factor of a non-
fraudulent consumer, with the same electricity consumption behavior. In
expression (15), the same procedure has been adopted, but this time in
statistical terms.

Subtracting expression (14) from expression (15), the mathematical
expectation of the unbilled energy due to watthour meter alterations, within the
sample, may be calculated as:

E[NBE] = T  E[Pif] * ( E[BFn] - E[BFf] ) (16)
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On replacing mathematical expectations with calculated mean values, the mean
unbilled energy may be calculated as:

M{NBE] = T % M[Pif] * ( x{[nmj - M[BFf)) '(1'))

The amount of electricity not billed within the consumer class under
consideration, thus may be calculated as:

TNBE = N * Nf * T * M[Pif] * (M[BFn] - M[BFf]) (18)

where:

N = Number of customers in the consumer class under consideration (universe).

Nf = Proportion of fraudulent customers, within the consumer class under
consideration. It is equal to the proportion of fraudulent consumers
within the sample. That l1s FN =« nf/n, being "nf" the number of fraudulent
c~asumers in the sample of "n" consumers.

Results of expression (18) may be used to guide management and
decision makers on evaluating the convenience or inconvenience in pursuing
further searches of altered meters in each of the defined consumer classes. In
fact, by valuating TNBE in econcmic terms and considering the costs of an
exhaustive search for each consumer class, a cost benefit analyses can be
conducted, so as to determine a merit order of future actions in accordance with
descending benefit/cost ratios. In fact, those consumer classes with high
benefit/cost ratio should be surveyed with high priority, leaving those with
smaller values as lower priorities, within the actions to reduce non-technical
losses.

Summarizing what has been proposed so far, the steps to pursue are
as follows:

(1) Definition of consumer classes, to the highest disaggregation level
possible.

(2) Definition of sample sizes per consumer class.

(3) Conduct of site surveys to detect fraudulent consumers and to
calculate the installed active power per consumer. '

4) Calculation of consumers with fraudulent and non-fraudulent watthour
meters, per consumer class extending the proportions of the sample
to the universe.

(5) Calculation of billing factors for fraudulent and non-fraudulent
consumers.

(6) Calculation of mean values for billing factors and installed power.
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(7) Calculation of the total non billed energy (INBE), resulting from
alterations in watthour meters.

(8) Cost benefit analyses to prioritize actions for the reduction and
control of fraudulent, non-technical losses.

3.2 Fair Billing of Fraudulent Consumption

In order to formulate a methodology suitable for the fair billing
of fraudulent consumption it is convenient to mathematically adjust the
statistical distribution of billing factors. In the study conducted by Dr. Jose
Luis Calabrese at Empresa de Energia Electrica de Bogota, he found “Gamma
functions” were most appropriately adjustable to the statisticsl distributions
of billing factors, Gamma functions have the following mathematical expression:

£(BF) = ﬁ%f) (BF)~(r-1) * e~(-A*BF) (19)

where

A>0 is a constant that may be calculated knowing the mean value "M[BF]*
and the variance V[BF] of the billing factor distribution.

r>0 is a constant that can also be calculated knowing the mean value and
the variance of the distribution.

e Base of the Neperian logarithms.

J(r) A function of constant "r", which may be calculated as:

J(r) = f tr(x-1) dt (20)

Constants “A" and "r" may be calculated solving the following system of
equations:

M[BF] = r/A
(21)
V[BF] = r/A~2
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The solution of the above system of equations is:

A = M{BF] / V[BF] ;
(22)
r = (M[BF]~2) / V[BF]

Figure 1 shows a typical shape of a Gamma distribution function partially skewed
to the left. It is important to note at this point, that depending on the
relative values of constants "A" and "r®”, the Gamma function can change its
skevmess from the left to the right, or even to become a normal distribution.
In practice however, it would be suspected that skewness would be placed to the
left in those consumer classes with high installed power but with low

consumption.

The procedure for finding a system of fair billing to infringing
customers, consists in adjusting the statistical distribution functions for the
billing factors of fraudulent and non-fraudulent sub-classes, as illustrated in
Figure 2. There it can be seen that the fraudulent customers billing factor,
distribution function is shifted to the left with respect to those of non
fraudulent customers. This fict is in accordance with expression (5), in which
it has been demonstrated that the billing factor for a non fraudulent customer
is always greater than that corresponding to a fraudulent one, with similar
electricity consumption behavior.

Having the billing factors distribution function, and assuming that
a fraudulent customer has been detected by a site survey, and using his records
of electricity consumption and his calculated installed active power, his
particular billing factor BFl can be calculated. Using BFl, from the
distribution function of fraudulent consumers a distribution value of f1l may be
calculated, as illustrated in figure 2. fl represents the portion of fraudulent
consumers from the consumer class under consideration that statistically have
the same electricity consumption behavior and therefore have the same billipng
factor BFl. £l may also be interpreted as the portion of non fraudulent
customers that statistically have the same electricity consumption behavior with
a billing factor of BF2. The non billed energy for the detected fraudulent
consurer, may therefore be calculated as:

NBE = T * P1 * (BF2 - BFl) (23)
or:

NBE = T » Pi * dl1 (24)

where dl1 = BF2 - BFl may also be obtained from a function d(BF) as illustrated
in Figure 3. Function d (BF) may be calculated mathematically as:

d(BF) = £(BFn) - £(BFf) (25)



- 260 -

In practice, however, it would be highiy convenient to perform the calculations
using microcomputers and st.ndard spreadsheet or data base programs.

Although the described methodology may be interpreted as a
statistical approximation, it is conceptually more appropriate than those
commonly applied. In the present approach the fraudulent consumer is compared
to a statistically equivalent non fraudulent consumer. On the traditional
approach it would have been compared to a hypothetical one with arbitrarily
selected values of load factors, coincidence factors, etc.

The fair billing amethodology, recently proposed, may be summarized
as foliows:

(1) The statistical distribution functions of the difference in billing
factors may be calculated using data from the site surveys. In
mathematical terms, see expressions (19), (22) and (25).

(2) After conducting the cost benefit analyses described in section 3.1,
proceed with exhaustive site surveys in those consumer classes that
Justify 1tc.

(3) Past fraudulent consumption of particular customers may be calculated
using expression (24).

(4) Special tariffs and fines to discourage further f£fraudulent
consumption and watthour meter alterations may be applied.

3.3 Sample Size Adjustment

To verify the best fit of billing factor experimental values to a
Gamma function, it may be convenient to proceed with the "Kolomogorov - Smirmov”
test. For that purpose, tlie cumulative distribution function of billing factors
may be calculated as:

BF
F(BF) = f £(BF) dBF (26)
o .

Absolute deviations between experimental and fitted valucs may then be calculated
as:

D(BF) = ADS[F'(BF) - F(BF)] (27)

The maximum acceptable value for D[BF] should be 0.27 allowing an error of 1%.
Statistical tables may be consulted so as to find the maximum D(BF) value
compatible with the desired erroxr. If the resulting error is greater than
required, theoreticallv a new sampling process shor'ld be carried out. For that
purpose the sample size should be enlarged.
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4. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

4.1 Summary

1)

(11)

A methodology has been proposed to statistically determine:

The number of fraudulent customers as well as non fraudulent
customers, by consumer categories. '

The amount of non-billed energy as a consequence of alterations on
watthour meters, per consumer categeries.

(i11) A fair billing system, so as to recover losses due to detected

infringements.

The proposed methodology may be summarized as follows:

(1)
2)
(3)
(4)

(5)

(6)
)

(8)
(3
(10)
(11)

(12)

Definition of consumer classes.
Definition of sample sizes per consumer class.
Coenduct of site surveys.

Calculation of number of consumers with fraudulent and non fraudulent
watthour meters, per consumer class.

Calculation of billing factors for fraudulent and non fraudulent
consumers,

Calculation of mean values for billing factors and installed power.

Calculation of the total non-billed energy (TNBE), resulting from
alterations in watthour meters.

Cost benefit analyses to prioritize actions for the reduction and
control of fraudulent, non-technical losses.

Calculation of the statistical distribution functions for the
difference in billing factors.

Proceed with exhaustive site surveys of those consumer classes where
Justified.

Calculation of historical electricity consumption for each detected
fraudulent customers.

Application of special tariffs and £:rnes to discourage further
fraudulent consumption.
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Conclusions and Recommendations

1)

(2)

3)

From vhat has been discussed, the following conclusions may be drawn:

There is a need to improve measurement techniques for technical and
non technical losses in a reliable and disaggregated manner so as
to guide management and decision makers in their efforts to reduce
losses in the most cost effective way.

Representative sampling techniques and statistical inference theory,
may be effective in detecting, measuring and disaggregating
fraudulent non technical losses.

The proposed methodology has been tested at the Empresa de Energia
élect’ica de Bogota. Further analyses and tests, in other utilities
of the region should be pursued.
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CORRECTIVE MEASURES FOR NON-TECHNICAL LOSSES
By

Mr. Willy G. Pacheco
Bolivian Power Company Ltd.

ABSTRACT

Results of work started a year ago by Compania Boliviana de Energia
Electrica S.A. - Bolivian Power Compamy Ltd. on reduction of non-technical losses
in the city of La Paz, Bolivia and its surrounding areas are present.d. The
purpose of this exercise being to contribute to other electric utilities in Latin
America and the Caribbean with details of experiences gained in this important
and often neglected discipline. Case studies of the various activities carried
out thus far are given and results obtained are summarized. Cost/benefit
analyses are included and recommendations as to courses of action to be taken
by utilities about to engage in similar work are provided.

I. INTRODUCTION

Compania Boliviana de Energia Electrica S.A. - Bolivian Power Company
Led. (The company) is one of the few remaining private utilities in Latin
America. It is owned by shareholders of which approximately 70% reside in the
United States and 30% in Canada. It has two divisions, the La Paz Division and
the Oruro Division. The La Paz Division generates and distributes electric power
to the City of La Paz and surrounding towns and the Oruro Divisicn supplies
electric power to mines operated by an agency of the Bolivian Government
(Corporation Minera de Bolivia) and sells wholesale power to the Company’s
subsidiary, Empresa de Luz Electrica de Oruro, S.A. - ELF vhich distributes
electricity to the city of Oruro.

The La Paz Division operates under a non-exclusive franchise dated
October 20, 1950 granted by the Municipality of La Paz, which extends to
September 1990, The Oruro Division operates under Specific Regulatory Agency
Resolution of August 30, 1968, ELF operates under a contract with the Oruro
Municipality which extends indefinitely and can be terminated with two years’
notice by either party. At present the Company is negotiating a renewal or
extension of its franchise with the Bolivian Government and the City of La Paz.

Electricity rates are determined by the Direccion Nacional de
Electricidad - DINE, a government entity, whose main functions are to regulate,
coordinate and promote the development of the electric industry.
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The latest average electricity rates established by DINE for the
Company are in the order of US$0.036 per kWh distributed as follows:

Domestic 2.94 US cents per kWh
Commercial 5.47 " i
Industrial 2.97 * »
Street Lighting . 3.18 * d
Rural Electrification 1.94 .

Present and past tariff policies have in general pretended to establish
subsidized tariffs to a great majority of the lower income consumers without
foreseeing the source of the subsidy. Low tariffs have undoubtedly affected the
distribution system expansion of the city of La Paz, particularly in high growth
arees in the outskirts of the city where electricity theft has risen. As a
result total losses in the city of La Paz system have increased from 12.63% in
1981 to a high of 19.33% recorded in 1987,

This paper will describe the loss reduction efforts started by the
Company in March 1988 relating to the reduction of only non-technical losses.
Technical losses in the complete generation, transmission and distribution system
are also heing the subject of a detailed study but results will not be available
for another year. 1t is estimated thut technical losses in the La Paz system
are approximately 9 to 10 percent of net generation.

II. NON-TECHNICAL LOSSES - REVIEW

In oxrder to establish a guideline of what is to follow & brief reveiw
of the definition of “non-technical losses” and a description of all of its
components will first be given.

Non-technical losses represent energy consumed for which a power
utility does not receive revenues. It consists of all losses absorbed by the
utility during its commercial operation, from the time energy is consumed,
followed by accurate billing, until full payment is received.

Bazically tl.en, there are three major components that form part of
non-technical losses. These are:

Consumption losses - Related to the accuracy with which the
utility records the electricity consumed.

Billing losses - Related to how accurate the billing process
is.

Collection losses - Related to how much of the billed censumption

is actuslly collected.

Consumption losses

These can be split in two categories:
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(a) Non-measured consumption: Refers to consumption which is neither
measured nor recorded in the customer-file by the utility and could
come from various sources such as illegal connections, inaccurate
estimation of consumption, and delays in the installation of metering

equipment.

Illegal connections in developing countries, no matter how well
administered the utilities may be, are likely to represent the
largest component of non-technical lesses. Customers connected,
without the company’s knowledge, consume more energy than necessary.
Illegal connections are commonly referred to as electricity theft.

Inaccurate estimation of consumption of those customers connected
directly to the distribution system, because of lack of meters, also
represent high losses. This is particularly the case in countries
that have to import energy meters because these are not manufactured
locally and where their purchase depends on the availability of
foreign exchange.

Finally delays in the installation of metering equipment on those
customers temporarily connected will add to losses as energy consumed
until the meter is installed may be incorrectly estimated or not
estimated at all.

(b) Measured consumption. Which is measured consumption but not recorded
with complete accuracy. In this category the following cases are
included: Fraudulent tampering of meters, defect.ve meters, improper
hook-up to the distribution system, improper installation of
measuring equipment, meters not registered in the customer’s file
and, management system discrepancies.

Due to management system discrepancies large sources of error occur
vhen the meter reading process is inadequate and does not allow for
accurate recording of consumption measured by the meter. Errors in
meter constants are common and often reading errors are made because
of non-standardization of meters used.

Billing losses

Billing losses are usually linked to two basic phenomena: Inaccurate
information in the customer file and discrepancies in the billing process.

Inaccurate inforamtion in the customer file creates losses if: the
inf~vmation contained in the customers’ contract 18 missing or inaccurate in the
biliing record, rates applied are incompatible with the service characteristics,
equipment installed is different to the one registered and inaccurate notation
of changes in the customer dwelling are made which will cause difficulties in
the reading of meters and delivery of bills.

Discrepancies in the billing process us ally exist if the system does
not follow up on non-billed customers or billing does not occur for several
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periods. Also 1f customers who benefit from special rates or grants are not
controlled., Likewise if billing irregularities or anomalies detected in the
billing process are not investigated. . Discrepancies in the billing process alss
arise if bills are corrected without proof or control, if the process cannot
ensure that all recorded consumption is billed and the system does not allow for
periodic processing of all customer accounts.

Collectjon Jlosses

Two elements form part of these losses, unpaid bills and inefficient
management of payments. The main reasons for unpaid bills are bills not
delivered to the customer, customer inability to pay the bill, and inadequate
collection procedures used by the utility. Inefficient managemenet of payments
usually result in theft of money by utility employees, loss of revenue due to
timing between billing and collection (particularly true in countries with high
index of inflation) and inappropriate credit of accounts due to incorrectly
identified customers.

Specific details for each case of the three major components of non-
technical losses described above are well known and will not be described
further. 1It is important, however, to emphasize that non-technical losses are
important to deal with as they have a direct impact on the finances of a utility.
Unlike technical losses, non-technical losses are not inevitable, and very often
great improvements can be achieved in this area without significant investment
of capital. Reduction of non-technical losses is basically a matter of good
management. Their target level should be zero.

III. SYSTEM CHARACTERISTICS

Geperal

The generation, transmission and distribution system of the La Paz
Division forms part of what is known as the Northern Electrical System of
Bolivia. This system is connected to the National Interconnected Grid operated
by Empresa Nacional de Electricidad - ENDE. The interconnected grid now serves
six of the nine Departments of the country.

Electricity for the La Paz division is generated in eight hydro-
electric plants located in Zongo Valley and one in the city of La Paz. Total
installed firm generation capacity at present is 113.9 MW,

Three transmission lines operated at 115 kV and one at 69 kV come
out of the Valley feeding a 69 kV ring-circuit that surrounds the city to which
13 distribution substationssn are connected. The transmission network consists
of approximately 430 kms of line and also extends to other neighboring towns.

Primary distribution voltage in La Paz is 6.9 kV, S0 Hz, About 455
kms of primary lines and 1,020 kms of secondary lines form part of the
distribution network. The secondary voltage is 230/115 volts, although as of
1984 the secondary voltage has been standardized to 220 volts.
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Power transformer installed capacity in distribution substations is
152 MVA and distribution transformers installed capacity in primary lines is 240
MVA. With a peak load of 141.11 MVA (127.5 MW) the distributfon transformer
ratioc is approximately 1.70. Generation Load Factor during 1988 was 54.6%.

Consumper and Demand Growth

The La Paz Division has at present approximately 150,000 consumers
which according to existing rate structures can be classified in five categories.
Table No. 1 lists the five categories and includes data on consumers per category
and the distribution of total sales per category for the period April 1988 -
March 1989.

Figure No. 1 shows the correspoding percentage of total sales for
each group.

Table No. 1

Type No. of Customers Consumption (MWh)*
Residential 130,080 269,632
Commercial 19,215 92,632
Industrial 628 85,437
Rural Electrification ** 2 9,721
Others **¥* 187 16,265

Total 150,112 473,687

12 month cumulative (March 1988-March 1989)

Rural Electrification sales are made to two cooperatives wh. Y1 serve
approximately 15,000 consuzmers.

**%  Others include small towns, street lighting and exports to the country of
Peru.

:#



- 271 -

DISTRIBUTION OF SALES
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Figure No. 1

Consumer growth had an average increase of 4.148 over the last ten years.
Details are plotted in Figure No.2.

Consumer growth has been influenced to a large degree by the country’s economy
vhich has had ups and downs characterized by a big recession that gtarted in 1981
and recovered during 1985-86. During 1988 consumer growth has increased sharply
to over 68.

Annual kWh consumption per consumer in the demestic category of the
city of La Paz is plotted in Figure No. 3. Over the last decade it has been on
average only 1,872 kWh per year, which is equivalent to 156 kWh per month - among
the lowest, if not the lowest in Latin America.
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Energy Sales for the period 1979-1988 are shown in Figure No. 4.
The reduction in sales recorded in 1982 and 1983 were likewise caused by the
economic recession. By the year 1985 cumulative inflation had exceeded 14,000%!

Energy losses - la Paz Division

The devaluation of the Bolivian Peso has had direct effect on losses
in the La Paz Division system. Restrictions imposed at the time by the
government on availability of foreign exchange limited the Company to provide
the necessary resources to attend new requests for service and to carry on with
the normal system expansion. As a result consumers in areas near the outskirts
of the city were forced to make their own extensions with inadequate and low cost
materials which undoubtedly increased technical losses.

Furthermore the social unrest that was created by this condition has
had a marked effect on the morality of the low income population making them more
aggressive. As a result illegal connections and meter tampering have increased
considerably.

Figure No. 5 rhows the increase in total losses in the La Paz system
during the period 1979-1588. From 1981 when recorded losses were 12.6% these
have risesn gradually to over 19% by the end of 1987.

The rather chaotic economic situation during this period had also
obliged the Company to provide direct (unmetered) services to a large number of
consumers in need of service. Lack of meters due to dificulties in obtaining
the required foreign exchange to import them was partly the cause. By the end
of March 1988 the Company had approximately 8,500 consumers connected directly.

In Figure No. 6 month by month variation of 12 month cumulative
losses are plotted from 1986 onward to show the sharp increase in losses.
Transmission, distribution and total losses are shown separately for the analysis
that is to follow.
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IV. LOSS REJUCTION PROGRAM

General

The large increase in losses registered starting towards the end of
1986 induced the company to form & special department with exclusive dedication
to the control of losses and their reduction. The specific functions of this

section were to:
- Identify major sources of losses.
- Establish a loss reduction program.

- Coordinate with technical divisions of the Company on all loss
reduction measures.

- Start a follow-up program on loss control to keep track of
improvements made and maintain activities proven effective and
economically sound.

