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ALTERNATIVE CONCEPTS OF MARGINAL COST
FOR

PUBLIC UTILITY PRICING: PROBLEMS OF
APPLICATIONI IN THE WATER SUPPLY SECTOR

In view of the difficulty of applying a standard benefit-cost
approach to project evaluation in the water supply and sewerage field,
the recommended solution - as in the case of other public utilities such
as power and telecommunications - is to emphasize marginal cost pricing
as a means of either signalling the justification for system exoansion or
of establishing a benclhmark by which other social or economic objectives
may be evaluated.

This paper discusses the rationale and problems of implementing
marginal cost pricing for water supply and sewerage facilities. MIany of
the issues are now fairly well known, as the frequent references to their
treatment in Bank operations make clear. However, there remains one
critical area in which ambiguity remains. This stems largelv from the
different ways in which economists have tried to handle the probler of
capital indivisibility, for which, by definition, marginal analysis is
not well equipped.

The paper examines several frequently used definitions of marginal
cost. Using a number of assumptions about long-term trends in costs, output
and capital indivisibility, it evaluates each approach according to its
implications for year-to-year price fluctuations, economic efficiency and
revenue generation. As a result of these performance tests, the judgement
is made that, largely due to the pervasive problem of capital indivisibility,
it is not possible to establish a set of precise marginal cost estimation
rules which can be followed mechanically in all circumstances. In practice,
compromises are required, and the types of compromise that are suitable
depend upon the degree of capital indivisibility, the stage of the project
and program cycle at which the pricing decision is being made, the relevant
elasticities of demand, and, not least, the prices which currently prevail.
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(i)

Preface

In view of the difficulty of applying a standard benefit-cost approach

to project evaluation in the water supply and sewerage field, the recommended

solution - as in the case of other public utilities such as power and telecommini-

cations - to emphasize marginal cost pricing as a means of either signalling

the justification for system expansion or of establishing a benchmark by which

other social or economic objectives may be evaluated.

The rationale for marginal cost pricing in public utilities is well

known, and the principle has frequently been employed in 'World 3ank operational

work. There are however a number of complications involved in its practical

application, many of which loom particularly large in a developing country context.

A general problem is of course to reconcile the achievement of efficiency in

resource allocation with a number of other criteria by which pricing policy may

be judged. These include the extent to which the poor are able to obtain basic

service; ease of administration; and impact on the financial viability of the

water and sewerage authority concerned.

The efficiency objective itself is of course difficult to achieve even

in the absence of such competing objectives, for it involves not only difficult

political decisions (general increases in rates and costs reflecting variations

in charges are always difficult to bring about), but also considerable measurement

problems (particularly with regard to externalities and other manifestations of

market failure). iiowever, the most critical problem is that of determining exactly

what is meant, by marginal cost, the ambiguity in its definition stemming largely

>rom t.e dif-'erent ways Ln which economists have tried to handle the problemn. of

capital indivisibility, for which, by definition, marginal analysis is not too



(ii)

well equipped. The primary objective of this paper is to help clear up this

ambiguity.

After a brief discussion of the general problems of applying marginal cost

pricing - which attempts to place the problem of capital indivisibility in a proper

context - the main focus of the paper consists of an examination of several frequent-

ly proposed definitions of marginal cost. Using a number of assumptions about long-

term trends in costs, output and capital indivisibility, each approach is evaluated

according to its implications for year-to-year price fluctuations, economic

efficiency and revenue generation. As a result of these performance tests, the

judgement is made that, largely due to the pervasive problem of capital indivisibility,

it is not possible to establish a set of precise marginal cost estimation rules which

can be followed mechanically in all circumstances. In practice, compromises are

required, and the types of compromise that are suitable depend upon the degree of

capital indivisibility, the stage of the project and program cycle at which the

pricing decision is being made, the relevant elasticities of demand, and, not

least, the prices which currently prevail.

This paper owes much to the continued efforts of World Bank economists

working in the energy, water supply, and telecommunications sectors to apply

marginal cost pricing in a wide variety of difficult circumstances. The authors

are grateful for helpful comments on the paper itself toyves Rovani, Herman van

der Tak, Anandarup Ray, Dennis Anderson, Gerald Alter, Charles 14orse, Johannes Linn,

'Mohan M4unasinghe, Yuji Kubo, DeAnne Julius, Jorge Culagovski, Ed Nishan, and Ralph

Turvey.
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Patrick C. Mann

Energy, Water and Telecommunications Department



I, P n TheoandPractice

1. Introduction

It is well known that demonstration of the economic justification of

water supply and sewerage projects is frequently frustrated by difficulties of

benefit measurement. Attempts that have been made in the course of World Bank

operations to quantify the benefits of investments in the sector include:

- measurement of the impact on property values (water,

sewerage and drainage),

- estimation of consumer's surplus on the basis of expenditures

that would otherwise be incurred on private means of waste

disposal (septic tanks, etc.),

- quantification of costs of walking to existing water sources,

- quantification of health benefits (water and sewerage),

- estimation of consumer's surplus from evidence of payments

to water vendors, or planned investments in private sources

of supply,

- quantification of irrigation benefits (sewerage),

- savings in costs of night soil coUection (sewerage),

- estimation of consumer's surplus from historic evidence of

willingness to pay in real terms,

- estimation of benefits for tourism and fishing (water and

sewerage),

- estimation of flood control benefits (sewerage).

A number of these efforts were somewhat successful, but only because of

exceptional circumstances that surrounded the projects in question. In general,



the conclusion that stems from this experience is that conventional benefit-cost

analysis (which seeks to evaluate water and sewerage investments by prediction

of how such services are used, with imputed money values being placed on those

uses by the analyst concerned) is rarely a tool that can be applied in practice

in the water supply and sewerage sector. The private cost savings or consumer's

surplus methods fail in many cases because the quality and quantity of the public-

ly provided service (the project) invariably is so different from that already

obtained from private sources that existing consumer behavior furnishes little

reliable evidence as to the magnitude of possible benefits. Where additional

consumption, or the provision of a new or higher quality service is concerned,

it is also usually impossible to satisfactorily disentangle the physical and

other effects of the project from other influences on health, productivity, land

values and so on. Consequently, unless there are exceptional circumstances in

which the necessary evidence is clearly available, the quantitative results of

standard benefit-cost analysis are too arbitrary to be useful in the water supply

and sanitation sector. Instead, project analysis emphasizes the use of water

and sewerage pricing policy as a means of demonstrating project justification.

1 For further discussion of the kind of problems that are encountered in attempting
to measure the benefits of investments in the water supply and sewerage sector,
see vcberc C. Saunders and Jeremy J. Warford Villge Water Supply: Economics and
Pulicy in the Deve122ing World Baltimore, The Johns Hopkins University Press,
1976;--- Bahl, Stephen Coelen and Jeremy J * Warford Estimation of the Economic
Benef2its of W4ater Supply and Sewerage Projects, Syracuse University lesearch
Gorporation and IBRD, 1973; Economic Evaluation of Public Utility Projects (GAS 10)
Public Utilities Department, IBRD, l97i4; Jeremy J. Warford and DeAnne Julius,
=~conomc Evaluation and Financin of Sewrage Pro ects, Energy,Water and Tele-

comro-unications Department, 0 * , ,
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This has led of course to marginal cost pricing, which is the means by

which consumers are given the opportunity to indicate whether or not the value

to them of incremental output (the project) exceeds its cost. In effect, therefore,

responsibility for the benefit-cost calculation is shifted from the project

analyst to the beneficiaries themselves.

The rationale for marginal cost pricing in public utilities such as
7

water supply is well known in institutions such as the World Bank, and the principle

has been employed in operational work many times. There are, however, a number of

complications involved in its practical application, the most important being the
-/

definition of marginal cost itself. Ambiguity in the definition of marginal cost

stems largely from the different ways in which economists have tried to handle the

problem of capital indivisibility, for which, by definition, marginal analysis is not

too well equipped. The main objective of this paper is to help clear up this

ambiguity. After a brief discussion of the general problems of applying marginal

cost pricing-which attempts to place the problem of capital indivisibility in a

proper context - the main focus of the paper consists of an examination of several

/ The relevant principles are outlined in Ralph Turvey and Jeremy J. Warford
Urban Water Supply and Sewerage Pricing (PUN 11), Public Utilities Department,
IBRD, 1974.- 

This general observation has been made many times. See for example: Alfred E.
Kahn, The Economics of Regulation: Principles and Institutions, New York: John
Wiley & Sons, Vol.1, 1970 , and Ralph Turvey t Practical Problems of Marginal
Cost Pricing in Public Enterprises," Prices: Issues in Theory, Practice and
Public Policy (Almarin Phillips and Oliver Wlliamson, Editors), philadelphia:
University of Pennsylvania Press, 1967, pp.124-134. However a rigorous attempt
to reconcile the various definitions of marginal cost is lacking in the literature
See "Aarginal Costs in ilectric Rate Structures," Public Utilities F'ortnightly,
Vol. 98, No. 10 (Noveaber 4, 176), pI53.
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definitions of marginal cost that have been used, and evaluates them according

to their implications for: price and revenue stability; economic efficiency and

revenue generation.

2.Pobl ication

(a) Incorporation of Waste Disosal Costs in Water Pricing

As applied to water supply, marginal cost pricing is a viable means of

achieving efficient resource allocation, in the sense of ensuring that the benefits

of expenditures in the sector exceed the costs. If price is set equal to marginal

cost, and consumers demonstrate their willingnees to pay such a price, it means

that they place a value on the marginal unit consumed at least as great as the cost

to the rest of society of producing that unit; output and consumption should

therefore be expanded when system capacity is reached. If, on the other hand,

the market clearing price is less than marginal cost, it can be assumed that there

is oversupply: the cost of additional output exceeds the benefits.

While these principles can easily be applied to water supply, evaluation

of sewerage projects via the pricing route presents a number of serious difficulties.

It is obvious that when - as is common - sewage collection and disposal is financed

from general revenues in such a way that there is no relationship between payment

and benefits, the source of finance cannot be used to impute willingness to pay.

Atoreover, if sewage collection and disposal are charged for - as is normal on

the basis of metered water consumption, a revealed willingness to pay a given price

_ For an extended discussion of this issue see Jeremy J. Warford and DeAnne Julius
Economic Evaluation and Financing of Sewerage Projects, op.cit.

2/ A recent s-arvey of World Bank Drojects shows that of 17 re en- rs rruwe-1- !-have
metered water supplies, 15 charge for sewerage on the basis of recorded water
consumption.
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simply irdicaLes a value placed upon incremental water consumption plus its disposal.

It is not possible to determine the extent to which willingness to pay refers to

water supply alone or to water supply plus its sanitary disposal. Neither the

allocation of costs or revenues between water and sewerage provides much guidance:

consequently, to place normative significance on willingness to pay for water

supply plus sewerage implies the judgement that sewage collection and disposal

facilities are a necessary accompaniment of investments in water supply. While a

popular notion, this is usually based upon intuitive judgement, and avoids the

fundamental question of how to justify the sewerage component alone.

The advantage of placing a surcharge on water which reflects the incre-

mental costs of the sewage disposal facilities required is that, given the

objectives of disposing of waste water by means of sewage collection and disposal

facilities, the incremental social cost of supplying water and disposing of waste

will be minimized. While this does not justify the quality of the waste disposal

method selected, it does ensure that given that quality, the water consumer is

provided with an incentive to use the water supply and waste disposal facilities

up to the point that the marginal benefit to him from so doing equals the marginal

cost of expansion of the facilities. In this limited sense, optimality is achieved,

and is a sufficient argument in favor of charging for sewage disposal - at least in
.I

part - on the basis of aetered water use.

The discussion thus far is applicable only to those water users who are

already connected to a sewer. The difficulty of determining willingness to pay

for connection to any system by advance testing of the market is well known - sewerage

being similar to water supply, electricity, and so on in this regard. Analysis of

f Such a policy tends to encourage optimal(i.e.,least social cost) reactions to
pollution abatement measures. The rationale for this is described in J.Warford,
r. Pellegrini, A. Kneese, and K. Maler, Finland's Water Pbllution Control Program:
The Role of Economic Analysis. (PUN 8), IBRD, 1974.



experience in other similar situations is necessary in order that estimates of the

willingness of potential beneficiaries to pay connection fees and other sewerage-

specific charges can oe made. In principle one could impute the value that a

hau.veholder places upon the connection of his home to a sewerage system from his

_arent of (a) a connection charge, or (b) a tax, the magnitude of which is in

part determined by his connection to a sewer and which could include the additional

water charge he is likely to pay. This, however, requires that the householder

has an option to connect or not to connect, and therefore to pay or not to pay

for the service. If, as is often the case, connection of houses to a sewer placed

under a particular street is compulsory for all houses on that street, freely

expressed willingness to pay for sewerage is not revealed.

