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FOREWORD

The project analyst using these quidelines should
first read Part I, General Guidelines. The General Guidelines
provide insights into key considerations for preliminary
project appraisals (PPA's) in all sectors, with a detailed
discussion of the methodology for valuation of inputs and
outputs and for calculating the internal rates of return,
cost~benefit ratios, and other relevant measures of the
worth of a project.

These guidelines deal expressly with matters relevant
to electric power. They tell the analyst how to approach
a power project proposal; what to look for; and how to assure
consideration of the factors essential to an appraisal of
a project. They suggest possible institutional, cultural,
political, and environmental constraints. They encourage
concentration wherever possible on big issues in broad orders
of magnitude, leaving details and matters of lesser importance
to be explored in a detailed feasibility study. Finally,
they lead the analyst through the input and output quantifica-
tion and the computation of the estimated rate of return
for the project, in terms of which the desirability of future
action on the project can be determined.



7

I. INTRODUCTION

An electric power system encompasses the generation,
transmission and distribution of electrical energy. Power
systems are a basic part of a nation's economic infrastruc-
ture. Electric power is employed for the performance of
essential electronic, thermal, and mechanical functions
in industry, communications, and commerce, as well as for
a variety of purposes in the home. Electricity has countrib-
‘uted to the phenomenal growth in human economic productivity
and to enhanced creature comforts during the last century.
The manifold benefits of electric service are recognized
and sought in the LDC's; in fact, increased production of
electric power is often regarded as an index of economic
development and rising standards of living.

Scope of Guidelines

These guidelines are applicable to all elements of
electric power systems, including investment in outside
and inside physical plant, operations and maintenance,
management and technical personnel, operating procedures,
ecorncmic and financial analyses, and system planning.

Using the basic approach of the General Guidelines
for PPA's, these guidelines will cover the following:

. The relation of the project to macroeconomic
variables and national economic goals and
strategies

. Contributions of scctor studice to power
project appraisals

. Political considerations and power projects

. The principal factors to be examined to
disclose the strong or weak points of the
project

. The fundamental mechanics of project
preparation and appraisal

. A summarization of hard core data
requirements.



Characteristics of Electric Power Systems

Electric power systems include relatively expensive
components. They are the epitome of a high capital-intensive,
low employment type of project. The range of choice in
the investment decision-making process for altering the
relative inputs of labor and capital is very limited. A
listing of typical electric power system elements and
alternatives is given in appendix A.

The physical function of power generation is the
transformation of primary energy into electrical energy.
Projects in this sector are very heavy users of fossil fuels
(coal, oil, gas), water for hydroelectric production, and
nuclear fuels.

The power sector possesses its own system of trans-
portation in the form of transmission and distribution facil-
ities. If fossil fuels are used, electric power utilities
may also put heavy demands on the transport sector. 1In
many countries, rail transport is, in turn, a heavy power
consumer.

Another characteristic of electric power is the con-
siderable hourly and seasonal fluctuation in consumer demand.
This, combined with associated peaking problems and system
load duration curves, requires that the attention of the
analyst be directed to measures of capacity in the technical
appraisal of projects in the power sector.

Electric power is frequently supplied or distributed
through system networks or grids. It is often desirable
for interconnections to be made between them, thereby improving
the operations of both systems through the sharing of excess
capacity. Such interfaces and the technical considerations
associated with them are typical of the more importaat angin-
eering design problems encountered in the power sector.

The quality of electric service has an important
impact on the revenues and the rates of return earned by
projects. If delivered voltage to the consumer is too low,
his equipment may not only operate at lower levels of effi-
ciency, it may also be impaired. Interruptions of electric
power not only reduce revenue but also result in loss of
customer confidence. If the supply is of poor quality or
suffers frequent interruptions, increased use of electric
power through additional electrical appliances and facilities



is discouraged. 1In the extreme, major consumers may decide

to invest in their own electric supply system. In the latter
event the national cost of electricity is increased, with

the increase in cost representing an impediment to development.

The characteristics noted above have important implica-
tions for project analysis. First, the heavy capital invest-
ment in such projects requires a careful consideration of
the availability and costs of funds for construction and
installation. Second, in most LDC's, a very large part
of the equipment -- and some of the skilled labor required
in construction, installation and operation in the early
years of the project -- must be imported. 1If domestic currency
is overvalued or undervalued, the use of shadow or accounting
prices is of critical importance because of the large import
content of total investment; if fuel is imported, shadow
pricing is equally important in the valuation of inputs
for operations.

In computing the project rate of return to the national
economy, shadow or accounting prices should be used in place
of actual market prices in pricing inputs and outputs when
market prices do not provide an accurate measure of costs
or benefits. Shadow pricing is discussed in the General
Guidelines (chapter II and appendix B).

The potential economies of scale available with large-
scale installations and the rapid rates of growth in power
demands -- experienced and expected -- lead to proposals
involving the installation of considerable excess capacity
in the early years of project operation. To prevent uneco-
nomic commitments of capital, the analyst must evaluate
the "cost" of different levels of excess capacity. through
the use of the discounting procedurec explained in chapter
ITI and appendix A of the General Guidelines.

As compared to relatively large and interconnected
power systems occurring in the more developed countries,
small, isolated power systems in LDC's may require relatively
greater reserve capacities for unscheduled outages and main-
tenance purposes. This may be particularly true when a
system has just installed new and more complicated units
of much larger than customary size, because considerable
time is required for the acquiring of cperating experience.

The high fixed cost -- and comparatively small variable
cost -- mix of power systems poses special problems and
opportunities in pricing of output. These are discussed
in a later section and in appendix B.



Power projects are often prestige undertakings. There-
fore, decisions about the type, scale, location and rate
structure may be influenced by social, regional and political -~
as well as economic -- considerations. Economic rates of
return along with such considerations will form the basis
for final decisions. The PPA can point up the economic
consequences of different alternatives in juxtaposition
with these other considerations.
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II. RELATIONSHIP OF PROJECTS TO MACROECONOMIC VARIABLES,
NATIONAL ECONOMIC OBJECTIVES AND POLICIES

If a national economic plan exists, development goals
will have been established and national resource allocations
planned to achieve these goals. Power projects can be
affected in a number of ways by such a plan:

1. The planned rate of overall economic growth is
an important factor in projecting the rate of increase in
the demand for =1lectric power.

2. The pattern of change in industrial structure
will influence the future location of power projects and
the magnitude of increases in power requirements. For example,
a heavy commitment to industrial development will imply
faster growth in power requirements than a similar emphasis
on agriculture.

3. Policy guidelines for investment decisions may
impose certain restraints on power projects. For example,
national policy may place heavy emphasis on labor-intensive
projects, on projects requiring small foreign exchange inputs,
on projects that can be completed quickly, and on projects
yielding a high rate of return. Some or all of these may
have a constraining effect on power projects.

4. 1If the national plan also provides for regional
development, this will clearly affect the spatial pattern
of future power requirements and the location of projects.
As an essential component of infrastructure for industrial
development, power projects may be used to accelerate devel-
opment in specified regions, but the economic possibilities
of such efforts will depend in part on the location of primary
energy resources.

5. Policy measures to limit imports and conserve
foreign exchange may influence the choice between thermal
and hydro installations, and between the use of domestic
and imported fuels.

6. Projected government revenues ond current expendi-
tures will sct the planned flow of government funds available
for direct investments and/or loans for power projects.