The loss reduction unit or "Departmento de Control de Perdidas”
started work during March 1988. After a year of operation 12 month cumulative
losses were reduced from 19.33% to 17.62% with savings estimated in excess of
US$350,000. Present estimates show that two more percentage points can be
reduced in non-technical losses by the end of the next twelve month period.

Identification of Sources of Losges

The first step needed before preparing the loss reduction program
was to identify the major sources of losses in the La Paz Division system. This
required a thorough study of the two main components of losses -- technical and
non-technical losses.

(a) TIechnical losses

As mentioned earlier technical losses are being the subject of a
separate study which is still being carried out. Basically, what is being done
is the following:

- The city has been divided into a grid of mosaics 500 x 500 meters
each.

- For each mosaic a complete physical inventory of all electrical
equipment installed within its boundries is being prepared.

- Each mosaic in turn is being subdivided into a grid 20 x 20 meters.

- All poles structures, primary and/or secondary 1lines that
interconnect them, and distribution transformers are being included.
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- This information will form part of a computer data base for which
special software is being prepared.

- The ultimate aim being to identify each consumer to a given pole
structure and thus be able to carry out transformer management
studies, technical loss studies, voltage drop calculations, etc.

This work has been under way for several months and completion is estimated tc
be by the end of 1989.

b.  Non-Technica] Logses

Because of its various components the study and loss reduction
efforts related to non-technical losses are being carried out jointly by several
departments of the Company under the control of the loss reduction unit, Case
studies to determine the magnitude of each component were first made to establish
priorities and prepare a loss reduction program on non-technical losses under
which the loss reduction unit is now operating.

The importance of having clear, concise and periodic information on
losses and other pertinent information on system production, consumer growth and
sales should be emphasized, as this is basic information needed to carry out any
work on loss reduction.

A sample of the Company’'s monthly statistical report is given on
Figure No. 7. All main parameters are given. 12 month cumulative data on
g neration and sales is included. The latter are useful in determining trends
and making com arative analysis because they reduce the effect of seasonal
variations, as well as, the time factor involved in the readings of energy meters
which because they are not coincidental can introduce appreciable error if only
short periods are considered.

For the particular case of the La Paz Division system all
distribution substation loads are metered on the low voltage side of the power
transformers. Transmission losses are calculated by subtracting the sum of all
these metered energy from net generation. Transmission losses, therefore,
incldue losses in power transformers.

It is important to point out also that any defective meters or errors
in the readings of these particular meters reflect directly on transmission
losses because of the way these are cal.cnlated

Distribution losses in the statistlcal report are calculatad by
subtracting total energy sales from net generation minus transmission losses.
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CASE STUDIES

To provide guidelines and prepare an efféctive loss reduction program
the Loss Reduction Unit began work by carrying out individual case studies to
establish the incidence on losses of:

(a) Direct connections (consumers connected to the network by the Company
but without meters).

(b) Illegal connections (consumers connected to the network without the
Company'’'s knowledge).

(c) Metering errors (either because of defective meters or improperly
made installations).

(d4) Consumer billing (to check for accuracy of information in consumer
files).

a.  Direct Connections

As mentioned in Chapter 111 the number of direct connections to
consumers due to lack of meters had increased to over 8,500 by the end of March
1988. This number represented close to 6% of the total number of consumers in
the La Paz Division.

Even though energy consumed by these customers was calculated and
billed based on installed capacity on each consumer premise, it is a known fact
that unmeterd customers tend to consume on the average more energy than they are
billed for.

To check this fact a case study was made on Palca Town, a small rural
village near the city of La Paz that, out of a total of 191 consumers, had 154
direct connections. Sales to this town are being controlled by metering
installed on the main feeder.

Table No. 2 shows details on sales, energy distributed and losses
for the‘last 12 months,

Note the effect on losses of two actions taken by the Company: (a)
increase in kWhrs billed to each consumer connected directly, and (b) the
installation of meters.

Before July 1988, when losses exceeded 408, direct connections were
being billed 50 kWhrs per month per consumer. Average use of energy per consumer
in other rural towns is only 32 kWhrs per month. Starting in July the decision:
was taken to raise to 80 kWhrs the monthly consumption billed to each consumer
that wvas comnected without a meter. Apparent losses which were extremely high
due to incorrect estimation of consumption were reduced after this action to
about 11s.
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Table No, 2: PALCA TOWN SALES AND LOSSES

—Consumers Sales Energy
Month With meter Without kWh Supplied kWh Losses
April '88 37 154 11627 19600 40.7
May 37 154 11229 18520 40.0
June 36 154 11743 21840 46.2
July 34 159 16069 18000 10.7
Aug 34 161 17732 20000 11.3
Sept. 188 10 10859 10680 -1.7
Oct 191 5 9955 10968 9.2
Nov 193 3 11432 12360 7.5
Dec 190 1 7933 8840 10.3
Jan, ’'89 190 1 13095 14000 6.5
Feb 179 1 7994 8600 7.1
March 176 1 8863 9600 7.9

Starting in August 1988 meters were installed on all direct
connections. Results of these two actions are shown in Figure No. 8 where sales
and losses are plotted (3 month cumulative readings).

The drop of energy supplied is worthy of notice. In June 1988
average monthly consumption in this town (with 80% of the consumers with direct
connection) was about 115 kWhrs per consumer. After meter were installed average
consumption dropped to only 54 kWhrs and losses have dropped to below 8%.

Based on this experience all direct connections are now having
meters installed. By April 1989 direct connections have been reduced from 8,500
to less than 200 and work continues to eliminate them completely.

b.  Jllegal Connections

The detection of illegal connections is more complex as additional
metering usually needs to be installed to control losses and this work requires
close supervision of the specific area being checked.

The city of La Paz being situated in a narrow valley of the Andes
Mountains has limited room for urban expansion. This fact has obliged urban
plamners to start construction of high-rise apartment buildings and a large
portion of the population now dwells in them. This evidence was seen as an
opportunity to start a program to detect illegal connections at low cost by
installing metering equipment at the service entrsnce of such buildings and
keeping close contrel on individual consumer meteis. .
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Basically this program is being carried out as follows:

- Supply to a building is cut-off while control metering is irnstalled
to it.
- All consumer meters are read at this time and special seals are

installed to prevent tampering while tests are made.

- Building supply is normalized and after a period of 15 days all
meters are re-read after cutting-off once more the supply.

- Based on results obtained individual services are checked, illegal
connections (i: found) are suspended and action is taken to prevent
recurrence.

- A second similar control is made after about two months and results
compared.

This program which was started in September 1988 has proven very
effective in d:tecting illegal connections. About 27 buildings have thus far
been checked and losses in them have been reduced from an average of 5.5%
measured during the first control to 3.15% measured during the second control.

It s estimated that there are over 150 high-rise buildings now in
the city. The program will continue until all of them are completely checked.

c.  Metering Erroxrs

Measured consumption bu. not recorded with complete accuracy
represent a large component of non-technical losses and have always been of great
concern to the Company. Errors are usually due to:

- Defective meters.

- Lack of limited calibration of meters.

- Improper installation of measuring equipment.

- Incorrect application of meter constants on major co sumers metered

on the high voltage side.

- The existence of a vast variety of meters (some with four, others
with five digits), etc.

One of the major tasks assigned to the Loss Reduction Unit has been
the revision and subsequent improvement of all these actions in direct
coordination with the Metering and Commercial Departments.

Essentially the program started with a rigorous control on meter
instailations of all major consumers. Control that included: meter testing,
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check-up on multiplying constants, and verifying if the load connected agreed
with tariffs being applied to ench consuner.

Meters installed in generati.on plants and distribution substations
were tested duriug May - July 1988, In some cases errors in excess of 2% were
measured (as against £ 0.05% which is the highest permissible error for these
meters according to company standards). Meters with high error were found to
correspond to those with many years of service which, due to aging, are difficult
to calibrate and have to either be replaced or sent to servicing for a complete

overhaul.

Approximately 238 of the meters of all major consumers of the La Paz
Division have thus far been checked. Savings due to this action have been
estimated to surpass 9.7 GWhrs in sales since the beginning of this program.

d.  Consumer Billing

The introduction of all meter records in the main frame computer with
vhich all billing is carried out has helpe:d sort out inconsistencies in the
consumer records. This work had started at the end of 1987 and was completed

in July 1988.

All meter reading is done on a monthly basis by company employees.
Reading routes have now been clearly identified and the loss reduction program
has included in its activities the proper training of personnel to carry out this
Job. Billing frequency is also monthly. Intercalary bills are not emitted.
Estimates of consumption are only made in those cases where the meter could not
be read because the hovse was closed in which case a bill is sent based on this
estimate and later adjusted when a reading can be made.

Delivery oZ bills is carried out by a Contractor who also is in
charge of disconnecting services that are in arrears. The second consecutive
unpaid bill automatically places the consumer in the arrears list.

Inconsistencies between meter and consumer records were found while
introducing information in the computer. This has helped detect many cases of
incorrect billing, as well as, losses. Also meter changes improperly registered
have caused incorrect application of multiplying constants.

The implementation of 4 now fully computerized system for all
commercial operations of the Company has contributed as well to the efficeincy
of collection, which at present is only nbout: 45 days from the time the bill is

emitted.

Future Work

Based on experience gained during the first year of operation of the
Loss Reduction Unit, work will continue on the following fronts:

- Direct connection will be totally eliminated.
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- Once all hi~" -rise buildings are checked for illegal connections this
work will continue on sectors of the city where low income people
live. It is estimated that a very large percentage of non-technical
losses correspond to these areas where uncontrolled low voltage line
extensions have taken place. Work has already been started to
replace these privately owned extensions.

- Meter testing will continue with particular emphasis on the
replacement of outdated metering equipment and the implementation
of a revised program on meter calibration and statistical inspection
of recently acquired units.

- Control of non-billed accounts will be started. This is a subject
that has received little attention thus far but, nevertheless, needs
action.

- Coordination of activities between the Loss Reduction Unit and the

various departments inside the organizational structure of the
Company will be improved. This is a must to improve efficiency in
any loss reduction work., Personnel working in the Loss Reduction
Unit will be increased to improve its operations.

- Efforts will be continued to receive legal support from the
Government as at present there are no national laws that deal
specifically with the theft of electricity in Bolivia.

V. RECOMMENDATIONS

The reduction of non-technical losses should be a major objective
for all electrical utilities, particularly those that have detected high losses,
as these have a direct impact on their finances.

To attain a significant reduction of non-technical losses first
priority must be given to the optimization of the commercial infrastructure of
the utility, even before any loss reduction program is begun. Organizational
aspects of the utility’s commercial process are essential in the identification
and then the control of these losses.

It is indispensable that communications and interrelations inside
the organizational structure be excellent and well maintained. There must be
frequent contact and discussions between the different units responsible for
meter installation, the readings of meters, the billing, rate revisions,
collection and all other units that have direct centact with the consumer.

Most utilities today have found that it is justifiable and advisable
to create inside their organizetion a unit, with complete autonomy and freedom
of action, whose only job i3 specifically to detect and control both technical
and non-technical losses.
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The Loss Reduction Unit formed by Ccupania Boliviasna de Energia
Electrica S.A. - Bolivian Power Company Ltd. only a year ago has started a loss
reduction program based o.: specific case studies. Results thus far are
encouraging as non-technical losses hav- been reduced by approximately two
percentage points. The unit formed cons_sts of four well trained technicians
and one engineer who in direct coordination with other company departments (which
have used no more than twenty other employers) have made this program successful.

For those utilities about to engage in similar work regarding the
detection and reduction of non-technical losses the following hints and

recommendations might prove valuable.
In order of importance the steps to be followed are:

- Make sure that statistical information on generation (if any), sales,
and losses is reliable and presented in an easy to read schedule.

- Testing and verification of all important meters used on the
calculation of energy delivered to the distribution system should
come next. This will ensure that recorded losses are correct and
any follow-up action on loss reduction is properly made.

- Start meter testing on major consumers where the likelyhood of large
improvements in losses is greatest.

- Revise estimated unmetered consumption. If direct connections exist
efforts should be made to have meters installed in them.

- Verify the correctness of 11 consumer files making sure that all
basic information dealing with the customers themselves, their
location, installation and metering characteristics, conditions of
sales, and the service agreed to by them for billing purposes is
correct.

- Verify that all consumer meters are being read and bills are emitted
in timely fashion,.

- Only then start with a program related to the detection of illegal
consumers, meter tampering, and electricity theft.

For those interested in loss reduction efforts being carried out at
present in other Latin American countries a list of articles that were presented
in a Symposium on Control of Losses held in Bogota, Colombia in Octcber 1988 is
included in the Bibliography section (Chapter VII items 4 through 12).

Reference to other recent articles (items 13 through 16) to be
presented during August 1989 by the Subcommittee of Distribution of Electrical
Energy of CIER (Comision de Integracion Electrica Regional) in Cochabamba,
Bolivia are also included. .
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Vi. COST/BENEFIT ANALYSIS FOR NON-TECHNICAL LOSS REDUCTION PROGRAMSL/

Review

One of the main reasons for the existence of unacceptably high losses
in distrfbution systems of developing countries has been the decline in financial
position of power utilities because governments have prevailed in establishing
low electricity tariffs which have led to reduced investment and system
maintenance and indirectly stimulated consumption. Frequently electric power
utilities are used as instruments of economic policy to fight inflation.
Scarcity of 1 )reign exchange resources have, in the majority of cases, also
limited system expansion.

Loss reduction projects should not exist if distribution networks
would have been adequately planned and received the necessary financial
resources, These projects are proof that past policy errors have forced
utilities to postpone investments for network rehabilitation and maintenance.

High energy costs and problems in the balance of payments of
developing nations have increased interest in energy conservation and reduction
of waste in electricity consumption. Loas reduction projects represent an
important way of energy conservation and result attractive in developing
countries that posses mature electric systems because of their low cost relative
to benefits that are gained.

An important rule to remember: Losses become excessive when it is
cheaper to reduce thim rather than increasing the capacity of the supply. Each
kWh lost represents to the country the long marginal cost of supply. Thereby
it is worth investing in its reduction only if the cost of its reduction is less
than the marginal cost.

The purpose of a cost/benefit analysis is to prove that the benefits
of loss reduction are more, or at least equal to, other sacrificed benefits in
the economy when assigning resources to the project.

Cost/benefit analysis provides a better way of assigning resources
than traditional methods of cost optimization by allowing, first, to compare loss
reduction projects with other projects on generation, transmission and
distribution; and second, by providing means of ranking projects on electricity
distribution with other projects in the country in need of the sometimes limited
resources available.

¥4 Abstract of an early paper presented at the Symposium of Control of Losses
held in Bogota, Colombia on October 1988 by its author Mr. Luis E.
Gutierrez (an English version of which is being presented elsewhere in this
seminar).
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The two types of losses- technical and non-technical, require a
somewhat different treatment as cost/benefit analysis is applied to projects,
not programs.

Technical losses, on one hand, are primarily economic losses. They
are considered to be losses to the national economy and do not just adversely
affect the financial health of the utility itself. The energy that is lost as
heat in the transmission and distribution system could have satisfied adoitional
(incremental) demand or load. If losses were absent there would be no need to
use additional scarce national resources to supply the incremental demand. By
reducing technical losses there is less need for power generation and the
requirements for transmission and distribution are reduced. Technical losses
can be reduced by using better designs, selection and localization of new
substations, installation of capacitors, addition or reinforcement of primary
and secondary lines, better combination of distribution transformers, etc.

Non-technical losses, on the other hand, are primarily financial
‘losses to the utility. These can be reduced by controlling theft, meter reading
errors, and billing and collection improvements. Revenues lost impose a heavy
burden on the financial viability. Reducing non-technical losses is one of the
best and most cost-effective options to improve the financial positian of
utilities by providing more revenues. Non-technical losses also affect the
economy by distorting the optimal pattern of electricity consumption. Those who
do not pay usually consume more. Those who do pay consume less if the higher
cost of the non-payment by others is passed on to them through higher tariffs.

When projects for reduction of both techuical and non-technical
losses are considered for the same distribution network it is couvenient to first
analyze the later and then, assvming that non-technical losses have been
eliminated, technical losses shculd be examined. This is necessary so as to not
overestiamte benefits of technical loss reduction projects as by reducing non-
technical losses.

In what follows a description of cost/benefit analysis for only non-
technical loss reduction projects will be given. For cost/benefit analysis of
technical losses please refer to references listed in the bibliography.

Zractical Considerations

As described earlier non-technical loss reduction projects aim at
reducing: (a) electricity theft in its various forms, and (b) non-registered
use of electricity.

One of the main economic benefits of these projects correspond to
savings in resourcss of generation of energy consumed “free®, that once detected
will stop being produced. However, since not all unbilled energy will stop being
generated (as part of it will continue to be supplied - the difference being that
with the project it will now ke billed), one must subtract the reductfion of
consumer surplus resulting from the increase in price. The utility of course
will obtain important financial gains by seliing energy otherwise lost without
the projects.
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A second economic bdenefit results from the increase in demand of
existing consumers because of tariff reduction, which will (or should) follow,
due to improvements in the financial situation of the utility.

The net benefit of non-technical inss reduction projects can be
summarized in the following equality:

[Net Benefit] = [Savings in 'Resources] - [Reduction of
Consumer Surplus] - [Project Costs] (Eq. 1)

To fully understand the components of this equation some explanations follow:

Consumers that receive more energy than they pay (either because of
electricity theft or meter malfunction) have a benefit equivalent to what they
would be willing to pay for the energy they now consume free. We shall term this
energy as WIP, (where the subscript "o” stands for without a project). When the
project is started this benefit becomes a cost to the project; the loss of
consumer surplus. Similarly the cost associated to this free energy becomes a
savings to the project as it will be shown later.

The net benefit (NB,) to that economy of continuing with the unbilled
free energy can be expressed as:

NB, = WIP, - mc R,

where "mc” is the marginal cost of supply and R, is the unbilled energy (non-
technical losses). The purpose of the project being to reduce the unpaid energy

R,.
The benefits of the porject B, are given by:
NB, = B, - NB,
NB, = ca [R, - R,] - [VTB, - WIR,) - G,
vhich is the ’same expression as equation (1).

The first term [Savings in Resources) corresponds then to savings
due to the reduction of non-technical losses. It is estimated from the reduction
in electricity use vhich in turn is calculated from known values of marginal cost
(mc) and unbilled consumption (R,). The level of consumption of consumers that
become “normalized” R,, if not readily available, has to be calculated from
demand curves. ' - '

3
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Figure 9 shows a simplified demand curve where for a tariff t, there
is a demand R,. R, in the graph would correspond to the increased demand of
illegal consumers that don’'t pay (t;~0). In this particular case the demand

curve can be represented as:
t=a- [a/R,] D
where

[e(*-1)] / *

marginal tariff for these type of consumers (0Lt £ a)
illegal consumption

demand at price t :

elasticity price of the demand (dD/dt) (t/D)

*roRae
L I B I |

For those cases where tampered meters are found that only register a fraction
of the consumption, or where a defective meter was found, where part of the
petered energy (D;) is paid at the existing tariff (t;) vhile the rest (D,) is
not paid. The relevant tariff t, corresponds to an average price (paid over the
total . consumption). In both cases, the relevant tariff is weighted for the
fraction of the consumption paid and, therefore, hizher than zero (t, > 0).

t, = (£,0,) / (D, + D)
t, = t, (1/D,)

The equation for the demand in this case can be expressed as:
t=a-bD

where b = (1/%) (t/D)
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Once the demand curve is estimated, the - . sumption of “normalized”
consumers is calculated, substituting "t" for the project tariff t,, and then
solving for the unknown quantity R,. The [Savings in Resources] component can
then be calculated as the product of the marginal cost of replacing the
connections mc and the reduction of consumption (R, - R)).

The second component of equation 1, [Reduction of consumer surplus],
(WTP, - WIP,) will also vary depending on the type of unpaid consumption. If it
is totally free, or paid “n part.

