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July 27,

Mr, Yellh Chaw
Adrinistrative Director
3 vonsulianoy Service
33 410 bk
¥ i MR (v

Pear Mr. Shaw,

Ressarch Projec
Standarde of Urian
Flectricity ﬁi$“ributicq

rrrrr e

I refer to our tolephone convarsation ol July 2h, 1973. I trust
that you have br now recoived the Contrack foer the Review Peper and the
subsequent, trip to Vashington, ete.

I leok forward to receiving the first draft of the peper early in
Auvgust. 7 would confirn oy agreenent with you that it ig important to keep
the team workine as oontinuousls as possible, and thai it is necesgsary to
ewnllt Mr. Roley's relvrn from Rucsis bafore wa have our neetines in
Washington. I im, therefore, vorking to the followlng time-tzble, which
we briefly disctssed over the telephons.

Following the receipt of the first draft of the Review Paper early i
Avgust I will circulate & copy to my colleaguue in Vashington, giving you
commenta by the iiddie of August. I an reserving at least two days of my
stay in Lordon curing September for discussions with the tean and helping
them work-up the Terms of Reference for the State-cof-the-Art Peaper.

Would Vednesday, September § bz a convenient day for ths first discussions?

With rewpect to the diseussions in Vashirgton I am working to the
echedule of ‘lesurs. Boloy and Prior visiting Washington for dizcussmions
wiich would commance on Octobhey £; visiting a local utility; finalizing
Terms-of-Feferenie £or the ftate-ci-the-Art Peper; vieiting twe of our
Labin Aneriean Borrowers in the period October 1y through 18; and returning
to IEngland sboat October 18.

Trusting that thisprogram is satiafactory to you,

Sincerely yoursa,

¥ ot &
T. ¥, Rorpda
Power Toornenle Adviigo:
v Publis Ubilities Deps
Ray, Turkerlay. Wiilouzhby, “Sheeshan, _
Rovani, Howell, Friednann, Bateman, Rerrie Files

TWBerrie: jx . r
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Mr, Willoughby
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Appropriate Disposition Note and Return
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TO:

FROM:

=

JECT:

INTERNATIONAL: DEVELOPMENT INTERNATIONAL BANK FOR y INTERNATICNAL FINANCT
ASSOCIATION RECONSTRUCTION AND DEVELOUPMENT CORPORATION :

OFFICE MEMORANDUM

Publiic Ubilities Division Chiefs DATE: Jure 13, 1973

"
f_‘ gl
Y. Rovani ;@Ei

~ ey
7

&
Proiect Monitoring System

1% Please find attached a self-explanatory draft Central Projects
Msmorandum (CPM) on the above subject. Before issuing it in its final
format I would appreciate receiving your comments both on the proposad
text of the memorandum as well as on the Indicators suggested in its

2 Annexes., With regard to the latter I am fully aware that they may be
improved subsbantially after their review Ly selected members of your
staff (to fazilitate this I am including 5 copies of the draft CPM).

As background information on this subject I would like to draw your
attention to the attached memo of January 19, 1973 of Mr. Urguhart

and tc lMr. Willoughby's paper on Project Mcnitoring dated January 17,
1973.

2. In addition to this draft CPM we intend to prspare others
dealing with Internal Economic Return; Checklist for Telecoms. Procure-
ment; Checklist for Power Procurement; Checklist for P.U. Project
Appraisal and Oubtlins for Appraisal Report:. These will also be send
to you in draft form for comment.

3. Wita regard to the attached CPM «n Project Monitoring I would
appreciate il you could send all your staff comments and suggestions as
goon as pessible. If, in addition, you wevld like 4o hold a special
nieeting of P.J. Division Chiefs to discuss the subject, please let me
know and I will be glad to make the necessary arrangements.

Attachments

ce {with drafs CPM only) to: Messrs: van der Tak, J.L. King, Armstrong
o i u i to: P.U. Advisory Staff
Files

EFriedmann:jr
IBED
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Central Projects Memorandum Nos see

Project Monitoring Indicators
Public Utilities

1. This memorandum atbempts to set up in a flexible manner the
beginning of a P.U. Project ﬁonitoring System which is expected to develop
and improve with experience. The basic elements of the proposed system as
described below are a natural development of past Bank experience on
appraisal, supervision and more recently operations evaluation work.

24 Appraisal reports usually contain i) a number of key assumptions,
or forecasts, regarding future developments (demand growth, revenues, rates
of return, disbursements, costs, etc.), and ii) a number of goals, or
targets, to be achieved (labor productivity inecreases, connections, reduction
of losses and outstanding bills, etc.). In order to follow-up in a more
efficient manner both the accuracy of forecasting and the progress towards
achievement of specified tergebts it has generally been agreed in the Bank
that a Project Monitoring system should be developed in all sectors. The
proposal is to select a ﬁew key indicators of performance in the course of
the appraisal, identify them in the appraisal report, dlscuss them in loan
negotiations, and follow up and report regularly on performance. This CPM
deals with such a system as it should begin to be applied in Public Utilities
projects.

Monitoring System

3 Eight or ten key indicators will be selected in the course of
appraisal to represent impertant or critical features of the sector/project
development including construction, operation, management, organization,

training and other arexs. OSome will be used to neasure the schievement of
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agreed performance targets, others to check the development of significant
forecasts. Both types should be present in every project. The indicators
will be listed and clearly define& in a separate Annex of the appraisal
report entitled “Monitoring Indicators" which should also indicate if these
are to be measured quarterly, halfeyearly, or annually. The selected
indicators will be discussed during appraisal and negotiations and incore
porated in the loan documents. The borrower will agree to report periodi~
cally on these in addition to regular progress reports. The manner of
recording these agreements might vary depending on the characteristics of
the selected indicators. They might be a part of the Loan Documents, a
Side Letter or other svitable legal document, At the approprizte time
intervals the Regional staff in charge of Project Supervision should report
and comment specifically on the evolution of the indicators. It is expected
that eventually this would become part of the Supervision Summary reporting
system applying to all projects in all sectors,

Indicators

b In order to facilitate the appraisal teams!' work we are
attaching three Annexes pontaining indicators which night be chosen in Power,
Water and Telecoms. projects. The list doeé net abtempt to be complete and

is only indicative. The staff concerned may easily modify the suggested

5e As experience in the application of the Monitoring System grows,
this memo and its attachments will be updated.
s As a final point, it should be emphasized again that this system

is only intended to highlight key elements already being concidered in the
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appraisal and supervision process, thus i) it does not entail significant
extra work, ii) it is additional to and does not replace regular reporting
on the projects under supervision; and iii) it does not substitute for the
" particular covenants on rates, debt limitations,etc. already provided for.

Also the key indicators are not meant to be used for comparisons between

utilities.

Attachments (2. Annexes)

EFriedmann
June 13, 1973




ANNEX 1
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DREAFT

POMER SuCTOT TWDICATORS

NOTE: Technical and financial indicators normally shown in appraisal

reports are not listed below, but they should be considered when ' g

selecting the indicators to te monitored.

i
Althougn the main puwrpose of these indicators is to monitor the !
performance of a particular enterprilse, they can also be used to |
compare with selected characteristics of other enterprises. This ~ iu

i

should always be done with caution, but to reduce the possibility

of misinterpretations, the definitions provided should be used as ;
far as possible in all cases, Y - E
Staffing

1. HNumber of empioyees (show separately: total, generation,

transmission, distribution, others)

i S -

1.1 Number of professional engineers

1.2 Number of qualified accountants

2. Number of employee per 1,000 connections (exclude construction labor)

3. MNumber of employees (per MW installed) in:

3.1 Hydro generating plants

3.2 Thermal generating plants ' ;

]
L. Kumber of employees in transmission per Km of line » w

5. Number of employess in distribution per GWh sold at

distributicn level



6.

Participants in agreed training pregrams: actual vs.

vrogrammed

System Operating Characteristics

Te
8.

e

10,
o
12.
s i P
1L,
15.
16,

B 55

18,

19.

kWh sales (by catégory)
Number of connections (by category) -

Connections per 100 population in service area (urban/rural)

9.1 kWh sold per connection

MWA of distribution transformer capacity - total generating
installed capacity '

Generating plénts availability by plant (gburs or % per ‘
year = separate planned and éccidential outages)
Generation, transmission, and distribution losses

Peak demané (usually 30 minute)

Ioad facto; |

Thermal plant utilization by plant (energy generated & total
energy capacity minus planned outages)

System.reéerve margin/{(installed capacity - peék demand )+
peak demanﬁ?

Uransmission line faults in number per year per 100 km at
different voltage levels or transmission 1line outage time

in circuit kms (per voltage) per year.

Distribution faults per year and per 100 km of distribution
line

Average BTU's per kWh generated

L



Financial Characteristics

20.

21.

22,

23,

i 2,-1.

25,

26,

2?.

28.

29.

Net plant investment - total, generation, transmission, dis-
tribution=per MW of generating capacity (plant revalued as

necessary, exclude work in progress)

Average net plant investment per GWH sold - total, generation,
transmission, distribution-per GWH sold

(plant revalued as necessary, exclude work in progress)

Average depreciation rate (annual depreciation charge

average gross plant excluding work in progress)

Vieighted average repayment period of debt outstanding at

year end

Welghted average interest rate on debt outstandiﬁg at year

end /
I‘l
|

Operating revenue per unit of value of gross plant (total

L.

operating revenue ¢ gross plant excluding work in progress)

Operating revenue per connection

I 5
Average revenue per kWwh sold (total and by consumer class)

Cash operating expense per unit of value of gross plant

(exclude depreciation)

Total operating expense per kWh sold



30.

31.

32.

33,

3l

o Jj

Total employment cost rer employee (Salaries, vages,

\
bensfits) :

Fuel cost per millior BTU (G5¢ and local currency)

Number of average days bills outstanding (bills outstanding
x 365 ¢ total billing for year)

Revenve effectiveness index

( Revenue Collected & gross kWh generated
Average Revenue Billed per kiwh )

Internal cash ratio

(net operating income plus depreciation less debt service,

less changes in non=-cash working capital, less dividends,
taxes, etc,

gross ‘plant investment, including work in

progress,

JHJennings/EFriedmann: jr
June 1k, 1973
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YVATER SECTCR TIDICATORS

T8t Technical and finanecial indicators normally shown in appraisal

reports are not listed below, but they should be considered
. ;] J

when selecting the indicators to be moni jored.

Although thes main purpose of these indicators is to monitor the

performance of a particular enterprise, ‘hey can also be used

to compare with selected characteristics of other enterprises.

This should always be done with caution, but to reduce the

possibility of misinterpretations, the d:finitions provided

should be used as far as possible in all cases.

Staffing

1.

20

3.

Number of employees (show separately: total, production/

treatment, transmission/distribution, meter reading/

billing and collecting, others)

1.1 Number of professional engineers

1.2 Number of qualified accountants

Employees per 1,000 connecticns (excluding construction

labor)
Number of employees (per average mgd produced)

Number of vacancies at professional/technical lsvel

&y



‘g, Number of customer complaints

6. Participants in agreed training programs: actual vs.

programred

System Toerating (haracteristics

7. Mg (or m?) produced

7.1 M. (o- m3) consumed

7.2 Uraccounted for water (% of produc:ion)

8. MNumber of connections (by category, i.e., by size of

connection or by residential, jndustrial, etce In

either case, show number of public tape.)

8,1 Murbur of metered connections (by category, i.ee,

by size of connection or by residential, in-

dustrial, etc. In either case, show number metered

of public taps.)

9, Connections per 100 population in service.area (urban/

rural)

9.1 Consumption per capita in service area .

9,2 Conswnption per connection .

10. Total production as a 4 of supply capiclty

i g SO LI . e 5 "
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Y

12.

13.

15

15,

LS

Psak day demand

11,1 Peak day dermand as % of production capacity

11.2 Storage capacity as & of average daily demand

Number and length of periods of no pressure or reduced

pressure (separate for system as a whole, and specific

parts) :

12.1 \verage daily hours of service, if intermittent
12.2 Pressure range on sysféﬁ

12.3 umber of system leaks repairedi

12.L Number of meters replaced —

12,5 Yumber of disconnections for ron-payment of bills
Water source data

13.1 Streams - stream.gauging data
13.2 Lakes and impoundments = water level, discharge
and yield data

13.3 Groundwater - static level and drawdown data
|
Laboratory analysis data

Average filter rates



Financial Characteristica’

16,

17.

18.

19.

20.

21,

-

23,

2k.

year eid

w

Net plant investment - total, production/treatment, trans=-
ibuticn per average mgd produced (plant revalued

necessary, exclude work in progress)

&

Averéga depreciation rate (annual depreciation charge *

average gross plant excluding work n progress)

Welghted average repayment period cf debt outstanding at

Weighted average interest rate of debt outstanding at

year.end

Operat: ng revenue per unit of value of gross plant (total

‘ operating revenue ; gross plant excluding work in progress)

|
/
|
i

Operating revenue per connection

Average revenue p2r 1,000 gal. or m sold (total and by

consumer class)

Cash opefating expense per unit of value of gross plant

(exclude depreciation)

Total operating expense per 1,000 or m> sold



25.

260

27

28.

29,

e

w8
Total employment cost per employee (salaries, wages,
benefits)
Chemical cost per 1,000 gals. or m>

Humber of average days bills outstanding (bills outstanding

x 365 ¢ total billing for year)

Revenue effectiveness index

Revenue Collected f gross m3 (or 1,000 gal) produced

Average Revenue Bili.ed per m’ (or 1,000.gal)

Internal cash fatio

)(Nét opsrating income plus depreciation plus any non=-

operating net revenues, less debt service, less
changes in non-cash working capital, less dividends,
taxes, etc. = gross plant investment, including work

in progress)

|
H
|

|

HShipman/JHF ennings :edd
June 18, 1373



TO:

FROM:

SUBJECT:

M ) g b d
INTERNATIONAL DEVELOPMENT ‘ INTERNATIONAL BANK FOR | INTERNATIONAL FINANCE “ /- 7
ASSCOCIATION RECONSTRUCTION AND DEVELOPMENT CORPORATION {

OFFICE MEMORANDUM 27 oot

Public Utilities Staff (Power and Water Supply) DATE: July 5, 1973

LA
Y. Rovanl ‘f??’ _
Public Utility the'ﬁggkg
Pricing in Power and Water Supply

T am attaching herewith Public Utility Note No. 5 dealing with
Pricing in Power and Water Supply. This Note is intended as only the
first step in a program of exchange of information and discussion between
public utilities staff in the Regions and Public Utilities Department on
the subject of pricing. Other steps in the program are expected to be
seminars, discussion groups, write-ups from operational work, papers on
methodology and data collection, and further Hotes.