7. Policy measures to restrain domestic production
of nonessential consumers' goods (e.g., electric washers,
driers, refrigerators and air conditioners) and high import
duties on appliances will restrain the rate of increase
in residential and commercial power requirements.,



Tf a national economic plan exists the analyst should
examine the implications for power projects. If there is
no formal plan, objectives, policies and strategies will
have to be inferred from such sources as budgetary documents,
the statements of government officials, "white papers" and
the actual pattern of economic decisions during the recent
past. Whatever the source of nis information, the analyst
should seek a perspective from which the project can be
viewed in the context of the general economic situation.



III. SECTORAL STUDIES AND THE PRELIMINARY
PROJECT APPRAISAL

Project appraisals are preferably made in the context
of a sectoral plan or comprchensive study of the sector.
If such a plan or study is available, the analyst should
examine its contents in terms of the following considera-
tions:

l. Does the power sector plan or study at the national,
regional, and local level include the following features:

. Projections of power demand

. Optimum methods of meeting demand based on
engineering and economic criteria

. Appraisal of indigenous sources of primary
energy

. Integration of local and regional power
supplies into a national grid

. Standardization of engineering and power
supply characteristics

. Optimum phasing of additions to generating
capacity and extensions of transmission
and distribution systems.

2. Was the power sector plan prepared by professionally
competent engineers and economists, with proper balance
between the two, and with sufficient objectivity to eliminate
possible bias in terms of recommended alternatives for the
supply of electric power? Was it sponsored by or were its
findings accepted by international financing institutions
such as the IBRD?

3. Was the power sector plan developed in concert
with a national economic development plan to insure mutual
consistency and coordination of all essential elements,
including projected growth in demand, phasing of additions
to capacity, regional and national priorities, the supply
of fuel or other primary energy from indigenous sources
or imports, etc.?

4. Assuming the existence of a power sector plan
meeting the above requirements, is the proposed project
in conformity with that plan? If it is nnt, what rationale
or justification is presented for deviating from the plan?
Has this been examined and approved by the authorities at
the national level having responsibility for national plan-
ning, economic policy, and administration of the development
of the power sector?



5. Have alternative methods of meeting the prospective
demand for power been examined which might permit postponement
of the proposed project through improved use of present
facilities? Among these, the following should be considered:

. Improved management and operation of existing
plant to reduce or eliminate interruptions in
service

. Flattening out the daily and seasonal load
curve by shifting peak requirements to periods
of low capacity utilization through incentive
pricing and administrative changes

. Load sharing through interconnection with
other plants or systems if required capacity
is available.

6. Has selection of the proposed investment been
based on equal consideration of all possible alternatives,
including all the economic variables? Among these alterna-
tives are the choice of fuel, the source of fuel, the type
of generator, the size of generator, and the choice of in-
creased generating capacity versus interconnection.

7. Were the cost-estimating techniques and methodology
employed for such widely divergent alternatives as hydro-
electric, nuclear, or fossil fuel, and interconnection versus
increased generating capacity, on a comparable basis? Are
underlying assumptions on future costs of fossil and nuclear
fuels equally reliable?

8. Is the proposed technology adaptable to the techni-
cal capabilities and requirements of the country? What
would be the effect of a different technology on investment
and operating costs?

9. 1Is the project fully integrated with all related
elements, and are these taken into account in estimates
of investment and operating cost? Are all elements of genera-
tion, transmission, and distribution taken into account?
Have possible additional investments in fuel production
and transportation facilities been *taken into account?

10. Has attention been given to manpower training
programs required to improve efficiency of existing opera-
tions and to assure efficiency in the operation of new plants
at all management, technical, and clerical levels? Have
the costs of such programs been taken into account?



11. If a new plant is proposed, has adequate provision
been made in both land and building structures for future
capacity expansion? The same consideration applies to the
planning of investment in transmission and distribution
facilities.

12, Illave the economies of scale applicable to the
production of electrical generating equipment been fully
taken into account in the selection of generator size? Have
the economies of scale been fully evaluated against the
diseconomies of investment in excess capacity?

A power sector study may incorporate what is essen-~
tially a preliminary review of a project. If this is so,
the analyst merely needs to check the work that had been
done previously, perhaps bringing the project study up to
date or providing whatever the previous study lacked to
upgrade it to a PPA.

If a power sector study or plan has not been made,
the project analyst should identify the minimum informational
requirements for a preliminary appraisal as a guide in assem-
bling data. Much of the required data can be developed
from operating statistics from existing power systems in
the country and from population and industrial censuses.

If the essential data are not available within the
country, useful information can be obtained for other countries
at comparable stages of economic development and with similar
industrial structures and degrees of urbanization.



IV. STEPS IN THE PRELIMINARY APPRAISAL

Project preparation and appraisal consist of the following
steps:

l. 1Identification of need for project and category
of project

2. Formulation of promising physical resource flow plans

3. Pricing the project

4. Selection of the most promising alternatives

5. Computation of rates of return

6. Sensitivity analysis of rates of return

7. Evaluation summary

While the above steps can be discussed as discrete
steps that will occur in the stated order, it should be
recognized that in the course of carrying out these steps
there will be considerable interaction. For example, in
carrying out step 4, the analyst may find that other alterna-
tives suggest themselves, and he may find it necessary to

return to step 2.

Identification of Need for Project
and Category of Project

Evaluation of Existing Demand-
Supply Situation

The first step in the appraisal is to review the
existing demand-supply situation. This includes the demand
for power (average weekly and peak) for recent years compared
with the available capacity. Special attention should be
given to instances where the available capacity was insuf-
ficient tc meet demands. Based on scheduled additions to
present capacity (less scrapping), the scheduled capacity
(without further additions) can then be determined.

Of particular importance are indications of unsatis-
factory quality and dependability of electric service, such
as power rationing, "brown-outs," and the number of industrial
plants and institutions with their own generating equipment
(usually a high-cost source of power). These indications
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and information on unavailability of installed capacity
due to breakdowns may indicate the need for improved main-
tenance, training and other corrective measures involving
supplementary invastments. Correction of diagnosed defi-
ciencies or improvements in management can yield very high
returns with little investment and therefore deserves very
high priority.

Where there are sharp but short peaks in demand,
it may be useful %*o explore ways to reduce peaks by resched-
uling industrial demand. Suitably designed rate adjustments
can be helpful in achieving such reduction.

The existing demand-supply situation should be related
to previous forecasts, including assumptions.

Demand forecasts available from a previous sector
study should be reviewed for completeness and timeliness
in the light of current conditions. Certain underlying
economic factors may nave changed since the original demand
estimates were made. The analyst should check the original
data sources and update or modify the estimates as necessary.
For example, a recent census may show population growing
at a slower rate than was previously projected, or it may
be found that a planned industrial complex is materializing
on a scale different from that originally anticipated. The
PPA should reflect the latest developments or plans in the
proposed service area.

As part of the review one should attempt to note
slippages in scheduled installation of capacity and the
current status of such installation, including uncertainties
in the completion dates.

Demand Projection

For the purpose of a PPA, it is very important that
future demand for electric power is projected as accurately
as existing data permit. Demand projections should be dis-
aggregated by class of consumer: domestic, commercial, small
industrial, large industrial, institutional, and govern-
mental. Each of these classes will usually have a different
peak loading period for which electric system capacity must
be provided. If the intended service area is large, estimates
should b2 made for subregions within the overall proposed
gaograpihiic service area.

Power projects that are original installations or
plant additions must be reviewed for engineering and per-
formance characteristics in the light of the demand for
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power for at least the next 20 years. This time frame is
required as a minimum because of the long lead time required
for construction of facilities and the long economic life

of the equipment. The estimates for the early years will

be most critical.