If the tariff is nill (t, = 0) the loss of consumer surplus is given
by:

E-1/2 t, [R, - R]

When the tariff is more than zero (0 < t, < tp), the loss is calculated from:

E=1/2 (t, - €, [R, - Ry

The last component of equation 1, [Project costs], should include
all costs relevant to the project. These can include equipment, systems, and
procedures such as: calibration equipment, controcl meters, service drops,
computers for billing and collection, measuring instruments, training and
supervision of personnel, design and implementation of procedures to penalize
illegal consumers and improve collection, as well as, billing techniques.

C ns

The implementation of non-technical loss reduction projects is best
done by analyzing separately each type of consumer. It is more rewarding to
start with industrial consumers who normally consume more energy and thus provide
greater improvement in any loss reduction effort. Likewise consumers with higher
income levels should be dealt with first.

A set of recommendations has been provided in Chapter V for those
utilities about to engage in similar work. These were based on experiences
gained by Compania Boliviana de Energia Electrica S.A. - Bolivian Power Company
Limited during the first year of operation of a Loss Reduction Unit formed to

carry out this work.

Results thus far have been highly rewarding.
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THE LOSS REDUCTION EXPERIENCE
OF THE BARBADOS LIGHT AND POWER COMPANY LIMITED
OVER THE PERIOD 1964 - 1988

By

Mr. C.L. Franklin - C. Eng., M.I.E.R.E.
Chief Distribution Engineer
The Barbados Light and Power Company Limited

In order to be assured that we are all thinking in like terms, it
may be best to start with . short description of the utility concerned. The
Barbados Light and Power Company is the utility which is responsible for the
generation, transmission and distribution of all electric power in the Island
of Barbados. The island has an area of 431 sq.km. - 166 sq.mls. for those who
prefer it that way - and a population of approx. two hundred and fifty three
thousand (253,000) people. The whole island is now electrified, that is to say,
electricity is available to anyone no matter where he may live on the island.
There are two (2) generating sites approx. 5 miles apart connected to a common
grid system. All generation is at 11,000 volts. The major portion of the power
is stepped-up and transmitted at 24,000 volts to 10 substations at the various
load centres in the island. At these substations power is stepped-down to 11,000
volts again, for distribution via some 28 primary feeder circuits. There are
3 distribution primary feeders at 24,000 volts. Distribution is achieved via
transformers to provide services at 230/115 volts single phase in the rural and
sub-urban areas, and 200/115 volts network in the urban areas.

One of the reasons for stating the above is that there are some
utilities - though not in the Caribbean 1 dare say - who buy their power in
bulk, and are happily unconcerned with the effects of generation on their system,
provided it is adequate.

Losses in terms of our utility is defined as the difference in the
metered quantity of units generated less the quantity of units used for
generation (station services) and the metered quantity of units sold. This may
be more aptly put as net generation - i.e. that energy which leaves the 11KV
generator bus/bars for transmission and distribution - and the cumulative
quantity of metered energy sold. System losses are generally expressed as a
percentage of net energy generated.

Having defined losses as net energy generated minus quantity of sold
energy, we may now look at the reasons for losses in an electric utility systen;
determine how these losses are generated; and explain how we at B.L. & P.
endeavour to keep these losses low.
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Losses may conveniently be divided into two categories - Technical losses and
Non-technical losses.

TECHNICAL LOSSES

Technical losses are due to the laws of physics, and can be thus
accounted for. Engineering-wise these are therefore measurable and controllable.
I am afraid that technical losses will never be completely reduced to zero -
Superconductivity or no Superconductivity. The criteria for technical losses
may be catagorized under the following sub-headings.

TRANSMISSION

Voltage

Conductor sizing and spacing
SUBSTATIONS

Siting

Layout
PRIMARY FEEDERS

Lengths

Voltage

Conductor sizing
P.F. Correction
Regulation

DISTRIBUTION TRANSFORMERS

Small transformers and short secondaries
Versus
Large transformers and long secondaries

Consideration of loss analysis in bid evaluation

SECONDARY LINES
Conductor sizing
Lengths

SERVICE DROPS
Conductor sizing
Lengths

METERS
Accuracy

In the theoretical sense we are all very familiar with the underlying
precepts governing the above. Most have to do with Ohms Law, I?R, RHO-L/A,
reactive power etc., all covered in the basic principles of electricity which
have been crammed into us at one time or another. In the practical design of
a viable electric utility system however it becomes slightly more complicated
as ponderance has to be given to such things as optimization, standardisation,
least cost, quality of service to consumers, affordability, and a whole host of
other economic and sociological factors.
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This brings us every opportunity to talk briefly about the other
category of losses posited -

NON-TECHNICAL LOSSES

These are in the main those losses which are related to the logistics
of management; the efficacy of the management policies deployed; and the
efficiency with which these are implemented. 1In other words, these losses
are usually subjected to the vagaries of human failings and the systems which
are put in place to control the same.

Some sub-headings here may be as follows:-

Meter reading
Service Inspections
Exception Reports
Contraband or theft

This last - theft - is possibly the most direct form of loss a
utility suffers. It is extremely difficult to detect at times, depending on the
ingenuity of the thief. Many a saga can be written based on the romance - "Meter
Inspector versus Contraband”.

You will note that I have only addressed those non-technical losses
which will affect the metered quantity of energy sold, i.e. through inefficiency
of inspectors, meter readers - or through deliberate energy diversion. Losses
due to administrative problems and poor business principles I consider outside
the ambit of my terms of reference. In point of fact I doubt that I will be able
to concentrate very much in this paper on non-technical losses, interesting
though that subject is, except maybe during question time. I have a feeling that
the deliberations of this seminar are predominantly on the control of technical
losses.

It is in the control of technical losses that the engineer - whether
he be planning, transmission or distribution makes his greatest contribution to
an efficient electric utility system. To keep within the confines ¢f my terms
of reference, I will put the question for you. *What do we at B.L. & P. do
to be in the happy situation where the "losses” on our system are the lowest in
the Caribbean, and compare very favourably with utilities in some of the more
developed countries?

Let us look at the chart of "losses” plotted against net generation,
starting around 1964 (Fig.l). This was a time of very high load growth -
greater than 15% per annum compounding. You will note the high level of losses
endured at the time. I joined the Company in early 1965, and I remember well.
The installed capacity was 20MW, with a peak load of 14MW. There was 8MW of
generation at 11KV and the remainder was at 3.3KV. There was still a certain
amount of 3.3KV distribution. The programme at the time was to move away from
3.3KV distribution and to convert completely to 11KV distribution. With this
higher voltage level, ampacities were reduced for the same power requirements,
and we achieved a constant reduction in losses as this programme progressed.
All generation additions were now made at a busbar voltage of 11,000 volts.
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Fig 1
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I must admit that during those years little effort was put into Loss
Reduction per se. The price of oil was low compared with post 1974 prices. The
only attempt at Loss Reduction was indirect, as it pertained primarily to the
maintenance of voltage levels along the line, and at customer loads. I speak
now specifically to the installaticn of capacitors. As the system expanded to
the northern and eastern parishes, a higher voltage was requitved, and in the mid
60's the first 11KV pole-mounted capacitors were installed in St. Peter to
obtain better voltage regulation. Progressively more capacitance was installed
on all 11KV feeders as voltage levels dictatec.

The primary reasons for capacitor installations are:-

1. Reduction of I?R losses

2, Improved Voltage Regulation

3 Recovery of system capacity resulting in deferred capital
expenditure for expansion.

4, Releasing circuit capacity for application of additional load.
Over the years B.L. & P, have maintained a planned programme
of installing capacitor banks on our system. At the present
time, there are some 20MVar of capacitance installed.

In mid 1979, our first substation was built, located somewhat to the
West of the centre of the island. It was fed by 9KM of 336MCM aluminum line at
24KV, stepped down to 11KV to feed surrounding areas. One year later, a similar
substation was built at 0ld Works, to cater for the load growth in the southern
areas. Looking at our chart (Fig. 1) we note the dramatic drop in our losses -
some 2-1/2 percentage points.

In system design, siting of substations cannot be done willy-nilly.
Substations must be located as near as possible to the load centres to be most
effective, for obvious reasons. The Substation is also a very practical position
for installing regulation facilities on the system. All of our substations are
equipped with automatic voltage regulators.

Between 1970 and 1971 we see a departure from the usual trend, and
our losses appear to increase. This turns out to be a false picture and is due
to a defective meter on our auxiliaries. This made the net generation to appear
higher, and a subsequent high loss relationship. Meter accuracy you see is very
important. This will be addressed more fully in a later section. Generation
is added as load growth demands, and in 1972 a third substation at Central was
built fed by two lines - approx. 7.5Kd of 336MCM aluminum O/H wire. Our losses
went down to the impressive low of less than 9%.

Previous to this in 1969, a system expansion study was done and was
based on forecast load growth. It was recommended that 69KV transmission lines
be introduced, and some of the 11KV distribution feeders be converted to 24KV
operation. The higher voltage levels would increase line capacities and reduce
line losses. A few of our distribution feeders have been converted to 24KV, but
because the load growth has been lower than that which was forecast, the 69KV
transmission project was deferred.
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So far we have noted the certain influences which impact on losses
resulting from load growth:- Increase in generated voltage; transmitting into
load centres at higher voltage levels; siting of substations; and regulation
on primary feeders. We have also alluded to the effect of installing capacitors

on distribution feeders.

It would serve little purpose to give a dated historical account of
the growth of the Barbados System. I willi just acquaint you of our current
position (Fig. 2). VWe presently have an installed capacity of 132 MW, a peak
demand of some 79MW. We have a 24KV grid system linking 10 substations from each
of which power is distributed at 11KV or 24KV, Our present losses are in the
vicinity of 8% of our net generation.

let us now look at some of the other asperts of distribution
engineering which affect losses. Conductor sizing is an obvious one. Over the
years approx. 20% of my routine capital expenditure was on an i :.em we call
"strengthening” which is in the main reconductoring of existing H.T. & L.T.
mains, always to a larger conductor size. This year we budget to spend some $3.8
million on this item. To date we have standardized on 336 MCM for all our 3
phase mains and 1/0 Al. for H.T. radials and L.T. mains. This is an uprate from
the No. 3 copper and the No. 2 Al. which was previously prevalent. The greater
part of our transmission lines is built at 795 MCM Al. or 500 MCM copper. Our
cable for service drops has also been uprated. Whereas as recer- as 3 years ago
the average service drop to a house was in No. 10 concentric copper. We have
now standardized on a No. 8 duplex copper cable.

Let us now look at what I tend to consider the most important item
in the distribution transformation set-up - the distrihution transformer. Now
each distribution transformer can be considered in the same light as a substation
in our transmission system with respect to losses. I know that there are some
systems in the Caribbean which use large 3-phase transformers and long
secondaries - with all the attendant losses both in the transformer and along
the lines. We opt for several small transformers with short secondaries. I
remember visiting one area in the United States and it appeared to me that a
transformer was utilized to serve at the most two dwellings. We haven’'t got to
that situation in Barbados yet, because the load in the average home is too small
- but we are getting there. It may be of interest too to note the type of
distribution systems we use in Barbados - Rural and Sub-urban domestic loads are
fed by single phase H.T. distribution. A radial of one H.T. phase is run into
a village - for instance - with a continuous neu*ral wire which is earthed at
multiple points along the 1line. Single phase distribution transformers are then
installed rated at 6.35KV primary 230/115 volts secondary. We find this a very
convenient and more economical method of supplying rural domestic loads.

Before I leave distribution transformers, I will touch briefly on
losses inside the transformer. This depends to a great extent on the design of
the transformer, materials used etc. Some transformers have higher per unit
losses than others. To try to control this, what we do is to use the loss
analysis quoted by the manufacturer in his tender as one of the criteria in the

bid evaluations.
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And now we come to the most important little fellow in the whole
system - The Meter < The scale - The interface between ourselves and the customer
- The balance on which hangs our integrity on the one hand and losing our marbles

on the other.

Accuracy of registration is paramount. We at B.L. & P. try to

maintain certain standards for our meter accuracy. For domestic meters +/-
2% tested against a sub-standard meter is the acceptable band. For commercial
meters +/- 1% and for industrial meters +/- 0.6% is acceptable. We have a 10

year meter test programme which ensures that each meter is brought in for test
at least every 10 years. New meters are sample tested - 1 in every 10 or 20 -
before installation.

So far we heave looked at the aspects of technical losses which can
be controlled and measured - the results of design as it were. What sometimes
tend to be neglected are those losses produced in the field by the artisans, i.e.
the people who construct and maintain the system. It has got to be stressed that
every connection out there on that system, every joint, every jumper, is a heat
point and a potential loss of power. There are millions of these on any system -
in the substations , along the line, at the transformers, on the service drops,

everywhere.

Constant training and good supervision of the linesmen is a must if
these losses and consequent failures are to be kept as low as possible. Do we
train the linesmen not only how to make good crimps, but also why it is important
that he does s0? Training is an infrastructural investment of which the returns
are rot easily measurable, there are so many aspects of it. The aspect that
is pertinent to our particular case is the degree to which it affects I’R losses
on our systems. Standardization does help to simplify training.

I will now briefly talk on the subject of non-technical losses, and
what we do to control these. As has been hinted earlier, the greatest part of
these losses are due to energy diversion. Training of the meter readers and
inspectors is important. Detecting diversion is a skill that is acquired mainly
by experience. These days with computerized facilities, exception reports form
a useful tool, by providing the first reason for suspicion of diversion. Our
billing has been computerized for several years now, and the exception report
is institutionalized. The exception report also helps to detect technical
le¢sses, such as those due to the blowing of an H.T. fuse in a metering P.T. In
this case only half the power is registered by the meter. There is no way of
knowing 1f the H.T. fuse of the metering outfit of the Hilton Hotel for example
is blown. Think of the loss that would result if this was not detected for a
year, say.

Our experience in Barbados is not particularly bad with respect to
current diversion. The integrity of the large users is generally high. I can
only remember one case where the underground feed at a certain hotel - which is
nov out of business - was intercepted so that the feed to the swimming pool was
diverted before the meter. People are generally deterred from contraband by the
inconvenience inflicted if detected. What we do is to withdraw meter and
service, and insist that the customer gets an inspection from the G.E.E. before
service is reconnected. This can be a lengthy business. He runs the risk of
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having to re-wire his entire dwelling. Also the neighbours soon get to know why
he was disconnected.

To summarize,

We have looked at some of the many possible ways in which losses are
generated in an electric utility system. I am absolutely sure I have not
exhausted them all, and I dare say that some of you may be familiar with losses
generated as a result of factors other than those I have mentioned. I believe
though I have c¢svered the main general omes. I have alsos tried to outline how
we at B.L. & P, have tackled the problem of controlling and keeping these losses
low. There is one aspect of our operations to which I have alluded only
indirectly. I speak now to the importance of planning and forecasting. Ia this
day and age when every engineer has a computer on his desk - or nearly every one
- what would have been a miracle in the 60’'s is now an every day experience.
Programmes and system models are available where-by load-flows, voltage levels,
losses , every possible parameter necessary can be calculated for varying
conditions. Optimum conditions are now easily forecast. A mure significant
percentage of engineering is now being done in the planning stages than here-
to-fore, and the results more accurately designed. We at B.L. & P. have over
the last 25 years commissioned about 5 expansion studies, generally concentrating
on five ycar periods. These have been done by foreign consultants. Even the
smallest vtility today will find this type of planning an absolute necessity to
avoid some cf the problems we experienced in the early sixties including as has
been seen high I?R losses.

The importance of planning in the utility industry could be the
subject of another paper.

I hope you have found what I have had to =ay interesting and I look
forward to your questions.
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MICROCOMPUTER CALCULATION OF TECHNICAL LOSSES

Yy

Okorie A. Uchendu

Industry and Energy Department
The World Bank
Washington, D.C.

PRESENTED AT THE REGIONAL SEMINAR ON ELECTRIC POWER SYSTEM LOSS
REDUCTION IN THE CARIBBEAN, KINGSTON, JAMAICA, JUL 2-7, 1989

I. INTRODUCTION

The increasing scarcity of new foreign capital and the effects of
debt burden on the economic: of many developing countries in the later 1980s
have resulted in inward Yaoks on strategies to improve the efficiency of
existing infrastructures In the economias of these nations. The electric
utility sector’s high dependsnce on forelgn exchange for operations and purchase
of parts is a prime area foir «fficiency gains through loss reduction.

Electric power l::s8 reduction is very beneficial both to the utility
and the economy. Loss redu:.ion defers investment in new electric plants.
Foreign exchange saved from nev plants, operations and maintenance can be used
alternatively in other sectors :f the economy. Economic benefits from reduced
power outages could increase gicvan domestic product even marginally. Completion
of a ioss reduction program co.ld also have a positive effect on the utility’s
cash flow from sales of the saved power. Thus those utilities that may break
even in the future are the ones that will be willing to do some "house cleaning”
such as establishing and continuing loss reduction programs.

Modern technology has enhanced the use of microcomputers as a tool
in technical loss estimation. Their use in the electric utility industry is
spreading, espccially with integrated software packages which can do loss
calculations, ™illing, accounting, inventory control, 1load and demand
forecasting as well, The capabilities of these microcomputers can greatly
improve the oprrations of any utility company.
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This paper describes how the microcomputer can be used in technical
loss analysis. Section Il presents the background and some relationships
between the variables used in the case study in Section IV. The hardware and
softvare requirements for scie of the technical loss reduction packages are
given in Section III. A case study of a hypothetical network is demonstrated
in Section IV using Scott and Scott’s Distribution Primary Analysis and Graphics
(DPA/G) software program. 1/

p ¥4 Scott and Scott is one of several private suppliers of computer software
for electricity distribution loss reduction.
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II. ELECTRIC LOS: MODELING

The basic principle ‘of electric system loss modeling using the
microcomputer involves

(1) the definition of the network area targeted for technical 1loss
analysis; '

(ii) division of the network into unique feeders;

(1i1) establishment of database for feeders, conductors, nodes, sections,
loads and equipment; and

(iv) execution of computer loss estimating programs and analysing the

output.
f;le)::olr)':ta—————-——> A::IZ ::.l:al > (g::lsmgata,
Characteristics) prog Line Flows,
Voltage drops, etc.)

Figure 1: ELECTRIC TECHNICAL LOSS MCDELING

Figure 1 shows an illustration of electric loss modeling. The
network characteristics are collected and processed by the analytical programs.
Loss data, line flows, voltage drop and levels are some of the outputs of the
analysis.

Database creation can be accomplished manually by typing the data
directly into the computer terminal or automatically through digitizers and
customers’ billing records in integrated software packages. Real time data
acquisition systems 1like Power-Donut (developed by NITECH) can collect,
digitize and transmit transmission and distribution line operating parameters,
including load, to a remote station. This station can either process and store
the information, or retransmit it through telephone lines to an analysis center.
The data files so created are used in desired loss analysis using standard
electrical science equations and numerical methods. The equations are iterated
until a pre-selected convergence factor is achieved.

The analysis performed includes load flows, switching, load balancing
among phases, capacitor size and location optimization, economic loading of
conductors and transformers, short circuit, reconductoring, and transformer
evaluation.

1. load Flows and losses: A network supplied by two or more substations has
different ways of supplying the loads connected to it. Line sections

provide equalizing means through which excess power is transported to
different loads. For example:
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Consider the equivalent circuit of a hypothetical network (Figure 2) with

node curent I,, Voltage V, and admittance Y.

Figure 2 : Line Flow Network

(a) At node A

IA-(VA'VB) YAB+v Y
(b) On section AB
Lag = (Va - VR Yy

(¢) On section AD

1)

(2)

3)

(%)
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(b) Drop on Section AB = VA - VB (5)

3. load (Power) Flow
(a) From node A to B:

P, - §Q . :
AB AB (6)
where
PAB = real power
QAB = yeactive power
(b) From node B to A : PBA - jQBA (7)
where
PBA = real power
QBA = reactive power

(c) Power loss between node A and B: Algebraic Sum of
PAB = JQAB and PBA - jQBA (8)

Because of the non-linearity and complexity of the equations an
iterative method such as the Newton-Raphson, developed into computer
algorithm, is used in their solution for given convergence criterion.
What most of the computer software programs do is to solve similar
equation systems as given above.

