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THESIS ABSTRACT

The purpose of this thesis is to discuss methods of
evaluating the overall economic performance of publicly owned
hydro~electric utilities.

.The basic assumption of this study is that there will
be a number of key criteria to which a number of variables such
as costs of construction, installation costs of capital, interest
rates, customer density of service area, customers! growth, in-
creased use per customer, number of employees, payroll costs, pro-
ductivity of capifal aﬁd labour, load and utilization factors, etec.
might be fitted, which determine both the annual and long run Oper—
ating results of a public utility such as Manitoba Hydro and determine
its rate structure and growth from year to year.

A secondary, but very major objective of this study was
to identify, and where possible, quantify those variables subject
to the control of Management which might be varied to facilitate
the attainment of even greéter efficiency in the future.

In approaching this task the author took as his point of
departure William Iulo's basic contention that there are various
historical, operating, market and in the case of Manitoba geographi;
cal factors which affect the unit costs of providing electric energy.

Empirical data related to Manitoba Hydro was studied in
an effort to determine the interrelationship of the various factors

in order to isolate the influence of each one. An effort was also
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- made to derive or ocutline some general principles which are valid
as investment, operating and rate' determination criteria for
Manitoba Hydro, and hopefully,'for other hydro-slectric utilities
with a similar physical and institutional structure.

While it has not been possible to arrive at any precise
conclusion as to the relative efficiency of Manitoba Hydro vis-a-vis
other publicly owned hydro-electric utilities partly because of the
different enviromment in which each one operates, and it has not
been possible to develop any measure of absolute economic efficiency
which would state that Utility A is X% efficient it is felt that some
definite, if partly subjective conclusions can be stated as to the
relative economic and social efficiency of Manitoba Hydro.

The author believes that s unique combination of geographi-
cal, historical, operating and market factors have rendered the supply
of electric energy to the people of Manitoba a highly efficient opera-
tion. For decades, Manitobans have enjoyed the highest per capites
consumpticn of electricity in Canada for domestic and farm purposes
and have paid the lowest average unit costs in Canada for this energy.

For the combined industrial-commercial sector, Manitoba's
average consumption per customer is less than half that of Ontario
and Quebec, the two provinces with the greatest concentration of large
industry, yet the average unit costs of industrial and commercial
energy is only marginally higher than in these provinces. The

author feels that relative to the average industrial and commercial
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‘consuﬁption per customer in Manitoba, that Manitobans enjoy fhe
lowest average unit costs in Canada.

While the presence of an abundance of easily developed
hydro-electric potential on the Winnipeg River played a prominent
role in the success of the electric supply industry of Manitoba
this was by no means the sole factor., The advent of public power
with the creation of the City of Winnipeg Hydfo Utility, the very
successful rate structure instituted by the city, and the high
utilization per customer encouraged by these rates have also been

significant factors as have the various political and technical

approaches taken by govermments and engineers during each critical .

stage of the evolution of the Manitoba system.
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CHAPTER I

objective by itself may seem somewhat limited or restricted. This res
scope was adopted purposely by the writer %o alLow him to cencentrate exclu-
sively on an industry and specific Crown Cerporation, in which he has a
particular interest. t is hoped hcwsver that scme of ths criteriz eshzb-
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evaluate other public corporations and gevernment de“a“uvelu
example a nationally owned airline, railwsy, public Lransit sysisnl, or even

the post office.

indicates that it is also a corporation and thus should have = degrze of
administrative flexibility and fresdom ccmparsble to that of a private
corporatiorn.
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In Canada a Crown Corporation is the usual form of organizat

chosen when govermnent wishes to provide a service which is of az business

nature such as transportetion, or comnunicaticns. In the past there have

&

been numercus reasocns for governments to enter into business enterprisss,
but in general a2 public ccrporaticn has bsen feormed tc provide a vital
service in areas where private business is unvilling or unsble to enter.
In surveying the many Crown Corporations in Canada we find that
the majority are in industries which because c¢f their nature reguire a
monopOLV This is the case with transportation, communications and the

provisicn of electric power. The facilities reguired ars extrerely

3,

pensive and the duplication which competition would bring sbout would be

highly inefficient and wasteful. In other words a Crown Corporstion

o
agpears to be the solution when the cheice lies betweer inefficient private

competition, efficient private monopoly, or efficient public monopoly.