In many LDC's the principal growth in demand is as-
sociated with requirements arising in the industrial sector.
A project analyst, therefore, should be familiar with those
aspects of the national economic plan which deal with indus-
trial (including mining) development and with an industrial
sector study (if existent). Of particular importance is
the type -- and timing -- of proposed industrial schemes.

In other countries rapid urbanization makes domestic
use an imporiant part of growth of demand. In projecting
demand for electricity, it is necessary to analyze trends
in both the number of house connections and the usage per
connection.

Demand projections for power might be developed in
several ways, each with its own logic and limitations.

For additions to existing plants, a basic approach
in projection of demand is the extrapolation of a historical
trend. This involves fitting a curve to past data either
graphically or by the method of least squares. The most
common form is a semilogarithmic curve whic /in effect deter-
mines an annual ratc of increase over time.=’ A trend is
the result of long-term, slow-moving forces and therefore
can be used where it is expected that such forces will continue
into the future. Where there are categories of demand for
which discontinuities in growth patterns can be anticipated,
it is better to exclude such past usage from the base and
axtrapolated years and to project the excluded categories
separately.

_ The so-called sector wapproach projects electricity
demand either through the extrapolation of a trend for each
sector ox the calculation of demand from national or regional

1/ See Annex III, "Summary of Some Main Types of Statistical
ProjectiongUsed in Energy Forecasting," in Methods and Princi-
ples for Projecting Future Energy Requirements (New York:
United Nations, 1964), ST/ECE/Znergy 2.
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plans, using coefficients. Such coefficients preferably
should be based on country experience, although they may
have to be taken from the experience of similar countries.

In projecting historical *rends one must be sensitive
to changes in the future that will change both average and
peak usage (e.g., introduction of air conditioners on a
substantial scale).

It may be useful to project values based on past
data and to make adjustments for expected changes based
on information on plans.

Any segments of demand that are sensitive to deliberate
policy should be estimated on the basis of specific assumptions
about such policy so that estimates can be readily updated
as changes in assumptions appear necessary.

Another approach to projecting demand is to do so using
past correlation of usage with variables such as GNP; nonagri-
cultural gross domestic product; value added by industry, mining
and agriculture; national incoue, per capita income; population,
etc. It may be useful to use one or more of these variables
pPlus time as independent variables. The relationship of demand
for electric power and specific independent variables can then
be projected into the future using values for these variables
given by the country's plans or based on what are considered
reasonable expectations.

An important advantage of using mathematical projections
is that one can also readily obtain bands of uncertainty based
on the standard error of estimate of the projected demands.

Atypical industrial developments that are foreseen, e.g.,
an aluminum smelter, should be projected separately and then
be added to the originally projected series.

Peak load requirements differ widely among the various
classes of consumers, and it is necessary to analyze past records
in the country to determine the magnitude and timing for the
largest users in each of the classes. It is difficult to esti~-
mate possible peak demand from new industrial undertakings, but
reasonably satisfactory estimates can be based on similar indus-
tries in the country or elsewhere. The project analyst shculd
be alert to the potential for large blocks of power requirements;
he should anticipate -~ if possible -- the timing of these
demands to assess the optimum timing of projects.
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Chart 1 depicts the type of situation faced by a project
planner. He has a projection based on an extrapolation from
past data. If there is a large user of electricity scheduled
for future operation, the projected demand might have a bulge.
The step-like line is the installed capacity less allowance
for repairs and maintenance, with the last step representing
the scheduled installation of new capacity. The estimated
upper and lower limits of the demand projection are based on
a computed standard error of estimate of a mathematical pro-

jection or on informed 3udgments of tiie ranye of prospects.

A comprehensive review of 75 projections of the demand
for electric power in various developing countries by the Sec~

tor and Project Studies Division of the IBRDY/ indicates that
one out of three forecasts of growth in demand diverge by more

than one-third from the actual growth; that is, if the actual
demand increase was 100, one out of three forecasts of the in-
crease is either more than 133 or less than 67. There was no
discernible tendency for the divergence to be over or under
the actual increase in demand.

' The study cited indicates the need to reckon with a sub-
stantial risk that demand estimates will be either too high or
too low.

In the situation depicted in chart 1, additional capacity
(beyond that to be provided by the expansion already scheduled)
will be required by 1930 if the higher limit of the projected
demand is realized, and by ahout 1985 if demand grows at a rate
approximating the lower limit of the projection.

If a PPA for additional power were being undertaken in
1971, an important element of the appraisal would be the deter-
mination of the latest date at which a decision on the project
must be reached if the projected requirement is to be met.

A first step is to consider (1) different ways to achieve
the expansion and (2) the amount of time needed from the time
that the decision to go ahead is reached until the time power
is available from the planned project. It may be that certain
alternatives (say hydro) would leave little time to spare in
reaching a decision if 1980 requirements are to be met. Other

1/ IBRD, Ex-Post Evaluation of Electricity Demand Forecasts,
No. 79, Washington, D.C., June 18, 1970.
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Chart 1. Forecast of Annual Demand (MW) in
Relation to Capacity
(Illustrative figures)
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alternatives may permit more time for a decision to be reached
and construction to begin. The preliminary appraisal can deter-
mine the most promising form of expansion and its required lead
time. This provides a provisional schedule for plant expansion
which is adjusted on the basis of actual growth in demand in
-subsequent years. For example, the preliminary appraisal may in-
dicate that if actual demand develops as projected in the best
estimate, the detailed engineering study should begin in 1974.
The actual date of such a study would be adjusted at a later time
depending on the growth of demand actually experienced.

Identification of Types
of Projects

When best estimates -- or a range of estimates -- of
existing and projected requirements have been prepared, attention
should be directed to the determination of the general type
of project most appropriate in the circumstances.

An established need for, say, increased suburban service

does not necessarily determine the specific form of project best
suited to meet this reed. Projects fall into one of the follow-

ing categories:
. Original installations

. Additions to and/or modernization of existing
plant

. Emergency measures
Improved oneration of existing facilities, e.q.,

by better management, training, preparation and use
of operation and maintenance manuals.

Originzl Tuscallation

Proposals for oricinal iastallations :re commonly put for-
ward as a part of an infrastructure program for regional develop-
ment. The analyst will generally have a somewhat broader range
of choice in consideration of alternatives for projects of this
type than for projects involving additions to existing systems.
The possibility of serving the area by the extension of trans-
mission lines from existing (or expanded) installations should
not be ignored. Moreover, the possible integration of the
original installation in future system networks should be borne

in mind.



Plant Additions

Because of the rapid growth of power demands in many
countries, additions to existing municipal or regional systems
are the most common type of project proposals. Additions im-~
pose technical interface problems for a project appraisal.
Existing equipment and its configuration must be well understood.
When an addition to a system requires new generating capacity,
the project analyst must evaluate not only capacity reguire-
ments but also the possible kinds of generation (thermal, hydro,
etc.) and alternative fuels.

Formulation of Alternative Physical
Resource Flow Plans

Physical flow plans should relate physical requirements
of resources to needs. Appendix B outlines some of the special
technical considerations that will influence alternatives to be
considered in electric supply projects. ¥hile the technical
aspects impose important constraints on the selection of alter-
natives, the choice is for the most part economic, based on the
least-cost procedures described in the General Guidelines.

Scale of Project

One of the most important tasks facing the analyst is that
of subjecting the proposed scale of the project to evaluation in
terms of economic and financial criteria. Although economies of
scale, rapid growth in demand, and the desire to avoid short time
intervals between additions have merit, the undeniable advantages
of early, large-scale installations must be weighed against the
cost to the national economy of committing large amounts of
capital (and foreign exchange) to the creation of capacity that
will mot be utilized for several years.