(b) Capital Indivisibility and the Definition of iMarginal Cost

For pricing purposes it is important to distinguish between those costs

that are a function of consumption and those that are not. Ambiguity in the

definition of marginal cost arises where capital indivisibility (or"lumpiness")

is present, for, with respect to consumption, costs will be marginal at some

times and non-marginal at others. For example, if the safe yield of a reservoir

-s less than fully utilized, the only costs immediately attributable to additional

consumption are certain additional operating and maintenance costs. These are

referred to as short-run marginal costs. Long-run marginal costs, on the other

hand, refer to the sum of short-run marginal costs and marginal capacity costs;

the latter are defined as the cost of extending capacity - for example, building

a new reservoir - to accommodate an additional unit of consumption.

The two definitions of marginal cost, one applicable in thle short run

and the other in the long run, have to be reconciled for a pricing policy which

is associated with an optimum use of existing capacity will frequently not be one
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which results in optimal investment decisions. Strictly interpreted, the margin-

alist approach requires that price should equal short-run marginal cost when

capacity is less than fully utilized, but if demand increases so that existing

capacity becomes fully utilized, price should be raised to ration existing

capacity. This procedure should continue up to the point where consumers reveal

their willingness to pay a price for additional output equal to short-run marginal

cost plus the annual equivalent of marginal capacity cost. At this point, that is,

where existing capacity is fully utilized and price equals long-run marginal cost,

investment in additional capacity is justified. Once the investment has been

carried out, however, price should fall again to short-run marginal cost, for the

only real costs (or opportunity costs, in terms of alternative benefits foregone)

are then operating costs. Price therefore plays the roles of (a) obtaining efficient

utilization of resources when operating at less than full capacity, and (b)

providing a signal to invest in additional system capacity.

Problems associated with strict marginal cost pricing, as just described,

are particularly apparent in the presence of capital indivisibility, a condition

typical of water supply projects, where productive capacity is often installed to

make up for deficits in current supply and to meet future demands for a number of

years hence. Initial costs of constructing reservoirs and laying connecting mains

are usually very high in relation to operating and maintenance costs. Strict

marginal cost pricing in these circumstances would result in significant fluctuations

in price, which in turn would be a source of considerable uncertainty for consumers

and which would create problems for planning long-term investment in facilities

complementary to, or competitive with, water consumption. Exploitation of ground-

water often gives rise to fewer problems of capital indivisibility; in the economist's

jargon, the long-run marginal cost curve is frequently relatively "smooth". Even in

cases where it is technologically possible to extend capacity in fairly small



increments, fluctuations in the availability of finance may mean that capacity is

extended in large lumps. This issue is particularly important in less developed

countries, where large backlogs in supply may be remedied and excess capacity

created at the same time.

Another characteristic of capital indivisibility is demonstrated in an

extreme form by a water supply distribution network. Prior to its construction, it

is by definition a marginal cost and presumably is a function of the expected

consumption of thse benefiting from it. It is, however, normally designed to meet

demands placed upon it for many years hence, during which time additional consumption

by existing consumers is responsible for negligible additional distribution capacity

costs. The pure marginalist approach would suggest that the price charged for

this element of a water undertaking's service should also be negligible. It has

to be financed somehow., though, and the case is illustrative of the conflict

often encountered between economic efficiency and financial requirements.

Many solutions - necessarily imperfect ones - have been proposed to

solve the problem of capital indivisibility. They normally define marginal cost

more broadly, and set price equal to some estimate of incremental operating and
2/

capacity costs averaged over time. Given that numerous alternative definitions

have been employed, and that the definitional problem is at the heart of any

marginal cost pricing exercise, it is the focus of the subsequent chapters of

this paper.

1/ Also by a sewage collection system.

2/ The average incremental cost approach, described in Chapter II, has been widely
used in water supply projects in the developing world. See for example, Robert
J. Saunders Bangkok Water Supply Tariff Study IBRD (PUN 23), June 1976; also
Saunders and Warford, Village Water SUpply op.cit, Chapter 7.
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(c) Financial Viability and Economic Efficienc

Clearly, marginal cost pricing may not produce a desirable financial

perforjaance; significant surpluses or losses may accrue to the utility. A surplus,

of course, may be used to defray other public expenditures, or to avoid taxation,

and only limited distributional or resource allocation problems would arise. Loss-

making, on the other hand, may be attacked on the grounds that those who benefit

should pay for a service, even though the expenditure of real resources might have

taken place in the past. Moreover, loss-making may entail certain limitations from

an efficiency standpoint. First, the accounting losses have to be absorbed somehow,

and it will often be difficult to achieve the necessary transfer of real income

without creating distortions of consumer or producer's choice as severe as those

encountered in deviating from ma;%gPLal cost pricing. Second, the financial discipline

and organizational autonomy resulting from financial viability are often thought to
2/

be the best way to ensure efficient operation of the undertaking concerned.

Solutions to this dilemma have been proposed which have usually tried to

obtain the best of both worlds: the resource allocation advantages of marginal cost

pricing on the one hand and the achievement of satisfactory financial performance
3 /

on the other. There are, in fact, many variations on a common theme, the simplest

of which is a two-part tariff where a water consumer would pay a sum per thousand

gallons consumed equal to marginal cost, plus a lump sum covering non-marginal "sunk

costs"? and consumer related costs. In this way, as long as liability to the lump

V There may, however, be difficulties of the kind experienced in North America in
which regulatory commissions invariably place a ceiling upon the return on capital
that the utility may earn.

2 / This of course has been a cornerstone of Wdorld Bank policy with regard to public
utility institution building in the developing world. For a general statement of
the issues involved, see Anandarup Ray, Cost Recovery Policies for Public Sector
Projects, World Bank Staff Working Paper No.206, July 1975.

a/ See for example: Ronald H. Coase, It The Theory of Public Utility Pricing and Its
Dp~l ication " Bell Journal of Economics and idanagement Science Vol. 1, No. 1,

ring 1976), pp. lIJ-lZd.
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sum payment does not deter anyone from consuming the system's water altogether,

optimal allocation may be achieved. Similarly, efficient allocation may theoretically

result from the activities of the imaginary "perfectly discriminating monopolist,"

who charges each consumer a price equal to the maximum the consumer would pay, on

down to the consumer who places a value on water equal to its marginal cost.

Although such omniscience is rare, this general approach, popularly known as

charging "what the traffic will bear," is often employed to finance water supply;

for example, industrial consumers may be charged higher prices than domestic

consumers. Even if these methods succeed in achieving efficiency in the short run,

however, the justification of additional investment still cannot be signalled

without price fluctuations if capital indivisibility is present. Furthermore, the

income distribution consequences of charging what the traffic will bear may be

perverse.

Wdith regard to wAterborne waste disposal, the kind of tariff that would

tend to result from application of the above principles is likely to consist of

two parts. Since the initial investment in sewerage (primarily sewage collection)

is such an important element of costs, and one that may contain the capacity for

as much as 25 years' load growth, the associated problems of "lumpiness" or capital

indivisibility would normally imply the need for a large fixed charge, plus a

relatively low commodity charge. The low commodity charge would be based upon

water consumption (and therefore sewage flow), and would reflect incremental

operating costs plus incremental capacity costs, mainly of treatment and disposal

works.

Since "externalities" are so important in decisions to inwest in sewage

disposal facilities (see below), there may often be conflict between financial

aims of the appropriate utilities and resource allocation objectives. For financial
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reasons, sewerage authorities frequently have to ensure that high income residential

areas - where the need for sewers (and perhaps piped water) is less because of

lower population density and the presence of alternative means of disposal (septic

tanks) - are served before congested low income areas, where from a general

environmental viewpoint, the need is greater. In such cases, the financial

viability of the utility requires that individual willingness or ability to pay

is given more weight in determining investment priorities than the external effects.

Clearly, this may not be an economically efficient ordering of priorities, but due

to financial constraints water and sanitation authorities frequently find them-

selves in such a position.

(d) The Second-Best Problem and Shadow Pricing

Another difficulty encountered in applying marginal cost pricing to the

provision of water supplies is known as the second-best problem. Wvhat may appear

at first sight to be a step in the direction of economic efficiency (for example,

setting a price equal to marginal cost, or indeed, of introducing a pricing

mechanism where none hitherto existed) may not be an improvement at all should

inefficient conditions prevail in other sectors of the economy. Optimality

in any one sector might require a price greater or less than marginal cost to

counter such inefficiencies.

In practice, in any economy in which there is a reasonable degree of

competition, it has to be assumed that elsewhere goods and services are sold at

prices that in general approximate their marginal costs. If not, the difficulties

of adjusting for all imperfections would lead to the nihilistic conclusion that

there are, after all, no empirical grounds for preferring any one set of pricing

rules over any other. Where, however, goods or services that are in direct

competition with (or are complementary to) the services in question are priced in
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a way that diverges sharply from the standard set for the water supply or sewage

disposal system, it may be necessary and feasible to make some adjustment. Thus,

if prices of resouces employed in constructing and operating water supplies

diverge from their marginal cost to society, shadow prices should ideally be

placed upon them in evaluating the real cost to society of the expenditure.

Labor that would otherwise be unemployed might be valued near zero (that is, at

an estimate of its opportunity cost) even though, due to market imperfection, it

is able to command a wage rate in excess of the minimum amount needed to attract

it; foreign exchange costs should be valued at their market rate; interest rates

should reflect the social opportunity cost of capital, and so on. Adjustments

of this nature are necessary if the ultimate consumer is to be faced with a price

for water that reflects the true conomic cost which his consumption entails.

(e) Externalities and Consumer Knowledge

There may be reasons why the observed willingness of consumers to pay

should not be relied upon as the sole criterion for supplying them with water or

sewerage facilities. There is for example the argument that ex4ernalities are

sometimes associated with such services. Thus, an external benefit that might

result from the consumption of potable water is that the health of X might improve

because hle makes use of an improved supply, and as a consequence, X may not

infect Y whiose future health would also improve. H-owever, since X would not take

th,e health of Y into account in his decision to consume potable water, his

willingness to pay would tend to understate the benefits that would accrue to

the cormmunity as a whole. Another argunent is simply that water consumers may

/ For a comDrehensive treatment of the use of shadow pricing in project evaluation,
see Lyn Squire and Herman van der Tak, Economic Analysis of Projects Baltimore,
The Jolns Hopkins University Press, 1975.
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not sufficiently understand the relationship between improved water supply and

health: the assumption of a well-informed consumer is essential if normative

judgements are to be made about the expression of his willingness to pay.

The externality problem with regard to sewerage is particularly

complicated. In viewing it, it is important to distinguish between sewage collection

and disposal. There is presumably, no reason to expect willingness to pay to be

expressed for sewage treatment and disposal facilities which are often several

miles from the properties that are connected to the sewers. Indeed, investment

in treatment and disposal is largely designed to be of benefit not only to the

producer of the waste, but also to others in the vicinity. Since the discharge

of waste and exereta creates costs to parties other than the waste producer, any

method of pricing or project evaluation that is restricted to measuring the benefits

to the waste producer on the one hand, and the costs of sewerage facilities on

the other., ignores a critical aspect of the problem. Theoretically, any charge

for waste water disposal should be related to the marginal resource cost of

disposal less the marginal cost savings (benefits) to other parties because of

the facilities provided. Put another way, benefits of sewerage facilities consist

of benefits accruing to waste dischargers (who might reveal their willingness to

pay directly through sewerage charges), plus benefits to other parties (for example,

savings in water supply treatment costs, reduced medical expenditures, reduced

smell, etc.).

h/ e fact is that no one - even the experts - precisely understands the relation-
ship between improved water supply and health. See: Aeasurement of the Health
Benefits of Investment in Water SupplyP (PUN 20), Dnergy,Water and Telecommunica-
tions Department, World Bank, January 1976 and Saunders and Warford, Village
Water Lp2py op.cit.
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In practice, the actual benefits of an improved sewage collection ard

disposal system may simply be aesthetic in nature, or there might be health,land

value, recreational, or cost savings benefits. UfrMortunately, as noted earlier,

these are rarely quantifiable. Presiumably, the health impact of improved sewerage

facilities will tend to be greater in the more densely populated urban areas

because of the lack of unpolluted water supply and the greater chanSe of contagion.

On grounds of externalities, and also because, in general terms, consumers are

often unaware of the advantages of clean water in improving health, this may point

to a policy of subsidizing basic sanitation facilities in such areas, and this of

course is often done.

A related issue concerns the appropriate way to charge for water supply

-and sewerage in cities in which some areas are served with water supply only while

others have both water and sewerage. The most common means of dealing with this

situation, where water and sewerage systems are operated by the same authority is

to separate the costs of water supply and sewerage, and to charge households

consuming only water fr that water, with a sewerage surcharge only for those

households actually connected to the sewerage system.