2. Switching Analysis is done to simulate system behavior when distribution
line sections are transfered from one node to another in the same or other
feeder. The nodes and sections to be switched are provided to the computer
program which automatically performs the operation.

3, load balancing among phases is achieved by putting loads equally on all
phases depending on the nature of the problem. The loss reduction benefit
of load balancing can be explained by the following example.

Assune a current reading of 40 amperes in phase A, 130 amperes in phase
B and 100 amperes in phase C, each phase having 0.706 ohm resistance and 80
amperes neutral current with 0.234 ohm resistance. The total loss for the

unbalanced 3-phase line is equal teo

2

0.706 [40% + 1302 + 100%] + 80% x .234 = 21.6 kW
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Balancing the line current to 90 amperes/phase gives a total loss of 3 x
902 % .706 which is equal to 17.16 kW. The loss reduction is 4.46 kV.

4. Capacitor Size and location Optimization: Capacitors generate reactive
power to improved power factor and reduce line currents. In so doing they
reduce losses. In loss reduction programs, capacitors of different sizes
are placed in different sections in the network. Next, computer programs
calcula.e the losses, and then, the capacitor is located when the desired
loss level is achieved. Equally, capacitor size can be given to the
program which then locates it where loss is at a minimum.

5 ~ : : mers Winding losses on a
transformer are at a minimum 1f 1t is loaded and equally on all phases.

To illustrate this point one can suppose an area is supplied by two
substations of 10 MVA rating each with 50 kW winding loss at this load. Loading
the first transformer at 12 MVA and the second at 6 MVA results in a total
winding loss of:

[‘}%‘%l x50kw+[ig—ﬁ1 X 50 kW = 90 kW

If both transformers are loaded equally at 9 MVA the total loss will be

2 x [10HVA] % 50 kW = 81 kW.

The loss savings is 9 kVW.

6. Fault Current Analysis: In fault current analysis line-to-ground (single,
double and three phase) and line-to-line currents are calculated depending
on the type of the fault by the method of symmetrical components.
Similerly the positive, negative and zero sequence fault impedance is
calculated.

7. Reconductoring: The current carrying capacity of a transmission line is
directly related to the line’s area and inversely to its resistance. Thus
*ncreasing the conductor’s area to an economical level will reduce 1%R
losses. Reconductoring involves replacing the conductors of sections with
others of larger cross section to improve current carrying capacity.
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III. SYSTEM REQUIREMENTS

Most loss calculation programs require a microcomputer that has the

following features:

(1)
(2)
&)
(4)
(5

market.

MS DOS 2.0 or higher

Hard disk drive of 10 MR or more capacity
640 kilobytes of memory

Color monitor and board

a printer

Software packages for the electric utility industry are common in the

A list of programs for generation, transmission, and distribution

(including technical loss analysis) as well as their vendors is extensively
covered in Electrical World, November, 1988 issue.
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IV. CASE STUDY OF A NETWORK WITH BPA/G 2/

The network (Figure 3) consists of two substations.. The procedure
for loss analysis is then to:

a. divide the network into separate feeders (circuits), eight in this case;

b. establish database for COntrol'. Feeder, Conductor, Section, Node, Map,
Equipment, and Voltage. It is suggested that nodes be established at the

following locations:

1. At conductor size changes

2. At changes from overhead to underground

3. Vhere number of phases change

4. At large power and/or concentrated loads greater than 100 kVA,
S. At the beginning of branch

6. At the end of branch

7. Where future construction will need a node

8. At end of all lines

9. Near all voltage regulating devices and capacitors

10. At sectionalizing devices (fuses on short taps may be

skipped).

2/ See Footnote 1. The author selected this software package for
demonstration purpose only.
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following nine programs help in creating the database:

creates and initializes the control file

allows editing of the control file

creates and initializes the database random access
files.

inputs the raw data into the database files.
Programs utilizing the digitizer to enter data are
also available

locates cross referencing errors, incomplete data
and unassigned node and section numbers

generates a digital map (for internal storage) of
each circuit

checks the phasing information of each section in
preparation for by-phase by the analysis program
PHSVOL

has the option of reading a formatted sequential
file for the kWh, number of customers, spot loads,
and connected kVA or prompting for terminal entry
of kWh and number of customers to be placed in the
section file

allocates feeder demands to the line sections in
proportion to either connected kVA or peak month
kWih. Allocation by-phage is an option.
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Figure 4 shows the flow chart for establishing the database.
Typical data entry forms are given in Amnex I. The control file
links the DPA analytical programs with the database files.

run the following analysis and switching program§:

BALVOL -- computes voltage, line loading and losses assuming
loads are balanced among the phases. User may
change load levels for the entire circuit and/or
for selected 1line sections temporarily or
permanently in the section file. Regulators and
capacitors may be added or deleted, conductors
replaced and phasing changed in the same manner.

PHSVOL -- computes voltage, line loading and losses by phase
assuming unbalanced load. User may change load
levels for the entire circuit and/or selected line
sections temporarily or permanently in the section
file. Regulators and capacitors may be added or
deleted, conductors replaced and phasing change in
the same manner. .

CAPLOC -- optimizes the location of capacitor banks based on
minimizing losses. Voltage, loading and losses for
off-peak conditions are also computed if requested.
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Freure 4: FLOWCHART FOR ESTABLISHING THE DATABASE

NUMBER MAPS (1) Maps must be numbered and data
EXTRACT RAM ‘ for tne feeder, conductor, section, nade
DATA and equipnent files.

(2) Fill out the DATA INPUT FORMS if data
are to be entered manually. {f you are
digitizing, have the data ready to enter
as you digitize. . .

(3) Run CRECON to initialize the control
CRECON . file. .

Run EDTCON to set up database extension,
location on disk of database, node and

2le

L 4 section limit, feedsr and map limit, type
RUN of terminal being used and any other
EDTCON option that will be different from the

v preset values.
* RUN : (4) Run CREATE to initialize the database
CREATE files. INITIALIZE TH™ DATABASE ONLY
® . ONCE.
(5) Run DATAIN to enter data into the data-
base files. Conductor file and spacing
table must be formed before the section

data are entered. Capacitors, regulators
and primary transformers may be entered
at this time. If you are digitizing,
refer to the Digitizer Users Manual.

(8) Run CHECK to check for cross-referencing
errors and valid records in the section
and node files.

(7) Run CHANGE to correct errors in the
section and nods files. CHANGE may be
executed at any time to edit the
“4atabatse.

continued
on next page
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: RUN
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RUN
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(8) When cross-referencing is correct, run
BALMAP to form the digital map of each
circuit. Run CHECK 1igain to be sure all
branches are included in maps. Run
PHSCHK to check phasing information of
each section if PHSVOL is to be executed.

(9) Run KWHIN to enter kWh and customer data
via the temminal or formatted file. If
the file is read, spot load data and
connected kVA may aiso be entered.

(10) SUBDEM may be run to calculate individ-
ual feeder demands . if the -total substa-
:;on demand but not the feeder demand is

own.

(11) Run ALLOC to allocate feeder demand to
sections in proportion to either con-
nected kVA or peak month kWh. Run TLIST
or PRINTR at any time to verify the
database.

DATABASE IS NOW COMPLETE
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uses symmetrical components to compute fault
currerts for each line section. Output includes
minimum and maximum line-to-ground, phase-to-phase
and three phase fault levels. '

switches the loads between circuits or between
branches of the same circuit.

generates a graphical display of selected DPA/G
calculated values feor plotting with AutoCAD.

the results.

An analysis of the outputs of the five analytical programs is
given below. In most cases, only a summary computer printout is provided.

(1) Balanced and Unbalanced Load Analysis

A sunmary of balanced and unbalanced load analyses calculated by
BALVOL and PHSVOL, respectively, is presented in Table 1. The detailed
output can be found in Annex II.1 and 2.
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PROGRAM BALYR (V2.3~C) 22-JUN-89
REICTIONAL SDINAR O KLECTRIC LOSS REDUCTION JULY 3-7,1989
SHMARY OF ALL FIEDETS IN SYSTEM

VOLTAGE DROP MAXIIGN
SICT.NO. VOLTS DROP LEVEL

SUR.1,R0RTR-FEIDER 243 16.83 109.37

e 78.68

(a) Balanced

PROCRAM PESWOL (V2.5-C) 22-JUR-89
REGIONAL SEMINAR ON ELESTRIC LOSS REDUCTION JULY 3-7,1989
SOURY OF ALL FEIDIRS FROCESIED

VOLTAGE DROP MAXTIMUN
£ECT.H0. VOLTS DROP LEVER

$UB.1,UEST-FEEDER A 162 2.4 123.38
$UB.1,URST-PEEDER 3, 133 46 129.3%
SUB.3,VEST-FEEDIR c 13 &2 121.08

149 41.26
149 26.3%
149 69.40

. - (b) Unbalanced

XVA

.
$30.07

KVA

10.13
a.n
27.3¢

Table 1: BALANCED AND UNBALANCED LOAD ANALYSIS

LOSSES
- KVAR

357.30 391.38

LOSSES
L RVAR
8.67 3.26
2.1? 1.63

23.43 14.50
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Balanced analysis of Feeder 1, Substation 1 gives a maximum
voltage drop of 16.83 to a level of 109.17 volts, maximum wire load of
78.68% of its capacity in sections 243 and 216, and total loss of 357.30
kW for the feeder (Table la). Similarly, data on Table 1.b show that
Feeder 4 (West Feeder), Substation 1 is slightly unbalanced. The load
variation among the three phases is less than 1%.

(11) Capacitorx Placement

A base run was obtained without a new capacitor in Feeder 2
(East-feeder), Substation 1. The total power loss obtained is 481.9 kW
(see Table 2). Two banks of capacitors (300 and 100 KVAR) were placed by
the program in Section 209 and 210 respectively. The total loss dropped
to 417.4 kW. When the line was loaded at 308 of its peak load with the
new capacitors still in place, no excessive voltage was recorded.

A savings of 53.4 kW resulted from the addition of the 300 KVAR
capacitor bank, The 100 KVAR capacitor bank further reduced the losses
from 428.5 to 417.4 kW,
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Table 2: CAPACITOR PLACEMENT

R

PROGRAM CAPLOC (V2.5-8) 23~JUn-89
RECIONAL SEMIWAR ON ELECTRIC LOSE REDUCTION JULY 37,1889
FRIOER 2 SUB.3,EAST-VEEDIR

SICTION LOSSES SAVINGS CAPACTITOR

PR wn (mhn SIZE(KVAR)
RARE 481.9 0.0 Q.
109 428.9 33.8 300.
10 417.46 3.1 100,

PROGRAN CAPLOC (V2.3-D) 2-JUN-09
RESIONAL SEMINAR OF SLECTRIC LOSS REDUCTION JULY 3-7,1989
SIMMAQY OF ALL FESDERS IN SYSTEM

VOLTACE DRGP MAXIMUM VIRE LOAD MAXIMUM LosstS
SECT.N0. VOLTS DRCP LEVEL SICT.EO. PCT.CAP. KVA x VAR
SUR.1,BAST-PERDER 210 40.57 83.43 208 711.20 725.48 481.93 542.27
SUB.1 ,FAST-FEEDER 210 3.9 94.02 208 60.32 635.74 417.17 479,72

SUB.1,CAST-TEEDER 207 2.78 123.29 20 29.92 103.38 91.00 48.98
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(1i1) Fault Analvgis.

The fault statistics is given in Amnex II.3. Feeder 5,
Substation 2 has a line-to-line voltage of 12.47 kV and source impedences

(ohm)

The computation algorithm assumed a ninimum and maximum phase-to-ground
resistance of 35 and 0.0 ohms respectively, in calculating the phase-to-
ground fault currents. The largest fault current in all phases occurred
in source node 32, since it is the nearest to Substatior 2.

(iv) Switching Studies.

Program SWITCH joined Section 219 of Feeder 1 to node 60 of
Feeder 4 and separated Section 217 from Node 116. Sections 217 to 221
inclusive will now be supplied from Feeder 4 instead of Feeder 1. Table
3 shows the map computed by the program after the switching exercise.
Figure 5 is the graphicsl presentation of the two feeders before and after
switching. The prograa SWITCH therefore allows loss and voltage values to
be compared if line sections are transfered from one feeder to another.
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MAPS OF FEEDER 4 AND 1 AFTER SWITCHING OPERATION
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PROGRAM SUTTCE (V2.35-C) 22vJUn-89

REGIONAL SDMINAR OF ELECTRIC LOSS REDUCTION JULY 3-7,1988
$US.1,VEST-FEEDIR MAP FUIOER 4

s T N 223 8 149 W 49 3 -1 8 130 W S0 X
N N B -1 8 152 8 32K -2 8 153K 333
E -2 3 -1 8 134 X 354 k -2 8 153 N S5 &
B -1 8 140 8 60 3 -1 8 219 ¥ 118 B -1 8
% 300 B -2 B -1 8 220 ¥ 120F -2 8 221 ¥
$ 181 ¥ € F -2 8 162 ¥ 62 E -2 8 158 1
¢ <3

PROCRAM SUITCH (V2.3+C) 22-JU0-89

REGIONAL SDMINAR ON ILICTRIC LOSS REDUCTION JULY 37,1989
8US.1,NORTE-FZEDER MAP FNUMBER 2

$§ 216 B 11¢ & 222 ¥ 122 3 -1 8 223 N 123 S
8 225 R 129 E -2 S 22« ¥ 12¢ $ 227 N 127 B
g -2 8 229 P 129 %3 -1 8 230 ¥ 130 ¢ -2 3
E -2 8 232 ¥ 132 3 -1 § 233 B 133 ¢ -2 8
$ 233 ¥ 135 3 -1 3 236 M 3¢ E -2 3 -1 8
$ 230 B 138 E -2 8 239 N 139 § 200 ¥ 140 $
8 262 ¥ M1 K -2 8 23 F N E -2 8 26 N
¢ =3

-3
-3
-2

g B8

-3
-1

3
20
146

-3

197
117

-2
139

an
134
137
14
247

-1

L1
-2
-

Y

147
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FIGURE 5
BEFORE SWITCHING . .. FEEDER )
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PIGURE S: SWITCEING STUDY
Source: Scott snd Scott Consultsats
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V. CONCLUSION

The availability of software packages for the electric utility
industry that can run on microcomputers has made the calculation of
technical losses and implementation of loss reduction programs very
feasible. Microcomputers have several advantages over manual, slide rules
and calculators in loss calculation. They have high calculation speed;
large memory that can store data and perform complex and iterative tasks;
and present out in graphical or tabular form.

Life-cycle savings of $15.0 or more for every $1 spent on loss
reduction projects are not unusual. Use of microcomputer programs
expedites the development of economic loss reduction projects and reduces

the overall costs.
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PROGRAM SALYOL (V2.3) 22-JUN-89
REGIONAL SEMINAR ON ELECTRIC LOSS REDUCTION JULY 3-7,1989 ANNEX II.1

FEEDER 1 SUB.1,NORTE-FERDER .
VOLTASK @ 12.47 XV LINE TO LINE

SICT D¥D LCTR PEASE COND  ~=~== LOAD IN SECTION v==ee wwcee LOAD THRU SECTION -cee- VOLTAGE 120 BASE == LOSSES --

.

BOUE K FT CONF SIZE CONN KN KVAR AMPS CUST COND KN KVAR AMPS CUST SECT ACCU LEVIEL KW KVAR
XVA X DROP OROP

SUBSTATION TOTALS 4329. 9148, 238. 9873, 126.0 337.3 3.6

216 116 3.3 ARC 3/0AC 37, A9, 3. 3. 2.0 78.7 4305. 3131. 233, 1373, 4.2 4.2121.8 119.5 1.1
4 AC 402. 200. 146. 13. 40.0 28.2 3935. 406. 33, 101, 2.8 7.0 119.0 168.6 3.5

217 137 30.4 ABC
WS 118 3.3 ABC 4 AC 406. 201, 167. 14, A2.0 18.6 338. 233. 19, @41, .8 7.818.2 2.8 .9
219 300 5.3 ARC A A A2, M, S8 3. 3.0 2.2 23, 18. 1. 3. 1 7.9 1181 .0 .0
220 120 3.1 A 4 AC 106, 90. &3, 16. 10.0 11.3 3. . 8. 10, 4 8.2 11.8 .2 .1
2 11 3.3 a GAC 76, 73. 31, 13. 7.0 9.0 7. 26. [ ?. .2 8.1117.9 .1 .0
222 122 5.3 ARC J/OAC 105. 93, 66, 3. 8.0 64.06 3399. 2438. 1M1, 470, 3.4 7.3118.8 79.6 89.4
223 123 1.0 ABC 24C 235. 157, 109. 9. 23.0 30.8 1536. 1038. 87, 228. .3 8.1 117.9 7.3 3.7
224 124 4.7 ARG 2 A0 269. 173. 120. 10. 26.0 4S.8 1364, 920. W, 203. 2.2 10.2 115.3 27.60 13.7
225 125 3.6 A 4 AC 214, 145, 100, 25. 22.0 18.2 7. S0. 13, 22, .3 10.7 113.3 .3 .1
22¢ 126 2.0 ABC 2 AC 286. 182. 126, 11. 28.0 33,5 1014, 683. 89, 187, .7 10.9 115.2 6.6 3.3
RECULATOR 1 (SETTING 126.00) IN SECTION 227 AT NODR 126 07. 617. =30.9 .0 126.0 9.8
227 127 8.8 ABC A AC 307. 1392. 133. 10. 31.0 34.5 S11. 530. 43, 139, 3.1 3.1122.9 23.9 7.9
28 128 7.9 ¢ 4 AC 203. 166. 111, 26. 26.0 18.9 . 36. 13. 26. 1.1 4.2121.8 .8 .2
229 129 5.3 AC 4 A0 131, 103, 72 9. 13.0  31.2 A79. 329. 39, 2. 2.0 5.1 120.9 8.3 2.6
230 138 6.3 ¢ 4AC 123. 9%, 9. 17. 12.0 11.9 so. 3. 8. 1a. .6 5.7 120.3 .2 -1
23T 1 6.8 C A AC 343. 118, 63. 20. 16.0 14,46 0. 42. 10. 8. .7 5.8 120.2 .. .3
W2 132 3.0 a 44AC 103. 87, 0. 135.11.0 26,0 1S8. 109. 26. 1. 1.4 6.5 119.5 1.9 .6
233 133 6.0 a 4 AC 133, 103. T7i. 317. 1s.0 12.85 sa2. 36. 9. 14, .6 7.1118.9 .2 .1
23 134 6.6 A 4 AC 138, . ¥ 6. 2. 6.0 1.3 3. 3. 1. é. -1 6.6 119.4 .0 .0
233 138 4.2 aBC /0 AC 238. 138, 110. 9. 25.0 32.4 1576. 1188. 93. 2%, 1.3 e.9 1172 14.8 16.6
2 138 6.2 3B 4 AC 134, 200, 69. 17. 12.0 12.4 30. 3. 9. 12. .6 9.3 26.3 .3 .1
TRANSYORMER 11 IN SECTION 237 AT NODX 133 138.7 1141. 789. 68, .0 .0 110.8 23.2 108.3

THE VOLIAGE IS 24.900 KVLL

237 137 S.4 ARC 2 AC 222, 130, 10a. S. 21.0 19.3 1065. 737, 33. 169. .3 15.7 110.3 5.3 2.8
238 138 1.8 3 4AC 20, 33, . 3. 2.0 3.2 17. 12. 2. 2. .0 13.7 110.3 .0 .0
239 139 3.2 ABC 2 4AC 262. 171, 1%9. S. 20.0 16.2 866. S599. 27, 146. .3 16.2 209.8 4.2 2.2
200 140 3.3 ABC 2 AC 331, 214, 109, 7. 3.0 13.3 ¢68. 463. 21. 122. -3 16.3 109.5 2.2 1.1
23 141 5.3 ABC 2 AC 221, 1390. 104, 5. 21.0 9.6 484, 336, 13, 88, 2 16.8 109.2 1.1 .6
242 301 3.0 ABC s AC 81, TR, S 2. 7.0 1.7 3. 2. 3. 7. .0 16.8 109.2 .0 .0
243 26 8.3 AC 240 983. 330, 229. 10. 60.0 3.7 1168, 118, s. 60, 3 16.8 109.2 .3 .1

SHE VOLTAGE IS 12.470 KVLL

206 148 7.0 ABC 4 AC 272, 1%, 121. 10, 27.0 9.1 133, 2. 8. 30. -4 9.3 116.7 .6 .2
207 147 40 A SAC 2. 4. 32, e 3.0 3.7 23. 16. 4. 3. 2 9.3 116.8 .0 .0
D oY FIEDER .