Alternative Operational Features

In the comparison of the operational features of alterna-
tives it is important that recognition of the potentialities and
limitations of existing operations be considered. The PPA should
include a discussion of how a possible alternative will affect
system operation.
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Peaking Versus Base Loading

If the new capacity is to be used for peaking purposes,
the primary objective would be reduced unit cost of the capacity
and simplified operation, even at the expense of economy of opera-~
tion. On the other hand, if the added capacity is to be used as
a base-load unit, then economy of operation is of paramount impor-
tance, and system operating practice would call for the new unit
to be operated at full load for as long a period as possible.

Spinning Reserve, Firm Capacity

A new generating unit will have an appreciable impact on
system operating practices. In general, electric power systems
are operated on the basis of maintaining so-called firm c?pacity,
whereby the system maintains sufficient spinning reservel: to
carry the system load in the event that the largest element of
the system suffers a nonscheduled outage.

Diversity of Loads

Intercomnnections between separate power systems and be-
tween separato elements of the same power system will often pay
a dividend by taking advantage of the diversity of peak loads
of the two systems. This is especially true if the interconnected
elements are located in different time zones or have complementary
system load characteristics. In comparing an interconnection with
additional generating capacity, the analyst should be alert to
such features of load diversity and should account for the rela-

tive advantages and disadvantages.

Generator Unit Priority Scheduling

For peaking purposes, it is possible to utilize (1) older,
less efficient units, (2) hydro units where there is a minimum
avaiiability of water, and (3) specially installed peaking units,
such as gas~turbine-driven generators. The analyst should not
develop detailed priority schedules for system operation of
generator units, but an evaluation cf the benefits and costs of
operation and scheduling of the various alternatives in rela-
tion to existing units should be included in the appraisal.

1/ Spinning reserve is generating capacity that is kept running
but is not connected, and is therefore available for the immedi-
ate supply of electricity.
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Maintenance Requirements

The analyst should compare the maintenance requirements
for the various alternatives under consideration to highlight
their relative advantages and disadvantages.

Pricing the Project

Although it may be possible for the analyst to choose
among some alternatives on physical grounds alone, there will be
choice situations that will require pricing of alternatives be-
fore decisions can be made; i.e., the choice will involve eco-
nomic as well as technical considerations.

Conversion to Value Tlcws

Use of Cost Modules

In preparing cost estimates, the project analyst should
avail himself of macro-~unit prices, or cost modules, to the
maximum extent possible. These should be reasonably representa-
tive figures obtained within the country. Such cost modules mnay
be based on similarly sized plants and features, with the exist-
ing plant costs extrapolated to present-day prices by the use of,
for example, a construction cost index.

Typical quantities for macro-unit prices are:

. Cost per kilowatt of gross generating capac1ty
for thermal plants

. Cost per mile of transmission line for the
voltage being considered

. Cost per kilovolt-~ampere of transformer
capacity

. Cost per position for a switch yard

« Cost per rfeeder circuit in a distribution
substation

. Cost per mile of primary distribution circuit
. Cost per kilovolt~ampere for secondary disg-
tribution circuits.

The estimates developed by the above unit prices will
require some additions to recognize cost elemants necessary
to round out the order-of-magnitude capital cost estimates.
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. The cost of a dam will have to be approximated by egiimat-
Ny the unit cest of the dam volume for a gravity-type dan, or

by approximating a cost based on span and neight” fo* an aréh-
type dam. For a hydroelectric station, the distinctive large
cost item is the cost of the dam, an item that is not present in
the thermal alternative.=/ pither the unit price can be made
broad enouch to accommodate the cost of penstocks, gates, fore-
bays, tailraces, and powerhouse structure, or these items can

be estimated separately if so desired. Of necessity, the analyst
will need to include approximate costs for compensation in re-
moving residents and their habitations and in establishing alter-
nate routes for railroads, power lines, communication facilities,

etc.

Other Cost Elements

Other elements for which costs should be approximated
include the following:

+» Cost of site, including site preparation

. Cost of cooling water intake structure and
intake and outfall circulating water lines for
steam electric stations

. Cost of cooling towers where required

. Cost of transmission line rights-~of-way

. Cost of special relay equipment, supervisory
control equipment, and communications equipment.

The capital cost estimates should represent the total
installed cost, that is, should include all costs associated with
design, engineering, construction and startup. Additionally, for
imported equipment, a separate item should be shown for import
duties, taxes, and other charges applicable to such items.

All allowances for contingencies should be tailored to the
local conditions. The contingency should depend on the degree of
reliability of the cost estimates and should reflect the analyst's
evaluation of the unknown factors. These unknowns should be
identified in the analyst's report and the contingency should be
identified as such. Factors which might influence the contingency
include reliability of data, population growth, future market

1/ This item, peculiar to hydroelectric projects, is on the
average abkout 59 percent of the total cost of U.S. projects.
This figure varies considerably, both in the United States and .
in olher countries, accorling to the locatio. and size of the
dam.



demand and others. Where the effects of these factors might

be large, the recommendation should be made that they be investi-
gated in a later and more detailed study. In hydroelectric proj-
ects, the two major uncertainties are likely to be dam construc—
tion costs and water flows.

Operating and maintenance costs which run over the 1ife
of the project can also be approximated by the project analyst
on the basis of such knowledge as local labor costs, capability
and availability. In developing the cost of operation the fol-
lowing categories may be used:

. Operating labor, skilled and unskilled

. Maintenance labor, skilled and unskilled
. General and administrative costs

. Maintenance materials and supplies

. Fuel costs,

The operating and maintenance labor should include the cost
of supervision as well as payroll extras to account for vacation,
sick leave, and other benefits.

General and administrative expenses can be estimated as
a percentage of operating and maintenance labor; in lieu of avail-
able specific cost estimates a figure of 25 percent of the operat-
ing and maintenznce labor costs may be taken.

Maintenance materials and supplies are intended to cover
spare parts and other items of equipment (excluding interim re-
placements), as well as the lubricants, chemicals, paint, etc.,
necessary to keep the plant in good cperating condition. 1In
lieu of available data, an overall average figure of 0.8 percent
of plant investment may be utilized. For thermal power stations,
a figure of 1 percent should be used; for all other facilities,
such as transmission and distribution lines, 0.5 percent of the
capital cost should be used.

Fuel costs should be estimated on the basis of actual de~
livered costs at the site and should be calculated by estimat-
ing the heat rate for the type of unit under consideration. The
source of fuel and possible alternative supplies should be identi-
fied. If all or some of the fuel must be imported, then the
analyst should highlight this zituation.

The following costs 3should be entered in operating state-
ments but, in accordance with the procedures established in the
General Guidelines, should not be treated as costs either from



the point of view of the business enterprise or the net national
rate of return:

. Interest on borrowed investment capital
. Depreciation on plant and equipnent.

Taxes on real property, if paid, should be treated as
a cost from the point of view of the business enterprise but
not the net national rate of return unless the tax is, in effect,
jdentified with the cost of a governmentally provided service
which, if not provided by government, would necessitate an ex-
penditure by the project.

Fire and casualty insurance should be treated as a real
annual fixed cost for both the business and the national points
of view, even though the policy of the company is to self-insure
its property. Insurance values are normally based on assessed
values as determined by local and regional demands and economies.
Therefore, a fixed value should be determined at the time of con-
struction through the aid of a local economic and real property
study.