Such a policy will often be suboptimal in terms of the criterion that

price should equal incremental costs. For those already connected to the sewerage

system, the incremental costs of waste disposal are relatively low (since the main

element of costs - i.e. the sewers themselves - are "sunk"). It can be expected,

as long as the original decision to invest in sewerage for that group was correct

in the sense that the economic benefits of the project exceed its costs, that

the marginal social cost of the consumption #lnd disposal of water by some of those

currently without sewerage will exceed that of those who are connected, because



- 15 -

of the magnitude of the externalities created. Theoretically, therefore, there

may sometimes be a case for levying a metered water charge for persons without

sewerage facilities that is greater than for those who have sewerage facilities.

Clearly, the social/political obstacles to such a policy would be immense, but

the general rationale is sometimes used to justify some contribution to sewerage

costs from those who do not directly receive this service.

(f) Metering

Implementation of use-related pricing (through metering) for water

supply is expensive, and its introduction or continuation should ideally be subject

to cost-benefit analysis. The benefits of metering are the cost savings brought

about by reducing consumption. Savings may be achieved by deferring investment

as well as by reducing annual operating and maintenance costs. To determine

whether the investment in metering is worthwhile, the present worth of these savings

should be compared with the present worth of initial and annual costs of metering

plus the reduction in the value of water consumed. Because the reduction in

consumption likely to result from metering is normally highly conjectural, one way

to approach the problem is to ask the question, what percentage reduction in

consumption would justify the introduction of metering? If extreme values result

from such a calculation, it is easy to make a judgement as to whether or not metering

is justified; if not, at least major errors in installing meters may be avoided.

1/ For some practical applications of this principle, see Richard N. Aiddleton,
Robert J. Saunders and Jeremy J. Warford, The Costs and Benefits of Water
Metering, (PUN ?9) Dlpr_, Water and Telecommunications Department, 3RD
June 1977; JererV J. Warford and Ralph Turvey, Lahore Water Supply Tariff
Study, (PUN 12) Public Utilities Department, 13RD, 1974; and Robert J.
Saunders, pangkok dater Supply Tariff Stu (PUN 23) Energy,3Water and Tele-
communications Department, Br3RD 1976. Note that similar principles apply
to the use of other devices to regulate the consumption of water, such as
guards at public standposts. See Saunders and Warford, Village water Supply
op.cit.
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(g) Temporal and Locational Variations in Costs

The marginal cost pricing principle implies that price should reflect

variations in the cost of supplying water to different consumers. It may therefore

be desirable to distinguish between consumption at different times and at different

locations. In the case of water supply, the cost of consumption may sometimes be

expected to vary seasonally. If so, whether pressure on capacity is due to demand

peaks or supply troughs or both, there may be a case for varying the price of water
1 /

to achieve an efficient allocation of supplies. Theoretically, unless capacity is

fully utilized during the off-peak period as well as during the peak the rule should

be that off-peak users pay just for shcrt-run marginal costs (operating costs) while

peak users pay for all marginal capacity costs plus the marginal operating costs

incurred during the period. Consequently, additional storage capacity necessary

to satisfy the excess of peak season over slack season demand should be constructed

as a result of a revealed wiLlingness of consumers to pay the extra amount for

water during the peak demand season. In practice, it would only be possible to

introduce differential pricing for seasonal peaks: the need to meet diurnal peaks

is reflected in the design of distribution systems, and differential pricing here

would, prima facie be too expensive to administer.

Geographical variations in marginal costs - if sufficiently large - should

also be reflected in pricing policy. The use of national or state-wide uniform

tariffs, which in developing countries is fairly widespread and seems to be growing,

is clearly at odds with the principle, and may be responsible for inefficient
2/

locational decisions, particularly by large water-using industry. Occasionally,

1/ The application of peak load pricing to water supply is best described in
J. Hirshleifer, J. de Haven and J.W. Milliman, Water Su : Economics
Technology and Policy, University of Chicago Press,1960.

2/ The inefficiencies involved in such a policy have been pointed out by World
Bank staff many times. The argument is presented more fully in Saunders and Warford,
Village Water Supply, op.cit.pp. 176-179.
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there may also be scope for distinguishing between consumers within a given urban

area: connection and distribution costs may vary with population density, while

consumption costs (pumping, etc.) may vary according to terrain.

A number of political and social difficulties arise when attempts are made

to ensure that temporal and locational variations in costs are reflected in pricing

policy. In many cases, because the "need" for water is more apparent during the

dry season, it is particularly difficult to levy a surcharge on consumption at that

time. Regarding geographical cost variations, one explanation for the increasing

pressure for uniformity is the improvement in communication which allows people

in various parts of the country to know what is going on elsewhere.

(h) Supplying the Poor

In order to ensure that the poor obtain a minimum adequate supply of water

and/or adequate waste disposal facilities, it may be desirable to modify the margin-
_1/

al cost pricing approach. This can be done by means of a tariff schedule that

consists of two steps - a low subsidized "lifeline" rate for the first 6 to 8 cubic

meters per month and a charge equal to marginal cost for all additional consumption.

This will normally provide an acceptable tradeoff between efficiency on the one

hand and equity on the other.

Tariff schedules with multiple increasing blocks or with blocks which

are intended to increase approximately in proportion to the recorded income distri-

bution of the country are relatively common in developing countries but, while they

1 / More direct methods are of course used; provision of communal standposts is a
feature of most water supply systems in developing countries.

2 / Given the presence of health externalities there may also be efficiency reasons
for subsidizing minimum amounts of consumption for low income consumers.
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may often be the best that can be achieved in a political sense, are not an entirely

satisfactory solution. In many developing countries households with house connections

represent a relatively wealthy segment of the population, and there is no good

reason for pricing that portion of their consumption which is in excess of the basic

minimum at less than marginal cost. There are moreover many influences on water

consumption other than income, a reliable correlation between water consumption and

household per capita income being particularly difficult to establish. Given that

if a government seeks to redistribute income there are many more efficient ways

to do it than through water supply tariffs, it would seem that a two step tariff

which emphasizes allocational efficiency by equating the top step to marginal cost

would best focus on the one aspect on which tariffs can have a significant impact.

3. Summar,

In the preceding sections a number of problems of implementing marginal

cost pricing in the water and sewerage sector have been discussed. In brief, the

efficiency objective, which requires, inter alia, consideration of externalities,

geographical and locational cost variations, and compensation for market failure,

has to be reconciled with a number of other objectives of pricing policy. These

include equity (primarily to ensure that the poor are not denied minimum levels

of service), ease of administration (which implies considerable price stability and

1/ A recent survey of World Bank projects shows that out of the 36 borrowers which
have metered water supplies, 21 have increasing block rates for domestic consumer9s.
However, such a policy is generally an improvement over the declining block rate
still advocated by the American Water Works Association and normally used in the
USA. A recent survey of the tariff structures used by over 70 different American
utilities showed that more than eighty percent of the tariff structures contained
decreasing-block water charges. See: Helt, A. and D.L. Chambers, "An Updated Hartford
Metropolitan District Water Rate Survey," Journal of the American Water Wbrks Assn.
August 1976, pp.426-430. With the rare exceptions in which economies of scale are
encountered on a er consumer basis, the only rationale for such a policy might be
if the initial high blocks covered consumer-related costs such as meter reading.
Fortunately such declining block tariff structures are now rarely encountered in
developing countries.

2 / Of course subsidized connection costs which enable low income consumers to secure
house connections can result in transfers of real resources in developing countries.
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the evaluation of metering policy), and the financial viability of the water and

sewerage authority itself.

It is apparent from this necessarily superficial survey of the issues,

that the way in which this complex set of objectives and constraints is handled in

any particular circumstance depends upon the way in which marginal costs are

perceived. For example, the concept of the two part tariff, which may be invoked

to reconcile efficiency objectives with financial goals or income distributional

criteria, implies a definite distinction between the costs that are marginal with

respect to consumption and those that are not, and/or between sunk costs and

marginal costs. The metering decision also depends upon such a distinction,and so

should an analysis of the costs of extending service to different categories of

consumers.

The conclusions that may be reached on these important policy issues may

therefore differ significantly to the extent that there are different interpretations

of marginal cost. However, in practice, due partly to different perceptions of the

objectives of pricing policy, a number of somewhat different definitions are in

common use. It is the intention in the remainder of this paper to analyse several

of the most widely used definitions in order to suggest the appropriate methods

to adopt for the water and sewerage sector, in which significant capital indivi-

sibilities are frequently present.
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II. Alternative Definitions of Marginal Cost

In the following sections marginal-or incremental-cost is defined

in four slightly different ways. The definitions are similar in that they

are forward looking, i.e. they consider only future costs and future output.

The definitions differ in the extent to which they stress the importance of

short-run as opposed to long-run costs, operation as opposed to investment

costs, and changes in consumption in different time periods. In consequence,

when used for pricing purposes they vary in the extent to which they focus on

short versus long run allocative efficiency, and the extent to which they

attempt to minimize price fluctuations in the presence of lumpy investments.

The four definitions examined are:

1. "Textbook" Marginal Cost (TMC)

2. "Textbook" Long Run Incremental Cost (TLRIC)

3. Present Worth of Incremental System Cost (PWISC)

4. Average Incremental Cost (AIC)

1. "Textbook" Marginal Cost

Marginal cost can be defined as the first derivative of total cost

with respect to output, where TC=f(Output) is a continuous single-valued

monotonic function. When, however, a total cost function is discontinuous

(investment is lumpy or cost records are kept on the basis of yearly changes

and not by changes for each additionml unit), the above definition is not

strictly applicable. In such cases there is considerable ambiguity in economics

literature about how to choose the appropriate magnitude of output change, and

about the appropriate cost which should be attributed to that output. It is

possible, for example, to argue that the total cost of an additional lump of
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investment should be attributed to the very last unit of output. Such an

interpretation, however, can be opposed on the grounds that additional

investment is justified when consumers show their willingness, over a

given period of time, to assume the financial (and presumably economic)

burden of additional capacity investment measured over the same period. L

This burden can be defined as the payment that has to be made in order to

cover the operating and amortization costs of the additional capacity. In

practice it is inconvenient to use instantaneous increments, and amorti-

zation schedules broken up into minute time periods, and in our definition

of TMC we use periods of one year for these purposes.

Of course if cost-benefit analysis is feasible the problem of

deriving an investment-signal price can be avoided. Then, in cases when

investment is lumpy, price is set equal to short run marginal cost, and

when excess capacity nears exhaustion a cost-benefit exercise is undertaken

to see if additional investment is justified. If it is found to be justified,

the investment is undertaken and price is then set equal to the new short

run marginal cost. 2/ If, however, investment is not shown to be justified

at that time, presumably price would be allowed to rise in order to allocate

the perfectly inelastic supply. In this circumstance the behavior of price

would correspond closely to the TMC definition outlined below. Of course,

as discussed in Chapter 1 of this paper, the difficulties of benefit measure-

ment related to public utility output generally preclude the option of short

run marginal cost pricing with cost-benefit analysis justifying additional

investment.

t/ See J. J. Warford, "Water Requirements: The Investment Decision in the
Water Supply Industry," Manchester School of Economic and Social Studies,
Vol. 34, (January 1966), pp. o7-106.

2/ This alternative might be appropriate in the evaluation of certain highway
projects. See A. A. Walters, The Economics of Road User Charges, World
Bank Staff Occasional Papers, No. 5, 19bb.
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The TMC definition of marginal cost examined in this paper generally

-elec:s micro-economic pricing theory, with the modification that each in-

crement is taken to be the change in output which occurs during one year. -

As a result TMC makes use of two concepts, i.e. short-run marginal cost (SRMC)

which reflects increments in operating and maintenance costs brought about by

increases in output, and marginal capacity cost (MCC) which reflects increments

in capital expenditures (capacity) -which are necessary to increase output.

Žtnce these cost and output increments are considered only one year at a time,

.-ie TMC definition reflects a relatively short time horizon.

C Is 3 defined as:

? f, t( - 4-R PP 4tri C

* l-ct t nct

Qt +1 -QV Qt+i-Qt

r^rere t = Year for which TMC is being calculated

Rt = Operation and maintenance expenditures in year t

Qt = Water produced in year t

It = Capital expenditures in year t

r = The capital recovery factor, or the annual payment that will

repay a $1 loan over the useful life of the investment with

compound interest (equal to the opportunity cost of capital)

on the unpaid balance.

Our definition of TMC is therefore somewhat arbitrary with regard both
to the magnitude of the increment in output and the application of an
amortization factor to capital costs. Even the textbook definition, as
we define it, therefore makes use of some "smoothing." Definitions
which fail entirely to do so, we would argue do not deserve to be con-
sidered seriously as practicable alternatives.