While the objective of economic efficiency is prcbably one of the
paramount conside rations, the cbjective of providing a vital service to as
wide an area as is practicable overrides purely eccnonic considsrations.

Trhus Crown Corporzations are expected to extend ssrvices tc uneconomical
rurel areas to ensure more squitable regiocnal distribution of social welfsrs,

In order to achieve the high level of efficiency expscted cf it,
it is desirable that a Crewm Corporation enjoy a high degrse of aubcnony,

so that it as far as possible they can be conducted as a commercial concsarn
& J A b

ct
(o

and shculd be self-supporting. Thus in ordinary matters of detsil and day

to d raticns, managerent should be free to manage, With matters of
major policy which might have a very largs effect on the entire communit;
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desirable. However the degree of public accountability should not be
such as to impair its commercial enterprise and efficiency.

THE STANDARDS BY WHICH THE EFFECTIVENESS OF

A CRCWN CORPORATION SHOULD BE JUDGED

In assessing the effectiveness of a Crown Corporation it is
not realistic or‘desirable to employ the same stgndards as one would with
a private business. With a private business the ultimate test of its
success is its ability to earn profits. This of course is a Very imper-
fect criteria as many economists have pointed out. High profits can re-
sult from monopoly, or other foétuitous circumstances and can mask gross
inefficiency and high social costs such as pollution which are not charged
against the business,

A Crown Corporatién too; can earn pr:ofits° If circunstances
are favorable satisfactéry profits resulting from a natural monopoly can
~again mask inefficiency;ﬁhile in uﬁfévourable cifcﬁmsténéés High éfficienéy
ﬁéy be achieved deSpite an absence of profits,

The effectiveness of any orgénization can partially be measured
by subjective means. Manitoba Hydro has generally enjoyed good public
relations, and has been able to preserve a favorable image with its cus-
tomers. For many years there has been a general feeling in Manitoba that .
electricity rates were reascnable, and it has even been widely believed
that Manitobans enjoyed the lowest rates in North America. While no attempt
has been made to verify this, it is accurate to say that no rates in Canada
are significantly lﬁwer than in Manitoba, W. Robson a recognized authority
on Public Corporatibns partially employs this subjective approach. He
suggests that the test of efficiency must be whether the service provides
facilities which are reasonably adequate to meet the public needs at prices

which are reasonable and which will enable the undertaking to pay its way.
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Robson quotes the work of Sargant Florence, and Gilbert Walker who contend
that breaking even or making a surplus is the best primary test of
éfficiency in the public sector provided that certain conditions are ful=-
filled. These are:

-

1. That surpluses must not be made by exploition., ie. of employees.

2. Money costs should reflect real costs and must not leave social costs
out of account.

3. The surplus should result from a small margin on a large output rather
than a large margin in a small output,

In short the prime measure of efficiency according to these
standards is tc break even, or earn a small surplus, at the greatest level
of production. Indications of particularly successful management would
be the tendency to lower prices, improve the quality of service, or provide
an extended range of goods and services.

Florence and Walker urge that public corporations should strenu-
ously avoid meeting increased costs by raising prices and relying upcn
their monopoly to provide the sufplus. Indeed the proper test of the.
efficiency of a nationalized industry in their view, lies in the degree
of success shown by the management in lowering the costs of production.

Robsbn suggests that while it is desirable that cecsts should be
brought into the picture in assessing efficiency, that if we do not know
what the optimum cost should be, we are unable to judge the degree of
efficiency reflected by the costs, He adds that even in a freelmarket,

it is impossible to determine whether maximum efficiency and minimum cost

1. Robson, W., Nationelized Industries and Public Cwnership,
London, University of Toronto Press, 1960, P. 417.
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have been attained by the firm.?