This is the fifth of a series of "Notes" which are neither
policy statements nor working instructions. They have been designed as
a simple and flexible vehicle of communication, primarily with public
utilities staff, amongst other things to frame and comment on issues of
general interest in the public utilities sectors.

The practice has been established to have these Notes reviewed
by ad hoc panels including representatives of the utilities divisions
as well as other staff. Their contribution is hereby acknowledged.

Your comments and specially any suggestions for subjects to be
covered in further Notes would be extremely helpful and welcome.

Attachment

TWBerrie :pfa
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PRICING IN POWER AND WATER SUPPLY
(State of Bank Work Program)

Introduction

1% Public utility pricing has always received careful consideration
in project appraisal. Until recently, however, the only systematic con-
cern has been with ensuring that the level of tariffs would be sufficient
to provide the revemues needed for financing operating costs and an ade-
quate portion of the needs of the utility toward future expansion. Some
attention has always been given to attempting to spot and remedy glaring
inconsistencies in the structure of tariffs, e.g., customers with obvi-
ocusly small costs of supply subsidizing customers with obviously large
costs of supply. Occasionally certain fiscal and/or income distribution
objectives have been taken into consideration.

24 In the last five years attempts have been made in the Bank to
examine the subject more deeply. Desk as well as field studies have been
done. The most suitable approach in future is likely to be to learn more
from practice, by case studies and operational work through sector missions
and the various stages of the project cycle.

3. This Note brings the reader up-to-date with respect to this Bank
work, indicating what lessons have been learned, what information is now
available for operational use and what further work is being done. It fur-
ther suggests that economic, social and fiscal aspects of utility pricing
be more systematically considered in all phases of operational work. At
present only a few specific guidelines can be laid down for these aspects
in that further investigatory work is required both by Central Projects
and Regional Public Utilities staff.



PRICING IN POWER AND WATER SUPPLY
(State of Bank Work Program)

I. Main Aspects of Public Utility Pricing

There are four main aspects of public utility pricing: financial,
fiscal, economic and social.

2. Financial. The Bank has always attached considerable importance to the
financial reliability of its public utility borrowers, to ensure not only
their solvency but also their ability to generate cash internally and raise
in the form of debt and equity capital, the resources necessary for their
continuing development. The policies of the Bank in this regard, the
criteria used to determine the appropriate level of tariffs charged to
customers, together with the covenants and other arrangements designed to
ensure that this level is maintained despite inflation are described in
OPM 2,63 "Public Utilities", and are not further discussed here.

3, Fiscal. The fiscal impact of Bank public utility projects requires

more systematic attention, as has been demonstrated in a number of instances.
In this connection the Operations Evaluation Unit in its report on electric
power recommended that a paragraph on the subject be included in appraisal
reports. This recommendation, which is being followed in other sectors, ]
should be accepted.

Li. Economic, In order to obtain the optimum use of resources, prices must
be broadly in line with incremental (marginal) costs of supply. Recently
much work has been carried out with respect to marginal cost pricing, and
this work is the main subject of this Note. Marginal cost pricing has an
impact on both the level and the structure of public utility tariffs. It
is a very important dimension in tariff making, and basically consists of
reflecting in the tariffs the incremental economic cost of supplying one
extra unit of service (kWh or gallon of water) at any period in time. A
compromise is always needed between the theoretical and the practical.

5. Social. Increasing attention is being paid to social aspects which can
be part of tariff making, e.g., the degree that redistribution of income or
gsocial priorities can be built into tariff structures. The Operations
Evaluation Unit in its report on electric power recommended that a paragraph
on this subject be included in appraisal reports, especially with respect

to providing water and electricity to the poorer parts of urban and rural
communities when the annual financial return, at least in the early years

of supply, may well be low.

II. Components of Public Utility Tariffs

6. A fundamental feature of all public utilities is that they provide
each of their customers with two kinds of service:



.

(2) Peak Availability (capacity component). Ability to supply any
quantity of the service demanded at any particular point in
time (e.g., capacity to provide the maximum amount of power or
water demanded over the peak hour, kW of electricity capacity,
and millions of gallons per hour of water capacity).

(b) Cumulative Volume (consumption component ). The actual amount
of Lhe service which they consume (e.g., kWh of electricity or
gallons of water).

Ta One form of tariff structure, therefore, is to have a component
which represents the cost of being able to supply the amount of services
demanded over the peak hours (a maximum demand or capacity component) and
another component which represents the cost of the actual cumulative vol-
ume of services supplied (a consumption component). For some customers,
availability of supply at the peak hours may cost more than the volume of
services supplied and vice versa. Such two-part tariff structures are not
peculiar to the public utility sectors; they occur in many other sectors,
e.g., the cost of the ability to provide transportation services at the
peak hour and the cost of the services themselves.

8. The maximum demand or capacity component of a two-part tariff
(e.g. in $ per kW demanded) can be transformed fcr convenience into a
pseudo consumption component (e.g. into $ per cumulative kWh consumed )

by dividing the capacity component by the number of hours in the year
which can be classed as Ypeak hours". This pseudo consumption component
can then be averaged out with the true consumption component to give a
composite consumption figure. It may be necessary to use such a mechanism
if the metering of the capacity component does not warrant the expense or
is technically difficult, e.g., in most residential and small commercial
installations.

9. Two further important points in connection with the form of public
utility tariffs are:

(a) Commection (customer component). A third component is often
added to represent costs allocable to the one particular customer
only (e.g., the cost of connection of the service to the common
main or the cost of the meter).

(b) Both the capacity component and (more commonly) the consumption
component are sometimes divided into two or more slices either
to represent more truly the cost of supply with quantity of serv-
ice used or for "promotional reasons.

10. With respect to calculating the values to be used in the tariff
structure, all basic information is obtained from the accountancy systems.
Examples of typical conventional tariff structures used in practice are
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shown in "Electricity Costs and Tariffs: A General Study", a United Nations
Reportl/ which lists 25 countries. A later paragraph indicates how account-
ancy costs may need to be modified for use in dealing with the main subject
of this Note, namely, marginal cost pricing.

III. What Has Been Done Already in the Bank in Marginal Cost Pricing.

Ve The additional cost incurred in supplying an extra unit of serv-
ice (a kWh of electricity or a gallon of water) at any particular moment,
present or future, disregarding all actual previous investment costs, is
known as the marginal cost of supplying that service and the corresponding
tariff, the marginal cost tariff. By the logic of paragraph 6, any marginal
cost tariff structure should have two components, a capacity component and

a consumption component. To reflect adequately the interplay of economic P
forces from within and without the economy, marginal costs of supply must ]
adjust financial accountancy or "book" costs in order to reflect the "“true" |
value of foreign exchange, labor, cost of capital, etc. This type of i
tshadow pricing" is required in any case for determining, from a social :
point of view, least-cost solutions for public utility investment programs.

12. Several desk studies made in the Bank during 1967-1968 confirmed
some important points, most of which had already been published in the
literature:

(a) The strict application of marginal cost pricing (i) gives the
optimum use of existing and future resources, and (ii) leads
to optimum investment decision making.

(b) However, such strict application is impossible and likely to
remain so because of problems of measurement (e.g., of each unit
of service supplied for each hour of each day of each year), and
lack of data from the normal financial accountancy system with
respect to the marginal cost of supplying an extra unit of service,

(¢) Thus, compromises must be made both in the application of marginal
cost pricing and in the process of changing from present tariff
structures to any structure based upon marginal cost pricing.
This, in effect, is what gives emphasis to developing by case
studies practical means of implementing marginal cost based tar-
iffs, so as to achieve better rather than optimum use and alloca~
tion of resources.

13, With allowance made for some adjustment with respect to differing
costs and practicalities of providing storage (which tends to add important
constraints in the power and water sectors), similar findings apply to both
the water supply and the electric power sectors. However, experience sug-
gests that, in defining operational tariffs for the two sectors, primary
emphasis in the case of water supply should be on the level of tariffs

T/ Available in Public Utilities Department, CPS.
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(this is because rising unit construction cost is intrinsically a feature
of the sector), whereas in power the structure of tariffs is a much more
important consideration. In the latter case, increasing unit costs of
supply are not as clearly a characteristic of the sector; there is, how-
ever, greater scope for ensuring that different types of consumption are
charged at different rates, and greater opportunity of applying time of
day and seasonal tariffs, normally requiring that the peak/of f-peak differ-
ential be increased.

Boggis-Westfield Report

1k. In 1968 a first case study was mounted to investigate directly
the economic, financial, technical and institutional problems involved in
(i) determining a practical marginal cost pricing structure, and (ii)
carrying out the process of changing from the existing tariff system to
one based upon marginal cost pricing. Another important objective was to
determine the most efficient means, whether through pricing or physical
control methods, of cutting down demand at peak hours. The country chosen
was Pakistan, and the sector power, because of the large amount of data
expected to be available from a previous power system planning study made
there for the Bank, and the willingness of the Government to have such a
study carried out.

15, The Boggis-Westfield Reportl/, addressed itself to the fact that
when electricity is in short supply it should be made to be more expensive.

It concluded that how much more expensive it should be is a most difficult
question to answer since it involves all sorts of important judgments about

the correctness of prices in other sectors, income distribution, capital
outlays and public acceptability. What is important, however, is that

prices should signal relative scarcities. (This was regarded as the '"bare
bones" of a practical marginal cost pricing system.) The report was not at

all enthusiastic about physical rationing of electricity. Although various
methods of non-price rationing were described, marginal cost pricing is at

the heart of the recommendations. The first recommendation was that tariffs |y,
based upon the marginal cost of supplying the demand during peak hourg_—*__—iﬁ?
should be introduced for all industrial consumers. The second recommenda- '
tion was that an experiment be undertaken to explore the practical possibil-
ities of introducing a time-of-day tariff for electrical energy consumed by
private operators of agricultural tubewells.

The Turvey Report

16. The Turvey Reportg/ assumed that the financial viability require-
ments of a utility are predetermined; it studies the public utility pricing
problems from the viewpoints of economic efficiency and social fairness.

1/ Power Load Control Study, Report No. C-57a, March 31, 1972 available from
the Public Utilities Department, CPS.

2/ "Public Utility Pricing Problems" by R. Turvey (SCICON), December 1971,
available from the Public Utilities Department, CPS.
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The report argued that the structure of marginal costs should first be
investigated and then the pros and cons of setting prices higher or lower
than marginal costs studied., If, for any reason, there is a need to pro-
vide revenue over and above that collected by marginal cost pricing, the
report recommended concentrating the excess of actual price charged over
marginal costs on those components of demand least sensitive to price.
However, it may well be govermment policy to subsidize some (or all) con-
sumers by setting prices below marginal costs either (i) to encourage
consumers to consume more of the utility's service or (ii) to leave con-
sumers with more money to spend on other things.

17. The report made the following recommendations with respect to
studying public utility pricing:

(a) Consider the effects of pricing on resource allocation, i.e.,
the incentives which pricing gives customers to consume more
(or less) at different times and under different circumstances;
also incentives, in relation to the structure of costs, of
providing the higher (or lower) quantity of service.

(b) Ilook for alternative courses of action and weigh their advan-
tages and disadvantages as systematically as possible.

(c) Avoid both "conventional wisdom!" and the assumption that the
best practices in developed countries are also the best in
developing countries,

(d) Be explicit about any political and social judgments involved,
whoever makes them.

Sector Working Papersl/

i

18, The Electric Power Sector Working Papeng/ pointed out that, ‘
when forecasting electricity demand, the assumption normally made was that||
demand is price inelastic. While this was often true, peak demand could i
be reduced and off-peak demand increased by some form of marginal cost
pricing, although the precise amount of the reduction was difficult to pre-
dict. The scope in developing countries for changing the shape of the
demand curve through the pricing mechanism needed further investigation;
this was also a recommendation made by the Bank's Operations Evaluation
Unité/, afver examining the electric power sector in a cross-secticn of
countries,

1/ Electric Power Sector Working Paper and Water Supply and Sewerage Work-
ing Paper, World Bank, December 1971, available from the Bank's Publi-
cation Qffice,

g/ The "Research" section of the Water Supply and Sewerage Working Paper
refers to the importance of forecasting demand, pricing, etec.

2/ Operations Evaluation Report: Electric Power, Operaticns Evaluation
Division, 1972, available from the Director, Programming and Budgeting
Department.



The Tunisian Case Study

19, In order to fit into the pattern of objectives emerging from
the various reports described, further Bank work on public utility pricing
has three main objectives:

(a) Resolution of major theoretical problems.

(b) Commissioning of further case studies to identify practical
diffieunlties.

(¢c) Production of guidelines for use by operating staff (and bor-
rowers) to examine existing tariff structures and terms of
reference for carrying out reviews of tariff structures.

20, One of the case studies has been carried out. The country chosen
was Tunisia because a review of the tariff structure of the main power
utility (STEG) has recently been made by consultants. A first draft of

the report]l/ has been produced.

2l ‘The estimation of marginal costs had already been undertaken
within STEG during periodic working sessions and discussions with the con-
sultants, Electricite de France (EdF); the approach was similar to that
used by EdF in computing the French marginal cost system, the "tarif vert™,
STEG's attempt to estimate the structure of marginal costs has been handi-
capped by certain deficiencies in the information available:

(a) The future investment costs per kW for the distribution part of
the network are unknown; the extent in which they vary with kW,
kWh, mumber of consumers, etc., can only be guessed.

(b) The cost of reinforcing distribution to meet a growing demand
from existing consumers cannot be distinguished from the costs
of extending distribution to supply new consumers.

(¢c) The information on losses is very approximate.

(d) Little is known about the low voltage network, its capacity or
the diversity of demands of its consumers; indeed, consultants
are being paid to map it.

(e) The daily and hourly consumptions of STHEG's consumers are unkown;
this is particularly important when new tariffs are to be intro-
duced,

1/ Electricity Tariffs in Tunisia, October 19, 1972, available from the
Public Utilities Department, CPS.
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22. On the STEG system, only additional kWh which are demanded at
time of system peak demand require installation of extra capability (kW)
to be able to supply them. It is, therefore, only the marginal costs at
time of system peak demand which include a "capacity" component. Marginal
costs at "day" and "night" periods require only a “consumption™ (kWh)
component..