? Ii (1 + i)n
(1 + i)n -1

where I is the investment cost, i is the appropriate interest rate, and n
is the useful length of life of the investment (assumed to be 30 years).
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Given the fact that when capacity is reached, there could be a vertical gap

between SRMC and TMC, for purposes of our subsequent analysis the increment in

consumption used to calculate the MCC part of TMC is that for the year immediately

following the expenditure on new investment and not for the year before the

expenditure. _

With a lumpy investment stream, TMC for the years in which capacity

expenditures take place reflects both SRMC and MCC; during years in which no

capital expenditures take place TIVC equals SRMC only. Charging according to

TGC, therefore, involves significant fluctuations in price, the signal to

invest in additional capacity being given when output is at capacity and the

price paid by water consumers is equal to short run marginal cost plus annual

equivalent marginal capacity cost (MCC).

2. "Textbook" Long Run Incremental Cost

Use of the TLRIC definition of marginal cost emphasizes the need to

give investment signals to present and potential water consumers at the expense

of some loss in short run allocative efficiency. As normally presented in the

literature, the forward looking time horizon of TLRIC does not, however, extend

beyond the next investment.._/ TLRIC is defined as follows:

' / A problem with the use of this definition in subsequent analysis is that
if the price elasticity of demand is different from zero (and there is
considerable evidence to suggest that in most cases it is), the consumption
(and output) of water would increase more rapidly (assuming demand at a
given price is growing at some compounded rate) during years when there
is large excess capacity, and less rapidly in years when the utility is
approaching capacity and short run marginal costs are rising. As a result,
the TMC estimate of SRMC, which we later on assume to be increasing at
the same rate as output, could in reality be an underestimate as output
nears the capacity of the utility.

2/ Of course TLRIC could be redefined to look at the average of the next
several investments or at one particular "representative" future investment.
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TLRICF = t +1 -ii rI
+

Qt, t1 -Qt t 4' -, + 

where the notation is identical to that used for TMC with the exception that

k denotes the year in which the very next major investment expenditure is

completed. As a result, during the years t through k the term rIk/Qk+l -Qk

remains constant, reflecting the annual equivalent of marginal capacity cost

for the next lump of investment. In year k+l, after investment has taken

place in year k, k is redesignated to be the new next year in which a large

investment is completed, and, again, over the period t through k the term

rIk/Qk-l-Qk remains constant, reflecting the annual equivalent of marginal

capacity cost for the next lump of investment. For years in which investment

takes place, TLRIC will equal TMIC.

The TLRIC definition jumps from investment peak to investment peak

with price changing immediately following an investment to reflect the incremental

costs of the next big capacity investment which will have to be incurred. This

method or close variants of it have been most frequently used in the electric

power sectors where the need for forward looking investment signals is critical,

and where because of the existence of interconnected nationwide grids, lumpiness

in investment is less of a problem. 2/

3. Present Worth of Incremental System Cost

PWISC is another method of defining marginal cost which emphasizes

the necessity of providing consumption and investment signals which reflect

7/ For ease of exposition a construction period of one year is assumed.

2/ The TLRIC method is described in Ralph Turvey and Dennis Anderson,
Electricity Economics: Essays and Case Studies, (Baltimore: Johns
Hopkins University Press, 1977).
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the magnitude of forthcoming investment. As presented by Turvey,1L/ the

FWISC definition does not, with the exception of replacement costs, look

beyond the next lump of investment, and therefore also tends to ignore the

effect of increasing or declining unit costs associated with subsequent

increases in output and consumption. For purposes of water supply pricing

PWISC is defined as: the present worth of the increment of system costs

resulting from a permanent increment in consumption at the beginning of year

t minus the present worth of the increment of system costs resulting from

the same permanent increment in consumption starting at the beginning of

year t+l. Algebraically, this can be expressed as:

Ik Ik ______ ____29___- k-'29

%t +1 -at+ 1tk+1-t ~ k+29-t k±30-t -

4+]Rt)+ [(1t)- (l +kFl_ (1 j]i)') (I +
PWISCt=

Qt +1 - Qt

where the notation is similar to that used for TLRIC in that k again denotes

the year in which the very next large investment expenditure takes place (the

year in which the system reaches capacity), where i is the opportunity cost

of capital, and where the useful life of investment is assumed to be 30 years.

4. Average Incremental Cost

The AIC definition of marginal cost represents an attempt to (a)

compromise between short run allocative efficiency goals and the need to

signal the justification of investment in additional capacity, and (b) look

XJ Turvey has proposed slight variants of the PWISC definition in several
sources. The source on which we relied most heavily is: Turvey, Ralph,
Optimal Pricing and Investment in Electricity Supply, (London: George
Allen and Unwin Ltd., 1968), p. 55. In this source, there is an implied
assumption that investments take place in every yeari, alrLt h iWIISC
na<-, - ccurse, oe def:.*a: -r erYns ct an,s postwlated incre:nent of
ou'to>zt
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beyond the traditional economic definiton of the long run by including all

future investment costs during a specific time period; usually 10 to 15

years would be the maximum period for which reliable data would be available.

In looking beyond the next increment in capacity, AIC makes different assumpt-

ions about the proportion of the investment which must be paid at one point

in time in order to reveal consumer willingness to pay, and about the re-

levant magnitude of the next increment in capacity, which is invariably

difficult to specify, particularly in large and complex systems in which

many investments (some of which produce joint products) are taking place

simultaneously.

Basically AIC assumes that in cases when investment is lumpy,

marginal capacity cost (MCC) can best be estimated as:

MCC = Present Worth of the Least Cost Investment Stream
Present Worth of the Stream of Incremental Output Resulting from the Investment

Thus, if at any point in time consumers willingly pay a price equal to in-

cremental operating costs plus MCC as defined above, this is an indication

that the benefits of the investment program, which can include one or more

projects and which would be measured in cost benefit analysis as the present

value of total revenue (PxQ), are at least equal to the costs, measured as the

present value of the stream of costs to be incurred through time. The average

incremental cost estimate which we simulate is calculated by discounting all

incremental costs which will be incurred in the future to provide the estimated

additional amounts of water which will be demanded over a specified period,

and dividing that by the discounted value of incremental output over the

period, i.e. -/

1 / As noted in Chapter I, the AIC definition of marginal cost is widely
used in World Bank water supply projects. The same concept, known as
"discounted unit cost," is employed in official discussions n water
pricing in the UK. See Paying for Water, National Water Council,
London, April 1976.
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+ r Rt Rt) + ttl

AICt L

a=1 L ~(1s)t-

where the notation is similar to that used previously except that T is the

number of years for which water expenditures and attributable output are

forecast and over which price is being smoothed. Theoretically, the interest

rate (i) in the numerator of AIC should be set equal to the opportunity cost

of capital, while that in the denominator should be equal to the time pre-

ference rate for consumption, reflecting the assumption that consumption

today is more valuable than consumption in the future.

The AIC definition gives marginal cost estimates which smooth out

lumps in expenditure streams while at the same time reflecting the general

level and trend of future costs which will have to be incurred as water con-

sumption increases. Where unit costs are lumpy, the AIC estimate will never

be equal to the TMC estimate; it will always be above SRMC and usually below

TLRIC,L / and relative to TMC will therefore tend to discourage "justified"

consumption when there is excess capacity and to provide premature investment

justification signals as capacity reaches full utilization.

5. The Choice of Definitions

In the abstract, marginal cost (the change in total cost brought

about by an infinitesimally small change in output) is a simple concept. In

1 / AIC can exceed TLRIC in cases where investment is smooth, and where
capacity costs are rising rapidly and the incremental costs of sub-
sequent investments are much larger than those of near term investment.
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practice, however, where we are dealing with changes in both costs and output

through time, many different forward looking definitions of marginal cost

are employed. The version actually selected may depend upon:

(a) The size of the increment in output which is being

examined;

(b) The length of the time horizon which is considered to

be relevant, or the period of time for which significant

excess capacity will exist;

(c) The desired emphasis on near term allocative efficiency

versus longer term resource allocation;

(d) How rapidly changes in technology, or economies of scale

are expected to significantly affect production costs;

(e) The extent to which relative price stability through time

is thought to be necessary; and

(f) Revenue implications.

The four definitions examined in this paper generally cover the

spectrum of ways in which most of these factors can be traded off with each

other. Of these methods, TMC is the one that adheres most strictly to the

real marginal costs that are actually incurred at any one point in time

although as noted previously the actual magnitude of TMC is dependent on

assumptions concerning the appropriate output increment and the proportion

of capacity cost which must be covered in order for consumers to reveal -

their willingness to pay. Furthermore, even with the moderate "smoothing"

that the TMC definition incorporates, in view of its implications for price
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fluctuations when investments are lumpy, its practical application has been

questioned by many economists.-,/

To remedy this price fluctuation deficiency, and to address the

fact that present and potential water consumers have imperfect information

about future water prices, it is necessary to incorporate marginal capacity

costs in prices even when investment in capacity is not imminent. A number

of alternatives for doing this have been proposed. PWISC, while recognizing

the concept of marginal capacity costs, does so in such a way that considerable

price fluctuation remains, price falling significantly following an investment,

and rising gradually to approximate TMC and TLRIC at the point at which the

next investment is due. PWISC, TLRIC and TMC therefore adequately signal

the need for investment in capacity, but only TLRIC avoids the significant

drops in price that are associated with the other two methods at times of

temporary excess capacity. Indeed, TLRIC implies relatively stable prices

between investments, significant changes taking place only immediately after

an investment has taken place. /

AIC is distinguished from the other three definitions in that it

takes a longer view of costs, looking beyond the next increment in capacity.

This can be particularly important where rapid technological change is taking

place or significant scale economies are being experienced. AIC also has

the attribute of avoiding severe price fluctuations although it does not

adhere closely to TMC either at capacity points (as do TLRIC and PWISC) or

during periods of excess capacity. It is thus essentially a compromise

1 / For a notable exception, see Hirshleifer, de Haven and Milliman, Water
Supply: Economics, Technology and Policy, op cit, p. 98, who dismiss
objections to price fluctuations as "prejudice."

2/ No change takes place in the constant cost case.
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solution, neither adequately (in a textbook sense) signalling the justification

for any one specific investment in a program, nor corresponding to the textbook

SRMC ideal in the short run.

Other definitions which are variations on the above basic themes

are, of course, possible. We have specified and simulated a number of these,

including several which were derivatives of AIC and PWISC, TMC, and AIC and

TLRIC. Our conclusion was that for water supply pricing, the four basic

definitions indicated above adequately represent the spectrum of alternatives.

6. Cost Streams and Simulation

The four definitions of marginal cost are simulated for nine different

cost-output combinations. The nine combinations are most easily viewed as

consisting of three different cases (A through C), each of which assumes

different rates of growth for investment, and for operating costs and output.

The three cases also involve simulations of three different investment streams,

each of which has different properties with regard to phasing, and lumpiness.

The three cases are summarized in Table 1 which presents the various assumptions

made about annual growth rates for investment, and for operating costs and

output.

The expenditures which are included in the cost streams are assumed

to be only those which are relevant for pricing purposes, i.e., costs which

through time are a function of consumption, and which have been adequately

shadow valued to reflect resource opportunity costs. Also all costs are

assumed to be in constant prices and to include no amounts for interest,

direct or indirect taxes, and other transfer payments. For purposes of the

simulation exercise, the feedback from the defined marginal cost to price
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Table 1

COMBINATIONS OF EXPENDITURES AND OUTPUT WHICH ARE SIM IATED

Investment Expenditure Stream
Characteristics Yearly Rate of

Yearly Rate of Increase in
Increase in Overating Costs

Investment Cost Degrees of Total Investment and Output /
Behavior 1_/ Investment Lumpiness Expenditures (%) (W)

-- -- - -- ---

Case A 1. Investment at 10 yr
Increasing Unit Intervals 10 2
Investment Costs

2. Investment at 5 yr 10 2
Intervals

3. Iuvestment Takes 10 2
Place Each Year

Case B
Constant Unit 4. Investment at 10 yr 5 5
investment Costs Intervals

5. Investment at 5 yr 
Intervals

6. investment Takes
Place Each Year

Case C
Declining Unit 7. Investment at 10 yr 2 10
Investment Costs Intervals

8. Investment at 5 yr 2 10
Intervals

9. Investment Takes 2 10
Place Each Year

j/ The fact that investment costs per unit increase, decrease or remain
conbtant can be seen by comparing the last two columns in this Table.

2/ For purposes of simplicity, it is assumed that operation and maintenance
costs and output vary together.
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and thence to quantity demanded is not taken into account. In effect, this

assumes perfect inelasticity of demand over the relevant price ranges. This

assumption is convenient in highlighting the consequences of various definitions

of marginal cost, although if true in practice, it would make marginal cost

pricing irrelevant for resource allocation.

In the simulations the discount rate used for the opportunity cost

of capital in both AIC and PWISC, in specifying the capital discount factor

r, and the discount rate representing the consumption time preference rate

in AIC, is 10 percent. Higher and lower discount rates were simulated but

the results of the comparative analysis were not significantly affected. The

value of r is 0.1061; this corresponds to a thirty year capital recovery

period, which is assumed to be the average useful life of water supply

investments. While surface water installations with large civil works com-

ponents may have much longer useful lives, some groundwater investments,

more oriented toward pumping equipment, tend to have a shorter life.