Elsewhere Robson states, "while it is desirable to seek con-
tinually for increased efficiency in nationalized industry, and although
it is possible to achieve it in many different ways, the overall effective~
ness cannot be reduced to a single quantitative measursment., Nevertheless
many particular aspects of a nationalized industry can be measured
statistically, and the efficiency of the undertaking can in part be assessed
by assembling a large number of these relevant measurements',

In attempting to measure the effectiveness of a Crown Corporaticn,
Manitoba Hydro, the author has arrived at the same general conclusion stated
by Mr. Robson. In continuocus research spanning more than two years the
author has been unable to discover a single measurement which could be re-
garded as a suitable indicator of corporate performance, However a consider-
able number of relevant measures have been established, each of which do
give a partial indication of effectiveness. The objective of the following
chapters is to determine what some of these relevant measurements might be
in the case of Manitoba Hydro and similar organizations, to discuss their

characteristics, how they might be applied and to point out their short-

comings.

THE HISTORICAL DEVELOFMENT OF THE ELECTRICAL UTILITY INDUSTRY IN MANITOBA

The formation of Manitoba Hydro on April 1, 1961 through the
amalgamation of The Manitoba Hydro Electric Board and The Manitoba Fewer Commis-
sion represents the most recent stage of the evolution of the electric utility
industry in Manitoba and the consolidation 5f most of the elements of Manitoba's
electrical supply under the centrai control of one organization.

The history of electrical energy in Manitoba gées back before

the turn of the century. Although the actual beginnings of the industry

2. Ibid.. p. 420

3. Ibid.. p. 431
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HYDRO:

THERMAL:

GAS TURBINE:

DIESEL:

No. of Capacity in

STATION LOGCATION Units Kilowatts
Pine Falls Winnipeg River 6 82,000
Great Falls Winnipeg River 6 132,000
McArthur .. Winnipeg River 8 56,000
Seven Sisters.._._______..____.___..... Winnipeg River 6 150,000
Grand Rapids..........._...__._..._. Saskatchewan R. 3 354,000
Kelsey. .. Nelson River 5 160,000

TOTAL HYDRO 934,000
Brandon Brandon East 4 132,000
Selkirk Selkirk East 2 132,000

TOTAL THERMAL 264,000
Selkirk East. ..o Selkirk East 1 14,000
Baker’s Narrows 230
BroCRE . e 120
Cormorant ... 40
Cranberry Portage ........................ 1,000
Kettle Rapids (Gillam)... ..o e 2,700
God’s Lake Narrows........ oo, 150
[Iford 60
Island Lake (3 locations) 600
Manigotogan 40
Moose Lake . .......... 150
Matheson Island 40
Nelson House........_........... 150
Norway House 910
Pikwitonei 40
Pine Dock 40
Pukatawagan. ..o 150
Thicket Portage 40
The Pas 6,000
Wanless 40

TOTAL DIESEL 12,500
TOTAL GENERATING CAPACITY 1,224,500

lole!

LTHOGRAPHED IN CANADA BY
BULMAN BRGS. {1988} LIMITED
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in Manitoba are somewhat hazy it appears that eiectricity may have appeared
on the scene in Winnipeg as early as 1873.1+ Other reports mention that
three electric street lights were installed on Main Street in 1882. Energy
for these lights being generated from the Hudson's Bay Company grist mill
near the junction of the two rivers.’ From 1882 until 1906 the growth of
the industry in Manitoba was continuous if somewhat erratic, Energy're;
quirements in Winnipeg were supplied by a series of‘rival companies from
a number of small oil or steam plants. |

By 1900 the Town of Brandon was supplied with electricity
genera£ed from a small hydro electric station on the Minnedosa River
about ten miles from the Town. The first major hydroelectric development,
in Manitoba occurred in 1906 with the construction of the Winnipeg Electric
Company Plant at Pinawa on the Winnipeg River, in 1911 the City of
Winnipeg entered the public utility field with the completion of the Pointe
du Bois hydro station, also on the Winnipeg River. The purpose of both
these stations was to provide cheap electrical power for the city of ﬁinnipeg.