Econonic Lifetimes

The economic lifetimes of equipment or facilities select~
=1 for euvsnomic analysis have an inpeet ow the rate of retura.
Assuming that equipment will be well maintained and repaired
with proper spare parts when necessary, the following economic
lifetimes are generally used:

. ‘'Thermal electric stations 35 years
. Hydroelectric stations 50 years
. Dams 50 years
. Transmission lines, wood

poles 35 years
. Transmission lines, steel

tower 50 years
. Substations 35 years
. Distribution lines 25 years
. Underground installations 35 years

If, because of local conditions, the experienced service life

of equipment in the above categories is found to be significantly
less than shown, it is recommended that the shorter lives be
used, with the cost of replacement (including labor) treated as
an investment in the expected year of occurrence.
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Accounting or Shadow Pricing

of Inputs
As has been noted, calculation of the net national rate
of return will probably rzcuire :i:dow pricing of several inpuis

for a power project. The rationale for so doing is explained in
chapter II and appendix B of the General Guidelines, and the
methodology is illustrated in chapter VII.

In countries where the domestic currency is overvalued,
shadow price adjustments should be made to the cost of imported
original and replacement equipment and to those wages, fringe
benefits, and travel costs of foreign technical advisers not
paid for in local currency.

In the case of a high national unemployment rate, a shadow
price is required for unskilled labor. Here the pricing adjust-
ment reflects the lower (than market wage rates) real cost of
such laborers. On the other hand, if administrative and techni-
cal personnel necessary to the project are in short supply and
institutional or other forces impose a ceiling on the money wages
of such worlers, a shadow price higher than the money wage may
need to be applied to obtain a better measure of the real costs
of using these workers.

Valuation of Outputs of Power Projects

The outputs of a power project consist of:

. New or additional revenues from the sale of
electricity
. Benefits external to the project itself.

Revenues from Sales of
Electricity

Original facilities and additions to existing plant will
generally produce growing revenues over time as a result of
steadily increasing loads on the system. Such revenues are a
measure of the value of output.

Improvement of existing service, such as raising the
formerly substandard voltage levels in consumers' premises to
standard levels, can increase the raovenus guite dircctly.
Revenue projections should reflect such changes.
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Benefits External to Project

If the generation of distribution of electric power might
result in the utilization of previously dormant national re-
sources or make possible a higher value added by industrial con-
sumers, such benefits or linkages are appropriate for inclusion
in the value-of-output stream of the project. lowever, this is
true only if no change would occur in the status quo in the
absence of the project. One example is the utilization of an
uxisting but untapped source of fossil fuel suitable for a thermal
plant. If this fuel source is to be developed for the purposes
of a steel mill or for export, a linkage effect should not accrue
to the power project. (For a more detailed discussion of the
treatment of linkages and multiplier effects of capital projects,
see General Guidelines, chapter III,)

A hydroelectric facility may give rise to such benefits
as increases in fishing or recreational opportunities or possible
irrigation for improved agricultural production. The nation or
region nmay gain more than the electric power itself. Such ec~-
nomic gains should not be included in the PPA unless the enhanced
benefits are included as definite elements in the total scheme
(and, of course, costed out on the project's input side as well).
The value of economic gains that are unequivocal and do not re-
quire additional investment or expense can be added to the bene-
fits of the project.

In connection with rural electrification programs, the
question may arise as to whether or not external economic bene-
fits might be included in a PPA. Here the answer is again a
qualified no. Because of relatively inexpensive alternatives
(such as battery-powered radios and kerosene lamps) to central
station power that are available to the local population with
a given capacity-to-pay, the likelihood of the costs of these
items exceeding the cost of public power is very small.

Selection of the Most Promising Alternatives

In considering the various possible physical arrangements,
the analyst will have formulated alternatives that appear promis-
ing. In this process attention is narrowed to relatively few
promising projects. DBy applying the techniques of comparing
alternatives and choosing the least~cost alternative as described
in the General Guidelines (chapter IV), the analyst will select
one or possibly two alternatives which are most promising. there
the margin of difference between alternatives is considered sensi-~-
tive to cost estimates, it may be desirable to consider a
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particular choice as open, to be resolved at a later time by
means of more detailed engineering studies.

The concept of finding the least-cost alternative is a
very powerful one and applicable to alternatives on equipnent,
technology, scale, timing, location and other variables.

The least-cost alternative concept is extremely useful
even where, as a matter of national or regional policy, elec-
tric power projects are operated with price schedules that yield
a preset low rate of return, say 6 percent. The decision on how
the required amounts of power are to be generated and distributed
must be based on the opportunity cost of capital rather than
on the low rate for power projects as a whole or the rate at
which capital is borrowed. For example, suppose that national
policy prescribes a 6 pcrcent return for power projects and the
question arises as to whether a large generator or a smaller
generator should be installed. If the opportunity cost of
capital is estimated to be 12 percent in the country, then one
would test the difference flow to see if it yields at least 12
percent. If the present value at 12 parcent is negative, this
indicates that the earlier investment required by the larger
genarator will not yield the opportunity cost of capital. Thus,
even if a decision is made to distribute electric power on a
concessionary hasis, a decision on the design of the facility
should be based on getting a return at least equal to the oppor-
tunity cost of capital on the investment which is optional under
existing policy.

Revenues: Charges for Electric Power

Revenues should be estimated at the schedule likely to
prevail and at the schedule the analyst has estimated to be
appropriate for the service. The dual revenue flows are neces-
sary in this sector because actual power rates (prices), being
administratively determined, may or may not reflect the real
value of output. Revenue, along with costs, can be projected
in worksheets such as those shown in the General Guidelines
(chapter VII). In the calculation of the net national rate
of return, the problem arises of how to value the services to
be provided by the project.

If rates likely to prevail yield revenues that are higher
than costs, including the opportunity cost of capital, the value
of services can be taken to be at least egual to the revenue
because those using the service would not pay for it otherwise.
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In this case, the calculation of the net national rate of return
presents no problen.

A more typical and difficult situation occurs when rates
are set at levels that do not yield sufficient revenues to cover
all costs, including the opportunity cost of capital. 1In this
case, we can ke sure that the outputs have a value, for the
marginal user, that is at least as large as the rate charged.
The problem is to determine if the real value of the electric
power is higher for some or all classes of users than the actual
rates in effect. If there is a waiting list for connection, or
if power service to connected customers is rationed by some non-
price technique over long periods of time, these factors may
indicate that electric power rates understate the real value
of the service to users and would-be users. In these circum-
stances a shadow or accounting set of (higher) rates is indicated.

By estimating the costs of the alternative source of
supply, upper limits on the value of electric power might be
estimated for certain classes of consumers (e.g., commercial,
institutional, and industrial) who are able to self-supply
their requirements with their own diesel generators.

As noted above, "prices® for electric power are adminis-
tratively determined, i.e., they are established by formulas
reflecting one pricing theory or another that has been developed
for public utilities. 3as an integral part of the PPA, therefore,
the analyst should examine the existing rate structure in the
light of the following criteria:

. Does the level of rates yield sufficient
revenues to cover total costs of the services
to be provided by the project, including a re-
turn to capital equal to at least the marginal
opportunity cost of capital?

. If the project is to rely on private sources
for (nonconcessional) capital, are rates suf-
ficiently high to attract necessary funds?

. Does the level of rates restrict demand for
the service to quantities (and service levels)
that the system can supply? Does the level of
rates curtail demand to the point that excess
capacity exists?
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. Is the structure of rates such that it re-
flects the government's priorities with respect
to the essentiality of different categories of
users (e.g., residential versus industrial con-

sumers)?