All expenditure and output streams are specified (forecast) for a

period of 50 years. The simulations discussed in this paper are of estimates

of each of the four definitions for each of the first 25 years of the 50 year

cost-output streams and for the nine different cost-output combinations

considered.

7. Criteria for Evaluation

The results of the marginal cost definition simulations are compared

on the basis of (a) which of the three alternative definitions deviate least

from TMC, and under what conditions, (b) which of the four definitions entail

the least price and revenue variability (which best smooth out investment

lumps), and (c) how each of the four definitions compare with regard to the

total amount of revenue they generate.
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The basis on which deviations from TMC are compared is that TMC

approximates the generally accepted theoretical specification of marginal

cost as well as any of the methods, although as noted previously, overall

economic efficiency may require, as a basis for pricing, a smoothing out

of incremental costs and a time horizon which extends beyond the next

increment in investment. In other words although TMC is used as a base for

statistical comparison, its use as such is not intended to imply that it is

necessarily the theoretically "best" definition. Absolute deviations from

TMC are calculated for each of the 25 years for which marginal cost estimates

are made, and ratios of the alternative estimates to TMC are calculated and

compared.

The examination of price and revenue variability is carried out by

plotting the path of the marginal cost estimates over 25 years, and by

examining and comparing standardized ranges and indexes of variability for

each of the four definitions and nine cost-output combinations. Indexes

of price and revenue variability are derived by comparing the deviations

of revenue and price generated by each definition from a general trend line

representing price and revenue through time. The trend lines about which

price and revenue variation are measured are derived by least squares re-

gressions of total revenue (or price) on time for each simulated total

revenue (price) stream. The trend equation specified is of the form

TR=a+bt+ct2 where TR is Total Reveme (or price), and t represents time

moving from 1 to 25. Deviations about this line are compared by examining

the ratio of unexplained variation to total variation.
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Estimates of the revenue generation implications of each method

are of course straightforward, given the assumption already referred to. of

perfect inelasticity of demand.
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III. The Simulation Results

This chapter presents highlights of the simulations of the four marginal

cost definitions on nine of the cost-output combinations. The primary emphasis

is on comparing how the price estimates behave under conditions in which invest-

ment is lumpy. Behavior is judged on the basis of price and revenue fluctuation,

revenues generated, and deviations from narrowly defined economic efficiency. A

listing of the hypothesized cost streams and a more complete enumeration of the

results of all of the simulations are contained in Annexes I, II and III.

1. Price and Revenue Fluctuation

As outlined in Chapter I, a major reason marginal cost has in many cases

not been adopted as the basis for public utility pricing is that in cases in which

investment is lumpy, the resultant price would be extremely volatile, generating

both political and financial management problems for the utility. The fact that

the TI4C definition is particularly volatile can be seen in Graphs 1, 2 and 3,

which show plots of the four definitions simulated for the lumpy investment stream

(investment every 10 years) in the increasing, constant, and declining cost cases.

In the increasing cost case (Graph 1), which is the most common in water

supply, it can be seen that both AIC and PWISC show virtually no volatility about

their trend lines while TLRIC exhibits significant discontinuities at each invest-

ment point. In the constant cost case (Graph 2) TLRIC shows no significant price

variation while both PWISC and AIC show some variation; although significantly

less than TAC. In the declining cost case TAC is again the only definition which

shows great price volatility. It is followed in order of volatility by TLRIC,

PWISC and AIC, the latter being quite stable over time.
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As might be expected, revenues generated by the four price definitions

exhibit relatively the same volatility characteristics as do prices. In the

increasing and decreasing cost cases AIC generated the least volatile revenue

estimates followed closely by PWISC. In the constant cost case TLRIC revenues

are the least volatile, while PWISC revenues are slightly more volatile than

those generated by AIC.

Tables 2, 3 and 4 present the results of attempts to derive suamary

numerical measures of the relative price and revenue variability of the four

1efinitions. The measures presented are imperfect in that the indexes of varia-

tion in Tables 2 and .3 are somewhat dependent on both the form of the function

fitted, and on the extent to which a trend is present about which to measure

variation. The standardized ranges on the other hand, reflect only differences

in the years of maximum and muinimum cost. Nievertheless, these numerical measures

to-~ether with the graphical illustrations, consistently indicate that, as expected,

the three alternative marginal cost definitions exhibit considerably less price

and revenue volatility than does TiIC. Of them all, AIC is generaliy the least

volatile, although TLRIC is superior in the constant cost case.

2. Economic Efficiency.

Under the assumptior. that TMC represents a reasonable approximation of

a pricing policy wiK. encourages an efficient allocation of resources in the

short run, and which automatically signals the justification of each additional

investment, deviatiorns of the three alternative definitions from T.IC are assumed,

for plurposes of the simulation exercises, to represent deviations from an efflcient

pricing norm. As noted previously, reservations may be expressed as to the use of

TIAC in this way. TAIC is not necessarily an absolutely accurate representation of

margLnal cost as defined in economic theory. In calculating TMC important assump-
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Table 2

INDEXES OF REVENUE VARIATION WEEN INVESTMENT OCCURS
I/

ONCE EVERY TEN YEARS

CASE TMC TLRIC PWISC AIC

A 98 12 1 0

3 99 0 14 10

C 76 27 23 1

t/ Larger indexes represent greater variation about a trend line. The
trend line was estimated by a least squares regression of the form
TR = a+bt+ct 2 where TR is total revenue and t is time going from 1 to
25. The above indexes of variation are equal to (1-R 2) x 100 where R2
is the coefficient of determination.
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Table 3

INDEXES OF MARGINAL COST PRICE VARIATION WHEN INVESTMENT

OCCURS ONCE EVERY TEN YEARS

CASE TMC TLRIC PWISC AIC

A 99 15 1 0
2/

B n.a. n.a. n.a. n.a.

C 83 23 23 23

1 Larger indexes represent greater variation about a trend line. The-trend
line was estimated by a least squares regression of the form MC- a+bt+ct 2

where MC is the marginal cost price and t is time going from 1 to 25.
The above indexes of variation are equal to (1-R2 ) x 100 where R2 is the
coefficient of determination.

2/ iNot applicable. 'When no trend is present such as in Case B, the index
provides no meaningful results.
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Table 4

STANDARDIZED RANGES OF MARGINAL COST ESUMATES FOR TIE

25 YEAR SIMULATION PEIOD

CASE TIMC TLRIC AIC PWISC

1. 14-ol 2.00 1.78 1.92
A 2. 8.64 1.64 1.77 1.91

3. 1.82 1.82 1.77 1.80

4. 6.47 .03 .34 .44
B 5. 3.58 .03 .15 .21

6. .07 .07 .01 .12

7. 6.51 2.14 .91 2.07
C 8. 3.y5 1.45 .70 1.38

9. .59 .59 .57 .53

1/ A standardized range is calculated by dividing the difference between the
,aximum and 'iidimum values by the arithmetic mean of the values for the
twenty-five year period.



- 42 -

tions have been made about the size of quantity increments, about discontinuities

in costs, and about investment justification being signaled when consumers reveal

their willingness to bear the yearly financial burden imposed by a new investment

and not the total cost of the investment at that time. Moreover, efficiency may

in fact require, to assist long term investment decisions by consumers, the incor-

poration of capacity costs in price even during periods of excess capacity. From

Graphs 1, 2 and 3 it can be seen that TLRIC corresponds exactly to TMC in years

where investment justification must be signaled, but that TLRIC is extremely

inefficient when judged in light of the need to encourage the use of excess capacity

in the short run. PWISC, while also coming close to TIC during years in which

investment justification needs to be signaled, does not deviate quite as much from

TiMC during years in which no investment takes place. AIC on the other hand misses

TIC by a wide margin during investment years, but deviates much less from TMC

during years in which excess capacity exists.

The changing patterns of the deviations from TIMC as investment becomes

less lumpy can be seen in Graphs 4, 5 and 6 which show investment taking place

every five years, and in Graphs 7, 8 and 9 in which investment takes place in

each year (the smooth investment stream). As might be expected the marginal cost

estimates tend to converge as investment becomes less lumpy, with complete

convergence between TA4C and TLRIC when investment occurs in each year. Just as

it does in the lumpy case, PWISC continues to lag slightly below TLRIC as invest-

ment smooths out. AIC tends to underestimate investment signals by a smaller per-

centage amount as investment smooths out, and in the increasing and constant cost

cases actually exceeds the investment signal prices when investment occurs in

each year.

Tables 5 and 6 present general summaries of "average" yearly divergences

of the three alternative definitions from TIAC. As was apparent from the graphs,
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the tables also show that the three alternative definitions tend to converge toward

TAC as investment smooths out. Unlike the graphic presentation, however, Tables 5

and 6 better highlight the fact that AIC and TiMC generally diverge the least when

investment is somewhat lumpy.

The 25 year averages presented in Tables 5 and 6, of course, obscure the

fact that .IC misses investment signals, and misses the TMC price in years when

excess capacity exists. Furthermore, the averages give deviations in each year

an equal weight, whether or not investment takes place in that year. As such,

they incorporate the inplicit assumption that, in any one year, missing a proper

excess capacity allocation price is as large an error as missing an investment

signal price. Given this assumption, AIC gives a better "overall" resource alloca-

tion price when investment is lumpy, and TAC-TLRIC provide the best resource

allocation price when investment is smooth.

It is apparent that subject to the necessary discounting, AIC treats

short and long run efficiency as equally valuable. In other words, the rationale

for AIC is that in discounting the program benefits (measured in terms of willing-

ness to pay) and discounting program costs, if the present worth of benefits exceeds

that of the costs, the proposed investment stream (program) is signalled as

justified. The AIC definition, therefore, provides the information needed for

cost-benefit analysis. Indeed, the internal rate of return calculation used in the

World Bank which for public utilities uses expected revenues as a proxy for benefits,

makes use of identical data. Consequently, if prices on average equal AIC, the

internal rate of return of the projected investment program is by definition equal

to the opportunity cost of capital.
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Table 5

AVERAGE ABSOLUTE DIVERGENCE OF ALTERNATrIE MARGINAL
1/

COST ESTIMATES FROM TMC

CAMS TLRIC AIC PWISC

1. 221.94 52.79 126427

A 2. 61.23 33.25 45.59

3. 0.00 18.14 1.45

4. 15.78 4.10 10.78

B 5. 6.28 2.97 4.99

6. 0.00 .83 .20

7. 2.05 .72 1.84

c 8. 1.09 .55 2.47

9. 0.00 .02 .05

1/ The divergences were calculated by summing the absolute
differences between the TMC price estimate and the price
estimate of each alternative definition and dividing by 25.
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Table 6

V.IrE.AGE RATIOS OF ALTERNATIvE MARGINAL COST ESTIMATES

TO T MC

TLRIC AIC FWISC
CASE T.I4C TMC TMC

1. 335.52 61.69 187.49

A 2. 93.61 44.24 67.54

3. .00 2.65 .87

4. 24.68 4.46 16.70

B 5. 10.45 3.79 8.14

6. 1.00 1.40 .90

7. 4.08 1.32 3.63

C 8. 2.64 1.25 2.38

9. 1.00 .98 .96

1/ The averages presented are calculated by swrmming the
ratios over 25 years and dividing by 25.
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in particular instances, of course, when investment is lumpy and when

it is felt, for reasons associated with the project, the program, or the country,

that a greater value should be placed on signaling the justification of specific

lumps of investment, then deviations from TA4C during years in which investment

takes place might be weighted more heavily, and as a result TLRIC or PWISC could

be preferable to the AIC estimates. At the other extreme, if it was decided

that invertl.ent signals were completely unimportant, and deserved no weight what-

soever, a price equal to short run marginal cost (SMC) would better allocate

short run excess capacity than does AIC.

3. Revenue Generation

Table 7 shows the average price of each of the marginal cost definitions

over the twenty-five year simulation period. Table 8 shows the total revenue

which would be generated over 25 years by each of the definitions for each cost-

output stream. Taking either the narrow financial point of view of a water supply

utility, or in light of the wider fiscal potential of the utility, it is assumed,

for purposes of this exercise, that a higher average price and a higher total of

revenues are generally desirable. Revenue surpluses might be dealt with by making

grants to the central government, or by further subsidizing connection charges

for low income consumers and extending service more rapidly to low income areas

as they develop.