In 1919 the Manitoba Power Commission was established‘to extend’
service to municipalities in rural Manitoba, and in 1920 the first rural
line from Winnipeg to Portage la Prairie was completed. Electric energy
for rural distribution was purchased from the City of Winnipeg Hydro System,
From 1919 to the outbreak of the second world war slow progress in rurel
electrification continued in spite of a series of setbacks caused by nature,

and the economic conditions of the 1930's. By 1939 some 140 communities

L. D. S. G, Ross, "History Of The Electrical Industry In
{anitoba™, Reprinted from Papers read before the Historical
and Scientific Society of Manitoba, Series III No. 20 1965, p.57.

5. Maritoba Covernment Public Information Branch - Bulletin
dated November 1, 1968.



and a handful of farms had been connected to the system.
In 1942 The ianitoba Zlectrification Enquiry Commission recom-

ended energetic widespread rural electrification not only of all towns

with more than twenty inhabitants bﬁt of farms as well. This marked
significant forward step as up to 1942 only 500 of the 59,000 farms of the
province had electricity. In 194 6 an extremely ambitious rural electrifica-
tion proéram cemmenced. Progress was rapid and by 1954 the progran was

Virtually cbmpleted with service extended to over 42,000 farms and some 480

communities. By 1954 it could be sala that 2 single 1nt°prated distribution

!

s;stem existed for southern rural Nanltoba.

The development of an integrated generating system in Manitoba

followed a somewhat different path, From 1923 to 1950 three additional

hydro generating staticns were constructed on the Winnipeg River. Slave Falls
constructed by Winnipeg Hydro comnenced operation in 1931 while Great Falls
and Seven Sisters constructed by The Winnipeg Electric Company became opera-
tional in 1923 and 1931 respectively., During this period progress was some-—
what'ifregular as the demand for electrical energy grew at a scmewhat uneven
ratve, a‘significant decline in demand for electricity occuring during the
early'thirties. Constant rivalry between the two utilities and the.duplica—
tion of generation facilities and of distributicn facilities within the city
of Winnipeg precluded tuv'ratlonal developmnent of Manitoba's electrical
supply facilities.

By 1948 it had become apparent that centrol of the Hydro sites on

- .

the Winnipeg River by a number of intersts was inefficient. The Hogg repert

£y =}

of 1548 which was commissioned by a provincial government concerned with an
impending powsr shortage stressed the fact that meximun energy output from
the Winnipeg River could only be obtained through the closest hydraulic and

.

electrical integration of the various plants.
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In 19L9 The Isn oba Lydr Ele ctric

Board was created to build and
conurOT all future power plants in the province. The Board immediately

comnenced constructien of Pine Fzalls which cams into service in 19523 and

MacArthur which was co*ple ed in 1955. This completed the development of

River.

vl

all the potential of the Winnips

1

In 1953 the Hydro Eoard took over all the physical assets of
The Winnipsg Electric Co*panj, and in 1955 the facilities of the Hydro Board

and Winnipeg Hydro system were integrated to form the Southern Integrated

Winnipsg
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Hydrc in greater Winnipeg were rea;located with Winnipeg Hydro receiving 211

distribution property in the City of Winnipeg and The Manitobs Power Com-

& =

mission receiving 211l distribution property in the suburbs. Winnipeg Hydro

IR

retained ownership of its two plants on the Winnipeg River, but the Hydro

Bozrd assumed the responsibility for co-crdinating the operation o

&

je

plants in the grovince.

In 1956 Hiznitoba's long issolation from the rest of the electrical

5

‘world was brcken by an interconnection with Ontario. The period of 1957 ¢

1960 saw the addition of two relatively largs thermsl planis ab Branden and

=3
(W N
|~

Selkirk and the Kelsey hydro station cn the Nelson River to serve the
mining development at Thompsen. 4 second interconnsction, this time with
Saskatchewan was also establishad in 1960.

In 1961 the Manitobs Power Ccmmission and The Manitcba Hydro
Zlectric Beoard were aralgamated under the name of the lanitoba Hydro Blectric

Board or in an sbreviated fora Hanitobza Hydre. This was an event of some

significance both in the evoluticn of the slectric power industry of Manitoba

th the consolidation of slmost all the elsmsnts of

F4s

and fer this Thesis. ¥

D

the electrical utility system cf the province in one organization it at last

e
(

)

became feasible to conduct a meaningful economic analysis of the entire systen.
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Since 1961 Manitoba Hycro has expanded extremely rapidly, slmost
doubling in size in bot} ysical and economic terms. In 1965 the largest
single generating station to date, Grand Rapids at the mouth of the
Sasxatchewan River in northern Manitoba was placed in service. Two years
later in 1947 a transmission line from Kelsey to Grand Rapids connected the
northern and southern systems to form ths Integrated Manitoba Systen.