2 ITERATION(S) USING .50 AS CONVIRCEIICT FACTOR
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ANNEX 1I.2a

SKCT END LCTH PHASE COND  -==ee LOAD IN SECTION wewee <eecc LOAD THAU SECTION «owe VOLTAGE 120 RASE
NODX X FT CONP SIZX CONN XM KVAR AMPS CUST COND KW KVAR AMPS CUST SECT ACCU LEVEL

KVA

SUBSTATION TOTALS ON PHASE A
PHASE 3
PEASE C

I 223 2.8 A 30 ac 390,
s0.
10.
24C S0
183.
23.
CAPACITOR IN SECT 149, PHASE &
CAPACITOR IN SECT 149, FHASE B

189 o 1.6

Owd > ow

GAPACITOR IN SECT 149, PHASE C
150 56 6.2 C 4 AC A18.
151 > § 8 A 4 AC 78,

3 118.
-] as.
152 2 a4 ¢ 4 AC 100.
133 33 1.0 A 4 AC  70.
| | 48,
c AS.
136 % 33 ¢ 4 AC 310.
154 3% 23 ¢ & AC " 130.
133 38 224 C & AC 125,
137 7 1.7 A s AC 193,
100.
c 23.
160 € 1.9 A 4 AC 173.
] 18.
¢ 0.

CAPACITOR IN SECT 160, PRASK A

CAPACITOR IN SECT 160, PHASE B

CAPACITOR IN SECT 160, PEASE C
161 6 2.2 B 8 AC 320.
162 €2 2.3 A 4 AC 223,
158 38 1.4 C & AC 165.
139 3» 1.9 ¢© 4 AC 138,

3D Or FEEDER

2. 13,
16. 7.
A9. 22.
29. 13,
110. A9,
18. ?.
100 RVAR ¢
100 XvaR ¢
100 KVAR ¢
12. s.
4. 18.
2. 3.
8. [N
72. 2.
6. 30.
40. 18.
40. 18.
229. 103.
> 96. A3,
96. A3,
9. 4,
3. 28.
7. 3.
166. 7.
6. 3.
6. 29.
100 KVAR ¢
100 KVAR ¢
100 KVAR ¢
3. 2.
152. 8.
143. 65.
116, 81,

109,
110.
103,
2.
8.

3.,

10.
107.
110.
10s.

8.

22.

22.

7.

2 ITERATION(S) USING .50X AS CONVERGENCE FACTOR

3 oRoP  DROP

394, 2. 79. 0.
373, -81. 80. 69,

%es. 229, 132. 183, 126.0
2.0 26.3 a78. 48. ?7. 0. .3 .3 123.7
1.0 16.6 365, <35. a9, 6. 2 .2125.8
3.0 43.9 e, 218, 128, 283, 1.3 1.3 126.7
0 4.3 S4s. 83, 7. s, 8 L7123
15.0 26.6 30%. -30. 40, 68. 2 .4 128.6
2.0 0.4 906¢. 249. 126. 180. 1.9 2.8 123.2
ADJUSTED)
ADJUSTED) "
ADJUSTED)
43.0 1.2 [ 3. 3. 43, .1 2.9 123.1
$.0 11.2 er. 39. 13. 16. -.3 .6 125.4
10.0 12.6 . 36. 12. 13. .1 .4 123.6
1.0 7.8 S42. 242. 80. 8. .7 3.5 122.%
0.0 7.6 3. 16 8. 10. a0 3.6 122.4
5.0 6.9 33. 18. s. S. -.1 .8 128.8
3.0 4.1 20. 9. 3. 3. .0 .3 128.8
3.0 49.3 443, 199, [T N n. .7 4.3 121.7
42.0 24.6 118. 2. 17. 42. .7 4.9 122,1
16.0 10.3 48. a1. ?. 16. 2 4.4 123.6
16.0 10.3 8. 2. 7. 16 2 4.6 1216
14.0 40.6 71. 59. 30. 7. .7 1.3 124.8
9.0 12.8 92. -69. 1S. 40. -1 .3 128.7
1.0 32.6 3290, 43, 43. 48, 8 3.6122.4
26.0 30.7 2%. S3. 2. 6. 7 2.1123.9
1.0 9.7 87. -29. 8. 3. -1 .2 125.8
10.0 9.6 32. 3. 7. 10. .0 3.7122.3
ADJUSTED)
ADJUSTED)
ADJUSTED)
0.0 S.5 27. 13, s 30, a4 .3 1280
34.0 16.1 6. . 11. . .3 2.8 123.6
20.0 27.7 187. e 8. 3. 4 a2t
14.0 12.2 $7. 26. 9. 14, 2 6.3 122.7

«= LOSSES -~
KW KVAR
8.7 5.2
2.2 1.6

2%.4 14,8
2.6 2.7
1.0 1.3
6.7 7.3
2.8 1.4

.9 .4
8.4 4.3
.0 .0
.1 .0
.3 .0
2.7 .9
.0 .0
.0 .0
.0 .0
2.4 .8
.6 .2
.1 .0
.3 .0
2.2 .7
.2 .1
1.8 .6
1.3 .4
.1 .0
.0 .0
.0
.2 .3
.6 .2
.1 .0
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ANNEX £1.2b
FROGRAN PESVOL (V2.5-C) 22-JUM-89
NEGIOMAL SDMINAR ON ELICTRIC LOSS RKDUCTION JULY 3-7,1989
$UB.1, VEST-PFIDIR
IR KGR &
© EILOWATY,KILOVAR AND CURRENT FLOV
34
PEASES AMD NEUTRAL
sICT KILOVATTS KILOVARS ACIRES
»o. A 3 c A » c A » c "
SUBSTATION TOTALS $93.9 372.9 968.4 $2.3  -s1.4 229.2 78.9 498 131.6 76.3
1 S77.7 3648 9es.1 45.0 -35.0 218.3 © 78.7  48.8 128.2 7.3
139 Se4.3  300.7 9039 3.0 -29.6 269.3 75.0 40.0 125.6 7.9
150 .0 .0 5.9 .0 0 2.6 .0 .0 .9 9
1 8.7 20.7 Sil.6 38.9  36.2  202.% 12.6 11.7 0.3 8.0
152 .0 .0 38.9 .0 0 181 .0 .0 s.a s.4
183 38,1 19.8 443.2 1.8 8.9 195 &8 2.9 6.1 62.2
136 .0 0 181 .0 .0 5.6 .0 0 17.3 17.3
154 .0 0 &7.9 .0 0 21.8 .0 .0 7.2 7.2
3ss .0 0 AT .0 0 s - .0 .0 7.2 7.2
187 370.7 1.6 329.1 59.6  -68.7  43.4 9.9  38.3  4e.9 8.8
160 236.4 s5.6 32.0 52.7 +29.5 -37.6 32.4 8.8 6.7 28.6
161 .0 26.7 .0 .0 12.0 .0 .0 3.9 .0 3.0
162 76.3 .0 .0 8.2 .0 .0 1.2 .0 .0 1.2
158 .0 0 187.8 .0 .0 8s.0 .0 .0 28.0 28.0

139 .0 .0 57.2 .0 .0 5.6 .0 .0 8.6 8.6
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REGIORAL SEMINAR ON ELECTRIC LOSE REDUCYION JULY 3-7,1989

FEEDER 3,
SUBSTATION VOLTAGE

SUB.2,NE.TEEDER

12,47 KV LINE TO LINE

* ASSINMES 335.0 ORMS
0.0 oEMs

SOURCE IMPEDANCES (OHM3) Rl e .610 Xl = ,400
RO = 100 X0 w .100 " ASSUMES
vonsnennccueeCUMULATIVE crccrannacse
NODE RODE WIRE RI¥e POSITIVE SEQ. ZERO SIEQ.
LOCATION 34 1 FROM R X R 4
s (OEMS) (CHNS)
KOURCE
32 397 AC  1.056 .662 .526 .209 .690
39 4 AC  3.696 1.947 940 1,637 2.298
42 397 AC  5.036 .836 1,000 .618 2.90%
[ L) 4 AC  7.656 2.141 1.434 2,046 4.306
9 397 AC  7.656 .985 1.316 .890 4.378
96 4 AC 11.616 2.912 31.936 3.032 6.783
112 397 AC 12.936 1.204 1.947 1.435 7.323
113 3/0 AC 18.216 1.967 2,738 2.444 10.4352
113 4 AC 20.064 2.866 3.048 3,444 11.976
119 4 AC 22.176 3.89% 3.379 4,506 12.860
142 4 AC 22,704 A.151 3.462 4.872 13,181
143 3/0 AC 21.648 2.437 3.286 3.100 12.485
144 4 AC 23,344 4,235 3,865 5.099 14.7%3
148 & AC 29.368 6.291 4,527 7.384 17,303
148 370 AC 29.304 3.483 4.562 4.568 17.022
149 4 AC 33.528 3.540 5.142 6.848 19,553
293 170 AC 33,264 4.328 S.097 3.617 19.39%
286 170 AC 38.344 S5.444 3.94 7,024 22.5%7
280 170 AC 43.824 6.364 6.790 8.430 25.720
*ne SOURCE TERMINALS 6.566 6.790 8.430 23.720
ove TRANSFORMER 10 IN SECTION 293 AT NODE 280
ese THE VOLTAGE IS 24.900 KVLL
wee LOAD TERMINALS 36.093 88.274 43.530163.754
213 1/0 AC 49.104 37.213 89.121 44.937166.917
an 1/0 AC  54.304 18.333 89.967 46.343170.080
276 & AC 53,064 39.141 89.743 47.078169.32%
217 4 AC 54,384 39.783 89.948 4£7.792170.128
278 4 AC 59.136 42.096 90.693 $0.363173.017
279 4 AC 59.928 42.481 90.817 30.791173.499
150 4 AC 58.872 41,967 90.651 $0.220%172.887
eow THE VOLTAGE IS 12.470 KVLL
281 4 AC 49,336 9.134 7,639 11.286 28.88?7
282 4 AC 33.836 11.447 8,386 13.856 31.77¢
283 & AC 53.592 11.318 8.361 13.713 31.578
284 4 AC 53.968 12.475 8.734 14.998 33.023
285 & AC 353.440 12.218 8.6351 14.713 32.702

ANNEX I1.3a

PFE-T0-GR re-10-FE 3-PH

MIN® MAXe®
(AMPS)
203, 13519,
203, 9309,
198, 7.
201, 391,
194, 2230,
200. 2834,
189, 1339,
197. 10818,
192,  12%6.
187, 1088,
181,  es1.
180. 899,
189, 1046,
179, 823,
169, €83,
181, 761
171, 620,
176. 638
169,  Ss6.
163,  as2.
163, 482,
106,  120.
105. 8.
103, 116,
103, 11e.
103, 116
103. 114
101, 113.
102, 1.
153, 40¢.
244, 9SS,
188, 387,
181, 93s.
142, 0.

(ANPS)

8548.
7374,

4738.

3794,

2699.
1840.

1524,

1101.
a2s.
933.
774,
660.
660.

.
129.
127,

$2s.

443,

(ArS)

9870.
as1s.

3470.

38,

3118.

1760.

1272.
9s2.
1077.
893,
r62.
762.

1s1.
349,
147,

608,

s12.
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REGIONAL SOMINAR OF XLECTRIC LOSS REDUCTION JULY 3-7,1989 .

FKEDER 3,
SUBSTATION VOLTAGE 132.47 XV LINE 70 LINE

$UB.2,NT.FERDER

SOURCT IPEDANCES (OEMS) Rl = 610 X1 <= .400
RO= .300 X0 .1200

wereCUMULATIVE-»wcenecvenns

n"es nooE VIR RITT FOSITIVE SEQ. EEMO SEQ.
LOCATION b 3¢ RO R ) b
SUB (OMrS) (Oms)

b 1 4 AC 43.324 5.034 6.793 9,879 28,723
288 4 AC 46.464 9.299 7.207 11.307 27.329
ne 4 AC 46.200 9.173 7.173 11.369 37.248
an 4 AC 48.312 10.199 7.506 12.307 28.°33
an 4 AC 50.426 11.226 7,037 13.449 20.717
19 4 AC 48.952 10.510 7.618 12.633 28.799
152 ¢ AC 49.952 10.997 7.779 13.194 29.393
309 4 AC 50.032 11.483 7.940 13.735 29.998
2% A AC 38.808 7.023 3.966 8.618 22.7¢3
a3 4 AC 40.636¢ 7.922 6.253 9.616 23.889
153 4 AC 34.384 .05 5.290 7.419 20.332
134 4 AC 30.864 8.620 6.117 310.373 23.443
138 S AC 41.976 9.3 6.448 11.817 24.727
156 4 AC 43.340 10.423 €.696 12.274 29.690
157 4 AC 45.344 11.394 §.944 13.131 26.633
158 4 AC 47.2358 12.222 7.275 14.279 27.838
159 4 AC 06.992 12.093 7.234 14.130 22.777
160 4 AC 48.376 12.864 7.482 14.997 28.740
162 4 AC 39.336 5.387 6.034 9.989 23.122

ANNEX I1.3b

E-70-GR PR-30-PH 3-PM

NIN® paAXee
(aes)

158,  ase.
153, Az
193. a3,
150, 37
8. 373,
148.  390.
147, 378,
143.  3e8.
163, sa.
155, 86,
168. m.
197. 479.
153, a8,
1%0. am2.
148, a01.
1. 3%,
143, 379
142. 363,
158. 489,

(ANDS) (NrS)
393, 6es.
339. 418,
480. 338.
A63. 534,
447, 16,



10.

11.

12.

13.
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ST. VINCENT ELECTRICITY SERVICES LTD. - CASE STUDY

By

Mr. Lennox Morris

1. St. Vincent is the second smallest Windward Island, with an area of
only 133 square miles. It is situated approximatley 100 miles north of Grenada,
21 miles south of St. Lucia and 100 miles west of Barbados.

2. There are seven major Grenadines Islands governed by St. Vincent.
These islands extend in a chain between St. Vincent and Grenada and include
Bequia, Union Island and Canouan; hence St. Vincent and the Grenadines. The
total area of the Grenadines is approximatley 35 square miles.

3. St. Vincent is volcanic in origin and is therefore mountainous.
There is a range of mountains stretching over almost the entire length of the
island from La Soufriere in the North to Mt. St. Andrews in the south. This
mountainous terrain inhibits the development of inland St. Vincent.
Industrial, commercia. and housing development is thus confined largely to the
coastal areas and, more so, to the southern coastal areas of the island.

4. The total population of St. Vincent and the Grenadines is
approximately 120,000.

VINLEC'S SCOPE OF OPERATION

5. The public electricity utility in St. Vincent and the Grenadines is

the St. Vincent Electricity Services Limited (VINLEC). It is a Government- owned
company which has the monopoly on the supply of electricity on St. Vincent and
Bequia. Under contract with the Govermment, VINLEC also operates the electric
system in Union Island. VINLEC, on behalf of the Government, is now doing a
feasibility study on the electrification of Canouan.

GROWTH OF VINLEC SYSTEM
CGeneration

6. The first power station in St. Vincent was opened in 1930 in
Kingstown to supply the town and its environs from two 40 kW generating sets.
The station was operated and owned by the Crown Colony Government with assistance
from the appropriate colonial agencies (Colonial Development and Welfare, Crown

Agents).

7. The expansion of the system was slow at first, mainly due to the
low level of industrial activity. By 1953 the supply extended from Ratho Mill
on the Windward side to Camden Park on the Leeward side of the island. The
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installed capacity at the power station had increased to only 368 kW but
apparently the plant was running at 108 overload during the evening peak period.

8. However, the need for a cheaper source of electricity had already
been recognised. Around 1949 work was started on the South Rivers hydroelectric
scheme by CD&W on behalf of the St. Vincent Government. The Colonial Development
Corporation was invited to complete the project and was given the mandate to
owit and operate the public electricity supply as a monolopy under legislation
drafted for that purpose. South Rivers Hydro station was commissioned in 1953
with two 275 kW impulse turbines. Another turbine of 320 kW capacity was added

the following year.

9. As demand increased steadily a new hydro electric scheme was planned
for the Richmond River. This project was started in 1959 and completed in 1961.

The station provided an installed capacity of 1100 kW and came on stream in time
to relieve the then strictly enforced load shedding to industrial consumers

during the evening peak.

10. The two hydro stations are the run-of-river type (South Rivers has
a small balancing tank). Their output is therefore greatly reduced during the
dry season (to about 40%). Therefore, to meet increasing demand and provide
sufficient firm capacity during dry season, a second diesel station was built
at Cane Hall. Commissioned in 1971, this station provided an installed capacity
of 3646 kW. Meanwhile the Kingstown station had expanded to provide 2136 kW.

11. The rate of increase in demand slowed considerably during the years
1972 to 1977. This was due in part (1974 - 1977) to the world energy crisis.

12. The St. Vincent Government began negotiations for participation in
the Company about the same time that this slow-down began. This participation
was obtained in 1973 vhen St. Vincent Electricity Services Limited (VINLEC)
became a limited liability company with 49% Government participation.

13. 1974 saw steep increases in the prices of oil, spare parts, equipment
and services and in spite of the fuel surcharge levied to recover the additional
expenditure resulting from increases in fuel ovil prices over the October 1973
level, the Company faced a substantial deficit im its operations by year end.
From this point onwards to the early 1980°'s funds remained in short supply.

14, The coming on stream of the flour mill and the beginning of
development of the Camden Park Industrial Estate in 1978 caused a substantial
jump in demand. This growth in peak demand came to a standstill in 1980 when
load-shedding became a must, due to prolonged dry spells and machine maintenance
problems.

15. Conmonwealth Development Corporation (CDC) in its quest for funds
to increase diesel capacity was not very successful. They therefore had to be
contented ith the purchase of three diesel standby sets of 600 kW each in 1983.
These sets were installed at Cane Hall and came on stream in January 1984,

16. The Government of St. Vincent and the Grenadines became the sole
owner of VINLEC in June 1985. In that same year another diesel unit of 3200 kW
capacity was added at Cane Hall and construction of the Cumberland
Hydroelectric scheme was started.
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17. The Cumberland hydro scheme comprises three power stations in a
cascade arrangement on the Cumberland River. The first station commissioned in
June 1987, provided one unit of 1464kW rated output. The second station,
commissioned in October 1987, provided 1280kW, and the third station, providing
950kW, came on stream in Harch 1988.

Iransmission and Distributjon

18. The Company’s Transmission and Distribution system had not grown at
the same rate and with the same level of planning as generation.

19. In 1951 CDC was required by law to build an 11kV overhead line to
link the South Rivers and the Kingstown power stations and to build spur lines
into Georgetown, Mesopotamia and Camden Park. This comprised some 37.5 km of
lines mainly on the Windward side of the Island, only 6.4km from Kingstown to
Camden Park being on the Leeward side.

20. In 1961 when Richmond hydro plant came on stream anothe~ 2lkm of
11kV lines were added to the system to link Richmond on the North Leeward side
of the island, to Kingstown.