From Table 8 it can be seen that in the increasing and constant cost cases

for the two lmwpy cost streams, TLRIC generates the most revenue followed by PWISC

and AIC, with TAO generating the least. For the smooth cost stream, AIC generates

the most revenue and PWISC the least when costs are increasing, while TA4C-TLRIC

generates the least when -osts are constant. In the declining cost case revenue
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Table 7

1/
ARITEETIC MEANS 0F MARGINAL COST ESTIMATES

CASE TMC TLRIC AIC PWISC

1. 18.05 239.98 45.76 139.34

A 2. 11.22 72.45 35.22 53.79

3. 10.82 10.82 28.96 9.37

4. 2.81 18.59 3-45 12.98

B 5. 2.24 8.52 3.15 6.78

6. 2.08 2.08 2.91 1.88

7. 1.19 3.24 1.00 2.88

C 8. 1.07 2.16 .99 1.94

9. 1.00 1.00 .98 .95

1/ The -rithmetic means are calculated by dividing the sum
of the price estimates for the 25 years by 25.
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Table 8

ESTILWAES OF PRESENT WORTH OF REValES GENERATE) 3Y EACH

AARGINAL COST PRICE OVER THE 25 Y-AR SI.-AULrION PERIOD 1/

CASE TIc TIZRIC AIC PWISC

1. 27.9-, 5747.8 1096.2 3327.0

A 2. 315.2 1735.- 8".9 1287. 7

3. 263.4 263.4 695.8 228.1

4. 126.0 767.8 142.3 535.4

3 5. 93.5 351.8 1229.8 279.7

6. 85.5 a5.8 120.0 77.5

,7. '51.1 221.0 68.4 196.i

C 3. 72.6 147.0 67.7 132.4

65.o,5 ,!0 65.0 66. 64.-7

1/ Present worth of the strea7is of revenues generated over tnhe
25 year period.
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generated is roughly the same for all definitions for the smooth investment stream,

while TLRIC and PWISC generate significantly greater amounts when costs are lumpy.

4. ThePasticito

As noted in the previous sections, the simulations wllich we have under-

taken in this paper are based on the assumrption that the price elasticity of

demand for water is zero. This assumption is made in order to permit an

exam iination of the aiternative marginal cost definitions in the extreme case when

investments occur at precisely the same time intervals and in similar magnitudes,

irrespective of what price is actually being charged. As such, this allows

differences among the marginal cost estimates, particularly with regard to

volatility, to be highlighted.

It i s clear, however, that if we relax the zero price elasticity

assumptilon, the volatility of all the estimates tends to decline. For example,

in the typical case in which there is capital indivisibility and unit investment

costs are rising, if demand were relatively price elastic, pricing according to

TAGC would result in consumption reaching capacity relatively quickly when price

was set equal to short run marginal cost, and then remaining fixed as price

rises slowly through time (in order to clear the rmarket) until it equals the sum

of short run marginal cost and marginal capacity cost. Thus, price would rise

slowly between investrments, and each investment would tend to be pushed further

into the future. Likewise, if price were equated to TLRIC under conditions

in which demand was relatively price elastic, investment would again be pushed

further into the future and the through tinie volatility of price wold be

reduced.
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An assumption of relatively inelastic deand does, however, have
1/

relevance for the case of water supply (and electric power). There is some

evidence that, at currently experienced price ranges, demand for water supply

tends to be fairly inelastic. And an assumption of a price elasticity of
2/

demand, say, of -0.2 does not materially affect the general conclusion

which have been drawn from the simulation exercises described in this paper.

Furthermore, in practice, even where demand is as inelastic as this, there

are important efficiency implications of alternative pricing policies. For

example, a 50 percent increase in water charges - which would frequently be

thie minimum necessary to raise price to the level of AIC - would, in these

circumstance.s, reduce consumption by 10 percent, and allow many cities in

developing countries to either achieve one or two years' postponement in

their capital investment plans, or to expand service more rapidly to those

currently without potable water supply or with only intermittent supply.

1 O"lear' - as noted earlier, -f t,here were zero elasticity of de:riand, the
ana ys s oe'1.ned In '-oaper wou-I Je irr- ele-ant as there would oe no
e'f __ency grounols for cloosing marginal cost pricing over _; other

,\ .-. i- ruLe.

2/ 'he est. nae of -. 2 nas bieen frand Jo be app3icable for do:':estic water use
ir.e 1J-A. *e: Lowe. ;. U. e we, a}r3d i.naweaver Jr., 1967, "The rmpact of
Price of .es .e.-i4.ai-er ard 'ts Aetattoi- to Systeo. vesngn and ?rice
st - '7t,re. Ut,er lesourles H&searc ., Vol .3, Sio. 



IV. Conclusion

One of the objectives of this exercise was to determine whether or not

one unambiguous definition of marginal cost can be derived which would be appropriate

for public utility pricing purposes in all circumstances. The results of our

analysis suggest that it cannot. If we reject the "textbook" marginal cost approach

on practical grounds, the choice, among the methods selected for analysis, lies

between the TLRIC/PWISC methods (which are somewhat similar) on the one hand and

AIC on the other.

The general conclusion that stems from the simulation results suggests

that where investment streams are fairly continuous (little "lumpiness" or excess

capacity) TLRIC/PWISC are likely to be acceptable methods to use, since price

fluctuations are minimal, and the price charged corresponds as closely as practic-

able to our estimate of Ti4C. It is when capital indivisibility enters the picture

that AIC can become more appropriate, for then compromises must be reached between

the need to avoid price fluctuation, the need to signal the justification of invest-

ment, and the need to make the best use of existing capacity. In retrospect, there-

fore, it is not surprising that while PWISC/TLRIC have been used in the analysis

of tariff structures for large electric power systems (where capital indivisibility

nas been a relatively small problem or has been assumed away), AIC has been developed,

quite independently, to deal with lumpy investment streams, such as those frequently

encountered in water supply.

Of course, some water supply investment programs show little capital

indivisibility while many power development programs, particularly in poorer

countries, show great indivisibility. There are therefore circumstances in which

AIC can be more appropriate for electric power, and circumstances in which TLRIC/PWISC

should be applied in the water supply field. What is clear is that the greater the



degree of capital divisibility, the closer we can get to theoretically optimal

pricing: TLRIC/PWISC are therefore likely to be associated with "better" pricing

policies than AIC, which has been devised to apply in lumpy investment conditions,

and where exogenous constraints such as the political and financial unacceptability

of relatively large price fluctuations do not allow optimality in the traditional

sense to be achieved.

There are of course an infinite number of adaptations that may be made

to the definitions of marginal cost which we have analyzed, and it is easy to

conceive of situations in which combinations of these methods could be employed.

For example, if a situation exists where there is considerable excess capacity,

sufficient for say the next ten years, it might be appropriate to estimate the

TLRIC price that should prevail ten years hence, discount this to its present

worth and set current price at that level, and then over the intervening period

gradually adjust price so that it reflects the TLRIC estimate of the long term

trend in incremental costs. Such cases are not uncommon. Recent analysis carried

out in the World Bank have shown that at least ten years excess production capacity

exists for water supply in Bogota and for power in Ethiopia.

A simple arithmetic smoothing of marginal cost price estimates has also

been suggested by Turvey who recently averaged through time an estimate of marginal
1 /

cost which corresponds closely to our TiiC definition. We also undertook several

price smoothing simulations similar to Turvey's and found that while the charac-

teristics of an "averaged" TMC were similar to AIC, if compared on a year by year

1./ Turvey, Ralph "Analyzing the .4arginal Cost of Water Supply," Land Economics
Vol. 52, No. 2, Aay 1976, pp.158-168. The general method is described in
Turvey, Ralph and Dennis Anderson, Electricity Economics: Essays and Case
studies, op.cit., Chapter 17.
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1 /
basis the "averaged" TiAC tended to be slightly more volatile. Also, unlike AIC,

the "averaged" TMC does not provide a signal that an investment program is
2/

justified, and in the simulations showed a lower revenue generating capacity. -

There are therefore a number of ways in which marginal cost can be defined

for pricing purposes when there is significant capital indivisibility. Compromises

are clearly required, the type of compromise that is suitable depending in part

upon the degree of capital indivisibility, the stage of the project and program

cycle at which the pricing decision is being made, the elasticities of demand for

water, and, not least, the prices which currently prevail. The need for the judge-

ment implied by these complications suggests that particularly where capital indivi-

sibility is present, it is not possible to establish a set of precise rules that

can be followed mechanically by anyone who happens to be interested in applying

marginal cost pricing in the utility field. The combination of art and science

necessary for tariff making clearly requires the involvement of a specialist,

even if his terms of reference are restricted to the efficiency aspects of pricing

policy.

1/ The "Averaged" Textbook Marginal Cost which we simulated is as follows:

T

AT:4; = r5 TMCt.`._l

where: t = The year for which ATxC is being calculated
r = The same as r in T.1.C
i = The same as i in AIC

Essentially this involves calculating a price -. hich, when assigned to each
of T years, has the sane present worth per year for . years as the oresent
Twcrth of TmC for , years.

g/ For the results of simulations of ATAC in wnich T=20, r=0.1175 and i=0.10,
see Aptpendix IV.
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OFERATRIG COST A1Z OUTPUT DATA 7US- aN THE STLlrJTIONS

Since the results of' the simulations are only intended
to be used for comiparative purposes, the units in which the operating
cost and output data are presented in the following table are not
defined

y I
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Operating Cost and Output Data

Operating Costs Output

2% 5 % 10 % 29 5% 10%

annual anmual annual annual annual annual

Year growth growth growth growth growth growth

1 2.00 2.0n 2.00 3,0e 3.00 3.00

7 22.04 2.1n 2.20 3.06 3.15 3.30

3 2.08 2.20 2.4? 3,17 3.31 3.63

4 2.1? 2.37 2.66 3.18 3.47 3,99

S 2.16 2.43 2.93 3.25 3.65 4.39

6 2.2t 2.55 3,2? 3.31 3.83 4.83

7 2.25 2.6R 3.54 3.3P 4.02 5.31

A 2.30 2.81 3.9n 3.49 4.27 5.89

9 2.34 2.99 4.20 3.51 4.43 6.43

10 2.39 3.1n 4.72 3.59 4.65 7.07

11 2.44 3.26 5.10 3.66 4.89 7.7R

17 2.49 3.47 5.71 3.73 5.13 8.56

13 2.54 3.5q 6.28 3.80 5.39 4.47

14 2.59 3.77 6.90 3.8R 5.66 10.36

1s 2.64 3.96 7.5Q 3.96 5,94 11.39

16 2.60 4.16 8.35 4.04 6.24 12.53

17 2.75 4.37 9.19 4.17 6.59 13.7R

tP 2.80 4.5P 10.11 4.20 6.89 15.1l

19 2.86 4.81 11.17 4,29 7.22 16.6R

20 2.91 5.05 12.23 4.37 7.58 18.35

21 2.97 5.31 13.46 4.46 7.96 20.19

27 3.03 5.57 14.n 4.55 8.36 22.20

23 3.09 5.R5 16.29 4.64 8.78 74.42

24 3.1s 6.14 17.91 4.73 9.21 26.86

25 3.22 6.45 19.70 4.83 9.68 29.55

26 3.28 6.77 ?1.67 4.97 10.16 32.50

27 3.35 7.11 23.84 5.02 10.67 35.75

28 3.41 7.47 26.2? 5.12 11.20 39.33

29 3.4R 7 .84 78I84 5.22 I .76 43.26

30 3.55 8.23 31.73 5.33 12.35 47.50

31 3.62 8.64 34.90 5.43 t2.97 52.35

32 3.70 9,0P 38,34 5.54 13.61 9-7.58

31 3.77 9.53 42.23 5.65 14.29 63.34

34 3.84 10.01 46.45 5.77 15.01 69.68

35 3.97 10,51 S1.10 5.88 15.76 7b.64

36 4 0° 11.031 56.20 6.00 16.55 84.31

37 4.08 11.5R 61 H.8 6.12 17.3A 2.2174

38 4.16 12.16 68.01 6.24 18.24 1n2.0n

3Q 4.24 12.77 74.81 6.37 19.16 112.20

40 4.33 13.41 82.24 6.49 70.11 123.4(

41 4.42 14.08 90.52 6.62 21.12 135.80

42 4.50 14.79 q9.57 6.76 72.18 149.4n

43 4.59 15.52 109.50 6.89 73.28 164.30

44 4.69 16.3n 170.50 7.03 74.45 1R0.7n

45 4.78 17.11 132.50 7.17 75.67 198.80

4h 4,8R 17.97 145.80 7.31 26.96 218.70

47 4.97 18.87 160.40 7,46 78.30 240.5n

48 5.07 19.81 176.40 7.61 29.77 264.6n

49 5.17 20.80 194.00 7.76 31.2n 291.0n

9n 5.2R ZI.g4 213.4n 7.92 32.7A 320.20
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,,VfLAST.INT COST DATA USED IN ThE SIALTLATIO.TS

Since the results of the siimulations are only intended to be
used for comparative purposes, the units or currency ia ..Ich the invest-
nient cost data are presented in the following tables are nct defined.
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Tnvestmrent Cost Data

CASE A - Increasing Unit Investment Costs

Frequency of Investment
10 5 Every

Year Years Years Year

1 31.R80 12.210 2.non
2 0.000 0.0on 2.200
3 (.no0 0.00o 2.420
4 n.0on 0.000 2.660
5 o.oon 0.000 2.930
6 0.000 19.670 3.220
7 0.000 0.000 3.540
8 0.00o 0.00 3.900
9 0.000 0.000 4.290