At the present time Manitcba Hydro is engaged in the meost ambitious

hydro development in Manitoba's history, the Phass I development of the Welson
D Js
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River, This project consists of the Ke Generating Station, a

Fad

series of contrcl dams to divert part of the flows of the Churchill Rivear

2

he lielson, and a six hundred mile long direct current transmission line

ct

into
to carry the energy produced to the Vinnipeg area. This development due to be
placed in service in 1971 will when complete provide almost twice the elscirical
energy produced in Manitcba in 1940.

Other significant additons planned in the near future are heavier

interconnections with Ontaric and Saskatchewan and an intarconnection with

the United States to be in service in 1970.6

6. Informaticn for this brief historical summa ry was culled from
the fellowing sources. William Ivens, "Prisastic Pichturs of
Hrdro—;leCurlc Power Development In Manitoba', 1555 Unpublishad.

The &nnual Reports of Manitoba Hydro, The lManitoba Power Com-
=)

mission, Winnipeg Hydro and The Hlnnl g Zlectric Company.

)



CHLPTER II

THE MSANING OF EFFICIRICY &ND METHODS O? EVALUATING IT

The term efficiency can be defined as the ability to produce the
desired effect with a minimun of e "fort or waste. It has also been defined
as the ratio of effective work to the energy expended in producing it.l In
its simplist terms efficiency is an input - output relationship and can

usually be determined fairly easily. In a breader sense however, efficiency

is more than just technical efficiency the simple input - output relation-

ship I have just described. In discussing the provision of a2 vital public

service such as that provided by electric utility oprivately or vublicly
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owned we should attempt to consider the sccial efficienc
also. Social efficis ncy might be defined, if precise definition is possible
as the ratio of the use of sccial resources expended relative tc a given

social benefit achleved. This is a much less precise concept than sitple

¢t

technical efficiency, but hever the less it sugge sts a criterion that should
be applied to any large scale endeavor that has a significant impact on ocur
society. For example we might ask ourselves if the automobile is a socizlly
efficient form of transportation, or if strip mining is a socially efficient
ﬁay of aquiring minerals, or if manufacturing plants which pollute air and
water are socially efficient operations. -
Thus seen in its broadest context efficiency is vague and imprecise
in its meaning, is not measurable to any degree of precisicn, and is pregnant

with value judgements.

1. VWebsters New World Dictionary, p. 239
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CRITERIA FOR EVALUATING INVESTMENT PERFORMANCE

This discussion is concerned not only with the criteria and
techniques for evaluating expost investment performance, but is concerned
with the techniques and criteria employed in arriving at optimal invest-
ment decisions. One could say, that the measurement of operating per-
formance is concerned with how effectively the investment is utilized
once its in place - the measurement of investment performance is primarily
concerned with how correct or how close to the optimum are investment
decisions, and how efficiently are these decisions implemented. The
objective is to determine how efficiently the capital investment process
is carried out. |

In approaching the problem of evaluating investment performance
it is difficult to escape the feeling that such an evalustion cannot be

Aentirelylanalytical ané objective, and that a iarge amount of the subjective
must enter into it,

In attempting to conceive of an actual measure of investment
performance it becomes apparent that operating performance and investment
performance are very closely linked. A high level of operating performance
is thus probebly indicative of a high level of investment performance.

For example productivity measures, total, capital, and labor
21l reflect the skill with which past investment decisions have been made.

Prices relative to other similar utilities, and price trends
over a period of years are all indicative of investment performance. Poor
investment decisions, 21l other factors being equal will show up as upward
pressure on costs, while ophtimal investment decisions will show up as
downward pressure.

It could be said that the optimum investment would be that which

achieves the minimum unit cost over the lengterm. 1In evaluating performance
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our objective would appear to be to determine whether or not our actual
investment is achieving a minimum cost. (Subject to appropriate constraints
of course).