23. Despite the deficiencies in data, STEG was able to make very
reasonable, if approximate, estimates of marginal costs which could be
used as a basis for a marginal cost pricing structure:

MARGINAL COST STRUCTURE

Medium Voltage Low Voltage

Consumers Consumers
Capacity (kW) + Consumption (kWh) Basis
Marginal Capacity Costs, Dinars kW/Year 38 70
Marginal Energy Costs, Millimes/kWh:
-~ Peak 9 s
- Day L N
- Night 3 Fs
Consumption (kWh) Only Basis
Marginal Costs, Millimes/kWh:
- Peak L,0 68
- Day L I
' - Night Fs P
2l The above presented a dilemma typical in any attempt to adopt a

marginal cost pricing structure in that it is not politically or practi-
cally feasible for STEG to make such a vast change 1/ in the cost structure
as the above implied. Indeed, it could be argued that it was unjust to
inundate consumers with new, radically different tariffs when they may have
bought appliances on the basis of the existing tariffs. A slow transition
to any new tariff structure would always be necessary. :

IV. Examination of Tariff Structures in Bank Lending Operations

25, Several studies have been carried out with respect to tariffs
and tariff structures in direct connection with the Bank's lending opera-
tions, examples of which are given below.

1/ Involving, in some cases, more than a five-fold increase compared to
present-day tariffs,



Power Sector

26, In the appraisal of the Fourth Power Ioan to Argentinal/, the
existing tariff structure (which was thought at the time to have geveral
anomalies) was examined frem three separate angles:

(a) How well the average revenues per kWh collected from each con-
sumer class met the cost of supply.

(b) How close the existing tariff structure was to marginal cost
pricing.

(c) From the point of view of equity of asset use between consumer
classes, by allocating all costs borne by the utility to the
different consumer classes in accordance with their average
physical utilization of the agsets,

27. ? similar type of study was carried out for the Third Power Loan
to Mexico2/. Both sets of studies indicated the same approximate value for
the ratio of marginal cost of supplying electricity on-peak compared with
off-peak as given for the Tunisian study above. A "practical" value to be
placed on the ratio was suggested in each report (obviously considerably
lower than the mideal") and this altered the levels to be aimed at for both
the average and the off-peak tariffs. These practical values together with
the financial tests (average revenue per kWh versus average cost of produc-
tion) and the commercial tests of 26 (c¢) (allocation of costs to consumer
classes according to utilization of the assets), enabled an overall judgment
to be made on the amount of distortion in the present tariff structures
(considerably less was indicated to be present in the Argentine tariff
structure than was previously believed to be the case).

Water Supply Sector

28, The water supply appraisal missicné/ to Tunisia in 1972 attempted,
after some analysis, to persuade the borrower to implement a pricing policy
that would reflect sharply rising long-run marginal costs (a situation
which tends to be common in the water supply sector); the mission also
recommended that summer peak demand should bear the preponderant share of
incremental costs in that new capacity (ability to supply a given quantity
of water over any one hour) is basically installed to meet new peak demand.
The result of the Bank's intervention has caused the borrower to seriously
reconsider his attitude for the future, even though comparatively little
can be done for the present.

T7 sppraisal Report No. PU-19 a) on SEGBA IV Power loan dated Sept. 19,
1969, (Argentina), available from the Reports Desk.

2/ Appraisal Report No. PU-27 a) on Mexico IIT Power loan dated Feb, 6,
1970, available from the Reports Desk.

3/ Appraisal Report No. PT-5 a), Annex l, on Tunisia Tourism Infrastructure
Project loan dated May 30, 1972, available from the Reports Desk.
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29, The Bank's advice was sought by the Pakistan Govermment to examine
the case for introducing domestic water metering into the city of Lahore
(the question of whether or not to meter is usually an important one in the
water supply sector). A studyl/ carried out by the Bank indicated that, in
view of the low cost of water supply in Lahore, the cost of metering would
probably exceed the benefits. These findings have since been accepted by
the borrower.

30. Approval by the Bank of the ILibreville (Gabon ) Water Supply
Project2/ laid stress on implementation of a tariff structure that would
reflect increasing unit costs. It also recommended that the tariff struc-
ture take into account in a positive way the inability of low-income groups
to pay the price charged. Both suggestions were accepted by the borrowers.

31. The case of Mexico City water supply demonstrates dramatically
increasing unit costs of supply. This is due mainly to the terrain, the
changing level of groundwater and several other physical factors. The case
for a marginal cost pricing system is thus very strong, a point the Bank
mission made during appraisal.é This would mean an increase in tariffs
that proved unacceptable to the borrower, even after many ways (e.g., by a
sliding scale of charges) of making such a policy more palatable were
examined.

32, A comparison of known costs and revenues of the Bombay Water
Supply projectﬂf initially yielded a negative rate of return. The reflec-
tion in the calculation of tariff increases firmly projected to be necessary
for financial purposes (the mission found that there was a definite need to
increase the average level of tariffs) made the rate of return only slightly
positive. There was every indication, therefore, that (1) marginal system
costs were not known, and (ii) willingness to pay was certainly not used as
an indicator, or even a benchmark, for the justification of the project.

A tariff study incorporating an analysis of incremental system costs and

its consequence for pricing policy (including metering practices) will stem
from this exercise of calculating the rate of return on the project.

33. It is important to realize, particularly in connection with the
two latter cases, that the economic analysis in the reports led to Bank
recommendations for gradual increases in price levels over and above what
would have been regarded as adequate to ensure the financial viability of
the entities concerned. This logically reflects the increasing scarcity,
and therefore the increasing cost, of water over the long term.

17 Full Report from Mr. J.J. Warford to Mr. H.R. Shipman dated April 19,
1971, available from Central Files.

2/ Appraisal Report No. 8% a)-GA on Gabon, Libreville Water Supply loan
dated April 10, 1973, available from the Reports Desk.

2/ Appraisal Report No. 99-ME, on Mexico City Water Supply loan dated
May 2L, 1973, available from the Reports Desk.

E/ Appraisal Report No. 88-IN on Bombay Water Supply and Sewerage loan
dated dated March 2, 1973, available from the Reports Desk.
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V. What Public Utilities Department and Regional Divisions Should Do Now

3. The Public Utilities Department plans to complete in FY7L the
methodological desk studies in connection with marginal cost pricing (see
paragraph 19). These involve:

(a) Methods of calculating marginal costs of production for power
systems with an appreciable proportion of hydroelectric gener-
ating plant.

(b) Methods of calculating marginal costs of production for power
systems taking into account uncertainty, reserve capacities of
generation and transmission plant, etc.

35, Two more case studies will be completed in the power sector and
written up in FY7h, following which a summary of the main points learned
from the power sector case studies will be issued, possibly together with
a revised version of the Turvey Report dealing with marginal cost pricing
in the power sector. A case study in the water supply sector is planned
for FYTh.

36. Guidelines and seminars for Regional Operating Staff are in the
course of preparation. Meanwhile, in order to start a more systematic
approach to the whole subject of the examination of tariff structures it
is recommended that, as part of the preappraisal and appraisal data col-
lection exercise, the missions should:

(a) Get as much information as possible on the tariff structures
of borrowers.

(b) Ask the Regional public utilities economists to analyze these
tariffs (whether or not they are part of the mission team) in
light of the marginal costs of supply for the utility in ques-
tion. Assistance will be available from the Public Utilities
Department and its consultants as to how to calculate the
marginal costs in the field and how to analyze the tariffs for
any particular case.

(¢c) Check with the country economist on the relevance of shadow
pricing, fiscal policies, regional/rural development policies [
and income distribution factors, and obtain his views about the |
extent to which the utility's pricing policies should reflect a ||
need for increasing govermment revenues, taking into account
any likely distortionary and economic effects of increasing
tariffs for this purpose.



(d)

(e)

- 11 -

Consider the financial aspects of the present tariff level and
structure with respect to (i) average revenues per kwh, col-
lected in total and from each type of customer, reflecting the
average cost of providing the service; and (ii) average tariffs
for each type of customer reflecting their approximate utiliza-
tion of assets and share of operating costs.

Prepare suggestions regarding a plan of action during the mission,
e.g., new tariff structure, study of present tariff structure by
specialist consultants, request for specialist economic assistance
on future missions, etc., in cases where this seems worth tackling.
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INTERNATIONAL DEVELOPMENT ' INTERNATIONAL BANK FOR | INTERNATIONAL FINANCE
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT

CORPORATION
OFFICE MEMORANDUM
TO: Public Utilities Staff (Power) DATE: June 28, 1973

M M i I ] . xi
FROM: Y, Rovani t\/ l/ / j/ ‘-”'/ ,z‘{ef-"}‘:"r’w % / C

SUBJECT: Public Utility Note No. L
Standards of Urban Electricity Distribution

I am attaching herewith Public Utility Note No. L dealing with
Standards of Urban Electricity Distribution. This Note was originally
written as an Issues Paper to guide consultants being hired by the Bank
to write a "State-of-the-Art" paper concerning what has been done, in
theory and in practice, in developed and developing countries, concern-
ing the determination of desirable standards of urban electricity dis-
tribution. It was felt, however, that the paper could form the basis
of a very topical Public Utility Note, and it has been suitably expanded
on this basis. It is topical in that it deals with some of the newer
emphasis in the Bank's operational work, e.g., emphasizing that part of
the service nearest to the consumer (distribution) as distinct from the
more "traditional! wholesale parts of the service (generation and dis-
tribution); and also with that aspect of access to service which con-
siders trade-offs between the standard of existing service and the
expansion of access to service., You will recall that the latter topic
was mentioned in the reports of the Operations Evaluation Unit.

This is the fourth of a series of "Notes" which, as I have
explained previously, will be issued from time to time on a variety of
subjects of interest to Public Utilities staff. These Notes are neither
policy statements nor working instructions. They have been designed as
a simple flexible vehicle for communication, primarily with Public
Utilities staff, amongst other things to frame and comment on issues,
not by any means resolved, but of important general interest in the sector.

The practice has been established to have these Notes reviewed
by ad hoc panels including representatives of the public utilities divi-
sions as well as other staff., Their contribution is hereby acknowledged.

Your comments and specially any suggestions for subjects to be
covered in further Notes would be extremely helpful and welcome.

Attachment

TWBerrie:pfa
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STANDARDS OF URBAN ELECTRICITY DISTRIBUTION

Introduction

1. Distribution represents anywhere from 307 to 50% of total invest-
ment in the electric power sector; hence considerable benefits might come
from an explicit consideration of a cost versus quality-of-service analysis
in the design and construction of distribution systems. This is a field
little explored either within the Bank or outside but one of considerable
interest, as future Bank lending for electric power is likely to become
increasingly "socially sensitive," i.e. tending to deal with that part of
the power system nearest the consumer (distribution), as distinct from the
more remote parts (generation and transmission).

2y Although lending for distribution always has been a part of Bank
lending, until recently the emphasis has been on the generation and trans-
misgion of electricity. An increasing proportion of loans now contains a
distribution element and the proportion of that element is likewise increas-
ing. Some loans are only for distribution systems and this trend is expected
to grow. In these circumstances, it becomes necessary in the appraisal of
projects to "look into the heart" of the distribution problem more closely
than in the past. There is need, for example, to study more carefully the
distribution design and engineering practices of borrowers and their con-
sultants and, in particular, to form a judgment about the standards of ser-
vice toward which they are planning. Each standard of service has its own
cost of supply and benefits. In simple terms, a reduction in the quality of
supply glves rise to a lower unit cost,_l/ which means that more consumers
can be supplied and the net benefits that the additional consumers obtain
(benefits less costs) at this lower level of supply have to be set against
the reduction in net benefits to all other consumers. Conversely, the net
benefits from an improvement in service to all other consumers have to be
set against the net benefits that might otherwise have been provided to
additional consumers. A third case is where lower unit costs can mean in-
creased investment in another sector. This is a familiar problem in other
sectors, e.g. transportation, where the net losses to one class of road

user due to lower standards are offset by the gains to other users.

Similar techniques for solving such problems can be applied here.

3. The best approach to planning for the long term lies in establish-
ing, over time, a pricing policy that reflects both the marginal cost of
service at the chosen standard of supply and any income distribution, fiscal,
etc,, policies that are intended. Until, however, more reliable measurements
can be made of the socio-economic benefits derived from changes in the
quality of service, heavy reliance must be placed on looking into the
variations in costs. A research project has been started recently by the
Public Utilities Department to establish the whole "state of the art" with
respect to what has been done throughout the world on Standards of Urban
Electricity Distribution. What the project hopes ultimately to develop is

a method to establish what are the costs for a minimum standard of service,
below which threshold both Jjudgment and cost-benefit analysis indicate

that is unwise to go in a particular situation.

lf Up to the point where captive generating plant is installed.



STANDARDS OF URBAN ELECTRICITY DISTRIUBTION

1. The Problem

1: Anyone who has ever attempted to introduce the concept of quality
of electric power service into economic calculations is well aware of the
difficulties of quantifying in monetary terms the comparative benefits ex-
perienced by different types of consumer. For example, it is well known
that designing a distribution system to produce voltages so low at certain
times as to impair the operations of some classes of consumer may have no
effect at all on other consumers.

2. The following questions must therefore be asked: Should a study

be made of the quality of service relating to the average consumer; or should
an analysis be made of the quality of service by categories of consumer? If
the latter, which categories?

3. Answers to these questions will vary widely between countries. In
a first attempt to deal with this subject it probably would be wise to limit
the scope by considering only the overall quality of service to the three
main consumer classes -— industrial, commercial and residential —- excluding
specialized types within each class; but perhaps singling out, because of
his social importance, the consumer in low-income residential areas (who
traditionally gets a low standard of service) and, because of his political
importance, the government office consumer (who traditionally gets a high
standard of service).

II. Quality of Service

4. Many elements can be included within the definition of "quality of
service.'" The basic ones are:

(a) Continuity of Service (number and length of interruptions to
supply)

(b) Stability of "Frequency' (change in a technical characteristic
of the whole system)

(c) Voltage "Flicker" (very rapid changes in voltage)
(d) Voltage 'Wander' (slow changes in voltage)
(e) Voltage 'Gaps' (short intervals with zero volfage)
(f) Voltage "Unbalance" (distortion of voltage)
S Item 4(b) can be eliminated as a distribution matter on the grounds

that it is entirely dependent on generation, and remedy must be sought else-
where. 1/ Items 4(c) and 4(f) can be eliminated on the grounds that they are

1/ The technical literature contains an abundance of references.
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produced by specialized consumers who should not be considered here, for
reasons given in paragraph 3. Item 4(e) can be eliminated on the grounds that
it is caused mainly by apparatus protecting the main and sub-transmission
systems; moreover, any consumers likely to find it important are among the
specialized types mentioned in paragraph 3.