10 0.000 0.000 4.720
11 82.670 31.670 5.190
12 O.Oo n.000 5.710
13 0.000 0.000 6.280
14 0.000 0.000 6.900
is 0.000 0.000 7.590
16 0.o00 51.000 8.350
17 0.000 o.non 9.190
IR 0.000 0.000 10.110
19 0.00n M.0on 11.120
20 0.000 o.non 12.730
21 214.400 82.140 13.450
22 0.000 0.000 14.RO0
23 0.000 0.00n 16.280
24 0.000 0.000 17.910
25 0.000 0.000 19.700
26 0.000 137.300 21.670
27 0.000 0.000 23.R40
28 0.000 0.000 26.220
29 0.000 0.0O0 28.840
30 0.oon 0.000 31.730
31 556.200 213.000 34.900
32 0.000 0.000 3P.390
33 0.000 o.non 42.230
34 0.0on n.o0o 46.45n
35 0.oOo 0.000 51.100
36 0.000 343.100 56.200
37 o.0oo 0.000 t1.P30
38 0.000 o.o0o 6R.010
39 0.000 0.n0o 74.810
40 n.000 0.000 82.790
41 1442.000 552.900 90.52n
42 0.000 n.ooo 99.570
43 0.0n0 0.000 109.500
44 O.000 0.000 120.S00
45 n.00o 0.(on 137.500
46 0.000 90.0noo 145.800
47 0.000 0.000 160.400
4R 0.0o0 0.000 176.400
49 o.000 n.oo0 194.000
so o.oo0 0.000 213.400
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Investment Cost Data

CASE B - Constant Unit Investment Costs

Frequency of Investment
lO 5Evr

Year Years Years Year

I 2S.A40 11.050 2.000
2 0.000 0.000 2.100
3 0.000 0.000 2.200
4 0.000 0.000 2 .320

o0.00oo O.OO 2.430
6 0.000 14.090 2.550
7 0.000 o.noo 2.680
8 0.000 0.000 2.910
9 0.000 n.no0 2.950
10 0.000 0.000 3.t00
It 40.970 18.000 3.260
12 0.000 0.000 3.420
13 0.000 0.000 3.590
14 0.000 0.0n0 3.770

s5 Q.000 0.000 3.960
16 0.000 22.970 4.160
17 0.000 0.000 4.170
18 0.000 0.oon 4.S80
19 0.000 0.000 4.810
20 n.000 0.000 5.050
21 66.740 29.320 5.310
22 0.000 n.ooo 5.570
23 o.000 o.0on S.850
24 0.000 0.000 6.t40
25 0.000 0.000 6.450
26 0.000 37.420 6.770
27 0,000 0.000 7.110
298 0.000 o.0o0 7.470
29 n.oo0 0.no0 7.R40
30 0.000 0.00n R.230
31 108.700 47.770 8.640
32 0.000 0.000 9.080
33 0.000 0.000 (,53n
34 n.0o0 0.0on 10.010
35 o.oon 0.n00 10.510
36 0.n00 60.950 11.030
37 0.000 0.000 11.580
38 0.000 0.000 12.160
39 0.000 0.000 17.770
40 0.000 0.000 13.410
41 177.000 77.790 14.080
42 0.000 0.000 14.780
43 0.000 0.000 15.520
44 0.000 0.000 16.300
45 0.000 0.000 17.110
46 0.000 99.290 17.970
47 o.0oo n.000 1R.R70
48 0.000 0.000 19.81O
4q n.000 n.000 20.00
5o 0.000 0.000 21 .840
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Investment Cost Data

CAUE C - Declining Unit Investment Costs

FreQuen2y of Investment
10 5 Every7

Year Years Years Year

1 21.890 10.400 2.000
2 0.000 0.000 2.040
3 0.000 0.000 2.080
4 0,000 0.000 2.120
5 0.00o 0.00o 2.160
6 0.000 11.490 2.210
7 0.000 nnoo0 2.250
8 o0.000 0000 2,300
9 a o0.000 0.000 -. 340

10 0.000 0.000 2.390
11 26.710 12.700 2.440
12 0.000 0.000 2.490
13 0.000 0.000 2.54n
14 0.000 0.000 2.590
15 0.000 0.000 2.640
16 0.000 14.010 2.690
17 0.000 n.00oo .750
le 0.000 0.0n0 2.A00
19 0.000 0.000 2.860
20 0o.o0 0.000 2.910
21 32.530 15.460 2.970
22 0.000 o,000 3.030
23 0.000 0.000 3.090
24 0.000 0.000 3.150
25 .0on 0 .000 3.220
26 0.000 17,070 3.280
27 (.000 0.00o 3.350
28 0.000 0n.00 3.410
29 0.000 0.000 3.480
30 0.000 0.000 3.550
31 39.660 1R.850 3.620
32 0.000 0.000 3.700
33 0.000 0.000 3.770
34 0.000 0.000 3.840
35 0.000 0.000 3.920
36 0.000 20.810 4.000
37 0.000 o.0on 4.080
38 0.000 0.000 4.160
39 o.oon 0.00n 4.240
40 0.000 0.000 4.330

41 48.350 2?.980 4.420
42 0.000 0.00( 4.500
43 n.000 0.000 4.590
44 0.000 n.no0 4.690
45 0.000 0.0oo 4.780
46 0.000 25.370 4.R80
47 0.00Q 0.0(0 4.970
48 0.000 0.000 5.070
4q 0.0n0 0o.00 5.170
50 0.000 0.0on 5.280
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ESTIAATES OF MMLN" COST LSULTING FO.- THE SIVIULATIONS

The following tables present estimates of the marginal cost prices
that wouId prevail in each year of a 25 year period. As in the previous
annexes, the estimates are only intended to be used for comparative purposes;
the units and currency in which the prices are presented are not defined.
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TabLe III-1

TAC Price Estinates

('ASE A - Increasing Unit
Investment Costs

Frequency of Investment
10 5 Every

Year Years Years Year

L) 7 . .2 2? .~~ ? t< ';,t2 f' ¢> 7 {) f o h 7 1 t; oj3

2' ,,ll . )e7

, {. * os 7 1 ti . b i '7 '7 A

1. *' S' ½ fi .S . 3 7 q.

t-~~~~~~~i .\ C7 1 7 , P.shiw1v

1- ½ .71 1 11. 7 14 'Th!

)I77 77

V7 ~~O 7"24 .I? 8
1 t ,I 711n, 7 j 7 7 pR

41 11 '7 0 . 7 | 7 Q,

1 9 -') 7 1 -- 7 1 Y .Y 9 1

} 4 t) 2ln ¢}t',?; 23. t91
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Table JlI-2

TLRIC Price Estimates

CASE A - Increasing Unit Investment Costs

Frequency of Investment
10 5 Evexy

Year Years Years Year

I 5774 4 9 22 .58 4.20 
7 1J S 9q71 30 4Rl ' S 57
- 1 2' t."71 3l 0.48 1 4'4 q46

5 1 26. 1 3'A 3f* 4A

P 2 . (5 7l 8 * 4 h 7 1 7 .
Q 1 2 5 U3 O /4P '28t h. 1

1{ n ' 1 (41 tIR 7 17 7 S 
i 1 2 I.( 'c) 4- 7717 8 .5R 1

I 7 253. 4th7 th.T 35 1 Q. 1b9
13 ?53.37P h .. ?b P.q 5 4
l.1 I t,) 1) . 37 7S h) R .h I ) . 7 -7 f

lb 25 3 . P.1 p R 'h 141 . '2 4
17 ?54 .37 97 45t.4 1 I?.1 3

1 $ 5 I3. L ( n ( 7I 3'.' 1 I .3*
208 2Li R42(a 9)7.^'iz(uI 0i (t 9S3 z 4 j 97 Itf i,'I fj 6)`,1
2 ' 2 3i 7 .1i 1 4 2 O. 34 L. tOs; . 1 1 421 25~~~~~~.42 ~ .1 4

2 '>i 7 . I . II 's I 8*359
24 1i 17 1 -17 1 i1 n1 7n Q 9 71i 2
2 F ;s7.1+t 1 41t ( 3 t, ;) . 9 9 1
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Table III-3

AIC Price Estimates

CASE A- Increasing Unit Investment Costs

Frequency of Investment
10 Every

Year Years Years Year

1 ! 8x1 1 g'' t 7>7 I 512.7 I' 7
} 1~ ~1 2 > nW 13 Li

> } ,>, ,,-,,1 1-7. (',,I .1 
l~~~~ 9 It 70 )/' -t ;1 19t 

27 .21 .2 47 1 j I
* 2 7 7 I . | t ? 1 4 . 'L 

1 2 r' . 7 2k 1 i } (- VVu1tz'o
1

1 j2 7~41 .2 7 .7 1tI '77 . ) 2.r ? i4 ' I6
i7 i) ) LIf . /,.er1 j9f,iS

'-'7 '-'V ii j. 41
2,t[ ;1 3 , a.> Li

2 7 7 7 - . 7 -4 . 1

p.)~~ h q,, 7''7 1r..} 1} 1j8
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Table rII-4

PWISC Price Estimates

CASE A - Increasing Unit Investment Costs

Fre2ynency of Investment
10 5 Every

Year Years Years Year

1 * Q.070 19.1t7 3. 6 97
7 -3. 787 21.0(22 4.000
3 tt10 _ 1 i! I 23 .05R 4.13 3
4 5S.f f66 21.6X3 4.t2h
1% 71 . 3P 27. 2?7 .?73

r h7 ,, Jr, 2A.117 4,753
7 74, ),4l4 2R.Po6 9.312

4, 77% t,3h.7t hP 56
7 79. 2 t-) 3n 3-7 367(O

|85h 3R,104 6.844
l11 1. lR f) 79 4 1 R44 7 455
1t 113K9 ~u11 ' R (5 3 R. 1 30
I 3 1 ~i4I.?k 44.167 '7.7h1

12r . h4'- 4P9.521 P.8466
I . 134P .1i9 5 3.3110 (.)250
1$> 15<I9 0 51 -7 4 1 0.2 39
1 I7 1 th7 .0 31 64. 1-14 11 of R
1~ 1 83I 7 97 7O. R' t2.23P
lf~? J79 933 bQ. 125 11.788
2(i 1 7 . 944 7,* (fN 4 I 3.f02
21 217.231 8 3.6h3t6 4.757
-239 2*.(31 101.041 15.6l6

24 2f601 . 1 hQ 1 f)f q I . 82
2c 3 1 7 .Pf)( 122.154 20 . 66
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Table III-5

Ti4C Price Estimates

CASE B - Constant Unit Investment Costs

Frequency of Investment
10 5 Every

Year Years Years Year

I 1 P.449 8.443 2.081
2 (1. 6) 1 r.625 2.01R
3 n 7 0 (0 750 2.209

(4f!.1 .6 11 1.979
9 0.6h7 0l667 2.099

o, fH4 P.S59 2.1(8
7 fn nhs 26° 7 7
P f),t'l f) 0.f667 2.086
9 0.68N2 0.687 ?.10s

to lb.6!7 (1.667 2.037
i 1 *IPR779 R.624 2.1UR
72 0*5f.4 (.h654 2.049
13 0.667 0.667 2.077
14 (0.7 f).679 '2.107
1 F 0.667 0f667 2.067
16 0,677 ,.530 2.1(1
17 O.63f6 3,636 2.041
; R ( .676 60.676 2.1(6
tq f),f.i667 0.667 2.084
20 (0.H4 0.AR1 2.094
2r 1 I.353 8.427 2.058
22 r.i r67 n.667 2.074
2'3 0, 7 4 0.6 74 2.11 R
2 4 ("I it 0 . fit) o ?.046
25 t'}6t 7 0.667 ?.092
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Table III-6

TLRIC Price Estinates

CASE B - Constant Unit Investment Costs

Frequency of Investment
10 5 Every

Year Years Years Year

-1 1' 4 8 1 $s.4h:t 2.n08
'2 I P. / 7'7 P. 4 3 2. 1

1 ~ l sP, S, f .9 S, Fo 1 t . 9 (I 4

t .l i3 (A.," 7 1 *9 7 

8, | 7l~ / S#8,% 2 2 *) 108*
IP s 7 '1 Pi . L, if- il ', (} ( ,)

74 I .'7~- 1 X s; h 4 ? 2.0r/2
I Q7 .1 P f ji4 2.19 IS

1 97/. ( R24 7 .(37

I2 V 3y17 P .5 6 204Q
C; -) P2.W/ 7

I P. 01 Ip 54(4 2.1 o7

I f 1 8 ~ ~< 0 8'3 1~ 2. * (it
1 7 10. 30 t 7 5 lP ., 9 2 41
10 j8*,hO %9 r- . 444 4 10

20, 1 P. 3'</ 40.!1 2.094
21 

22 Ok~o7 0. 4 I) )04

f4 1 | 0*H44 I. I 046

27 1 s3s li3' 4
H R ',S j8O.78451 2 .09?t

t 1) i St 4tzf) S- .t.24 2 (IhO ~ ~ ~ ~ ~~~I
z ) I S1 3 ^ / S. 1s ? ')S.V
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Table III-7

AIC Price Estimates

CASE B - Constant Unit Investment Costs

Frequency of Investment
10 5 -Every

Year Years Years Year

1 3,1 1 2 3*37 O (q()8
2.3 Cia,p 3. o 3'1" ? 909

Ai 3 I1 4 ) 3 1 2 14 1 7 4 t.7 1 4 q3. ?.q17
h 3.14"' (3 ? R .12 6 4 3 

7 R. )p9 7 1t 2'@R
3 3. ;I4 3.38 7 3.(

() -,~~~1 4 (i Ii . 7 Sl" (4( It)t

11 4.117 3. 384 2.Q12
19 2..3? ?.r41 8 `4 ,7
1 3 3 .04 5 3 03( ' 2"1 2

14 ~~~3 1 5' 3 1 43 2 1 
IS'. 3.3 274 '.25/ .?)