21, These two 11lkV lines linking the two hydro stations to Kingstown,
formed the backbone of the primary distribution system in St. Vincent. It is
worthy of note that some areas of these two lines remained untouched in terms
of maintenance or modification until 1986.

22. After the Cane Hall Power Station was built another section of 11kV
lines approximately 6.5 km long was built to link the Cane Hall and Kingstown
plant. The rest of the primary distribution followed load growth. In some cases
6.3 kV single earth return lines were built to supply electricity to relatively
small loads in remote areas.

23. In 1987 a 33kV line was built to link Cumberland Hydro Station to
Cane Hall Station and to a distribution substation at Camden Park.

24, To date, the transmission and primary distribution system comprises
30km of 33 kV lines, 130km of 11kV three phase, 30km of 11kV two phase and 8km
of 6.3kV single phase lines. Secondary distribution is done at 400V three phase
or 230V single phase 50 Hz. It is difficult to assess the length of LV circuits
since no LV mapping was done until very recent times.

LACTORS CONTRIBUTING TO HIGH LEVE], OF LOSSES
Organisation and Staffing

25, In the earlier life of the Company under CDC’s management, the
company was run strictly as a profit-making concern. The local management
comprised one chief executive below whom were only people at the craftsman’s
level. The chief concerns of the Company seem to have been to keep the machines
running and to collect the Company’s revenue. No organised Transmission and
Distribution (T&D) staff was retained by the Company until about 1960.
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Iransmission and Distxibution

26. In 1960 during the building of the Richmond to Kingstown 11kV line,
two T&D crews were organised under a T & D Superintendent. The qualification
for entry into one of these crews was experience as a sailor, the reasoning
being that if one could climb a mast he would also be able to climb a pole. No
recognition was given to the fact that a little technical knowledge would at
least be helpful. The trend was therefore set, and until the early 1980's a
linesman was someone who could climb and work on a pole. T&D operated two 12-man
line crews until the early 1980°'s.

27. The Company’s distribution policy seems to have been to get power
to the consumer at the cheapest possible cost. This is illustrated by the
Richmond to Kingstown 11kV line. The voltage at Richmond had to be maintained
at 12.2kV in order to obtain 11kV at the Kingstown busbars. This is a result of
a decision to economise on conductor size. Kingstown and its environs are the
main load centres.

28. The primary distribution system was expanded without any engineering
planning and without any standards. Several single 6.3kV ground return lines
were constructed to take supply to remote areas. As the load in these areas grew
these 6.3kV lines were further extended, until in 1983 there were some 25.5 km
of such lines. One would be amazed to know that the conductor used for most of
these 6.3kV lines was 3/8" guy steel. :

29. LV distribution circuits fed from fairly large transformers were
extended span-by-span to keep in step with growing housing development. This led
to situations where consumers at the end of the LV line had severe low voltage
problems while those close to the transformer suffered from over-voltage.
Needless to say no one paid any attention to conductor size or type. In 1983
some of these LV circuits were found to be over a mile long.

CDC Attitude to Maintepance

30. After 1973 when Government bought into the Company it was generally
known that Government would eventually move towards total take-over. By 1974
the Company was in deficit. CDC therefore had nothing to gain by pumping money
into VINLEC’s operations. Their level of maintenance dropped to the bearest
minimum; that being whatever it took to hold the system together. Lack of spares
and proper materials led to the further deterioration of the T&D system. Twisted
connections, bridged HV fuses and installation of rebuilt American transformers
were some of the results.

Hurricane Allen 1980

31. In 1980 St. Vincent was struck by Hurricane Allen and extensive
damage was suffered by VINLEC's T&D system. The T&D staff immediatley set about
the task of repairing the system. With material already in short supply, every
bit of available scrap material was used in the effort to get the system
operating again. Although this was necessary at the time it of course caused
losses to increase even further.
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Elre of 1980

32. So far, attention has been focused on factors affecting technical
losses, but non-technical losses were also high. The fire of 1980 which
destroyed VINLEC's commercial office contributed tremendously to the high level
of non-technical losses. All consumer and meter records were destroyed.

33, Until 1983 there were still consumers connected to the system whose
records were not re-established since the fire, and were therefore not billed.
Some people seized the opportunity to become illegally connected to the system.
Theft of service became more widespread since people were aware that no
consumption pattern could be established.

34, Up to 1982 billing was done by hand and by the time the billing
system was computerised that same year bills were five months in arrears.
Although the computer system had the capability of identifying changes in
consumption pattern, active monitoring of consumer accounts did not begin until

1984.
te a ac

35. A limited metering survey by VINLEC in 1981 indicated that losses
due to metering inaccuracy was high enough to cause concern. However, no meter
inspection programme was implemented until 1982. Before this time, once a meter
was installed, it was not replaced or tested unless severely damaged or the
customer complained about being overbilled. It is small wonder, then, that some
old five and ten amp meters that were long ago damaged by constant overload are
only now being removed from the system. Several meters exposed to weather or
clogged with dust due to cracked or loose glass would also have contributed to
los-~es.

POWER LOSS STUDY

c ound

36. By 1979-80 VINLEC knew that a serious power loss problem existed,
but with load shedding a common practice by then, the immediate concern was to
secure funds to increase the diesel generating capacity. CDC in 1980 approached
the Caribbean Development Bank (CDB) to finance a new diesel generating set.

37. However, CDB insisted that a study to determine the least cost
proposal for generation be conducted. The study, conducted in 1981, had such
terms of reference that it was able to investigate other aspects of VINLEC
operations besides generation. This study identified losses as an area that
required greater investigation.

38. In 1983 the Caribbean Community (CARICOM) commissioned a power loss
reduction study for St. Vincent and the Grenadines, using USAID funds. The
objective of the study was to identify the sources of losses in the distribution
system and to make recommendations for reducing them to the optimum level. The
study was addressed both to the effect of losses on the economy and to the
financial implications to VINLEC of the resulting loss reduction programme.
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39. The study was conducted by Adair & Brady International Imc.,
Consulting Engineers operating out of Florida, USA.
Eindings _
40, In 1982 the power system-served 11,384 consumers. The peak demand

of 5.5 MW occurred in December, and the total energy sold for the year was 21,778
MWh. The energy generated was 29,033 MWh, 11,027 MWh of which was generated by
hydro plants and 18,606 MWh by diesel plant, with company’'s own use amounting
to 652 MWh, distribution losses amounting to 6,603 MWh or 23.3% of net
generation. The year-to-date figure up to March 1983 put losses at 26.3%.

41. It should be noted here that the actual percentage loss may have
been higher than that reported, since it was later discovered that some of the
stations kWh meters were slow.

42. The approximate distribution of losses on the St. Vincent system at
the end of 1982 (23.3% of net generation) as reported by Adair & Brady was as
follows:

a) Technical losses in:
Step-up transformers 2.0%
H.V. lines 1.6%
Distribution transformers 2.4%
L.V. services 6.5%
TOTAL 12.5%

(b) Non-technical losses total 10.8%, caused, in descending order of
importance, by:

Theft of service
Inadequate billing
Meter inaccuracy

43. The exact division of the losses among the non technical categories
was not known but the impact of the first two items was clearly illustrated by
Adair & Brady’s findings during the field work associated with the study.

44, Nine consumers who were either suspected of stealing electricity or
were not being billed were identified. Together they accounted for 3.1% of the
system losses and represented an annual loss of revenue to the utility of over
EC$400,000 per year. In comparison, the net income for 1982 was just over EC

$800,000.

Loss Reduction Target

45. A target of 7% losses by 1988 was set by Adair & Brady, the mix being
6.5% technical and 0.5% non-technical. Adair & Brady estimated that the planned
reduction in non-technical losses would have caused a drop in peak demand of
290kW by 1986 and 450kW by 1988. The planned reduction in non-technical losses
was expected to effect a net saving in 1986 of EC$976,529 and annual savings of
EC$3,199,154 by 1990.
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46, Their proposed loss reduction programme required =n investment of

approximately EC$13.2m between 1985 and 1988; it was expected that of this amount
approximately EC$11.9m would be recovered by 1990, It was also estimated that
savings to the consumer would be approximately EC$0.19 per kWh by 1990.

Recommendationsg

47. The main actions recommended to achieve the proposed loss reduction
targets were as follows: )

For reduction of technical losses

1. Install 300 kVAR banks of capacitors as follows:
7 in 1985; 3 in 1986; 1 in 1987; 1 in 1988

2. Install capacitors in future to maintain power factor established in
1988.

3. Break L.V. distribution into smaller sections by extending the H.V.
distribution and using more transformers.

4. Apply new standards which incorporate larger conductor sizes and
define maximum run lengths for L.V. distribution.

For reduction of non-technical losses

1. Move meter installations of all industrial and large commercial
consumers to the exterior of their buildings, change meters to
socket mounted kVA demand types.

2. Move some commercial and domestic meters to the outside of building
each year, replace meters with socket-mounted meters.

3. Institute a policy requiring all new meter installation to be
socket-mounted and conveniently located outside of buildings.
4. Institute and enforce a new meter sealing policy.

5. Survey consumers to re-establish billing data base.

For_lImprovement of Productivity

1. Construct mew distribution centre, including offices, stores,
workshops and adequate parking space for company vehicles.

2. Restructure the iino crews to form a specialist pole-planting crew
and separate three-man line construction crews.

3. Train line crews in the use of modern techniques; for example, hot
line connection of transformers and fuses.

4. Obtain and use correct fittings and tools for alumimium to copper
connections.
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EROJECT IMPLEMENTATION

Factors Affecting Project Schedule

Eipal Repoxt

48. At the very outset a number of factors contributed to delays in

the implementation of a power loss reduction programme in St. Vincent. The
first delay came in the delivery of Adair & Brady'’s final report to VINLEC;
although the study was completed in April 1983, the final report was not received
by VINLEC until early 1984, nearly one year later.

Funding

49, A power loss reduction project was now defined for VINLEC. About
this time, however, Government, on behalf of VINLEC, was in the process of
negotiating funding for the Cumberland Hydroelectric Development project. A
substantial amount of funds were therefore expected to be put into VINLEC by
several loan and donor agencies. It was decided that these agencies should
combine and make one input into VINLEC to cover the projects then pursued by
the Company; namely Cumberland Hydro, Power Loss Reduction, Transmission and
Distribution Extension and Transformer Improvement.

50. These extended negotiations contributed to some delays in securing
funding for the loss reduction programme.

51. The Caribbean Development Bank (CDB) decided to fund the project,
and the projects engineer was recruited and the power consultant selected in
the latter half of 1985. It was expected that this would have been done in
mid-1984 and that 1985 would have seen the project well under way. The project
vas therefore about a year behind schedule by that time.

Procurement and Standayrds

52. The project engineer’s first task on arrival in St. Vincent would
have included obtaining and evaluating bids for supply of materials and planning
a programme for the execution of the loss reduction work. At this time, however,
material specifications and construction standards were not available.

Standards and material and equipment specifications were discussed with the
consultant and having come to agreement on what was required, procurement began.

53. It must be noted here that the final copy of the construction
standards manual was not delivered to VINLEC until 1988. The requirements for
the majority of these Standards were obtained from VINLEC technical staff and
introduced with only minor modifications. Even after the delivery of the final
copy several Standards had to be redrawn by VINLEC.

S4. The first batch of meters ordered with project funds did not arrive
in St. Vincent until late 1986. The line hardware ordered for the start of
construction did not arrive until 1987. The line trucks, so essential to high
productivity on the project, did not arrive until mid 1987, and capacitors,
expected to have a significant impact on the reduction of HV losses, did not
arrive until 1989. (The proposed locations and voltage setting for switched

bankes were delivered about the same time.)
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55. The lack of proper storage facilities in VINLEC presented another
problem in the availability of materials during the first half of the project.
Materials had to be ordered in small quantities because of inadequate storage
space. As speed of construction increased the materials ordered were quickly
used up and ever so often stocks of essential items were exhausted. In some
instances the materials ordered were not entirely suitable. For example, the
first batch of consumer meter bases ordered had non-tinned alumimum terminals.
Use of copper conductor with these meter bases have resulted in serious corrosion

problems.

Initial Construction Activities

56. Before the arrival of any materials ordered under the loss reduction
project, the project engineer decided to start reconstruction of the distribution
system in the Murray’s Village area just outside Kingstown proper, using VINLEC
materials and the T& Construction Crew. It was the first time that a scheme
of this type was planned within VINLEC. The planning included mapping and
voltage drop calculations.

57. The construction work in this area went very slowly, due to the
inefficient work methods of the VINLEC crew and the number of times this crew
had to be diverted from the project to do breakdown maintenance work. It became
obvious during that time that there existed a need for skilled linesmen, more
efficient crews and petty contractors. The Murray’s Village scheme took over
one year to build. A scheme of comparative size today will require four months
at the most to build.

Iraining

58. The staffing needs of the project required that the Company’s staff
be increased considerably. The staff required included linesmen, metering
staff and meter inspectors. Workers skilled in these areas are not readily
available in St. Vincent (probabably the case in most Caribbean countries).
Workers, therefore, had to be recruited and trained. Most of the trainees were
high school graduates and graduates from the two-year electricity or electronics
programme of the St. Vincent Technical College.

59. The first batch of 12 trainee linesmen were recruited in April 1986;
a second batch of 8 in January 1987.

60. Seven metering staff were recruited in October and November 1986,
after the arrival of meters, and training of these recruits began in November
1986,

61. All training was conducted in St. Vincent. This was the result of
a decision taken by VINLEC to utilize, as far as possible, its own resources;
in any case, VINLEC considered that the overseas training available was

unsuitable.

62. In November 1986 a foreign metering instructor was employed for two
weeks to train seven trainees and existing metering staff. In November 1987 a
foreign linesman trainer was employed to conduct training in modern construction
techniques; his services were further engaged in October 1988. The latter found
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it difficult to work with locals because he found them slow to respond at times,
and they in turn often found his language offensive.

63. On-the-job training of linesmen was done during comstruction work,
so that the speed of construction in the initial stages was not as great as
would have been hoped. Delays in the arrival of training equipment and materials
also contributed to a longer training period. For example, the line trucks were
delivered late and training on their use and maintenance could only have been

carried out after their arrival.

Redistxibution of Funds

64, The costing of the individual project components proved to be
sonewhat inaccurate in some areas. For example, in the area of L.V, distribution
reconfiguration, the extent of the H.V. rebuilding required was not fully
appreciated. Furthermore, in the rebuilt areas the H.V. system had to bes
extended, because of social and political pressures, to include new

consumers. In this area, too, the extent to which petty contractors had to be
used was not anticipated.

65. Funds therefore had to be shifted between some project components
to take care of some of these dificiencies. The process of authorization of
the shifting of these funds resulted in further project delays.

EROGRESS AND RESULTS

66. When Adair & Brady visited St. Vincent in 1983 they estimated
VINLEC's power losses at 23.3% of net generation. They suggested a target of
7% for a loss reduction project. During the development of the project the
target level for reduction of system losses was set initially at 108. This
target has not yet been achieved, but the year-to-date calculation up to the
end of May 1989 put system losses at 14.5% of net generation. In fact, the
losses over the last six months have been just about the 12% level.

67. Peak demand loss reduction together with the resultant lowering of
peak demand is difficult to evaluate. This is due to the direct relationship
between load demand and improved voltage levels resulting from loss reduction
activities. It is estimated that improved voltage has increased load demand in
the order of 28. In fact, VINLEC has recorded increases of up to 30% in some
customers’ consumption due solely to voltage improvement.

68. To date, some EC$16.33 miliion has been spent on the power loss
project (see Appendix 13). Of this cost, just over EC$6.0m has been indirect
cost; for example, cost for T&D Centre, vehicles, training, etc. This leaves
direct cost at EC$10.24m.

69. Savings due to loss reduction to date total approximately EC$1.4m.
This means that of the EC$16.33m, only EC$14.93m has to be recovered. At present
loss levels (14.5%) and present production costs, this gives a pay-back period
of about 12 years for total expenditure and 7 years for direct costs.
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IECHNICAL 1OSSES
High Voltage Lines

70. In 1982 losgses in HV.lines accountéd for 1.79% of net generation.
By the end of 1988 HV losses had been reduced to 1.66%, due mainly to the new
33kV line from Cumberland and reconducting of some 11kV lines.

71. To date, some 32km of three phase and 19km of two phase 11kV lines
have been rebujilt. As an added benefit to loss reduction, the 11kV rebuild gives
VINLEC greater flexibility in system configuration. New ring circuits allow
smaller areas to be isolated during planned maintenance shutdowns.

72. The feeders identified in the Adair & Brady report as having the most
HV losses have been given priority in the rebuild programme. These are Sion
Hill, Richmond and Belmont, in that order,

Capacitors

73. C I Power's analysis of capacitor requirements differed
tremendously from Adair & Brady’'s recommendations. They estimated that 1050
kVAR of switched capacitor and 1200 kVAR of unswitched capacitor were required
to provide the required power factor correction to the system.

74, As mentioned before, these capacitors, along with installation
details, have been received by VINLEC within the past four months. Towards the
end of May three banks totalling 750 kVAR of unswitched capacitors have been
installed. Installation of the rest require pole changes at some locations,
and the establishment of exact voltage levels on feeders once all static banks
have been installed. The effect of the installed capacitors on the system is
not yet known. However, it is estimated that the installation of all capacitors
would result in a loss reduction of 0.3% of net generation and 2% of the system
peak demand due to voltage improvement.

Power Transformers

75. The Cumberland project added five new power transformers to the
system. This caused an increase in power transformer losses of approximately
0.158. Not much can be done about reducing power transformer losses, although
such losses will decline as the system peak demand loss is reduced.

Distxibution Transformers .

76. In 1983 when Adair & Brady conducted their study there were 236
distribution transformers on the system providing a total capacity of 14907 kVA.
These were mainly relatively large transformers of the high loss type, feeding
extensive LV circuits. Unfortunately, 8 more of these transformers were added
to the system, providing another 2120 kVA of transformer capacity before the
switch to low loss transformers was made. This resulted in an increase in
distribution transformer losses from the 1982 level of 2.4% to 2.9% in 1988.
During this time 190 new type transformers (6315 kVA) have been added to the
system and account for losses of only 0.4% of net generation.
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77. Economic analysis has shown that the minimum size transformer to be
installed on the system is 15 kVA. Recently, high voltage metering has been
applied to three large consumers. This would cause a small reduction in
distribution transformer losses.

Low Voltage Lines

78, In 1982 the losses in LV lines stood at some 6.5% of net generation.

This high loss was identified as caused by long lengths of LV lines and
undersized LV and service drop conductors.

79. To reduce this high loss the LV distribution has been reconfigured
using more and smaller transformers, and LV circuits have been restricted to
meximum run lengths of 300m (1,000 ft). So far some 123 km of single phase and
6 km of three phase LV lines have been built under the loss reduction project.
The rebuild has taken place in the high L.V, loss areas on the Sion Hill,
Richmond and Calliaqua feeders.

80. The actual loss reduction achieved by the reconfiguration is not
known. However, in the areas of Murray's Village and Glen it is estimated that
the loss reduction achieved is about 0.178. Using this as a base, it would
appear that LV losses have been reduced from 6.5% to about 4% of net generatiom.

81. In 1982 Adair & Brady estimated the level of non-technical losses
to be 10.8% of net generation, the major components of these losses being theft
of service, unbilled consumers and incorrect metering. The loss reduction
programme had reduced non-technical losses to about 3.8% of net generation by
the end of 1988,

82, The Adair & Brady report mentioned that VINLEC'’s meter inspection
section was under-staffed. At that time only one meter inspector was responsible
for checking the defects reported by meter readers, investigating consumexrs
whose billing records changed significantly and attending tc consumers’
complaints requiring a field check. This workload was certainly too much for
one person and many suspected cases of theft detected by the billing section were
not investigated. This led to under-utilisation of the computerised customer
management system and high levels of theft.