6. Two basic elements must, however, be included in the subject of
quality of service, namely, items 4(a) and 4(d). These elements —- Continuity
of Service and Slow Changes in Voltage -- are discussed below.

ITI. Continuity of Service

7 Interruptions to electricity supply are of two main types:

(a) Random, caused by the breakdown of equipment, dry years in
hydro-electric systems, years of suddem high demand, etc.

(b) Planned, caused usually by a planned program for maintaining
equipment and extending services.

Planned interruptions need not be dealt with since, in practice, the value
attached by the consumer to this type of interruption (when he receives a
warning, which he usually does) is probably at least one order of magnitude
different from that attached to a random, and therefore sudden, interruptionm.
There is an obvious correlation between the level of planned interruption

for maintenance purposes, the level of equipment breakdown and thus the level
of random interruption. The effect of this can be assessed only by judgment.
Above a threshold of level of maintenance this becomes a second-order effect,

8. It is necessary to decide on some yardsticks with respect to measur-
ing the level and intensity of random interruptions. Examples of these yard-
sticks are:

(a) Number of interruptions per unit of time, say, per year.
(b) Number of consumers affected by each interruption.

The level and intensity of interruptions as measured by both of the above
yardsticks will depend very much on the structure of the distribution net-
work, its size and complexity, and its basic parameters, e.g. whether 33,000,
11,000 or 3,000 volt distribution systems are being used. Some interesting
work has been done in Britain (see Annex 1) on the percentages of total random
interruptions taking place and the average time of interruption on each part
of the distribution system, characterized by voltage levels. Similar informa-
tion for developing countries needs to be collected.

9, Based on criteria similar to those described in 8(a) and 8(b),
comparative studies of different types of networkl/ (differing in equipment,

1/ See "Principles for Planning of Electricity Distribution Systems in Urban
Areas", by Lindea and Liveus; also "Comparision of Design and Operational
Criteria of the M.V. Network", by a Group of Experts; also "Integrated
System and Installation Planning" by W. Kaufman; all available in Research
Files under UNIPEDE Distribution Conference October 1972,
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structure, or both) can be made with respect to the level and intensity of
interruptions to service. As a check on the results of these studies, an

alternative criterion often used in the case of well-established networks

is the ratio of kWh not previously supplied to the kWh now being supplied

after improvement.

IV. Slow Changes in Voltage

10. Slow variations in voltage in this sense mean in developing coun-
tries moving, over a period of hours, from a low average level toward a lower
level of voltage. It is more difficult to define basic yardsticks for
measurement in this case than in the case of the level and intensity of
random interruptions. Some yardsticks, however, could be:

(a) Average voltage level at a particular hour.

(b) Standard deviation of the variations from a prescribed
voltage level.

(c) Number of times a particular low voltage level occurs per
day.

V. Means of Changing the Quality of Distribution Service

11 Changing the quality of the distribution service has a basic ef-
fect on both the cost of the service and the benefits obtained from it. The
cost side is more easily dealt with.
12. The following means can be used to change the quality of service:
(a) Change the basic structure of the distribution networks.
(b) Change thereliability level of the equipment.

(c) Change the level of protection against faulty equipment,

(d) Use or not use automatic equipment to restore service after
interruptions.

(e) Change the methods and equipment for system operation.

(f) Change the methods and equipment for regulating the voltage
(system on customer).

(g) Provide special mobile apparatus for emergencies.
(h) Stretch the thermal capacity of the system in emergencies.

13, To change the basic structure of the distribution networks (12(a))

is a system planning problem. For example, there is a fundamental difference
between the "radial" system and the "mesh" system. In the radial system each
customer has but one supply link, whereas in the mesh system he has more than
one. There are, of course, "half-way" stages between radial and mesh designs,
e.g. when each customer normally has only one supply link but in an emergency
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can be connected to another (possibly inferior) link. Mesh systems are usually
the most capital intensive and radial systems the least capital intensive.
Another large difference lies between basically "overhead" and basically
"underground" systems. Underground systems usually take over in practice for
load densities of 10 MW to 25 MW per square Km.

14. To change the reliability level of the equipment (12(b)) is a
matter for the specifiers of electrical equipment (usually the utilities)
and the equipment manufacturers. With the advances in techmnology and the
efficiency of manufacturing processes, it seems that all arguments now
center on the cost of improving the rate of equipment availability from,
say, 99.5% to 99.8%. Perhaps the developing countries' economies cannot
afford availability levels above 90%.

15, To change the level of protection against faulty equipment (12(c))
is partly a system planning and partly an equipment manufacturer's problem.
Protection of the system against damage by one of its elements being faulty
is the function of special protective apparatus, which comes into service
automatically with a degree of success and amount of system disturbance
that basically are inversely proportional to the investment cost.

16. The use of automatic equipment to restore service after an inter-
ruption (12(d)) is becoming increasingly popular with respect to distribu-
tion systems; for example, this type of equipment helps to improve the
standard of service of radial systems. It seems likely that the cost

of such equipment (at present it tends to be high) will decrease with the
advances in technology over the years. However, cost of manual restoration
is not always high.

17 To change the methods and equipment for system operation (12(e))
is a matter for the utilities. This is the complement to 12(a), changes in
the basic structure of the distribution networks, in that it means obtaining
a particular standard of security out of an existing network, as distinct
from designing a particular standard into a future network. Obtaining a
particular standard out of an existing network often inveolves improving the
efficiency of operation.

18. To change the methods and equipment for regulating the voltage (12(f))
is a regular means of improving the standard of supply by using specialized
apparatus on the distribution system. 1/ The sole purpose of this apparatus is
to help maintain a given standard of supply with respect to voltage level.
Despite its cost, this type of apparatus might achieve net system savings in
that a lower cost design of the distribution system might be made possible

for a given standard of supply. Items 12(b), 12(c), 12(d), 12(e) and 12(g)

act only on the level and intensity of interruptions, while item 12(f) acts
only with respect to slow changes in voltage. Item 12(a) acts with respect

1/ At a certain threshold of low average levels of voltage certain con-
sumers begin installing costly voltage regulating equipment.
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to both. In any case, however, some credible attempt usually can be made
to cost the effects of the above changes and relate the costs of the changes
to the quality of service. (Item 12(h) has been left out of the discussion
in that a good deal of further investigation is required in the climate

of developing countries.)

VI. Consumer Density

19. The quality of service which derives "naturally" from a particular
type of network depends on the network's physical nature (e.g. as indicated
in paragraph 12) and the consumer density. For a given type of network

at a given design voltage, the greater the density of consumers the shorter
the length of the distribution circuits, the lower the level of interruptions
and the less the voltage variations for an average consumer. Similarly,

the less the density of consumers the greater the level of interruptions

and the greater the voltage variations. In general, consumers who cost the
most to supply per umit of consumption generally get the worst quality of
service and tend to be asked to pay the highest tariff (or consumer contribu-
tion). This may well not be the optimum manner of proceeding with respect

to the economy as a whole and thus needs further examination. Typical data
on the relative costs for different types of network — e.g. radial or mesh
type, overhead or underground design, etc. -- are given in Anmnex 2.

VII. Marginal Costs and Improvement in Quality of Service

20. Studies have been made in wvarious countries (mostly in France -
see Annex 3) involving different types of distribution systems to determine
both the marginal cost per kWh not supplied (defined as the total additiomal
cost required to prevent interrupting the supply of that kWh) and the cost
increments per additional kWh sold. A general rule seems to be that the
marginal costs for a 'benefit'" from a given quality of service represent a
higher percentage of average costs in the case of medium-voltage distribu-
tion than in the case of low-voltage distribution. It remains to be seen
whether this is because the in-built standby facilities are just not satis-
factory (or needed) on a low-voltage distribution system, or whether there
is a more fundamental reason.

VIII. Benefits

21, Until more reliable measurements can be made of the socio-
economlc benefits derived from changes in quality of electricity service,
heavy reliance must be placed, using judgment, on looking into variations

in changes in costs in relation to changes in the standard obtained. It

may be possible in some cases to obtain, and use as a yardstick, a reliable
estimate of what a customer is willing to pay for a given increase in the
standard of supply, e.g. in the case of certain industrial and commercial
customers. Until we gain more knowledge of the socio-economic benefits,
however, the best approach to planning is to endeavor to establish a pricing
policy that reflects as closely as possible the long-run marginal costs of
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supplying service at a particular standard of supply and any income dis-
tribution, fiscal, etc., effects which are intended (see Public Utility
Note No. 3 on Generating Plant Reserve Margins and Public Utility Note
No. 5 on Public Utility Pricing).

22, The Public Utilities Department has started a research project
to establish the whole ''state of the art" with respect to what has been
done throughout the world on Standards of Urban Electricity Distribution.



Annex 1

1
The Economics of Reliability of Suoply - Distribution (Great 3ritain)™

Percentage of Total Interruptions by Voltage of Distribution Svstem

Number of Consumers Affected (at most)
Voltage of Distribution
System 10 100 1000 10,C00 100,000

Fercentage of Total Interruptions

132,000 and above 5 8 1L 50 100
33,000 15 18 28 LO 0
11,000 5 26 L6 10 0
200-600 35 L8 12 0 0
Others - Lo 0 0 0 0

Total 100 100 100 100 100

Percentage of Faults Restored by Time Quoted by
Voltage and Type of Distribution System

Voltage of Distribution Outage Time in Hours
System 1 10 100 1000
Percentage of Fanlts Restored by Time Quoted

Undergzround Cables 2 6 52 95

33,000 Overhead Lines L3 83 100 1100
Others 20-60 60-80 85-95 1C0

All Lo T2 90 100
Underground Cables 5 23 90 100

11.000 Overhead Lines 20 S0 100 160
J Others _ 10-50 65-90 100 100
All - 20 80 100 100

1/ See paper of the same name by H.J, Sheppard, IEE, London, Conference
Publication No. 3L, Part 1, October 1967.



1/
Guidelines to Distribution System Capital Costs in US$ (1968) =

Overhead Distribution Systems

13,800 Volt Primary Circuits, 3 phase

Wood pole construction, per Km
Concrete pole construction, per Km

13,800 Volt Primary Circuits, 1 phase

Wood pole construction, per Km
Concrete pole construction, per Km

100 - 250 Volt Secondary Circuits on Wood Poles

3 phase, per pole
1 phase, per pole

Transformers, Primary to Secondary Circuits

3 phase, per KVA
1 phase, per KVA

Transformers, Pole Mounted

3 phase, per KVA
1 phase, per KVA

Underground Distribution Systems

Total System, excluding substation, per KVA

1/ Taken from a recent scan of the published technical

.Cost in US$ (1968)

2,000 - 5,500
3,000 - 6,500

1,500 - k,000
2,000 - 4,500

110 - 220
90 - 140

16
13

-3\
1

15 --50
20 - 15

105 - 220

literature.

Annex 2



Annex 3

Comparison of Marginal Costs for Improving Standard of Service 1/

Continuity of Service

Studies involving overhead and underground distribution networks
have determined both the marginal costs per kWh not supplied (the additiomal
expense on the distribution network to prevent non-supply of a kWh) and the
incremental cost per kWh sold. For a radial system for which the number of
kWh not supplied per year would be about 8, the meshing together of the
system extends that radial network from 4 Km to about 6.5 Km for the same
standard of supply; this would be worth doing if the wvalue attributed to
each kWh not supplied is 5 francs.

Furthermore, at 5 francs attributed to each kWh not supplied, for
a "'standard" French distribution network, the mesh network was shown to be
a better investment than a radial network.

Variation in Veoltage Level

Maximum voltage changes before the average consumer was materially
affected were calculated and shown to be 3% of normal declared voltage for
underground networks and 10% for overhead networks.

1/ Taken from "Report by the Mixed Group of Experts on the Quality of
Distribution Service" UNIPEDE Report V/VI, 1970.
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Hesers. Kimmeni, Inox, Thalwits, Wapeshans, Jure 25, 1973
and Vednor _
Y. Rovand

Econcmic Anslysis of Public Utility Projocts

43 you kmow the economic amalysis and Justiflcation of Publie
Utllity projects have bsen the subject of much discussion and disorrete
ment dn recend years. lansgamert and the Foard conbinue to raisa
queckions which ofton arise, in part, from the different treatment
given end terminology used in various Avmraissl and Prosidend's Berortsa.
In the nsar future, we hope to circulste a drait papey getbing forth
the rationsle for the economic analysis which has evolved foom Ghe Uife
cussion and Issue puidelines on the exposition to be given in Apnreisal
and President's Reports. Your heipful commends on an earlier deaft are
gratefully acinoulsdeed. The fimal version of the paper is expected to

be sent to Managoment and the Board.

In ¢he meantime, ib gppears desirable to use more eteadard
terminolesy especizlly in the Amwx to the Prosident's Repart. I
suggest that, for thia purpose, we swmarise the epalysie along the
following lines:

Benefits "The rete of return is X7 if benefits swva
moasured by dacremental revenus etdyibutable
to the project and financial eosts are ade
Justed for taves, internal transfers, ete.”
This statemnnt should be followed W a
further quaililying explanation, sae
examples of which are glven below, %o be
used as epproprizte to ths situation.

(1) “However, the incrementel revenne
undersbabor the bonafits consunmars
rocelve from the rroject, Eilnce the
level of dariffs ic low and it 4s
congldered that a Y2 incresse in
$ariff lsvel, which would be
nacessary to cover the full costs
of the incremental supply, wouvld not
roduce the mvojested demand lriie
ficantiy. (The willingness of cone
sumers %o pay more is ilustyated by
the fact thot costly captiva plans
43 beinz installed to meet aloctricily
naeds, } o

(41) ‘“fowever, thiz exciudes the social
benelits of providing an miequate
supply of sate water to & large
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segnenh of the wrben poor &t sube
eldized tarifis matched to thelr
abdlity to pay."