Utilization factors - and measurements of the amount of surplus
capacity available at any time provides a partial indication of iﬁvestment
performance, particularly in so far as timing is concerned,

In reviewing the preceeding paragraphs, it can be seen that tﬁe
efficiency of past investment decisions usually shows up in the present
operating performance of a utility. The probler then becomes one of ensur-
ing that the optimal investment decisions are made.

Pierre Mass€ an economist deeply involved with the investment
decisions of Electricite de France has demonstrated a very deep insight
into the subtleties and philosophies which must enter into successful
investment decisions. In the forward to his book, "Optimal Investment
Decisions,™ he suggests that the essence of the problem is to be able to
choose the best investments, the ones that will most wisely answer the
people's neseds, those that will make it possible to satisfy those needs
as cheaply as possible. He points out that, it is necessary to achieve
a balance between short term and long term considerations, and that the
optimun solution reflects not only quantity, but quality as well.?

Massé points out that our basic drive to build things to last
can lead us pretty far astray, that the physical life span of things we
build is tending to outlast their sconomic usefulness.3 This is a

phenomena which should concern utility plamners, particularly those such

. - . . . -
2. Pierre Massé; Optimal Investment Decisions, Englewood Cliffs, N.dJ.
Prentice Hall, 1962, P, IX.

3. Pierre Massé; Ibid, P, IX.
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as Manitoba Hydro where the capital intensive nature of hydro generating
capacity requires a fifty year amortization period to recover the initial
capital.

A really adequate approach to achieving an investment optimum
should attempt to achieve a social optimun in Pareto's sense by taking
into account all thé éocial benefits and costs involved. Unfortunately
for technical reasons as well as intelectual, and instituticnal reasons
present investment decisions rarely approach a social optimum.

Massé suggests that in meking investment decisions prices play
a leading role, and the most significant price of all is the interest
rate. It forms the accounting link between present and future just as
the asset invested constitutes their physical link.*

Massé quotes George Terborgh's observation that, "In the case
of capital goods, aquired and exploited with an eye to profit, all value
Jjudgements ultimately leaﬁ back to comparisons of returns spread over time,"
"When the test is expressed in dollars and cents, we all speak the same
language." Mass€ expresses some reservations with this as he believes
subjectivity cannot be eliminated, but agrees with its essential validity.>

Mass§ suggests that "In essence investment analysis consists of
a comparison between a future return, and an immediate cost which is
nothing but a negative return, thus he adds the choice betwsen two invest-

ments comes down to a choice in economic terms, between two schedules of

returns.6

L. P. Mass&; Ibid., P. 9.

5. P. Massd:; Ibid., P, 3.

6. P. Massd; Ibid., P. 6.




15..

With Manitoba Hydro the emphasis is not so much on the return,
but with the service (in terms of quantity and quality) that must be
provided. Once the objective has been estsblished in terms of a Load and
Energy Forecast, the inveétment decision Boils down to determining the
most egonomical way of meeting it. The cgmparison boils down to a com-
parison of alternative streams of costs (or of alternative streams of net
costs where some alternatives enable soﬁe offsetting extra revenue to be
earned), Mass§ suggests that where one is called upon to compare two
investments providing the same stream of services and henece producing the
same sequence of returns, all that is required is to compare the two
streams of expenditures. The investment withvthe'lowest discounted cost

will then be selected in preference to the other alternatives.’ Thus
Mass€ says that the best tool (ie. investment) is the one that for a given
level of performance, costs least teking into account both immediate and
future expenditures.8
°  Massé cautions that the reduction of the two processes to the
same duration is a necessary condition for a valid comparison, but it is
not a sufficient condition.?

The whole process of discounting and calculating the present
value is made more difficult by the problem of estimating future interest
rates and selecting the discount rate to use in one's computations, As
low discount rates favor capital intensive solutions and high discount
rates favor labor and material intensive solutions. The choice of an

unrealistic discount rate may cause the wrong decision to be taken,

7. P. Masse; Ipid., P. 12,

8. P. Masse; Ibid., P, 13.

9. P, Masse; Ibid., P. 18,
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Depreciation rates are,élso of crucial impo}tance.' The assign-
ment of an unreasonably long or short service life to an aséet ﬁay like-
wise cauée a poor investment choiée to be made.