There is a tendency in LDC's for government to establish
rate levels and structures that do not meet the criteria noted
above. In particular, there is a tendency to set rates below
total costs (as defined above). Rates that are, in general,
too low have two undesirable effects: (1) the demand for the
service (s) is stimulated; and (2) the revenues generated are
inadequate to permit replacement of equipnent, much less ex-
pansion of capacity to meet the rapid growth in demand stimu-
lated by the low level of rates. The results are accumulated
backlogs of unfilled demands, deterioration of service, and
continuous drains on the general revenues of government to
supplement the revenues of the facility.

The review of rate leveis and structures recommended
above may indicate modifications in the valuation of outputs
for power projects. If so, these should be presented as alter-
native formulations of the project. (Rate structures are dis-
cussed in some detail in apwendix B of these guidelines.)

If the project is to be subsidized in any way (perhaps
for social or political reasons), the analyst must still assure
himself that operational funding requirements will be available
from national or local treasuries when needed to make up for
annual revenue deficits. Lack of any type of current financing
can lead to an inefficient, a deteriorating, or even an aban-
doned project.

Sensitivity Analysis of Rates of Return

The basic technique and rationale underlying sensitivity
analysis are discussed in chapter VI of the General Guidelines.
In the power sector, the larger, more technically difficult, and
more costly the project, the greater is the need for sensitivity
analysis.

The project analyst should bear in mind, however, that
the purpose of such an analysis is to isolate only those major
input or output elements which can very importantly influence
rate of return calculations if realized values turn out to be
substantially different from the best estimates used in the
computations of rates of return. The end objective of a
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sensitivity analysis at the PPA level is to indicate for the
feasibility study those project elements critical to design

and final evaluation. It may be worthwhile to spend more time
and money at a later date to try to narrow or eliminate the
uncertainty concerning those critical elements if the PPA is
favorable. For noncritical elements, rough estimates will suf-
fice for the PPA, and may even suffice for a final feasibility
analysis.

Examples of possible critical elements should be viewed
with caution, because one cannot know a priori with certainty
exactly what elements are critical to any given power project.
The following examplegare put forward, nevertheless, because a
good deal of uncertainty is usually associated with them:

. Fuel costs, especially when imported
. Heat rate, as related to fuel costs

. Transmission losses; depending on the distance
from the generatcr to the point of supply in the
system, there could be a significant difference in
the kilowatt capacity and kilowatt-hour energy
losses

. Site conditions, depending on the accuracy of
geological data

. For hydroelectric projects, the height, founda-

tion, and spillway of a dam due to uncertain hydro-
logic records and geological and subsurface condi-

tions

. Spinning reserve requiiements

. Anticipated revenues, related to both the growth
in demand and pcssible future rate structures.

The project analyst should recognize that there may well
be uncertainties that cannot be diminished by further inten-
sive study. In such cases, a proper sensitivity analysis in
the PPA consists of the presentation of values for those elements
or variables which span the likely range of uncertainty. This
requires the attachment of the estimated probability values as
illustrated in the General Guidelines, chapter VI.
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Evaluation Summary

In accordance with the General Guidelines (chapter VII)
an evaluation summary should be prepared in which the major
findings are presented for consideration.



APPENDIX A. TYPICAL ELEMENTS IN ELECTRIC POWER
SYSTEMS

To provide a uniform approach to the analysis of proposals
for electric power system additions, this aprandix includes a
listing of typical electric power system eiements and alterna-
tives. The analyst may use this checklist to assure that the
elements in the proposed project comprise a complete systen or a
relevant portion of a system.

Obviously, in a PPA, time will not permit the gathering
of all of the following information. The list is included as a
guideline. '"mose items of major importance which should be eval-

uated are followed by an asterisk.

I. Generating Plants

A. Steam boiler and turbine-driven generators¥*

1. Fuel type¥*
a. Coal
b. 0il
c. Gas
d. Nuclear
2. Fossil fuel storage (quantity)
3. Nuclear fuel care
4. Condenser cooling water source (and temperature)*
a. Sea water; °F to °F
b. Fresh water; °F to °p
c. Cooling towers; dry bulb,  °F to °F
wet bulb, °F to °F
5. Number of aenerating units and size of each unit*

E. Hydroturbine-driven generator*

1. Dam type and height*

a. Gravity; feet
b. Arch; feet

2. Stream fiow*
a. Maximum cfs
b. Minimum cfs

3. Impoundment acre feet
4. Number of generating units and size of each unit*




C.

D.

E.

II.

A.

B.

Internal-combustion-engine~driven generator#

1‘

2.

3.

Fuel*

a. 0il; gallons storage

b. Gasoline; gallons storage
Engine type*

a. Hp.

b. R.p.m.

Number of generating units and size of each unit

Gas-turbine-driven generator*

1.

Number and size of generating units¥*

Atomic energy generator*

Substation

Type of service*

oW N
1 ]

Transmission step-up¥*
Transmission step-down¥*
Transmission switching*
bistribution

Equipment and facilities*

1'

Transformer*
a. Type¥*
b. Number installed*
c. Size
d. Voltage rating
e. Tap changing under load
f. Cooling provisions
Swi tchgear®*
a. Voltage rating¥*
b. Current rating*
c. Breaker interrupting capacity
d. Number of breakers installed
e. Number of air break switches installed
Structure, protection, etc.
a. Prefabricated
b. Custom designed
c. Metal-~enclosed unit type

31.



IIT.

Transmission Lines*

A. Application data*

B.

iv.

AI

L]

Gl W O

Voltage and frequency*

Delivered power and power factor
Length¥* :

Conductor size and material
Number of conductors per phase

Physical data*

1.

2.

3-

Structures*

a. Single circuit

bh. Double circuit

c. Metal*

d. "ood*

e. Concrete¥*
Overhead ground wire*
a. None

b. One

c. Two

Right~-of ~vay

a. Character of terrain

Distribution Lines¥*

Principal characteristics*

1.

s wN
L

Is new substation or transformer capacity needed?*
Line woltage*
Length to most distant proposed load*
Total immediate load¥*
Type of area served*
a. Residential-urban
b. Conmerzial
c. Light industrial
d. Suburban
e. Rural
Load distribution
a. Uniform
b. Lumpy
c. Sparse
d. Few large loads
e. Large industrial load
Potential for load growth*
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System Management and Operation*

Plant improvement

. Generating plants

. Transmission lines

. Transmission substations
. Distribution substations
. Distribution lines

Gl W N =

Protective facilities

1. Equipment
2. Coordination

Operation

1. Manual of procedures

2. Supervision

3. Training and classes

4. Load dispatching

5. Communications
Maintenance

1. Manrual of procedures
2. Spare parts

3. Schedules

4. Supervision

5. Training and classes

Planning

1. Long-range
2. Near-term

Management:
1. Staff
a. Legal

b. Planning
c. Public relations
d. Rates
2. Administration
a. Accounting
b. Finance
c. Billing/collection
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d. Customer service
e. Purchasing
f. Personnel
3. Engineering
a. Studies and procedures
b. Design
c. Construction
4, Operations
a. Generation
b. Transmission
c. Substations
d. Distribution
e. New connections
f. Emergency service
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APPENDIX B. SPECIAL TECLNICAL CONSIDERATIONS FOR
POWCR PROJECTS

Physical Plant and Equipment

The character of the existing system will in many in-
stances dictate the nature and features of a proposed power
system addition. The age, condition, size and efficiency of
presently operating generating units on the system have an
important bearing on the features of any proposed additional
generating capacity. Frequently, the proposed additional
generating capacity is intended to operate as a base-load
unit because of its greater efficiency. This permits older,
less efficient units to be operated fewer hours and as sup-
plements to the base-load unit. Some of the older units may
be operated simply as peaking units that can be operated on
peak for a limited period of time and then shut down until
the next peak. A thorough understanding of the efficiency
and operating conditions of existing units is mandatory for
the eifective analysis of proposed new generating capacity.
This information should be included in the supporting data for
the PPA, Similarly, the existing transmission, subtransmission,
and distribution voltages represent a vital constraint on the
range of technically fecasible alternatives in any extension of
or additions to these facilities.