(iid) “However, ¢hose revenuss do nob
reilect the health bonefits from a
szle walar supply (or the environe
wental dmech resulting from better
treatuent of aewage).®

Cleared with and ec to: Mr. van der Tax
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INTERHATTIONAL BANK FOR RECONSTRUCTION AND DEVELOPMENT
INTERNATIONAL DEVELOPMENT ASSOCIATION

OFFICE MEMORANDUM

TO: Public Utildties Projects DATE: November 16, 1970
Department Professional Staff

FROM: J. He Jennings & T. Berrie

SUBJECT: Handbook for Appraisal

Ls In view of the rapid increase in activity and expansion of staff
over the past couple of years, it has become apparent that there is a need
for collecting the various kinds of standing instructions (0.M's, D.M's,
etc), and our working procedures that have developed from experience, into
a single document. Thus, a concept called a "Handbook for Appraisal® has
evolveds It will be more useful for new staff, but, based on trial runs
with the first two sections, experienced staff will alsc find it quite

2 Attached are the first two sections:

a. Checklist for Appraisal Missions - which is de-
signed to help plan and organize the work of
appraisal missions; and,

b. Outline for Appraisal Reports - which is designed
to aid preparation of appraisal reports.

3. In due course, there will be a section on "Procedures", i.e., the
mechanisms of preparation and review of reports from white to grey covers;
there will be a set of suggested formats for certain annexes (mainly the
three basic financial annexes), and a glossary aimed at standardizing
financial and econcmic terminology. Several brief "methodology" papers are
also planned, covering subjects such as "How to Calculate an Internal
Financigl Rate of Return", "The Least Cost Solution", etc, The Handbook is
seen as a collection of loose leaf stenciled sheets, suitable for carrying
in the staff member's mission notebook. However, several cther arrangements
are possible, '

ke In the Introduction of both the "Checklist" and "Cutline" we have
tried to meke it clear that they are intended as aids - not as impositions.
The professional competence and good judgment of the appraisal team, and the
guidance of the Division Chief, continue to be the most important factors in
the appraisal process; and full responsibility for the quality of our
appraisal work rests with them.



Public Utilities Projects -2 - November 16, 1970
Department Professional Staff

5 These sections will be revised from time to time to reflect our
experience in using them, and also our gradually evolving methodology.
After you have used them, please tell us whether you have found them help-
ful, and give us any ideas for changing the form and content to make them
more useful. If you find them worthless, tell us that too.

JHJennings/TBerrie:cdd



INTERNATIONAL BANK FOR RECONSTRUCTION AND DEVELOPMENT

INTERNATIONAL, DEVELOFMENT ASSOCIATION

PUBLIC UTTLITIES PROJECTS DEPARTHMENT

CHECKLIST FOR APPRAISAL MISSIONS

3 See 0.Ms 5,02 -~ Project Appraisal

*H% See 0«Ms 5.50 ~ Public Utilities

Wit See OsM, 6.01 ~ Iloan/Credit Preparatian and Negotiation
3¢ See DoM. 1,1 =~ Preparation for Appraisal Mission

INTRODUCTION

The checklist is intended to serve as a reminder to appraisal
teams of important points which need to be considered during most appraisal
missions. All of the points listed are potentially vital for a given pro-
Jects However, the ranking in order of importance will be different in
every case, and some of the questions may not be relevant for a specific
project. It is suggested that the first part of every mission (say 1/L
to 1/3) be devoted to a survey of all the major aspects - to the point
where priorities for the appraisal of the particular project can be es-
tablished. Then the remaining work of the mission can be planned so that
the "must" things are done, along with as many of the "desirable" things
as possible. If the project is a "repeater", or if there have been one
or more preappraisal missions, it may be possible to do this planning be-
fore the mission.

The checklist does not reduce the appraisal team's full profes=-
sional responsibility for the work of the mission. The team should con-
sider all of the relevant aspects, whether or not they are on the list,
and the extent to which each question is investigated is their decision.
Thus, it should not be used mechanically, but as an aid to memory, as a
means for organizing the vork of the missicn, and as a preliminary to prew=
paration of the appraisal report. It is not an outline of an
appraisal report. See the "Outline of Appraisal Reports", which contains
suggestions for the focus and content of each section.



sections

1.10

1.20

1,30
1.10

1.0 THE BCONOMY

Read at least the summary of the latest economic report and the
on the sector concerned.

Consider:

as Geography and natural resources;
be Infrastructure;

cs Inflation;

de ILocal currency availability;

e. Foreign exchange problems; and,
fa Cost of capital

Consider the overall effect of the project on the economy (in-
cluding the effect of not doing the project).

How does the project fit with development plan?

How may the project be affected by decisions by the planning body -
concerning either the project itself or any related project.

See 0.Me L.02 =« Country Economic Reports
See OuMe 5.02 =~ Project Appraisal (paragraphs 6-8)



2,0 THE SECTOR

NOTE

Some of the detailed information listed in this section could
only be obtained during a full sector study. If no sector study has been
made, the mission should not attempt to make one; the scope of their ine
vestigation should be indicated in the terms of refersnce. However, the
mission should, in a1l cases, attempt to obtain a broad understanding of
the major questions.

If the sector is represented largely by one national entity, these
questlons will overlap to some extent with the Project, Borrower, and Justi-
fication sections, The mission should obviously adjust its work accordingly.

2,10 Organization (Iegal and Institutional)

2011 Review and evaluate applicable legislation.

2.12 Review the institutional structure of the sector with particular
attention to the ministries and/or departments of the national
government which have a direct interest or involvement in the
sector. (Prepare an organization chart, if possible.)

2,13 Are the operating units public? private? or some variation or
combinations of these?

2,1L Dotermine the means (if any) by which the national and/or local
governments regulate and control the operating units of the
sector, e.g., rates, capital and operating budgets, procurement,
employment and personnel policies, board memberships, operating
regulations, design criteria, expansion of service policies
(esge, rural electrification) appointment of management, public
utility commissions, licences, etc.

2.15 What is the position of the borrower in the sector? Determine
the relevant relationships with other parts of the sector,

2420 Technical Characteristics of the Sector ag a Whole

2.21 a. Present demand (national and by region);
be Production and sales records (by category and
total);
ce losses (separating if possible - company use,
"physical" losses, theft, inadequate meter
reading, etc.);



d. Historic growth rates;

8o Demand patterns - national and local (kind of
consurers, extent and timing of peaks, load
factors, changes in areas served, effect of
climate, etco.). Consider price and other
policles affecting level and structure of demand

fe Problems in quality or quantity of service, per=-
cent of population served;

ge Sludy and evaluate any recent market studies
(national level);

h. Demand forecasts (total and by consumer class);

i. Descrive any markeb studies needed; and,

Je To what extent has demand been affected by con-
sumers providing their own service?

2,22 Petermine existing production, transmission, distribution
facilities (national and local).

Kinds, sizes, capacities, lengths, any noteworthy technical
characteristics of important items.

2,23 To what extent can goods and services needed for operation and
expansion of the systems be produced within the country? What
are production capacities, quality, price? To what extent can
or will they be competitive for the rroject?

2:.2L To what extent does the sector have availabis the technical
and managerial skills necessary to operate and expand the
system?

a. Quantity and quality of managers, engineers and
techniclans;

b. Training facilities (universities, trade schools,
overgeas training programs, etc.); and,

Ce Availability and quality of local consultants.

2,30 Sector Tnvestment Program
2,31 What are the objectives of the sector program?
2.32 For other works included in the program (of which the pro—

Jject is a part):

2. Fhysical deseription;

b. Cost estimates;

Cn Procurement and construction schedules; and,
de Preparation and execution by whom?
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2.33

2.3k

o

How is the program being financed?

Major local and foreign sources (including the Bank
Group)a

General evaluation of the program
Is the development strategy the best of alternative
possibilities?

See O.M. 5.01 =~ Preinvestment Studies
See O.Ms 7.03 =~ Sector and Feasibility Studies



3.0 TiE PROJECT

NOTE

Some of the questions considered in this section will usually
be presented in the Justification section of the appraisal reporte.

¢ See O.M. 5.02 ~ Project Appraisal
3.10 Background of the Project
3,11 The borrower's present technical operations

a. History of physical production, bulk purchases,
if any, and sales (by customer category, also
geographical distribution, if relevant);

b. Iosses (and analysis - see 2.21'c¢c");

Ce Historical growth rates (total and by category,
if possible), Consider the effect of any very
large consumers;

de Important characteristics of production, trans-
mission, distribution facilities. Is the
system well-balanced? Is the technology ap~
propriate?;

€. Load and plant factors (present and past trends)
in principle areas concerned;

f. Service area and population served:

g« Number and kinds of customers (by same categories
as sales); -

h. General quality of service (evidence of shortages,
if any) in principle areas;

i. Quality of maintenance and general technical
operations; and,

Je Vhat improvements, if any, are needed in technical
operations (whether project related or not),

3.12 History of development of the project:

a. OStudies, reports by borrower or others;

bs Quality of studies and prcposals; and,

¢. Vhat is the present status of preparation of
the project?

3613 Demand forecasts:

e On whal methods and data are the demand fore-
casts based? (See 2.21 "e" and 'm");

be. Have the forecasts been made from more than one
approach, i.e., can they be cross checked in any
meaningful way?
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3.1k

3,15

Ce

d,

Se

de
be

Ceo

d,

=

If more than one forecast has been made, do they
form a consistent set?

Give an evaluation of the forecasts together

with a credible range about the mean value if
possible; and,

Should data collection and forecas ting methodology
be improved?

borrower's investment strategy:

Is it intended to fully meet forecast demand? If
not, why?;

Have sufficient alternative investment plans been
considered? How were they selected?

How was the chosen plan selected? Was it a true
minimum total present cost solution? Check the
test discount rate and whether alternative plans
would have been selected on other values of the
test discount rate. How sensitive was the
selection to this?

What is the sensitivity of the selection to un-
certainties in cost and demand data, and other
criteria, e.g., availability of foreign exchange,
ability to obtain long-term debt, political con-
straints; and,

How does the project fit into the chosen sector
development plan with respect to timing and al-
ternatives? How sensitive is the project's
selection to choice of secior development program?

Internal financial rate of return:

ao

b.

Ce

See

Calculate the return on the project alone, if
possible. If not, can the rate be calculated for
an increment to the system as a vhole?

Can a meaningful range be placed on the return?
What are the main parameters to which it is
sensitive? Can the results usefully be expressed
in the form of probabilities?

Can any meaningful benefits be included besides
the financial revenues, €s8ey 8ocial benefits,
secondary benefits? T/hat is the resulting in-
crease in the return? Are there any other costs
which need to be considered?

O.Me 5.03 =~ Economic Tests of Project Acceptability



3.16

3.17

3.20
3.21
3.22
3.23

3

3430
3031

3.32

3.33

3.L0
3.1

Consider relationships between the borrower's program, the
sector program, and any other related project.

If the borrower has had a previous loan or credit from the
Bank Group or other development agency, evaluate the per=
formance in executing the project. Reports from US-AID,
IDB, and other agency projects may be relevant.

Dascription of the Project

What are the components of the project?
Which cemponents are rroposed for Bank financing?

Is the project self-contained? Or, are there outside elements
vital to its success (e.g. sewerage connections over long-term).

See DaMs 2,5 =~ Definition of Capital and Current Expenditure

Cost of the Project

Detailed cost estimate

See DoM 2,3 = Presentation of Cost Estimates
See DeMo2.li =~ Caleulation of a Project's Foreign Exchange
Costs

as Breakdown by component or contract;

be Foreign - local;

co Contingencies (physical and price level changes )
by foreign and local exchange:

d. Engineering, training, management and consultants,
etec; and,

€. Interest during construction shown separately.

What is the basis for the estimates? Dezree of uncertainty?
Risk of important changes in local and foreign inflation rates?

Comparative unit costs, if appropriate

See DM 9.1 = Cost Ranges

Execution of the Project

Procurement (see Procurement Guidelines)
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3.L2

i

See 0.M. 5.08 - Procuremnt

See D.Ms 1.2 =~ Relations with Executive Directors
See D.Mo 2,6 ~ Statement Concerning Procurement
See DuMe 7¢1 = Origin of Goods

See P.U.PaM 7 ~ Expenditures under Contract

Administration of procurement - what is role of con-
sultants and borrower in preparation of documents, ad-
vertising, opening, anelysis of bids, prequalification,
etce.

See 0.M, 5.07 = Consultants

See D.lls 8.1 =~ Selection of Consultants

See PoUePel. 16 =~ Selection of Consultants

See "Uses of Consultants by World Bank and its Borrowers"
See OoMe 5.09 = Financing Engineering

Which contracts will be on full internationzl competition?
- limited competition? -~ local competition only?

What will be the position of local bidders?
See Oolf; 2,05 = Preference for Domestic Suppliers
Is standardization a problem?

Details of mechanism for comparison of bids (specific
attention to local preference)

Sze DuM. 7.2 =~ Comparison of Bids

a. Details of import procedures and any potential
problem - .2, import license, duties, taxes,
fees, regulaticns, procedures, or customs that
may affect project; and,

b. Joint or parallel financing (procurement aspects).

Supervision of ccnstruction

Role of consultants and borrower?

See O.Ms 5.07 =~ Consultants, etc,
See Dollo 8.1 =~ Selection of Consultants by Borrowers

Field supervision, inspection, quality control.



Financial control (procedures to be worked out with
accounting department), certification of payment re~
quests.

Periodic reports, contract numbering system, etce
% See DcMe 5.2 = Procurement Data

Schedules:

2. Procurement;

b. Construction; and,
c. CPM/PERT (if any)

3.43 Disbursement

ae« Describe disbursement mechanism propossd for
Bank loan;

b. Explain Bank requirements to borrower; and,

¢~ Prepare a quarterly disbursement schedule

3 See O.M, 6.05 - Disbursement
Ea 3 See Controller's Department Memo on Forms and Procedures

Details of disbursement or drawdown mechanism(s) for
all other sources of funds.

3.4l To what extent does techn’cal siaff of borrower need
strengthening for the construction period? operating
period? =~ Should this be done with consulting firm,
individual consultants, secondment from within the
country, expatriates as individuals or under bilateral
ald, overseas training, addition of permanent staff,
etc,

3.45 Consider the construction phase from the point of view
of the Bank's project supervision activities:

a. Are there any foreseeable problems?

be How frequent supervision mission?; and,

¢. Discuss reporting requirements (technical aspects ).
3¢ See 0.Ms 6.06 -~ Supervision

3.46 Miscellaneous



de

Identify any effects on the naturel environment
which the project may have {(e.g. loss of agri-

- cultural land or fishing grounds; pocllution of

air and water; chemical pollutants harmful to man
or wildlife; disturbing or destroying a valued
natural habitat or reserve). Discuss the signi-
ficance and possibilities of increasing, avoiding
or minimizing these effects - and the costs in-
volved. Should any related costs/benefits be
taken into account in the estimate of the economic
return;

See PoU.PMo 19

be
Co
do

Resettlement;
Land acquisiticn preblems; and,
Water rights

See 0.Ms 5.05 =~ Projects on Inbernational Vaters.
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Le10

L1

La12

Le13

L1k

L.15

Le16

Le17

- H -

4.0 THE BORIOUER

General Oreanization

See O.M. 5.0y - Organization and lManagement of Project
Entities

Is the present organization appropriate for planning, ex~
ecution and operation of the project, or is some other kind
of entity or a different structure needed? (This question
needs particular attention when the project is large in re—-
lation to present operations.)