83. The meter inspection section was upgraded to a full crew (two persons
and a vehicle) by the start of the loss reduction programme. One additional crew
was employed under Power Loss. Up to the end of March 1989 some 11,861 consumer
meter installations were inspected, approximately 77% of the total number of
15,500 consumers in St. Vincent. Of these, 1less than 900 meter installations
met all the required standards. Tampered meters accounted for 91 cases. Some
25% of the meters surveyed required immediate attention.

Iheft of Service

84. Illegal use of electricity has been punishable by Law since 1951.
In fact, the penalty then was very severe; a fine of up to $500 or two years in
prison with or without hard labour.

85. In 1973, the 1951 Act was replaced by a new Law, wherein the penalty
for stealing electricity was a maximum fine $500 or up to six months in prison.
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The Law also gave VINLEC the right to recover the cost of electricity stolen
and to disconnect supply from any consumer found using electricity illegally.

86. Prosecution for theft of service has proved to be difficult., VINLEC
has therefore used the Disconnection Clause in’'the Law of 1973 to put pressure
on consumers found stealing to pay the cost of electricity stolen. This approach
has worked in 60 of the 91 certified cases of tampering identified during the
meter survey. A total of EC$98,160, representing 176,617 KWh of stolen
electricity, has been recovered since January 1988,

87. Also, in 1989 judgement was delivered against a large commercial
consumer found stealing eleccricity in 1983. This theft of service was
discovered during the power loss study. Disconnection pressure failed to have
any impact on this consumer and civil action was pursued by VINLEC. In 1989 the
consumer was required by the Court to pay EC$53,336 to cover stolen electricity
and meter replacement. (See Appendix 20).

88. It must be noted here that meter inspectors found a number of other
meters which appeared to have been tampered with., However, in the view of the
Company'’s lawyer, they cannot be categorized as tampered cases unless tampering
can be proved beyond doubt.

e eplace t/Relocatio

89. Meter replacement/r:location measures were initiated early in 1987.
It was recommended that priority be given to relocation of three phase meters
installed on services to high consumption customers, where a defective meter
would have greater impact on loss levels. The main objectives of the measures
vere:

- to replace bottom connected meters with socket type meters, which are not
only water-tight but difficult to tamper with;

- to relocate meters from inside to the outside of houses and buildings in
order to detect and prevent meter tampering;

- to relocate meters difficult to read to a more accessible location and so
avoid the non-reading of meters

90. To date, 35 three phase demand meters and 138 three phase non-demand
meters have been relocated or replaced. This leaves only 12 three phase
customers whose meters have nct been relocated. The programme is still in
progress and all three phese customers’ meters should be relocated by end of
July 1989,

91. Approximately, 1800 single phase meters have been replaced or
relocated to date.

92. Initially, areas for single phase relocation work were chosen at
random. .8 re-conflizuretion work progressed, single phase relocation was
scheduled for the areas already re-configured. Within the past year all
customer- ..th vonsumption over 800 KWh per month were also targeted for speedy
relocation. Jio date, 190 of these consumers have had their meters relocated.
These include some of the larger three phase comsumers.
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93, Local wiremen were hired on contract to do the relocation work.
Meters were installed by VINLEC crews.

IMPROVED PRODUCTIVITY

9. The elements of the project geared towards productivity improvement
have been completed and have made a tremendous impact on VINLEC’'s T & D

operations.

Office Space and Stores

95, Before the implementation of the power loss project suitable office
space for technical staff, workshops and stores facilities were sadly lacking.
T & D crews collected materials from the Stores building in the Kingstown Power
Station yard. Ther= was little parking space and, consequently, the delivery
of materials was slow. In fact, if a truck parked near the gate had a flat
tyre, all the other vehicles behind had to wait in the yard until it was
repaired. It was estimated that each crew lost about an hour every day
collecting materials. '

96. The construction of the T & D Complex has provided comfortable
offices for all T & D engineering and administrative staff. The complex also
include adequate stores and vehicle parking space, aute repair workshop,
transformer maintenance workshop and transformer storage shed, meter testing
facilities, carpenter workshop, canteen, locker rooms and a conference room.

Yehicles, Tools and Equipment

97. Three modern line trucks and other transportation vehicles have been
purchased, and though there are no spares vehicles, the crews are of such size
that if one vehicle is taken out of service the crew members can be usefully
distributed among the other crews.

98. Sufficient tools and equipment have been purchased to allow the T
& D Crews to use modern techniques and methods in line construction and
maintenance work.

Ixaining

99, All of the T & D Staff have undergone at least one year of prescribed
training. Training 1s an on-going activity in T & D and the available materisls
and facilities makes training so much easier for the trainees and the T & D
engineering staff.

Organigationsl Structure

100. The acquisition of proper facilities, transportation, equipment,
tools and training, elong with improvement of engineering staff, has enabled the
T & D Department to restructure its organisation for maximum efficiency and
control (see Appendices 15 to 19).
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Meter Testing

101. VINLEC'’s meter testing facility was in 1982 located in the Kingstown
Power Station compound. Meters were calibrated with the use of voltage and
current measurements, instead of.a rotating standard. Meters were only tested
when a customer’'s consumption was in dispute. The test ‘laboratory’ was a
naturally ventilated room next to the carpenter shop. In this environment it
was impossible to prevent dust from entering the meters. This situation was
improved during the power loss study when the Govermment meter testing facility
at Camden Park was loaned to VINLEC. This test lab has since been turned over
to VINLEC and the equipment installed at the new T & D Complex at Cane Hall.

102. The meter testing staff comprises two lab technicians and two members
of a field testing crew.

e e t

103, The line rebuilding conducted under the loss reduction programme
would ensure that over the next 10 years the amount of line maintenance required
on the VINLEC system would be greatly reduced. Also the reliability of the
system would be greatly improved and the number of trouble calls would decrease.

EXPENDITURE

104. The estimated cost of most projects and the actual expenditure are
often quite different. This was true in the case of the power loss reduction
project. Initially, it was proposed that the meter test facility given to VINLEC
by the Government be upgraded, and over EC$30,000 was allocated for this.

105. However, since the loss reduction project included the construction
of a T & D Complex it was thought that meter test facility should be at the
same location. The money allocated for the meter test facility was therefore
shifted to the T & D Complex allocation.

106. Only 55% of the money allocated to metering has been spent. In
retrospect, this may have been due to an error in programme scheduling, in
that greater emphasis should have been placed on metering. The figures will
show that the gains from non-technical loss reduction have been tremendous.

107. The amount spent on purchasing tools and equipment has doubled
the amount estimated, and is a reflection of how under-equipped the T & D
staff was before the project began.

108. The cost of training may appear to have been over-estimated, but
this is not really the case. Alongside the CDB loan, there was an IDA loan which
included a training component; therefore, some of the training requirements
for the power loss project was provided under training financed by IDA funds.
VINLEC had also improved its technical staff to an extent which will facilitate
more in-house training, thus reducing the need for more foreign lecturers. The
amount of money spent on line reconfiguration has almost doubled the
estimated amount. This 1is due to the fact that during the orignal study it
was assumed that the existing HV system required only minimal work. As stated
before, this was erroneous. In addition, the terrain in St. Vincent makes
line building an expensive exercise.
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109, Interest costs were reduced, as the withdrawal of funds was
delayed for several reasons, some of them mentioned before.

110. Appendix 12 shows that scarely any money has been spent on
capacitors., This will soon change, however, as the capacitors have arrived
in St. Vincent and installation has now begun.

111, The amount spent on engineering services was less than that
allocated. This is because the need for engineering services declined as

VINLEC engineering staff improved.

MAINTAINING LOW LOSS LEVELS

Iechnical lLosses

112. The Planning Engineer in the T&D Department will be directly
responsbile for monitering technical losses and maintaining them at the low
levels established during the loss reduction project.

113, The elements of a control plan to maintain low technical loss
levels would include the following:

- Proper planning of new HV iines including loss consideration

- Monitor ng of feeders to assess load and need for load balancing

- Installation of capacitors to maintain established system power factor
- Close monitoring of transformer loads and voltage levels on LV ciruits

- Proper planning of LV systems including voltage drop and loss
considerations

- Continuing proper mapping of both HV and LV network

- Carrying out load flow studies to determine optimu® system
configuration and to avoid voltage and kVAR flow problems

- Carrying out maintenance work to the same standard as new construction
- Monitoring fault reports closely to identify potential problem areas

- Planning and executution of programme to correct all discovered
defects and abnormalties

- Strengthening the Maintenance division.
- Establishing a record-keeping system for data collection

Xrocurement

114. Attention must be focused on material procurement, as it has been
seen that lack of proper material and equipment can lead to improper work
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methods and faulty installations. This in time will result in loss of
productivity and increase in losses.

115, The T&D Engineer will be directly responsible for procurement of T&D
materials and equipaent. He will ensure that:

Minimum stock levels are maintained;

Materials ordered meet VINLEC's specifications;

Transformer bid evaluation take losses into account;
Emergency materials are in stock during the hurricane season.

116. He will also keep abreast of new product information so that
the best materials and equipment can be obtained.

Non-Technical losses

117. The non-technical losses on the VINLEC system have been reduced
considerably. However, the project programmes have to be completed in order
to reach ar close to 0% as possible. The Metering and Protection
Engineer will be directly responsible for the execution of a control plan,
designed to maintain low non-technical loss levels. The elements of the control
plan are already in place. These can be identified as:

Review of billing records
Replacement/Relocation of meters
Meter testing

Inspections

Meter reading reports

Review of Billing Records

118. The computerised billing system used by VINLEC since 1982 is an
adequate tool for proper consumer management. The system allows a consumer'’s
accounts for the preceding 12 months to be reviewed. It also provides a list
of possible billing errors or problems by comparing three months’ billing and
identifying, through print-out, any consumption pattern which changes rapidly
(up or down) from previous months. The computer also processes meter records;
the meter number, date of installation, location and condition of meter
are all available on the computer. Of course, this information depends on
input from meter installation crews, meter inspectors and meter readers
and must therefore be constantly updated.

119. The computer also prints out meter defects by category on a
monthly basis. The more serious faults can therefore be immediately addressed.

120. Identification of anomalies in consumption pattern and print-out
of meter defects must go hand in hend with inspection. All suspect services
should be investigated and a programme drawn up and executed to deal with meter
defects on a monthly basis.

Metex Replacement/Relocation

121. Meter replacement and/or reloaction will continue until all meter
installations on the VINLEC system meet all required standards. Once this has
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been achieved close attention will be paid to meter reading reports to ensure
that the system is maintained in this condition.

Metex Testing

122. A comprehensive programme for field and laboratory testing of
meters will be established and maintained to ensure continuous accuracy in
measuring power generated and consumed.

123, At present all new meters are tested before installation and meters
are field tested or laboratory tested as requested by the Generation and Billing
Departments. The programme will be expanded, however, so that all power station
meters, together with metering from industrial and other large consumption
customers, will be tested once a year. Other consumer meter testing will be
initiated on an ‘as necessary’ basis, with priority given to suspect
installations where there is evidence of tampering.

CONCLUSION

124, VINLEC staff awareness of the benefits of reducing losses and
maintaining low power loss levels has been heightened tremendously. This is as
a direct result of the execution of a loss reduction project in St. Vincent. One
can say with confidence that the loss levels on the VINLEC system will never
reach 158 again.
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ST VINCENT ELECTRICITY SERVICES LTD.

GENERATING CAPACITY -
JNSTALLED
STATION TYPE UNIT NO. | UNIT SIZE | INSTALLE!
NO.1 320 KW
SOUTH RIVERS HYDRO o 929 KW
NO.3 276 KW 870 KW
CANE HALL DIESEL ‘NO.1 1126 KW
NO.2 1260 KW
NO.3 1260 KW
NO.4 3200 KW
Nos | s
NO.8 600 KW 8646 KW ,
CUMBERLAND HYDRO NO.1 1464 KW &
NO.2 840 KW ,
N1 | e
NO.6 476 KW 3694 KW
RICHMOND HYDRO NO.1 660 KW
: NO.2 ‘] 650 KW 1100 KW
KINGSTOWNe DIESEL NO.1 316 KW
NO.2 380 KW
NO.4 480 KW 1036 KW
16346 KW

*Kingstown power station Is near retirement. Only three of
the four units are operational and they are maintained for
emergency useé only.
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STVINCENT ELECTRICITY SERVICES LTD.
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IN THE HIGH COURT OF JUSTICE
SAINT VINCFNT AND THE GRENADINES
SUIT NO. 184 OF 1983 .
BETWEEN: - o
ST. VINCENT ELECTRICITY SERVICES LIMITED PLAINTIFF
AND
MORRIS AND COMPANY LIMITED DEFENDANT
SUIT NO. 186 OF 1983 '
BFTWEEN: MORRIS AND COMPANY LIMITED PLAINTIFF
AND
ST. VINCENT ELECTRICITY SERVICES LIMITED DEFENDANT

Mr Anthony Crick and Mr Keith Sutherland for St. Vincent Electricity Services
Limited (VINLEC).

Mr O.R. Smith Q.C., Mr Dave DaSilva with him for Morris Company Limited.
(December 8, 20, 1988: January 12, 17, 1988 or 1989)

JUDGEMENT
ose oS

On 4 November 1983 these two matters were by Oxder of Court consolidated to be
heard as one and in them St. Vincent Electricity Services Limited "VINLEC"
claims that Morris and Company Limited "MORRIS" owes VINLEC $53,336.70 being
$52,811.70 for electricity consumed for the period May 1981 to May 1983 and
$525.00 being replacement cost of one meter. Moxris alleges that on the 28
June 1983 VINLEC disconnected its electricity supply and thereafter has
withheld from him a supply of electricity to its premises. As a result Morris
suffered financial loss and damage and continues to dc so and claims:

1. A declaration that VINLEC is not entitled or empowered tc discomnect the
supply of electricity to the Morxis’ premises at Bay Street in Kingstown.

2. An injunction to restrain VINLEC ... from disconnecting the electricity
supply to Morris’' premises and/or in any way from interfering with and/or
depriving Morris of a supply of electricity to its premises and/or
withholding from Morris a supply of electricity to its premises.

3.  An Order that VINLEC do forthwith recomnect the electricity supply to
Morris’ said premises and cause a supply of electricity to be restored to

Morris’ said premises. :

4. Damages for breach of contract and/or for trespass to goods.
5. Further and other reliefs.

6. Cost



- 375 - '
Page 20of 8

VINLEC admits disconnecting Moxrris’ supply of electricity but asserts that it
did so by virtue of the powers conferred on it in Act No. 14 of 1973, Morris
having refused to pay the sum of $52,811.70 in respect of electricity
consumed by Morris during period May 1981 to May 1983 as per bill submitted
by VINLEC to Morris on 14 June 1983. VINLEC also alleges that between 26 May
1983 and 27 May 1983 VINLEC discovered that the meters on Morris’' premises
were tampered with so as to prevent them from correctly registering the

quantity of electricity consumed.

Morxris, in what can be described as a bare denial defence, simply denies owing
VINLEC the sum of $53,336.70 or any sum at all.

With leave of the Court granted to VINLEC during the hearing of this matter,
VINLEC amended its statement for claim in Suit No. 184 of 19837 to specifically
plead the fraud alleged by them in their defence to Morris Suit No. 186/1983
i.e. the allegation that Morris tampered with VINLEC's meters thereby
preventing them from accurately registering the electricity consumed by
Morris. To this Morris filed an amended defence denying that it fraudulently
consumed any electricity generated by VINLEC. I now give my reasons for
granting this amendment.

The application was by VINLEC to amend its Statement of Claim in Suit
No.184/1983 to include a plea of fraud against Morris: This appliction was made
after the case for VINLEC was closed and as the witness Dick was about to
continue his evidence in chief after the adjourned hearing. Learnmed Q.C. for
Morris objected to the amendment being allowed on the grounds that what we
were dealing with was a consolidated action and that what was now being raised
could not have been said not to have been apparent to VINLEC before this time.

Mr. Smith contended that the introduction of a charge of fraud at the stage was
too late. Mr Crick in reply argued that the pleadings, especially the defence
filed by VINLEC in Morris’ Suit No. 186.1983, the affidavit of John Hazell, and
indeed, the evidence of John Hazell relate to an issue of the £fraudulent
tampering by Morris of VINLEC’s meters thereby preventing them from correctly
registering the quantity of electricity consumed by Morris. He contended that
the issue of fraud was the real controversy between the parties.

Having perused the pleadings in this consolidated matter and, bearing in mind
the affidavit of John Hazell and his evidence led in this Court, I agreed with
the contention of Mr Crick that the real controversy between the parties is
whether or not Morris tampered with the meters as alleged by VINLEC for the
purpose of defrauding VINLEC. Te my mind, this was the basis for the
respective claims of both parties in their different suits, this having been
disclosed 1in the pleadings since VINLEC filed their defence in Suit No.
186/1983 in September of 1983 or for that matter since John Hazell swore to an
affidavit in that suit in July 1983. My view is that what VINLEC now seeks,
is merely a tidying up of the pleadings to include therein the specific plea
of fraud, such an allegation of necessity requiring to be specifically pleaded
(See 018 R 8 of the Rules of the Supreme Court (Revision) 1970. Having so
found granted the application of VINLEC for the amendment as prayed for. 1
also ordered that VINLEC pay Moxrris all costs thrown away as a result of the
amendment. And, upon the application of Mr Smith, I adjourned the matter to
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give Morris an opportunity to file an amended defence 1f necessary within 14
days from the date of that order,

In granting that application the Court had foremost in its mind the general
principles for the grant of leave to amend as is set in the Supreme Court
Practice of England (1985) Vol. 1 Page 340 at para. 20/5 - 8/6. This Court
recognised the gulding principle of Cardinal inportance on the gquestion of
amendment that generally speaking all such amendments ought to be made for the
purpose of detemining the real question o¢f controversy between the parties to
any proceedings or of correcting any defects or error in any proceedings. See
Baker Ltd. V. Medway Building and Supplies Ltd. (1958) 1 WLR 1216.

In Shoe Manufacturing Co. V. Vultrain (18%6) 1 Ch 108 at P112 A. L. Smith
L.J. expressed "emphatic agreement” with Bowen L.J.? in Cropper V. Smith (1883)
26 Ch. D 700 when he at Pp 710-711 said:

"It is a well established principal that the object of the Court is to
decide the rights of the parties and not to punish them for mistakes they
make in the conduct of their cases by deciding otherwise than in
accordance with their rights ... I know of no kind of error or mistake,
which if not fraudulent or intended to over reach, the Court ought not to
correct if it can be done without justice to the other party. Courts do
not exist for the sake of discipline but for the sake of deciding matters
in controversy and I do not regard such amendmen® as a matter of favour
or grace, It seems to me that as soon as it appcars that the way in
which a party has framed his case will not lead to a decision of the real
matter in controversy, it is as much a matter of right on his part to
have it corrected 1if it can be done without injustice, as anything else
in the case is a matter of right.”

I can find nothing in the proceedings before me to suggest that the
introduction of this plea at this 1late stage of the proceedings is fraudulent
or intended by VINLEC to overreach. It appears to me to be a blunder on the
part of the Solicitors for VINLEC, a blunder which was neither fraudulent nor
intended to overreach. As I said earlier, it appears to me to be a mere
tidying up of VINLEC’'s pleadings and I do not see any injustice to Morris in
granting this amendment. indeed, from all that I‘'ve stated above I am
satisfied that justice required that this amendment be granted. The entire
trial up to the time of this application went along the line of this plea of
fraud. In Atkinson V. Fitzwalter and others (1987) 1lALL BR 483 it was held in
the Court of Appeal of England that the general principle to be applied in
considering an amedment, however late, was that it should be allowed if
Justice required it, provided the other party could be monetarily compensated
for any inconvenience, and the fact that the amendment alleged fraud was not
of itself reason to refuse to allow it to be made.