For the purposes of a PPA, the present system can be
thought of as comprising two basic categories:

. The supply system, including generating plants,
transmission and subtransmission lines, and trans-
mission substations

. The distribution system, comprised of the distri-
bution substations and distribution lines.

For ease in understanding proposed additions to a power
system, it is recommended that a system diagram of the related
category be included with the PPA for the respective electric
power system addition. The supply system diagram should include
sufficient information for an understanding of the technological
and operating features, including estimates of normal power
and reactive kilovolt-ampere flow on transmission lines which
have redundant paths.
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The distribution system diagram generally includes equip-
ment information on the distribution substation and data on all
outgoing distribution circuits to show circuit length, conductor
size, and sectionalizing and protection facilities. Almost
every project will have some impact, and the analyst should care-
fully analyze the entire spectrum of operations to find and
bring to light such impacts. The following list shows some of
the things to be looked for:

. HMore efficient generation resulting in
rescheduling of generating units

. Fewer generating units due to an intercon-
nection or to a new unit of larger size

. Light load problems on a large new base-
load generating unit

. Greater flexibility in operation
. Reduced hazards
. Simplifiad operation.

The above list is far from exhaustive; it is included to indi-
cate the types of influences on system operation that might
bring forth alternatives for comparison by the discounted sur-
plus flow technique.

It is possible that the effect of an alternative project
will be a deterioration of service rather than an improvement
because of the nature of the installation. For example, a new
substation may be installed on a subtransmission system for sup-
ply of power to a large industrial customer. On peak demand,
this load may cause an additional voltage dreop on the subtrans-
mission line, which could lower the supply voltage to the cus-
tomers on this circuit. If the resulting supply voltage is still
within acceptable limits, then there is no problem. However, it
is possible that coincident peak loads or a demand greater than
estimated may create problems of low voltage. Alternatively, if
available transformer taps are changed to increase supply voltage
at certain installations, a shutdown of the new load may create
an unacceptable high voltage condition.
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The project analyst should be certain that alternatives
are sound from an engineering point of view. Such technical
consideration would include a lnowledge of the interrupting
capacities of existing breakers on the system and the effect,
if any, of the proposed project on these capacities. A quick
calculation should be sufficient to determine the extent of
any added interrupting duty. If existing breakers have adequate
capacity for any added interrupting duty, this should be stated.
On the other hand, if existing breakers will be overstressed,
then measures should be taken to reduce the duty by conventional
engineering techniques, or provisions should be made for moderni-
zation or replacement of the overstressed breakers, and costs
included for this purpose.

Another technical factor is the effect of a new trans=-
mission line which may create a loop with other lines. A cursory
calculation should be made to arrive at a rough estimate of
the real and reactive power flow,%/ andg the advantages of any
improved voltages should be pointed out.

There may be situations in which the supply of reactive
power is a problem. In general, it is desirable that transmis-
sion lines and generators carry only a small amount of inductive
reactive power. If the lines or the generators carry an excess
amount, consideration should be given to the installation of
Capacitors or synchronous condensers to relieve this situation.
ff a high voltage cable is being considered for installation, it
may supply too much charging reactive power. If large loads
which could seriously affect the amounts of reactive power on the
line are anticipated, power factor correctors should be consider-
ed when arriving at the incremental cost of kilowatt demand.

It is recommended that the analyst should include in
his cost estimate provisions for tap-changing-underload on the
receiving transformers on all interconnecting transmission lines
with neighboring power companies and on all receiving substations
from new generating plants.

It is very important that suitable consideration be given
to the need for special protective equipment (such as carrier or
pilot wire relaying) so that necessary cost estimates for such
equipment are included. Also, if supervisory control equipinent,

1/ Reactive power is the amount (kw) by which the current and
voltage are out of phase and represents a loss in the system.
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load control equipment, or communications equipment is necessary
or desirable in the opinion of the analyst, then the associated
cost estimates should be included and the reasons for the instal-
lation explained.

Long-Range Planning

It is extremely important that the preparation of the
project be based on the long-range system development plan so
that the facilities that are proposed in a specific alternative
for preliminary appraisal will be compatible with existing and
planned future facilities. 1In preparing the PPA, the analyst
should point out the salient features of the proposal and the
way in which the proposal fits in with long-range reguirements
and plans.,

Alternatives in Scale and Timing of Projects

Two of the more difficult factors to deal with in the
analysis of power projects are determining the optimum size
or scale of physical plants and the timing of their construc-
tion. Power system planners are usually faced with ever-
increasing demands and the frequent need to add to installed
capacity. (Capacity here refers to output of generating units
and to higher voltages on transmission lines, etc.) An impor-
tant feature of gencration installation is that larger units
usually are more efficient and can be installed on a lower unit
cost per kilowatt. Similarly, higher voltage transmission lines
increase capacity by the square of the voltage ratio, whereas
costs are usually a more direct function of voltage.

Improved Operations

Improvements in operating techniques leading to more
efficient use of facilities and personnecl merit high priocrity
because benefits can sometimes be large and immediate. The
need for operational improvements can be the basis for proposals
to study and make recommendations through technical assistance
channels. It is not uncommon, for examgple, for some developing
countries to have new or almost new electric power installations

that are opcrated inefficiently or below intended capacity levels.

Consicderation of Alternatives

A preliminary appraisal of a specified power project
should point out alternative solutions without detailed tech-
nical investigations, but with sufficient technical rationale
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to reflect the judgment of the analyst regarding the probable
technical and economic feasibility of the alternatives.

Equipment

The following sections identify some of the technical
features of equipment that should be considered and, when appli-
cable, subjected to the discounting method to determine differ-
ences in surplus flows resulting from alternative equipment.

The relevant techniques for computations of difference flows
are discussed in chapter IV of the General Guidelines.

Alternative solutions to a power production installation
will be influenced by the terrain and the type and cost of fuel
that is most readily available. However, the analyst should con-
sider the following questions:

. Can the plant operate on natural gas rather
than diesel fuel?

. Is steam more cheaply obtained from gas or
coal boilers?

. Is a gas turbine more practical and/or cheaper
than a steam turbine?

Size, Number, and 7Types of
Generating Units

For a proposal recommending the installation of additional
generating capacity, it is most important that the analyst give
consideration to various sizes and types of generating units and
their location and relationship to existing units in the system.
First, consideration must be given to whether the additional
generating capacity is to be installed as another unit in an
existing genereting station site, in a new station, or at a
new site. The obvious advantages of installation at an existing
site include reduced labor costs, possible improved utiliza-
tion of transmission line cavacity by fuller transmission line
loading, possible reconductoring of existing transmission cir=
cuits, and improved reliability due to diversification if an
additional transmission facility is installed.