See OuMs 3.02 =~ Choice of Borrower, etce

What is the legal basis of the organization and any note=
worthy features of the legislation or decree or charter,
etc, If the necessary information is available, before
departure the mission should discuss this question with the
Legal Department.

What are the important provisions of any regulations or
controls which affect the borrower (see 2.1L)? Any problems
of borrowing power or obtaining guarantee?

To what degree is (or should be) the borrower autonomous?

What constraints affect the ability of management to set
rates?

Are there any unusual features of operating regulations,
rules and by-laws?

Does the borrower have any activities other than electricity
(water, telecom) service? How do they inter-relate?

VWhat are the functions of the policy-making body (the Board
of Directors or equivalent) and management and the relation-
ships (formal and informal) between them? Are any changes
indicated? How and under what conditions are Board members
appointed?

Are there any close relationships with any other company(s)
or department(s)?



h.lﬁ

Lo20

Le21

Le.22

Le23

L2k

L.25

Le26

Obtain or prepare an organization char® for the borrower.

Consider:

8s Lines of authority;

be Span of control;

ce Division of operational responsibility;
de Overlapping functions;

e@s Departmental structure;

fs Informal structure; and,

gs Geographical structure

Any changes indicated?

Management and Staff

Investigate and evaluate the individuals in the top two

or three levels of management for qualifications, experience,
competence, FHow well do they carry out their technical ,
finaneial and general manageuwent functions - individually
and as_a team? Does management need to be strengthened?
Should the Bank have a voice in selection of Key managers?
If the Board of Directors take an active role in management,

their abilities should slso be tsken into account.

Would the organization be seriously damaged by the loss of
one or two key men?

Adequacy in numbers and quality of staff below management
level:

a. Engineers and technicians;
be Accountants; and,
Coe Administrators

Is there much turnover?

Vhat are the important gaps (if any) at all levels, and/or
describe any problems of overstafiing.

What is the total number of employees (by categories if
possible)?

Is the total high/low? e.g. in relation to number of customers?
What effect will project have on company employment during

both construction and operating periods? Are there any con-
straints on management right to hire and fire?

Are any special training programs indicated?
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Le27 Are personnel policiss satisfactory?

Consider:

s Recruitment;

be Salaries and fringe benerit levels;
Ce Promotion; and,

de Working conditions

L.28 Do all employees belong to a union? How strong is it?
Have union-management relations been satisfactory?

4,30 Management Systems

Le31 Investigate and evaluate the accounting system, with
particular attention to its design, how well it functions,
and the quality and timeliness of its output. How ef-
fective are cost control methods, and the internal audit?

If the accounting system is not an effective management
tool, what changes in the system itself and/or its
operation are needed?

Le32 If the borrower has more than one activity, are separate
accounts needed?

Is there need to protect ageinst diversion of funds?
ho33 Audit

Are the arrangements for independent audit of annual accounts
satisfactory?

Do the borrower and the auditor fully understand the Bank's
requirements and standards for the audit?

3¢ See OcMo 5,10 = Audit of Borrower's Accounts
435 Investigate and evaluate:

ds Technical and financial planning (long=term);

b. Budget system - capital and operating (annual);

C» Internal information flow (financial and operating
information);

de lMeter reading, billing and collecting;

€. Purchasing;

L Inventory'controlg

g« Public relations and customer service; and,

h. Insurance program



Le36 If changes in the management systems are indicated, to what
extent is the borrower capable of making the changes itself?
Is oulside help needed? If so, how much, in what areas, and

in what form?

3 See D.,P'I. 8.1 = Selection of Consultants by Borrowerse
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510 Past Record
5.11 Analyse income statements for the past three to five years

with particular attention to:

as Average rate and rate structure {calculate “index
rate'l/ for each year);

b. 'hat has been the objective of rate policies;

ce Total revenues (by category). Note effect of past
tariff -changes;

de Operating expenses (excluding depreciation): are
they high or low in relation to sales, nurber of
employees, physical plant characteristics, rate
base, number of customers, fuel costsy; ete? Do
they reflect adequate maintenance? Do they reflect
important price level changes? Uhat are policies
regarding capitalization of overheads?;

@s Depreciation (policy and rates);

fo Dividend policy (if any);

g« Is the borrower subject to income taxes? If 50,
how is the tax calculated? What other kinds of

- taxes are levied?
he Calculate operating ratio and rate of return.

Keep in mind that trends over several years are more re-
vealing than one year's accounts.

5el2 Analyse balance sheets for the past three to five years
with particular attention to:

a« Flant account - basis of valuation? TIf revale
uation needed, what is the best mechanism? ;

be. Receivables =~ detailed analysis by customer category
and age. If receivables are too high, what actions
are needed? Vhat is write-off policy, if any?;

Cs Inventories = level, valuation;

de Cash and equivalent = What is the normal level of
working cash? Are overdrafts used routinely?
Does level reflect needs for project or program?
Ioes borrower have complete or limited control
over-its funds? How effective is management of
cash?;

1/ The "index rate” is the average rate (expressed in B#/kwh, US¢/1,000
B gal., etce) necessary, with all other factors remaining unchanged, to
produce a 10% rate of return.



€. Long-term debt - lenders, currencies, amounts
(original and outstanding), terms, conditions,
amcrtization schedules, mortgage and other in-
denture provisions, exchange risks, etc.;

f. Pald-in equity,; retained earnings, customer contri-
butions, identity of shareholder(s);

g+ Accounts payable ~ by category and age. Are trade,
contractor, supplier relationships satisfactory?

he Short-term debt - lenders, purpose, terms, etc;

i. Contingent liabilities and commitments;

Je Iaterial litigation; and,

ke Calculate debt:equity ratio and current ratio.

5.13 Analysis of cash flows for past three to five years with
particuiar attention to:

as Capital expenditures;

be Sources of debt and equity;

ce Amount of self-financing;

de Debt service coverage; and, -

ee Effect of any change in exchange rates.

5«1k If the basic statements are consolidated, call attention to
any important effects of the consolidation.

5.15 Obtain and analyse as necessary the statements of parent, sub-
sidiary, or related compemies,

5«20 Financing Plan

3o See 0.1+ 5.02, pages L=5

5.21 For the project and other works during the project period:
Requirements:

a. Capital expenditures by time period;
be Debt service; and, ;
c. Working capital, dividends and other recuirements

Source:

a. DBank loan - basis for amount and terms
of loan proposed. Does the borrower need
the loan? TIs any retroactive financing in~
volved? For consultant services = for supply
or construction contracts? Is any local
currency financing involved? If IDA, what
relending terms and legal arrangements are
proposed?
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5.23
5.2

5.30

5.31

- 18 =

See Qolla 2,01 = Payment Terms of loans and Credits

See JeM, 2,03 =~ Foreign Exchange loans for lLocal Expenditure
See P,U.P.MM. 18 ~ Local Currency Financing

See O0.is 2,00 =~ Interest During Construction

See 0¥ 3,04 = Security Arrangements

be Other borrowing - local bond market, government,
suppliers, etc. ~ amounts, terms, conditions;
ce Joint financing (if any);

See 0.M. 3.03 =~ Joint Financing

de Other sources of funds - govermment equity or
grants, sales of shares, customer contributions,
internal cash generation; and,

€. Present status of all arrangements in (b), (c)
and (d).

Are there well=defined and detailed disburssment or drawdown
arrangements for all sources of funds?

What measures are proposed to cover ény cost overruns?
Is there need for the Bank to establish any kind of control

over the level of capital expenditure for the program and
the project? After the project?

Ffinancial Forecasts

See Oa o 5002, pages .].L—S
General instructions:

a. Projected income statements, cash flows, balance
sheets should begin with at least one year's actual
figures (preferably two or three) and extend at
least two full years beyond the year of the closing
date. See for the standard form of
the statements and standard terminology; and,

b. The projections (especially the income statements
and cash flows) should be completed (or at least
roughed out) in the field so that the assumptions,
the figures themselves, and their implications
(e.g. for rates) can be discussed with the borrower.
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Projected incoma statements

as Physical sales - related to technical foracasts,
any change in sales mix, losses? Any change in
consumption expected to result from rate changes?
To what extent are long-term sales contracts
important?;

b. Rates and rate structure (what kind of covenant
will be proposed);
Calculate average rate and index rate {see 5,11,
(a)) by years;

ce Revenues - from sales, other fees and charges,
interest, non-operating revenues. Take into
account a reasonable amount for uncollectable
accounts;

de Operating expenses -~ detailed projection by
category (see standard statements) and, if
possible, separately by function (production,
transmission, distribution, administration,
etce). Important assumptions in notes. Give
specific attention to the effect of the project
on the present level of operating costs;

e. Interest (see standard annex for debt service
projections);

f. Dividends; and,

ge AMAnalysis (standard ratios plus other noteworthy
features)

See D.Ms 2.7 =~ Sensitivity Analysis
Projected balance sheets

de Forecast of receivables;

be Forecast of payables (special attention to pro-
cessing of project payments);

cs Inventory changes;

de Short-term investments, investments in sube
sidiaries, etc:

€. Plant account -~ work in progress and timing of
entry of facilities into rate base, make clear
the basis of valuation; and,

fo Forecast of debt ~ is there =ny need for Bank
contrel of long— or short-term debt?

Analysis of balance sheets (see for standard ratios).
Projected cash flow statements.

Analysis of cash flow statements (see for standard ratios.



6.0 MISCELLANEQOUS CONSIDER&TIONS

a. Keep in mind the need for protective covenants and
other kinds of assurances from the government and
the borrower;

2 See D.if 6.1 =~ Loan Documents
TS See DuMe 6.2 = Contractual Documents

be A timetable for specific actions or events pre-—
requisite to negotiations, signing, effective=-
ness of the loan should be discussed and agreed
with the borrower;

ces The general provisions of reporiing requirements
should be discussed; and,

de A specific channel of communication (including
copies to other parties) should be agzreed with the
borrower.

JHJennings/TBerrie:cdd
November 12, 1970
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TO:

FROM:

SUBJECT:

INTERNATIONAL DEVELOPMENT | INTERNATIONAL BANK  FOR INTERNAT I ONAL FINANCE
ASSOCIATION | RECONSTRUCTION AND LEVELOPMENT CORPORATION

OFFICE MEMORANDUM 7+ /=

fq/a{h bfa
Public Wilities Staff (Power) DATE: June 20, 1973

Y. Rovani :7¢2fi4%?§§?2;[

Public Uhility Note 1

- Generatince Plant Reserve Margins

I am attaching herewith Public Utility Note No. 3 dealing
with Generating Plant Reserve Margins, a topic of importance with
respect to pewer system planning, operation, standards of supply,
etc. This is the third of a series of "Notes" which, as I hLave
explained previously, will be issued from time to time con a variety
of subjects of interest to Public Ubilities; staff. These lotes are
neither policy statements nor working insh muctions. They have been
designed as e simple and flexible wvehicle .Jor communication,
primarily with Public Utilitdies staff, rezirding important develop=
ments, such s Public Utility Note No. 1 d:aling with the Petroleum
situation; t¢ keep staff posted on specifi: Bank lending problems,
such as Public Ubility Note No. 2 on estimibing the costs of Large
Tunnels; to report on progress regarding longer term research
projects such as Village Electrification; and finally, like this
Note, to frare and comment on issues, not necessarily resolved, but
of general interest in the sector.

The: practice has been established to have these Notes
reviewed by ad hoc panels including represantatives of the utilities
divisions as well as other staff, Their contribution is hereby
acknowledged,

Your comments and specially any suggestions for subjects

to be covered in further Notes would be extremely helpful and
welcome.

Attachment

TWBerrie:jr
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GENERATING PLANT RESERVE MARGINS

Introduction

1s This note describes some practical approaches to determining the
amount of spare generating plant capacity that should be planned for in
order to achieve an optimum standard of gecurity for a particular electri-
cal supply system. The more generating plant provided, the higher the
standard of security obtained but the higher the amount of capital re-
quired; conversely, the less generating plant provided, the lower the
standard of security obtained (and the less amount of capital required) but
the greater the likelihood of loss to the economy from interruptiona of

supply.

2 Until the last few years, little attempt has been made *~ quantify
the loss to the economy in planning for a particular standard of security,
decisions on generating plant reserve margins having been taken on a purely
subjective basis. Recently, however, it has been shown that in many cases
it should be possible to carry out a simple arithmetic calculation to deter-
mine, at least within a range of values, what the reserve margin should be.

3. Since expenditures for generating plant require large amounts of
capital resources, this question of what would be the optimum reserve mar-
gin is an important one, especially for the developing countries. There-
fore, all appraisals of electricity supply systems should include an ex-
amination of the various elements involved in agssessing the optimum reserve
margin for the particular system under appraisal.

4. This note assumes that the estimated system demand (kW and kWh)

must be met, dealing with how to come to grips with determining the standard
of risk at which it should be met. It does not deal with the arguments either
for or against making system extensions or raising or lowering the estimated
system demand; both of these topics are dealt with in other Public Utility
Notes., ,
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GENERATING PLANT RESERVE MARGINS

i The Problem

1. It 1is not possible to provide infinite security for electricity
supplies as thils would require infinite resources; hence the practical pro-
blem is to declde what standard of security should be planned for in a par-
ticular case. The plant shortage which causes the maximum loss to the eco-
nomy 1s that of the generating plant, as distinct from the transmission and
distribution plant. This is because a shortage of generating plant affects
the system as a whole, while a shortage of transmission or distribution plant
affects only a part (often a very small part) of the system. Capital ex-
penditure for electricity can amount to 30% of the public expend’ .ure, and
expenditure for generating plant amounts to about 20 - 40% of this. This

is of great importance to all economies, but particularly to the economies

of the developing countries, where capital resources are difficuist to obtain.