I am of the view that the amendment merely seeks to clarify the existing
issues in dispute and does not raise any new issue for the first time. I
therefore do not see that the allowing of this &:cndment will impose any new
issue for the first time. I therefore do not see that the allowing of this
amendment will impose any strain or anxiety on Morris. We are not dealing
here with personal litigants but with business corporations and Morris is not
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being called upon by this amendment to face any new issue: (See Ketteman
VHansel Properties Ltd. (1988) 1 ALL BR 38).

For the above reasons, in the exercise of this Courts judicial discretion, a
discretion guided by my assessment of where justice 1lies, I granted the
anendment in the terms as aforesaid.

I would now proceed to deal with the substantive matter.

John Hazell, a qualified engineer since 1971 and Manager of VINLEC since
August 1981, testified on bchalf of VINLEC. He was cross-examined at length
in a searching cross examination by Q.C. Mr Smith and having seen and heard
him I can find nothing to fault his testimony and I accept it on a
preponderance of probabilities and being true. From his evidence I make these

findings of facts.

VINLEC is a private company incorporated by the Electricity Supply Act No. 14
of 1973. 1Its principal function is to supply electricity to consumers in the
State of St. Vincent and the Grenadines. Morris is one of VINLEC'’s consumers.
Morrjis operates the business of a bakery, supermarket, grocery, hardware and a
Jupber yard. The supply of electricity to those different businesses 1is by
VINLEC and there are three meters installed in the building at Bay Street.

Kingstown, for the purpose of registering the amocunit of electricity consumed
by Moxxis, wupon a reading of which by VINLEC. Morxis will be required by
VINLEC to pay for such consumption.

In the year 1983 VINLEC realised that for several years they were experiencing
a loss of more than 10% between the power generated by its utility and sent
out to consumers and quantities of power recorded and billed as having been
used by these consumers. This was abnormal so they undertook an investigation
as to the source of these losses with a view to reducing them to accepted
levels. As a rule of thumb such 1losses should occur in two areas. Technical
losses ocurring in transformers, transmission lines and distribution systems
and non-technical losses relating to deficiencies or inaccuracies in metering
or diversion of power from being registered on meters.

The purpose of the investigation was to decide what specific measures VINLEC
should take to generglly reduce non-technical losses. The investigation was
carried out by a consultant together with staff from VINLEC, a metering
specialist from Barbados and certain technical and Government Staff.

In the process of the investigation of non-technicel losses, a number of
accounts were chosen at random for investigation as to whether the metering of
electricity used by these accounts were accurate or if not accurate to what
extent. One of these accounts was Morrig’.

On 26 May 1983 the investigation team left for Morris to look at this particular
account and late that afternoon the team made a report to John Hazel. As
a result Hazell went to Morris’ premises where he met the Consultant,
the metering specialist and the other members of the investigating team.
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On an interior wall in the premises inside the building adjacent to an
enclosed area used as a Supervisor's Office, Hazell saw the three meters. The
meters were opened in his presence and he saw twec pileces of copper wires which
were foreign to the construction of the meters inserted in two of the meters,
in a manner which would prevent the full electrical energy entering the
premises from being registered on those meters. In his presence, the copper
wires were taken out of the meters and handed to him and he produced them in
evidence at this hearing. Hazell indicated his find to Pat Velox whom he was

told was in charge.

The witness Hagell then gave a physical demonstration to the Court with the
aid =f an old meter as to how the inspection of such a piece of copper wire in
a meter can prevent the meter from registering the full amount of electricity
consumed by the consumer. Based on this witness’ expertise, this Court
accepts his evidence and finds as a fact that current can be diverted from
being registered in the meter by this process.

I also fi.a as a fact that the pileces of copper wire produced in evidence by
the witness Hazell were found in the meters by VINLEC in the circumstances as
decribed by Hazell. 1 also find as a fact that the meters in which these
wires were found were located on Morris premises with Morris having effective
custody or control of them, The evidence of Alfred Dick and Frederick
Richards, the Assistant Manager and Supervisor respectively of Morris,
adequately supports this finding of mine. These witnesses testify that these
meters were located in an office which they occupy in the hardware section of
Morris, that the meters are at eye level with Dick when standing and that no
one can enter that office without their permission. Also that only VINLEC’s
employees would go to those meters and that was for the purpose of reading

Having made these findings of facts, I hold as a matter of law that VINLEC has
satisfied this Court prima facie, that Morris had without 1legal right,
wilfully prevented the meters from duly registering the full quantity of
electricity supplied by VINLEC. To support this finding of mine I refer to
the Electricity Supply Act 1973 (the Act) at S 19(3) which states as follows:

*1f upon any premises or land in the occupation of a consumer having
effective custody or control of a meter or installtion there is connected
or adjacent to any electric line or meter any wire or device capable of
wrongfully ebstracting, diverting, consuming or using electricity or of
preventing any meter from correctly registering any quantity of
electricity supply by the Company, the existence of such wire or device
shall be accepted by a Court as prima facie evidence that such consumer
has without 1legal right abstracted or diverted electricity or (as the
case may be) has without legal right wilfully prevented a meter from duly
registering any quantity of electricity supplied by the Company.”

VINLEC having made out this prima facie case . ainst Morris, I do not agree

with the submission of Q.C. $Spith that it is not for Morris to prove that
they did not put the wires there. My view is that the prima facie evidence

having been produced by VINLEC a burden then lay on the shoulders of Morris to
account for the presence of the wires in the meters. I have 1looked in vain
throughout the entire evidence to see if this burden was discharged by Morris
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on a balance of probabilities and I can find not a scintilla of evidence in
this regard. ALl I can find are veiled insinuations against VINLEC without
any proof, by My Smith during his cross-examination of VINLEC's Manager, Mr

Indeed, I find it passing strange that Pat Velox, a Director of
Morris would remain silent and show disinterest when confronted with the
evidence of the wires at the very time when they were found irn the meters.
One reasonably would have expected some form of protest or some show of
indignation from her. But her evidence is that she remained silent and showed

disinterest,

Having regard to these observations I hold as a matter of fact that Morris has
not discharged the burden placed on them to negative the prima facie evidence
against them on a balance of probabilities.

I therefore find as a fact that Morris, by means of copper wires inserted in
VINLEC’'s meters on Morris’ premises, had without 1legal right wilfully
prevented the meters form duly registering the full quantity of electricity
supplied to them by VINLEC.

The next issue to be decided is what was the loss suffered by VINLEC as a
result of tampering with the meters by Morris. Here again I accept the
evidence of John Hazell that such a loss can, on a balance of probabilities,
be quantified at $52,811.70. His evidence on this aspect which I accept is
that VINLEC 1looked at Morris’' pattern of consumption from their records and
concluded that the diversion started from May 198l. These records have been
produced in Court and, in my view, they support the conclusion of the witness
and I so find as a fact. They were admitted in evidence by consent and the
accuracy of their contents was not challenged in cross-examination or
otherwise. 1 accept Hazell's evidence when he said VINLEC examined Morris'
records prior to May 1981 and their assessment was that for six months or so
preceding May 1981, Morris' average consumption of VINLEC's electricity was
approximately 11,000 units per month whereas, its average consumption
following May 1981 up to the time the diversion was discovered was of the
order of 6000 units per month. The records of VINLEC produced in Court
support this examination of VINLEC and, from this witness' evidence and the
documentary evidence, I accept end find as a fact, that the loss suffered by
VINLEC as a result of this diversion of current was in the vicinity of some
5,000 units per month from May 1981 to May 1983 when the diversion was
discovered which, as above stated, 1 would quantify as $52,811.70. In
arriving at this conclusion I take 1into consideration the evidence of all the
vitnesses who testified in this matter especially the evidence concerning the
different appliances that needed to be served by electricity and the evidence
of Dick that with twice the amount of appliances now in operation, the average
consumption of electricity is in the vicinity of around 22,000 units per
month. . s

Having quantified the 1loss at §52,811.70, I find as a fact that Morris owed
that sum of money to VINLEC. I find as a fact that VINLEC informed Morris of
this debt by letter dated 14 June 1983 and requested payment by 27 June 1983,
VINLEC, receliving no response from Morris by way of payment or dispute of the
debt or otherwise within the prescribed time, they disconnected Moxris’
electricity supply. VINLEC's Manager Hazell was taken to task by Mr Smjith for
disconnecting Morxris within two weeks of Morris receiving the demand letter



- 380 - Appendix 20
Page 7 of 8

when it is the normal practice to allow at least 30 days before disconnection.
I accept Hazell’'s explanation for this when he said that 30 days was only
given vhere there was no indi-cation of irregularity.

The next issue to be decided in this consolidated nai:te;: is whether such a
disconnection by VINLEC was lawful or nmot. In this regard I refer to Ss 19(2)
and 22 of Act: Sec 19(2) states as “ollows:

*1f any person without legal thought unlawfully disconnects, damages or
removes any electricity line, meter switch, fuse or other works or
apparatus belonging to the Company or alters the index of any meter
belonging to the Company, or otherwise prevents any such meter from
correctly registering any quantity of electricity supplied by the
Company, such pers.n shall be guilty of an offence and for every such
offence he shall be 1liable on summary conviction to a penalty not
exceeding one hundred and fifty dollars for the first offence and not
exceeding two hundred and fifty dollars for any such subsequent offence,
and without prejudice to the foregoing, the Company may recover from such
person the amount of any damage by it sustained and may also
(notwithstanding any agreement or contract previously existing)
discoritinue any supply of electricity to such person.”

And § 22 states as tollows:

“If any ~onsumer shall te in default with any payment due by him to the
Company in respect of electricity the Company (without prejudice to any
other remedy available to it) shall be at 1liberty to discontinue the
supply to electricity to such consumer until such time as such payment
together with the Company’s reasonable charges for the reconnection of
such Consumer’s electricity se-vices have been paid.”

I interpret these two provisions of the Law in the Act to mean that VINLEC can
discontinue electricity supply to a consumer if the consumer has been in
default of payment of his electricity bills or if such consumer has been found
to have tampered with the electricity meter. VINLEC’s Manager, John Hazell's
evidence seems to suggest that VINLEC disconnected Morris under S 22 of the
Act i.e. for Morris’ default in making the payment. To my mind, having regard
to ay aforementioned findings, VINLEC would have been justified in
disconnecting Morrig on either or both of the ground aforementioned. I find
no merit in the submission of Mr. Spith that VINLEC could not have
disconnected Morrig under S 19(2) because when the disconnection took place
new meters which were not tampered with were already in place. The evidence
ehows that after the dicovery of the diversion negotiations started and were
continuing between the parties and I cannot see how the placing of new meters
on the premises by VINLEC would have taken away their right in law to
disconnect for the breach by Morris of $ 19(2) of the Act. There 1is no
pleading by llorris or acquiesence or waiver by VINLEC of Morris’ illegal act,
and indeed, the evidence shows outrage on the part of VINLEC.

I also do not agree with the submission of Mr Smith that disconnection under
§22 would also have been unlawful. Learned Queen’'s Counsel gave as his reason
for so submitting that the debt of §52,811.70 was a disputed debt. I agree
wvith his submission that a disputed sum cannot be a payment due but, I find as
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a matter of law that as a result of the non response by Morris to VINLEC's
demand for payment, the debt could not have been said to be disputed, and the
disconnecticn took place in these circumstances. Also, having regard to the
circumstance of illegality or irregularity which this Court finds in Moxris, I
am satisfied that the two weeks given by VINLEC for Morris to pay the debt was
an extremely generous act on VINLEC's part. To my mind, the debt only became
disputed after the disconnection took place and then the parties came to a
*without prejudice” agreement whereby upon Morris paying VINLEC §19,000 the
electricity was restored as at July 1983.

Having made these findings I find the discomnection by VINLEC of Morris’
electricity to be lawful and in accordance with the provisions of the Act.
Taking this matter in its totality and on a preponderance of probabilities Y
find VINLEC’s allegation of fraud on the part of Morris proved to the hilt,

In these circumstances, and, having found legal justification for VINLEC’s
disconnection of Morris’' electricity I can find no merit in Morris’ Suit No.
186 of 1983 against VINLEC and I order that it stand dismissed with costs to
VINLEC to be taxed if not agreed and tnaZz Judgement be entered for VINLEC
against Morris in Suit No. 184 of 1983 for $52,811.70 being payment dur for
electricity consumed by Morris and not paid for and $525.00: being the cost of
one meter which I find VINLEC had to replace as a result of the unlawful act
cf Morris. VINLEC will have the costs of the action to be taxed if not
agreed.

I therefore make the order that Judgement be entered for VINLEC in the
consolidated matter for $53,336.70 1less the sum c¢£ $19,000.00 already paid
with cost to be taxed if not agreed.

SUPREME COURT JUDGE



ENERGY SECTOR MANAGEMENT ASSISTANCE PROGRAM

Activities Completsd
Country Project Dateo Number
ENERGY EFFICIENCY AND STRATEGY
Africa
Regional The interafrican Electrical Engineering College:
Proposais for Short- and Long-Term Development 3/80 112/90
Participants’ Reports - Regional Power Seminar
on Reducing Electric System Losses in Africa 8/88 087/88
cangladesh Power System Efficiency Study 2/8% 031/86
Bolivia La Paz Private Power Technical Assistance 2/80 111/90
Botswana Pump Electrification Prefeesibility Study 1/86 047/86
Review of Elactricity Service Connection Policy 7/87 071/87
Tuli Block Farms Electrification
Prefeasibility Study 7187 072/87
Burkina Technical Assistance Program 3/88 052/86
Burundi Presentation of Energy Projects for the
Fourth Five-Year Plan (1983-1987) 5/85 036/85
Review of Petroleum Import and Distribution
Arrangements 1/84 012/84
Burundi/Rwanda/Zaire {EGL Report)
Evluation de I'Energie des Pays des Grands Lacs 2/89 098/89
Congo rower Development Study 5/£0 106/90
Costa Rica Recommended Technica! Assistance Projects 11/84 027/84
Ethiopia Powaer System Efficiency Study 10/85 045/85
The Gembia Petroleumn Supply Management Assistance 4/85 035/85
Gheana Energy Rationalization in the industrial
Sector of Ghana 6/88 084/88
Guines- Recravumended Technical Assistance
Bissau Projects in the Electric Powaer Sactor 4/85 033/85
Management Options for the Elactric Power
and Water Supply Subsactors 2/90 100/90
Indonesia Energy Efficiency Improvement in the Brick,
Tile and Lime Industries on Java 4/87 067/87
Power Generstion Efficiency Study 2/86 050/86
Diesel Generation Efficiency improvement Study 12/88 096/88
Jamaica Petroleum Procurement, Refining, and
Distribution 11/86 061/88
Kenya Power System Efficiency Report 3/84 014/84
Libsria Power System Efficiency Study 12/87 081/87
Recommended Technical Assistance Projects 6/8% 038/85
Madagascsr Power System Efficiency Study 12/87 075/87
Malaysia Sabsh Power System Efficiancy Study 3/87 068/87
Mauritius Power System Efficiency Study 5/87 070/87
Mozambique Household Electricity Utilization Study 6/90 113/90
Panams Power Systsm Loss Reduction Study /83 004/83
Papua New Energy Sector Institutional Review: Proposals
Guinea for Strengthening the Department of
Minerals and Energy 10/84 023/84
Power Tariff Study 10/84 024/84



ENERQY S8ECTOR MANAQGEMENT ASSISTANCE PROGRAM

Activitic Completed

Country Project Date Number
ENERGY EFEICIENCY AND STRATEGY (Continued)
Senegal Assistance Given for Preparation of Documents
for Energy Sector Donors’ Mesting 4/86 056/88
Seyche'ies Electric Power System Efficiency Study 8/84 021/84
Sri Lanke Power System Loss Reduction Study 7/83 007/83
Syria Electric Power Efficiency Study /88 089/88
Energy Efficiency in the Cement Industry 7/89 099/89
Syria Energy Efficiancy improvement in the Fertilizer Sector 8/90 115/80
Sudan Power System Efficiency Study Management 8/84 018/84
Assistance to the Ministry of Energy end Mining 6/83 003/83
Togo Power System Efficiency Study 12/87 078/87
Tunigis interfuel Substitution Study 6/80 114/90
Uganda Energy Efficiency in Tobacco Curing Iindustry . 2/88 049/8¢
Institutional Strengthening in the Energy Sector 1/886 029/86
Power System Efficiency Study 12/88 092/88
Zambia Energy Sector Institutional Review 11/86 080/86
Energy Sector Strategy 12/88 094/88
Power System Efficiency Study 12/88 093/88
Zimbabwe Petroleum Sup:ly Management 2/90 109/80
Power Sector Management Assistance Project:
Background Objectives, and Work Plan 4/85 034/85
Power System Loss Reduction Study 6/83 0065/83
E U QY
Burundi Paat Utilization Project 11/86 046/85
improved Charcoal Cockstove Strategy 9/85 042/8%
Cape Verde Household Energy Strategy Study 2/90 110/80
China Country-Level Rura! Energy Assessments:
A Joint Study of ESMAP and Chinese Experts 6/89 101/88
Fuelwoond Development Conservation Project 12/89 106/39
Coste Rica Forest Residues Utilization Study, Volumes | & I 2/90 108/90
C8te d’lvoire Improved Biomass Utilization—Pilot Projects
Using Agro-industrial Residues 4/87 069/87
Ethiopia Agricultural Residue Briquetting: Pilot Project 12/86 062/86
Bagasse Study 12/86 063/88
The Gambia Solar Water risating Retrofit Project 2/85 030/85
Solar Photovoitaic Applications 3/85 032/85
Ghana Sawmill Residuss Utilization Study, Vol. { & It 10/88 074/87
Global Procesdings of the ESMAP Eastern and Southern
Africa Housshold Energy Planning Seminar 8/88 085/88
india Opportunities for Commercialization of
Non-Conventiona!l Energy Systems 11/88 091/88
Indenesia Urban Household Energy Strategy Study 2/90 107/90
Jemasica FIDCO Sawmill Residues Utilization Study /88 088/88

Charcoal Production Project /88 090/88



ENERGY SECTOR MANAGEMENT ASSISTANCE PROGRAM

Activitiss Complated
Country Projeot Date Number
HOUSEHOLD, RURAL, AND RENEWABLE ENERGY (Continusd)
Kenya Solar Weater Heating Study 2/87 o0ge/87
Urban Woodfuel Development 10/87 078/87
Malawi Technical Assistance to improve the Efficiency
of Fuelwood Use in the Tobacco industry 11/83 009/83
Mauritania Elements of @ Household Energy Strategy 7/90 123/80
Mauritius Bagasse Power Potential 10/87 077/87
Niger Household Energy Conservation and Substitution 12/87 082/87
Improved Stoves Prcject 12/87 080/87
Pakistan Assessment of Photovoltaic Progranis,
Applications and Markets 10/89 103/89
Peru Proposal for a Stove Dissemination Program
in the Sierra 2/87 064/87
Rwanda Improved Charcoal Cockstove Strategy 8/86 069/86
Improved Charcoal Production Techniques 2/87 0685/87
Senegal Industrial Energy Conservation Project 8/85 037/86
Urban Household Energy Strategy 2/89 096/89
_Sti Lanks Industrial Energy Conservation: Feasibility
Studies for Selected industries 3/88 054/86
Sudan Wood Energy/Forestry Project 4/88 073/88
Tanzania Woodfuel/Forastry Project 8/88 086/88
Srnall-Holder Tobacco Curing Efficiency Project 5/89 102/89
Thailand Accelerated Dissemination of Improved Stoves
and Charcoal Kilns 9/87 079/87
Rural Energy Issues and Options 9/86 044/85
Northeast Region Village Forestry and Woodfue!
Pre-investment Study 2/88 083/88
Togo Wood Recovery in the Nangbeto Lake 4/86 0565/86
Uganda Fuelwood/Forestry Feusibility Study 3/88 063/86
Energy Efficiency Imzrovement in the
Brick and Tile Industry 2/89 0v7/89
Zembis Urban Household Energy Strategy Study 8/80 121/90

Zimbabwe Charcoal Utilization Prefeasibility Study 8/90 118/90