'.'fl1 3. 3)4 4.'12
17 2 . ?9C'j

P 4- - 6 7 0)3 I6 j .? <$I
1"0 '3,ROQ 2. 141 72.'f 1

21 4.113 3 * 0
27 3/.') iC 2 3 7 21?

(4( -w ( 3 . 031 9 . 'fl.3
24 3.153 1 7
25 3.) 79 2.711
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Table III-8

PWISC Price Estimates

CASE B - Constant Unit Investment Costs

Frequency of Investment
10 5 Every

Year Years Years Year

1 1C~~~,.;) 7. 3h4 1.R49
2 l 1(.04q7 f.*(43 I.R18
3 1I1 .(,I C) (.7t,5 ? 7(or)
4 1 1.722h 6. g9'7 t.78 3
5 19.347 7.1w 1.N94

12.k5fX 'I4T0 1.9f01
7 13.310 6.234 1qhsR
P, 1 ..(IC? 6 .521 1. 8 3
' 1.4.(7'/1 f H2( 1 .9ol

I o 14.779 15 f R , 1. 1841
i 1 16 . 1 8sfs 7. 4kc 1 *Il9u

12A 10. t 5 (' h. 3 1 1 8 7- (
1 4 1 1 *l7)i' {* 347 1 .479

14 ~~~1 .79f~~~~C I .13
19 I2.('8 ftai44 1 4h 7

I f t 2, 3RX 7 4i3 1, 97
17 1 . t 9 6t. 1 , I 4 O0
1 0) 14 1 OH4 fl. 1i9h 1 QoI1

| 9 1 4 r) 4r h .7 /8ht181
;20) 1 r9 1~ 7.} ~/ ?061 1 .k9?
2'\ I *PjP.UI 7.3i4 I.957
22 10Cr' 49 E6.199 1 .79
i- I I . 1(1 f- -. 61 1 .(11.
i 4 1 1 .f 4' 6 f;h41 I R47
25 12.2H7 7.1(9 1.484
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Table III-9

TA4C Price Estimates

CASE C - Declining Unit Investment Costs

Frequency of Investment
10 , Everyj

Year Years Years Year

1 R_4/) 4. 34', 1. 374
2 7 ri .ji O t 7 1.323

" 0.f67 0.6 f7 1.280
4 (.6116 (0.f075 1.237
) 0e f;6L.o (1.65( 1, 1 

i h67 3* 2( 1.155
-I () 06th7 0.6f:7 1 .1 (,9
P O (72 0,6 6 1 2 1.093
Qi 0.I f'7) ('6 7 ? 1.(60

1° 0,f f06) 0.6?Ff2 1 *01,
1 1 4, 300!', 7, 3194 l,09gq
12 0 ('ef h 0 f!,fwf:.661 (,70
] 1 0, fr rC ) O.f 0) 0 .946
i 4 O .r' 7 O n h 670 0. 9 -3 7
15 0 .667 Qm,67 0.9I2

1i r0. /2 l lR61 0.9(0
1 7 0.( ,f67 0.6b7 A.R7R
1 9 n0.6, 6/4 0.664 ).R ,t)
I1 6' t,th O,h 6 ) 4), 6r

j(! f',f f-7 0),h67 (.R35,
2,1 7. 43iO 1.824

2 0. 6 (f7 0 . 67 6 'r 0.9I
3 , Q fz +> R fw, fI h 0"R02

2)4 0066 fwew079n
C)<!% (j Cip 0.6fP f0.784
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Table III-10

TLRIC Price Estimates

CASE C Declining Unit Investment Costs

Frequency of Investment
10 5 Every

Year Years Years Year

1 P. 4 4.345 1.374
2 4.100 3.9o)k 1.323
? 4 _ 30C 1. ?oA 1.280
4 4.,oP 3.219 1.237
S 4.9,-o2 .19'1 1.180
h~ 4 ., i)n 3.206 1.1.55
7 4.,00 2,394 1.1(9

4 _o 7 4 '2. 4l)Q 1. 09-3
a 4,30)5 2.399? 1,(60

in 4.29,5 '2.389 1.01l9
I I*3 0 fl 42,394 () 999
'12 72:311 1.852 n s7nI 3 2. 3h8 1 . H-0497jI 7 'I C)P l ,fl4 f! .946

1s'1 2*3J0 1 .p59 (0.-37
l 2.375 1* R5f6 f )0.917

1 f6 '2. 381 1 .R61 0.9(0
1 7 2.374 1 47 q7 0. 878
JR '423-73 1.477 f.R60

1a.34/3 1.477 0.$46
'2) . 75 1 d 0. ( 835

21 2.317 ? '80 .R824
i? 1.4/1 1.224 0.811
21 1 1.4 73 1 .9225 (.8(2
241 1.470 1.?23 0.790
25 1.472 1.225 0.784
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Table III-11

AIC Price Estimates

CASE C - Declining Unit Investment Costs

Frequency of Investment
10 5 Every

Year Years Years Year

1 .67 6 1.4-7T 1.33q
2 1.1411 1.221 1.290
i 1.141 1.221 t.?44
4 1.141 1.221 1.2(7
ri 1.140 1.220 1.1 t1 3

1.141 1.221 1.127
7 1.141 1*047 1.(r93
p 1 141 1 .047 1 *w 0
9 1 *14 lq 1 O46 1 *03:3
l0 1.1 '40 1 .04 6 1.()06
ii 1* .141 1 *fl46 1) 0
12 () .R8 0.927 0.q5q
13 (l.90 0.297 o.(33Q

c} 4 ).q9f (' .27 (090()I)
, 0 Pj) 0) 42*7 (0.983

17 0 ~~~'8~~ 0 P4%, ORS
1 7 O.P.Wn) n .94i 0). 8S7
Is f0,R 8 0 P45 0.R5?

0) {w R9()( 0*,R45 (.P27
21 PI P9f 0 .P44% R IRl
22 0 711 0*.78P nq84
23 0.771 0 .76i4 .79i4
24 () . -/.71 0f.78R9 0.775
?r; ,,.7/1 0.7H') s1.776
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Table III-12

IPWISC Price Estimates

CASE C - Declining Unit Investment Costs

frequency of Investment
10 5 Every

Year Years Years Year

1 7.1t)) 3.RIP 1 .273
2 1.787 2.820 1 .729
1 3.P11 2.847 1.192
'1 3-740 2.?33 l.lt17
r 'I3774 2. R17 1 l0)'l
6 3.P() R 2.P'fl 1 *dwRi
7 3 7 7 2.127 1,045

I.P07 2.163 1.o04
10Q 3.771 .1 '10 0l ) ;.06
i11 3. 78(7 . '17 A( .51

i~~~~ 7 7 ,1 7 1 1, -7 -q 1 9 lt12 2.121 1.67;10.Q2
-i 2 .127 1.6i78/ r).'P()5

t4 2 1f 1.699 0 (.49
1s ? .13 1 1. 82 O P 7

lf 2.141 1.691 (.)bR
17 2.1 3C 1. 362 !.48
J} 2. 126 1.ThI ' 83?

2.12k 1. 36 0.820
20 '2*1 3? 1.3.2 n 0.11'
21 2.1.32 1 134 I ) 7 o

22 1.35~~~~r 1. *14 4'1. 
23 1 . 457 1. 1 4h (.7k 
24 1.3'3 1 .1/2 (.772

25 1 *Th8 1 .116 1,767
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4'MULATION RESULTS DERIVED FRGA AVERAGING THE
TEXTBOOK AiRGIfAL COST ESTIAATES

The following tables present estimates of the "Average
Textbook .1arginal Cost" (ATAC) price that would prevail in each
year of a 25 year period. As in the previous annexes, the estimates
are only intended to be used for comparative purposes; the units
and currency in which the prices are presented are not defined.
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Table IV-1

ATHC Price Estimates

CASE A -I;ncreasing Unit Investment Costs

Rrequency of Investment
10 5 Every

Year Years Years Year

I 11*1i i (.6c9o 6b,91g 7 

1 0t,-T'.98 83*6125v 7. 181 A3

3 tl,76j9 9,4 O w"

4W 12.8793 U1Q28to) a,,j77:

S I4S1123 11i294- q.2313

6 15,4373 1 2 .29 Y5 4 , P,72 it

7 i6t9?.62 12,f4161 10,67326-

8 i8,5'494 13,'58f4(6 1 1 r '

9 20.3338 141,8769 I2612;b8

10 22,304J8 16,3022 13.161',1

itl 24.1 f4636: 1 7, 8(&o 14el tS,.2

1 .2 l. 4 8S4f .SSf 1723 15, 1,9 

'3 23,56.£ i 1Q.2031 .. X6 *2,3Z

l4 25,854-0 21.0602 17d0663

28,3786 23.1095 1f , 8594

16 31. tJ47 29.3ei42 2t)2?99

17 34,1937 25.iih359 ZItA.I 

18 37,5513 27.61a85 2 t f)

19 41.229o 9 *OG303( 2S 1127

20 45,Z997 33.2811 27.1867

21 49*7614 36299tf )

22 44i09599 36,06U44 3 e < 165

23 46,3i96 39.6042 33i7t2

24 53;1737 43,4987 36.4967

25 55.i?200 47.777,f. Wi 7b 
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Table IV-2

ATMC Price Estimates

CASE B- Constant Init Investment Costs

FreQuency Of Investment
10 5 Every

Year Years Years Year

1 3 312 | 2.992C! ? 3

2 0i96i I., 0S79 2 r,A,:?

3 1.9139 2.,(J41X3 ,r?.S

4 2,0289 2, 2,147 2""174

S 2,1716 2.3869 2, O i )

6 2.23220 2,5989 2',)F31i

7 2.49 12 2 (I I, 95752 ) 3

8. 2.669sr 2.0888 2.10^ t6s

9 2,8696 2.230A 2 C)r03M;9

10 3.QBfEh 2,36S3 2e )778

11 3.3300 2.S7o 2 2 It

li2 1.7832 1,9497 2.07o9

13 1,69.62 2.0794 2e n3

14 2,019i 2.22ol 2§E8YIO

15 2.1529 2.3745 2,0i1 2

I16 2s,301'6 2.9;"Sl 2. natv6

17 2.'4635 lsq439 2.m)2

18 ?g64169 2.0754

19 2.8a.37 2.2151 2,0 ,22

20 3.0bi1,5 2.37t)0 2,o522

21 3*2989 2,5382 2! 0.9QJ')

22 1.7933 1e9494 2, R83 i

23 1. e06o 2, 0 777 2c ! ifl0 3

2 4 202o29o 2 .2179 I .,y 0 IL

25 2! .b660 23737
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Table IV-3

ATMC Price Estimates

CASE C - Declning Unit Ivestment Costs

of Inetat

Year Years Years Yesr

i 1,6439 1.33D01 1i327

2 .8618 .9784 1098q

3 8812 1.0(096 1 Ob6s

4 *9026 1.Q0438 t l37Q

5 ,9252 1.08s05 1.0li

6 S992U 1.1228

7 .980S 08798 *9626

8 1,0117 ,90!0 .91019

9 1,0456 . 9238 .921(

10 1,0829 .9488 qoj7

11 1,1250 *9776 .8f5l

12 .7579 .8124 .8692

13 ,7675 t8273 !8549

14 ,7783 &54f 2 P )

Is 97891 p8615i .828

16 ,flO12 ,8k09 .r87l

17 8144i .7666 Dfl 0i6

18 .8288 .776S 75),-,5

19 *8453 -*7878 *7864

20 *8633 .80o1 .778t

21 .8829 .8133 7699

22 .7501 ,73S5 p7623

23 71143 .7423 t7 94

24 *719o .7498 e74A89

25 *7244 *7S8 2 74 31
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