2. Practical methods of determining the amount cf generating plant
which is appropriate to planning a particular system vary from the 'rule-
of~thumb' to the sophisticated mathematical type, depending on what is war-
ranted in the circumstances. At "risk'" are both the capacity of the gener-
ating plant to meet the instantaneous demand (kW) made on the electricity
supply system at "critical" periods (e.g. at the time of maximum system de-
mand) and the amount of electrical energy (kWh) required over a given period
of time, the latter being important mainly for systems with a large pro-
portion of hydroelectric capacity. The amount of '"spare'" generating ca-
pacity to cover this risk is described as the ''generating plant reserve
margin' and is usually expressed as the excess of installed capacity over
the maximum system demand divided by the latter.

II. Two Approaches

3. There are two approaches in determining generating plant reserve
margins. The first one is not appropriate to the Bank's work; it is to
consider mainly the financial consequences of different security standards
on the supply utility only. This is the approach a profit-maximizing enter-
prise with no direct social responsibilities would use. Such an enterprise
would either offer the lowest tolerable standard of generating plant secu-
rity or merely raise pricea to provide for any margin of spare capacity it
considered desirable to maintain the "goodwill" of its customers, also
bearing in mind their political influence. This is because:

(a) security of supply is expensive to provide;

(b) the number of interruptions of supply due to transmission
or distribution failure greatly exceed those due to a
shortage of generating plant, even though their total
effect on the economy may be less; and

(c) within reasonable limits of standards of security, it cannot
be proved that security significantly affects the rate of
long~term load growth.
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4, The second possible approach is to consider, in addition to the
financial effect on the supply utility, the effects of electricity supply
interruptions on the community, i.e. on industrial production, trade and
business, social and leisure activities, etc., in all of which the loss of
benefits to the community as a whole resulting from a supply interruption
can greatly exceed the cost of the electricity itself. This approach of
including the benefits to the community as a whole in the assessment of an
acceptable standard of security is the one which is appropriate in the
Bank's work.

I1I. Rules for Deciding on the Standard

e The electricity supply industry should not spend less on security
than the value of the loss, damage or inconvenience suffered by the community
collectively from an interruption of supply, nor should it spend zw:a.

This criterion can be expressed as:

The optimum standard of security is that at which the { ﬂ ﬂ
expected cost at the margin to consumers of kWh not supplied MG
equals the expected cost of supplying those kWh. l
6. If it were possible to reflect in retail tariffs the costs of
security for every hour of every day throughout the year, the decision as to
what standard of security is appropriate could be left to the co.sumers.
In some cases it is possible to give an approximation of this "message' to
them by making special charges at critical periods, so far as the supply
position is concerned. However, in most present tariffs the costs of
sacurity are spread over all kWh supplied throughout the year or a large
part of it and the consumers are not given enough information to make a
fully informed decision for themselves. Therefore, the main method of
deciding on the standard of security is to estimate the marginal benefits
and costs of security, so as to lead to approximately the same standard as
the consumers would select if they could be given the full information.
This requires a consideration on the following:

(a) The bemefits of a particular standard of security

(1) cto consumers, in terms of how they might value kWh not
supplied (included are community benefits, e.g. those
of a "law and order" nature) assuming a given pricing
structure;

(11) to the supply industry, in terms of the indirect loss
through the effect of security standards on public
confidence and goodwill and through the restriction
on the natural growth and demand due to loss of
confidence.

(b) The cost of security.

Each of these items will be taken up in turn.
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IV, Benefits of Security to Consumers

T It seems reasonable to suppose that the benefits of security to
the consumers vary according to the time of day or year of the potential
load reduction, its duration and the type or consumer affected. The dur-
ation of the load reduction can be particularly important in aluminum works
and similar continuous-process industries where a lengthy disconmection
might cause considerable damage. Unless such industries dominate, in order
to simplify the problem it usually is possible to assume that either the
duration of a disconnection will not be long enough to cause this sort of
damage or that security for this type of supply is provided for separately
from the rest of the system.

8. A difficult problem in trying to estimate the benefits of security
for the separate classes of consumer is to distinguish between voltage/fre-
quency reductions and total disconnections. Apart from those consumers
using equipment sensitive to voltage or frequency changes (e.g. computers,
control equipment or television), voltage and frequency reductions may be
scarcely noticed or may become a normal part of daily life. This can be
decided only in practice, however, as failure to supply kWh may cause high-
value use to be denied (where the marginal value is greater than the price
charged) and, alternatively, even marginal use may be less valuzble than a
marginal reduction in costs. Also, industrial, commercial and the wealthier
residential consumers often adjust to voltage and frequency reductions by the
extensive use of costly voltage regulators (as in Argentina).

Industrial Consumers

9. An estimate of the value of kWh not supplied must have regard to
the possible pattern of production of goods and the capability and cost of
being able to supply the producers. The maximum value of the benefits fore-
gone by an additional consumer of a kWh not supplied is at least equal to
the cost per kW of any captive plant he is prepared to put in (if any) di-
vided by the number of hours during which he is catering for public power
shortages. A lower value of the benefits foregone is represented by the
change in value added (averaged out over the year) due to the non-supply

of a kWwh, remembering that some costs normally counted as variable (e.g.
labor) may be fixed costs in the short run. The ability to determime these
values with any accuracy will vary from case to case. A minimum value is
the average revenue per kWh not supplied at current tariffs.

Commarcial Consumers

10. An approach similar to the above can be made for commercial con-
sumers. Here it is often more difficult to determine the change in value
added (or the profits foregome) due to the non-supply of a kWh than in the
case of industrial consumers. Again, the ability to determine the values
with any accuracy will vary from case to case. A minimum value is the
average revenue per kWh not supplied at current tariffs. '



Domestic Consumers

11. Estimates of the value placed by domestic consumers on a kWh not
supplied will vary according to the activity being performed and in some
activities a short interruption of supply simply leads to postponement of
the activity. The main items affected will be domestic work and leisure;
time spent on either activity will vary with the life style, standard of
living and wage level. In the case of a large domestic consumer, the maxi-
mum value of the benefits foregone due to the non-supply of a kWh is again
represented by at least the cost per kW of any captive plant he - prepared
to put in (if any) divided by the number of hours during which he is cater-
ing for public power shortages. A lower value of the benefits, however, and
the value of the benefits foregone by average and small domestic cuasumers
are much more difficult to estimate. Some estimates can be made from the
total amount spent in a year on alternative apparatus for supplying heat/
light (e.g. kerosene stoves/lamps and candles) divided by the number of

kWh not expected to be supplied. A minimum value for this is the average
revenue per kWh not supplied at current tariffs.

Community Services

12. With respect to the value of electricity in community services,
e.g. street lighting, traffic lights, law enforcement and hospitals, which
intrinsically have high socio-political values demanding individual high
standards of security, it is more economic to provide them by means of
emergency on-site generation or batteries than by raising the standards for
all consumers.

V. Putting a Value on kWh Not Supplied

13. The above empirical analysis will lead to a set of values that
consumers might place on kWh not supplied, as follows:

Industrial consumers: a¢ to b¢
Commercial consumers: c¢ to d¢
Domestic consumers : et to f¢

An average for each consumer class, weighted by the number of consumers -
kwha in the large, medium and small categories can be made. An average for
all consumer classes, weighted for the proportion of total consumers-kwhs
in each class, also can be made.

14, Comprehensive estimates were made in the period 1967/68 by a
Swedish Committee on Supply/Interruption Costs, which carried out a survey
among consumers of the real detectable cost of a supply interruption (i.e.
excluding costs of a psychological nature — anger, discomfort, etc.). A
summary of the estimated value to consumers in Sweden of kWh not supplied,
as determined by the simple system of weighting described in paragraph 13,
is as follows: )
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Industrial consumers: 30¢ per kWh
(lower figures apply to consumers
disconnectable at peak)

Domestic consumers: 78¢ per kWh
Commercial consumers: 96¢ per kWh

This Swedish work is worthy of study. The English version is "Costs of
Interruptions in Electricity Supply' (September, 1969). 1/

15 The U. S. Federal Power Commission in its report on th: Northeast
Power Fallure in November, 1965, suggests that the total economic loss at-
tributable to the failure was in the neighborhood of $100 million. At a re-
cent UNIPEDE Congress in Madrid, Lalander of Sweden suggested that this was
consistent with the Swedish estimate that the average cost to consumers of

a4 supply interruption is 20¢ per kW plus 40¢ per kWh. Another example of
the value of electricity not supplied, which was applied by a power company
in Japan in the 1960s, is:

kW value: $2.8 to $6.6 per year (depending on
the magnitude of the interruption)

kWh value: 20¢ per kWh

16, The effects of an interruption of supply depend not only on the
kWhs not supplied but also on its gross magnitude; for instance, the effect
of a loss of 100 MV demand for five minutes might not be equal to a loss of
5 W for 100 minutes. Thus, in calculating the benefits of electricity sup-
ply, both the kW-value and the kWh-value should be taken into account if
this {s practicable. All of these figures can be regarded as only the cru-
dest of guides. They have been determined for large, interconnected
alectricity networks in developed countries. The values for developing
countries may well be different, especially for those with small electricity
natworks. For reference there is a report prepared by Ebasco Services for
Taiwan Power Company on system reserve capacity requirement under the sys-
tem planning study of the Bank's second power loan to Talpower. 2/ The re-
port tries to find the optimum standard of security by balancing the invest-
ment cost and the losses to the economy due to power curtailment on a macro
basis. Although the result was not perfect due to insufficient basic infor-
mation, the approach is correct. '

VI. Benefits of Security to the Utility and the Economy

1da The direct benefits to the economy as a whole are any sales taxes
received from the sale of kWh that would not otherwise be produced.

1/ Available from the Public Utilities Department, CPS.

/ Available from the Public Utilities Division, Asia Projects Department.
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18. The indirect benefits of security to the utility are the goodwill
associated with a high standard of supply. This is partly reflected in the
attitude of consumers toward installing privately owned plant, as already
discussed, and partly in the consumers' attitude toward paying their bills
on time, etc. It also affects the long-term growth rate of the power
sector. 1/ All indirect benefits are intangible and can be decided on only
by judgement.

19. A higher standard of security eases the tasks of management from
the operational and some public relations points of view (it may increase
the tasks from the financial and other public relations points of view).
The question has to be asked, however, how much consumers' money should be
spent to safeguard the industry's reputation or to ease the tasks of its
managers. Before proceeding to the cost aspect of security, some linking
items will be dealt with, i.e. when aund how to provide for security.

VII. When to Provide for Security

20. Any part of the electricity supply system can fail at any time.
With respect to generating plant, sufficient plant must be operating, or
available at any time, at leass than full output to take over quickly a
reasonable proportion of the loss of output caused by the failure of other
generating plant in the system.

21, In power systems with a large proportion of thermal g-nerating
plant the period of system peak demand, 2/ when nearly all generating
capacity is in operation, needs to be especially catered for. For planning
purposes some spare generating capacity (kW) must be built into the system.

22. In power systems with a significant proportion of hydroelectric
plant, besides the period of system peak demand a further period of im-
portance is the critical period when there is danger of not being able to
supply both the maximum demand (kW) and/or electrical energy (kWh) require-
ments due to lack of water in the reservoirs. For planning purposes some
spare hydro storage or steam plant (kWh) must be built into the system.

VIII. How to Provide for Security

23. Wheiher maximum demand (kW) or electrical energy (kWh) is the

predominant factor, the basic method for providing security is to install

a margin of spare generating plant over and above the capacity required to

meet the mean expected peak demand and usually expressed as a percentage of

the latter, Some of the countries with significant proportions of hydro - i

plant take for their hydro capacity the maximum output that could be de- i e

pended upon in the driest year, and in other such countries the average 4&3&; AR

year is used in the estimates. X&Jumv°'f ’
&

1/ There is some dispute over this, see paragraph 3.
2/  In such systems this is usually the only "critical" period.
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24, Methods of determining what degree of security will be provided
by a particular size of generating plant reserve margin 1/ are based on
“probability" and/or "experience." '"Probability" in this connotation means
that the probability of meeting demand (kW or kWh) is calculated from em-
pirically found distribution functions of the deviations of generating plant
availability and demand at any particular time from the mean expected
values. The distribution functions are based on a statistical analysis of
past years. The use of "experience' is similarly based on an analysis of
past years; but generally only average quantities are calculated and Judg~-
ment is used to fix the appropriate allowance for departures from the aver-
age.

29, The method of quoting the degree of security is very ofren in the
numbers of years in ten in which a supply failure can be expected, due to a
shortage of generating plant (kW of kWh). Four components 2/ of "allowance"
are usually catered for in the above process: '

(a) Allowance for uncertainties of lbad (kW of kwh).

(b) Allowance for generation output being below the maximum expected
(late commissioning, lack of availability of existing plant or
unexpected hydrological conditions).

(¢) Reliance on interconnection between generating plants.

(d) Allowance for load reduction by reduction of voltage or frequency
or by disconnection by mutual arrangement with consumers.

The degree of security warranted in any situation can be determined either
by Judgement from past experience or by finding the implied plant margin
whose costs equate the benefits to consumers and the economy, as calculated
in paragraphes 7 through 13, or a mixture of both.

26 Additional security implies an additional plant margin and there-
fore additional capital cost for the generating plant and associated trans-
mission equipment to connect the plant to the electric powetr system. These
costs are usually calculated on a $/kW/annum basis, the capital cost per

kW being converted into an annuity over the plant's economic life at an in-
terest rate equal to the opportunity cost of capital.

1/ As the margin increases, the degree of security must also increase.

2/ See "Security of Supply in Planning and Operation of European Power
Systems" by Peter Cash and Edward Scott, IEEE Transactions on Power
Apparatus and Systems, Vol. PAS-88, No. 1, January 1969 (Available in
the Joint Library).
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217, Same further points to be taken into consideration are:

(1) The addition of new, (usually) highly efficient generating plant
to the system can, in the first few years of its life, effect large
savings in total operating costs in that some of the existing
plant need not generate so many kWh. This effect must be costed,
the costs given a present value, these present values totaled,
then annuitized over the life of the additional generating plant
at an interest rate equal to the opportunity cost of capital
and the annuity subtracted from the annuitized capital cost. 1/

(11) In systems where the degree of intercomnection is small, a small
amount of judgment is better than a great deal of calculatiom.

(111) It is usually possible to make up for shortages of supply in the
medium term hy adding either diesal or gas-turbine plant, but
this may well not be the most economic in the long-term,

IX. Calculating the Warranted Plant Margin and the Degree of Security

28, Thus the arithmetic of calculating the warranted generating plant
margin and the degree of security becomes 2/ a matter of determining that

margin at which - o . , )
, Ty ) lUQMA Aa 4Ln s XPonprsron j;;?
100 IC = H times I, where, . ‘

IC = Net cost in $)kw/annum of an incremental increase in plant margin.