If a new location is proposed, it is important that the
new site and its availability be assured; it is also important
that the point of connection to the existing electric power
system ke identified and provisions made for the required trans-
mission and substation installations.
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On systems where there are many small generating units
and where load growth is rapid, it is possible that a signi-
ficantly larger sized unit may be considered as the next unit
on the system, thereby requiring a large amount of spinning
reserve to derive the benefits of the larger 'mit's presumed
lower unit cost and greater economy of operation. In such an
instance, it is important that alternatives include considera-
tion of an intermediate~sized unit for the next installation.
In assessing this alternative, the opportunity cost of capital
and the rate of increase in demand are critical factors.

If peak cepacity is a problem (i.e., the source of the
need), consideration may be given to peaking-type units, suci
as gas-turbine-driven generators, which can start up in a shorti
period of time, cperate at full load during the peak period,
and then shut down until the next peak requirement. The choice
should be arriverl at through a comparison of the discounted
stream of surpluses from installation of peaking-type and
regular-type facilities. Restructuring of rates to shift peak
demands to off-peak periods may also be cunsider=ad.

When existing streaw flow conditions appear to warrant
the installation of hydro units, the analyst should include the
nrobable longer time of construction; the possible longer trans-
mission distance; the reliability of streain flow uata, parti-
cularly with respect to maximum and minimum flow conditions; and
the economic factors from savings in fuel and operating and
maintenance costs, as well as from possible additional losses
in transmissiop lines.

Cooling ‘later, Location

For a steam generating plant, it is important that an
adequate supply of cooling water be available. +This is a prime
requirement in the selcction of a site. The body of cooling
water should have sufficient capacity to accept the thermal
discharge without impairment of the ecolcgy. In addition, tne
highest temperature of the available cooling water siwould be
determined in order to take into account the possibility of
larger condenser installation. when cooling towers must be
installed, the wet bulb temperature sliould be determined.
BEconomic damages which may result from the plant's effect on
the local ecology should be included in the cost or input

projections.
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Fuels

The cost of fuel is an important consideration on the
input side of a project. The dependability of supply should
be carefully explored, and sufficient storage capacity should
be provided for these fuels to afford some protection against
interruptions in delivery. If gas is available, its inter-
ruptibility should be evaluated and a suitable standby supply
of o0il provided as backup.

Transmission Voltages

For proposals involving transmission lines, a review
should be made of the AC-DC alternative and of the existing
transmission voltages on the system to determine their adequacy
in relation to the proposed new facility. As the distance which
power may be transmitted will vary greatly, both AC and DC current
should be considered. With new development in rectification and
conversion to alternating current, direct current might well
prove to be the most econowical method for long-dlstancc trans-
missions. If a long-range plan exists, it is probable that pro-
rizicn alresdy hes kean naede for_orne or were hicher voltages.

ole d

The analyst should be cognizant of such plans and should explore
the reasons in the PPA for the selection of the voltage for

the proposed facility in the context of its relationship to
future system growth.

Providing the existing structures have the required addi-
tional strength, it is frequently possible to increase the capac-
ity of a transmission line by utilizing bundled conductors. The
alditional capacity achieved in this manner is generally lower
in cost than capacity achieved from higher voltage or additional
line construction, but it does not provide the reliability that
a separate line would provide. These factors should be explored
in establishing alternatives for transmission line construction
and should be discussed in the PPA.

Transmission Line Tower: Single/
Double Circuit, Steel/Viood/Concrete

The type of transmission line towers that are selected
can result in significant cost differences. When planning for
load growth indicates substantially higher futuce needs, it is
generally possible to install double circuit towers with con-
ductors for only one circuit, thereby providing the capability
for a low-cost future increase in transmission line capacity.
A double circuit tower does not provide the reliability of two
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single circuit towers, but the large cost savings may justify
a calculated risk. However, the decision must reflect the cost
of capital sunk in unutilized capacity and the length of time
before the excess capacity will be absorbed by growth in demand.

Genecrally, wood structures are less expensive than steel
or concrete structures, particularly if wood is available locally
and steel or concrete must be imported. The benefits and costs
of the available materials should be explored and subjected
to standard discounting techniques to ascertain the most econom-
ical of the alternatives.

Plant Retirements

If there is generating capacity, a substation, or a trans-
mission facility that indicates the need for retirement, cons’d-
eration should bhe given to any possible salvage of suitable
equipment and materials for future use. In addition, the alter-
native chould include a discussion of the effect of such a re-
tirement on the system and the provisions, if any, for replace-
ment.

Rate Structure

In estimating the rate basis for the revenue of an elec=-
tric power system it is important to recognize that the salable
quantity is composed of two parts:

. The amount of kilowatt capacity which must be
available to supply the customer's kilowatt demand

. The amount of energy which the customer's equip-
ment consumes in terms of kilowatt-hours.

Residental rate schedules are generallw structured to
meter only kilowatt-hours of consumption, wi_h the cost of a
kilowatt-hour being relatively high for the first few consumed
kilowatt-hours and then decreasing in subsequent blocks of
kilowatt-hours. The industrial user, on the other hand, gencc-
ally is required to pay, in addition to kilowatt-hours of con-
sumption, a kilowatt demand charge that is based upon his peak
demand for a 15-minute period or, alternatively, a l-hour period;
this charge is then billed to the customer for an established
period, usually 6 or 12 months, regardless of lower kilowatt de-
mands during this period, or even no demand for the rest of the
period. For this reason industrial customers have an incentive
to keep their maximum demand at the lowest possible value.
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To arrive at the figure to be used for the kilowatt demand
charge in the rate, it is necessary for the system to have estab-
lished accounting procedures to provide the basis for the kilowatt
demand charge. For purposes of a PPA, the fixed investment por-
tions of the nroposed facility should b2 evaluated on an annual
cost basis, and this figure should then be divided by the kilowatt
capacity of the facility to arrive at a figure for the incremental
cost of kilowatt demand.

The incremental figure obtained in this manner should be
compared with the established kilowatt demand basis; if the in-
cremental figure is lower, this should be used as an indication
that the new facilities will have a tendency toward lower rates
or increased profit margins cox will provide a cushion for esca-
lating costs. If the incremental cost per kilowatt demand is
higher, this should be a danger signal that profit margins may
be lowered and rates may have to be increased, depending upon
the magnitude of the investment in relation to total system in-
vestment. In instances where a facility may be subjected to
significantly varying loads over its lifetime, it is desirable
to utilize present-worth discounting for annual kilowatt demand
costs.

The variable charges generally include a portion of the
annual operating and maintenance costs, exclusive of fuel costs.
In the United States it has been determined that the variable
portion of operating and maintenance costs exclusive of fuel
for thermal power plants amounts to approximately 35 percent
of the total. Local conditions can make a substantial difference
in this percent. In the absence of definitive data on the power
system being considered for expansion, this figure may be applied.
For hydroelectric plants the variable costs are usually neglected.

The sum of the variable portion of the annual operating
and maintenance costs exclusive of fuel (35 percent or the
locally determined figure) plus the annual fuel cost represents
the total annual variable costs. In determining the incremental
cost per kilowatt-hour for the proposal being considered, the
total annual variable costs are divided by the annual kilowatt-
hours to be produced. These calculations preferably should be
made on a present-worth basis because generating facilities
are loaded quite heavily during the early portion of their life-
times, and are then loaded to a lesser extent (possibly only for
spinning reserve) during the latter portion of their lifetimes;
other system facilities may be loaded in the reverse manner.
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The kilowatt-hour incremental energy cost determined
on the above basis should be compared with the basis for the
energy charge per kilowatt-hour in existing industrial rates
to establish whether the incremental cost is higher or lower
than the existing cost basis.