H = Number of hours per annum considered to be at risk at the degree

of security. /b$231‘
IB = Incremental benefits in ¢/kWh/annum.
29, The relationship between the plant margin and the degree of security

for a particular system and how these can be calculated are described in
paragraphs 23 through 26 and in more detail in the article cited in the foot-
note in paragraph 27. The heart of the calculation is the daily load curve
of electricity demand against time for "typical” days of the year.

30, In many situations it may be judged that there is insufficient data
to calculate I,. In such cases a rough check on judgment can be made by
dividing I by H (both can be determined with some accuracy for any system)
and judsing whether the community would be willing to pay the quotient times

1/ See "The Economics of System Planning in Bulk Electricity Supply" by
T.W. Berrie, in "Public Enterprise", Penguin Economice, 1968, available
in the Joint Library.

2/ The worthiness of separating out a warranted margin to cover the most
critical period (kw), as distinct from that to cover an average of all
periods at risk (kWh), is not great, except in the case of the most com-
Plex of electricity systems.
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100 for I,. If I, looks about ten times too high (or low) then one can ex-
pect that something is wrong with the generating plant reserve margin being
used for planning purposes. Some perspective must be borne in mind when
making such a judgment with respect to the "lumpiness" of plant installation.
When large elements of generating plant capacity are being installed as a
regular part of a plant extenaion program, then IB should be applied to the
average conditions over (say) a five year perod.

3l. In the few cases where the judgment referred to in the above
paragraph cannot be used, it is still possible to examine alternative degrees
of security with their implied plant margins and net costs in order to "seek"
a set of appropriate values. In Annex 1 are typical criteria for determin-
ing "ad hoc" generating plant margins, and in Annex 2 are some typical
values,

2. Amex 3 gives a list of questions which appraisal missions can use
to collect information on this subject and make an assessment of the stand-
ard of security which is appropriate for the particular system being ap-
praised.



ANNEX 1

Typical Criteria for Determining "Ad Hoc"

Gencrating Plant Margins at Critical Periods EU,QJY»U»Nm end
T l’u/{
A n 1\
Predominantly Thermal Systems ) o LM P

Largest generator out of service.

Largest and second largest generator out of service.

Largest generator and largest transmission link out of service.
Judged percentage of system peak demand from past experience.
Typical figures froem other systems (see Annex 2).

Prndominlntlx Hydro Systems

Water availability during a "dry" year.

Water availability during an "average" year (5 out of 10).
"Effective" generation capacity.

Typical figures from other systems (see Annex 2).



Degree of Security of European Systems /1

Predominant
Countgz Problem
Austria kW and kWh
Belgium kW
Danmark kW
France kW and kWh

Germany (F.R.) kW
Great Britain kW

Hungary kW

Italy kW and kWh
Netherlands kw
Norway kWh
Poland kW
Portugal kWh

Spain kWh
Sweden kW and kWh

Switzarland kWh

Basic
Method

Experience

Probability
Probability
Probability
Experience
Probability
Experience
Probability
Probability
Experience
Experience
Probability
Experience
Probability
Experience

Gross Plant

ANNEX 2

Degree of

Margin (2 Security (years of
Peak Demand) Failure/l0 year period)
9 (of Ultra- No Estimate
Dependable
Hydro)
15 0.1
16-20 2-2-1/2
17 1
17 No E=*imate
17 0.3
9 No Estimate
16 No Esciuate
27-30 0.03
16 2/ 0.1
14-1/2 No Estimate
20-25 0.5
20 0.5
19 “ 0e3
10-15 No Estimate

/1 For much more detailed information see "Security of Supply in Planning
and Operation of European Power Systems" by Cash and Scott, IEEE
Transactions on Power Apparatus and Systems", January 1969, available

in Joint Library.

/2 Gross Plant Margin calculated on a somewhat different basis using "firm"

capacity instead of installed capacity.

Norway is an all-hydro system

and always carries out calculations on the basis of "firm" capacity of
generating plant, i.e. that capacity which can be depended on (calculated
from the water available) at the critical time.



ANNEX 3

Checklist for Appraisal Missions

The following items are listed as a reminder to consider

the important elements in assessing the required margin of spare
generating plant in any development program:

1.

2,

3.

8.

9.

10.

What is the "critical" period for the system (time of
year, duration etec.)?

What is the implicit or explicit standard of risk adopted?

Is the value assumed for the percentage of total gene=-iing
capacity available at times of system peak demand reasonable?
How was it determined? Could a figure greatly improved in
accuracy easily be produced by better data or method of
analysis? What is the adequacy of records of duration, size
and periodicity of historical outages of genertating plant?

Have errors in forecasting the maximum demand and/or total
system energy requirements been allowed for adequately?

Has any allowance been made for "interruptable" demands?

What percentage of demand can be removed by reducing voltage
and frequency?

For systems with a significant amount of hyrdo plant, what
class of rainfall year has been planned to (average or low)?
Is this assumption reasonable?

Has the feasibility of obtaining electricity from other systems
been examined?

Has any thought been given to determining the change in costs
to the economy of planning to a higher or lower risk standard?
If not, could some figures be easily calculated, however crude?

Is the level of generating plant margin consistent with normal
planning practice on similar systems?

Predominately Thermal Systems 10% to 25% 1/
Mixed Hydro-Thermal Systems 15% to 30% 1/
Predominantly Hydraulic Systems 20% to 40% 1/ 2/

The above figures are defined as the excess of installed capacity (kW)
over the estimated maximum demand divided by the latter, and assume a
raasonable degree of transmission interconnection between generating
stations.

See also note 2/ of Annex 2 in respect to using firm capacity instead
of installed capacity,
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June 1, 1973

Mr, K. Shaw

Administrative Director
Overseas Consultancy Services
The Electricity Council

30, Millbank

London, SWLP LRD

England, U.K.

Dear Mr. Shaw,

Standards of Urban Electricity Division
Research Project

No doubt you will have seen a copy of the letter to myself from
Mr. P.M. Prior, Deputy Chief Engineer, South Wales Electricity Board.
I briefly acknowiedged the letter on May 16, 1973 and must apologize
for not sending you a copy.

I would acknowledge that it is Stage I(a), involving the writing
of the "State of the Art" paper only, which is the subject of seeking
from you a proposal at this stage. The Terms of Reference for the work
remain as those attached to my letter to you of March 29, except that
I would like to add to the "Background" the perspective of the difference
between dealing with large as compared with small towns.

Bearing in mind the approximate time expected to be devoted by your
twomman team, as given in the attachment to my letter of March 29, 1973,
could you please send to me a formal proposal for taking on this work
including:

1. A total cost, plus an approximate breakdown for each item
numbers 2 through 6 of the Terms of Reference.

2. When your team will be able to start work.

3. Whether your team will be able to carry out the items in
the Terms of Reference without breaks in between; if not,
when you would expect to complete the work.

I have no special comments on the letter from Mr. Prior to myself of
May 16, 1973. We are basically dealing with those parts of the system at
(say) 11 KV and below. The effects of devices and designs of those parts
of the system above these voltages would be treated as exogenous inputs
into the study. I have a general comment, which is to point out the
importance of gathering together everything possible on the benefits side,
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i.e. the economic cost of kih not supplied by adopting various standards
of supply. It did occur to me that the use of one of tne economists at
the Council (Mr. Boley?) for a very short pericd would be extremely
beneficial, .

To save time I am copying this letter to Mr. Prior and look forward
to your replying at an early date. My target is to cormence the study
sometime in mid-July, 1973. ,

Sincerely yours,

T. W, Berria
Power Economics Advisor
Public Utilities Department

c¢c to Mr. P.M. Prior
Deputy Chief Engineer
South Wales Electricity Board
St. Mellons .
Cardiff CF3 9XwW
Wales .
U i Ay o " =
cc: Messrs, Stern, Ray, Dunkerley, van Gent, Willoughby, Rovani
: : Howell, Friedmann, Berrie
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See Circulation Below DATE: Jume 1, 1973

[ o e e, G T | ”wftnwni-HNAL FINANCE

Y. Rovani

Central Projects Memorandum: Public Utilities Series
The "Return on the Tnvestment' in Public Utility Project Appraisals

Since it was introduced a few years ago in the appraisal of public
utility projects, the calculation of an internal econcmic rate of return
on a project has been the subject of continuous controversy. This matter
is already dealt with to some extent in OPM2.63 "Public Utilities". The
above Central Projects Memorandum is meant to be read alongside OPM 2.63
and to be an extension to it on the matter of the return, giving clari-
fication in the light of recent experience.

Before the Memorandum is issued in final form, and bearing in mind
its importance, I would like to receive comments from you on the attached
draft by Wednesday, June 13, 1973.

Attachment

Circulation: Messrs. Kirmani, Knox, Thalwitz, Wapenhans, Weiner,
Arnold, Krombach, Morse, Sheehan, Wyatt,
Churchlll J. King, Haq, Stevenson van der Tak,
WllloughbyV Barry, Eccles, Gillette, Street, Zinman



DRAFT: May 23, 1973

CENTRAL BOEIGY MEMORANDUM

PUBLIC UTILITIES SERIES

The "Return on the Investment" in Public Utility Project Appraisals

1. Since it was first introduced a few years ago in the appraisal
of public utili*y projects, the calculation of an "internal econcmic rate
of return" on the project has been a subject of continuous controversy
amongst public ttility staff in general and e:onomists in particular. The
return in this memorandum is defined as the discount rate which equates
the economic costs and benefits attributable %o the project over the
economic life o' the latter; the economic berefits normally being approxi-
mated by attribwtable revenues,

2. The cnnfroversy stems from the serious doubts expressed by many
over the role played by the return in the preject justification process in.
that:

(i) consitleration of going without the project in the public utility
sectors is "known" not to be a practical alternative (because of
the serious loss caused by electricity shortage to the economy),
and a return calculation is not needed to prove this;

(ii) the method used often gives questionable and unreliable answers
due to the difficult assumptions that one needs to make in the
public utility sectors, in order ‘to allocate the incremental
revenues experienced by a whole "system" between the project and
the other elements of the system; and

(1ii) the justification of the project continues to be based on
(a) an evaluation of the market forecast over the life of the

project and (b) the least-cost solution, at the opportunity cost
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-2,
of capital, of the alternative programs of projects to
meet the market forecast.

At the same time, the calculation of the return has inereasingly

been shown to be useful for quite a diffsrent purpose:

(1)

(ii)

it has caused people to ask themselves questions which would
otherwise not have been asked. For example, in the Meiico City
water supply sector the borrower's financial position for the

near future was seen to be adequate; however, the low return on

the new investment pointed to a position in which the average price
of water was lower than the rising .ncremental cost of supply,
reflecting increasing scarcity of water resources (Report No ...
Annex 13, para...). Also, the Bomba:r municipal water supply tarif’s
were estimatéd to be adequate to achieve £he utility's financial
inmedjate cbjectives. However, the low return cn investment showed
that willingness to pay was not used for decision-making, nor had the
tariff structure been used in any conscious way to achieving the
objectives of serving poorer elements of society with water (Report No...
para ...). In the recent Jordan power project (Report No... para...),
the low return on the investment of that portion of the project being
installed to meet growth in peak demand indicated an urgent need %o
examine the present level of tariffs at time of peak demand.

a paper is in draft, which develops a new methodology for calculating
the return on electric power projects. The methodology is directed
towards using the calculation for indicating necessary reforms in
present pricing policy, rather than justifying projects. Low

returns would normally not lead to rejeﬁtion of projects but to
gradual and selective price increases; high returns msy lead to

selective price reductions. This paper is to be finalized shortly.
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L. This memorandum explicitly recognizes that the purpose of calculatirg
the return on investments is no longer to deal with the justification of
projects but rather to improve the quality of the economic analysis of the
projects and to make policy recommendations in public utility pricing.
5. Therefore, this memorandun,to be read in conjunction with OPM 2.63,
recormends that: ’

(a) the calculation of the return should continue to be attempted in
every one of our appraisals, and in the process, due regard shoull
be given to applying shadow pricing, external benefits and income
distribution factors whenever relevant;

(b) when this calculation is not meaninzful, i.e. when no reasonably
reliable assumption can be made as %o allocation of system benefits,
the report should not specify any return and say why it does not;

(¢) 4in all other instances, the value of the return should be shown,
along with reasonably standard langiage of definition along the
1lines of paragraph 1; in the very many cases, where the return
can be regarded as "normal", i.e. approximates to the opportunity
cost of capital, any further statement suggesting the existence cf
Gqsumer surplus or oﬁherwise should be avoided, since in these
cases, OPM 2.63 provides an entirely adequate background;

(d) on the other hand, any particularly important feature should be
commented on; such include:

(1) description of important assumptions such as shadow pricing;
“{4i) comments on sensitivity to changes in important parameters;
and,
(iii) interpretation of "abnormal” results, either low (say
less than 8% to 10%) or high (say more than 15%), especislly

with respect to pricing; give conclusions and recommendaticns;
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(e) the return should be known by the "neutral" term "return on the
investment" since:

(1) although financial data may be all that is available, the
return defined in paragraph 1 is plainly economic in nature
and the nams "internal financial rate of returq" on the
project is ton =asily confused with the annual financial
return on the utility;

(ii) yet the name "economic retwn" is inappropriéte, since

the benefits are normally ajproximated by consumers' revenues
attributable to the project, which are more a reflection
of pricing policies in a regulated industry than an
approximation of benefits.

(f) *he chapter in appraisal reports prusemtly called "Justification of

the Project" should not include the return on the investment since:
(3) 4its inclusion tends to imp'y that the return on the investment

is one of the project choice decision-making elements; and

(ii) discussion of pricing policies and tariff structures is the

most important reason why the return is calculated, as it
is aimed at changes in pricing policy which will help
improve debision-making for subsequent projects.
(g) the return on the investment should be included with the rest of ﬁhe
discussion on the tariff structure in appraisal reports.

6. In the long term, as the whole process of public utility pricing

undergoes adjustment by the Bank's borrowers in the direéticn of becoming

aligned with incremental costs, then the return on investment will gradually

become meaningfvl as a guide to investment decisions, prices will more nearly
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approach incremental costs, and conditions will approach much nearer those
in other sectors of the economy, where there is a world market price by which

to measure benefits. This indesd is the main impetus for working towards

marginal cost pricing.