In evaluaﬁing some investments, benefit/cost analysis is most
appropriate. This applieé particularly where system improvements are

contemplated and limited funds are available. Ideally all investment

projects woﬁld be undertaken when the ratio is greater than one. Hawever
ﬁith limited resources the technique employed is to rank all proposed
projects and select only those.which promise the greatest net returns.

In some respects the making of hydro investment decisions with
an alrost unlimited number of permutations and combinations of possible
development sequences 1is as much an art as a scienée.‘

It involves a great deal of specialized experience, and intimate
familiarity with ail the geographical peculiarities of vast water sheds
spread over hundreds of thousénds of square miles.-

While scientifié techniques and computors can render the mass
of calculations manageable, they are no substitute for a precise intuitive
grasp of the problems involved.

Some appreciation.of one aspect of investment performance‘can
be gained’from Table 2.1, This represents an attempt to summarize changes
in the cost of providing hydrb generating capacity for the Manitoba System.

Changes in thé cost per kilowatt of hydro capacity result from
changes in the costs of construction, and the characteristics of each

individual site. Presumably the best sites are developed first, and each

successive site bears a cost penalty because it is more difficult to develop.
" As each hydro site, and each hydro generating station is unique,
it is difficult to compare them to determine their relative costs, In

order to partially overcome this problem, the actual cost per installed



TABLE 2.1
MANITOBA

HYDRAULIC GENERATING CAPACITY COST INDICES

Cost Per Cost Per Kw Simple Index Weighted wWeighted Index

Year Major Installed Average Divided By of Capacity Capacity Average of Capacity
Station #ork Gompleted Kilowatt Load Factor Load Factor Cost MW Cost /Kw Cost
Point du Bois 1911 $124 8.5 147 100 71.1 147 100
Great Falls 1923 129 .5 » 173 117.7 113.4 163 110.9
Slave Falls 1931 150 76.3 197 134.0 72.0 172 117.0
Seven Sisters 1931 164 68.5 239 162.6 165.8 198 134.7
Pine Falls 1951 282 80.9 349 237.4 83.7 223 151.7
MeArthur 1954 372 75.9 490 333.3 61.2 252 171.4
Kelsey 1960 272 78.9 3hb 23L.0 160 272 185.0
Grand Rapids 1965 220 37.0 595 LOL .8 L72 399 271.4
Kettle Rapids 1971 283 68.7. 411 279.6 1,024 4,05 | 275.5

Source: Manitoba Hydro
Economics Department
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kilowatt for each statioﬁ was divided by its average load factor in order
to determine what the cost per kilowatt might be if each site had been
developed for a 100% load factor. Thus Point du Bois bult in 1911 at an
adjusted price of 31,7 per kilowatt represents the cheapest capacity on
the systen, ‘

Two indexes were constructed: One a simple index to show the
relative cost of each station compared to Pointe du Bois, and a second to
show the relative increases in average hydraulic capacity cost since 1911,
A1l the costs and indexes presented are in current dollars. Thus we see
that in current dollars Crand Rapids cost sbout four times as much as
Point du Bois, and that Kettle Rapids due for c mpletion six years after
Grand Rapids is expscted to cost only 2.8 times as much as Pointe du Beis
(exclusive of transmission lines). However if one were to deflate each
station to 1911 prices with a reliable construction index one might find
that these more recent stations were cheaper than Pointe du Bois in constant
terms.

The weighted index demonstrates that by the middle 1970's when
all ten Kettle Rapids units are in service,that the average cost per hydro
kilowatt will be approximately 2.75 as much as it was in 1911, As the
efficiency of hydro plants has not improved significantly éince 1911 this
indicates that the unit costs of generation will have increased approximately
2.75 times in current terms since 1911, The fact that total unit costs have
only increased slightly since 1911 suggests that significant economies have
been achieved elsewhere in the éystem in both the investment and operating
functions. These questions will be discussed in greater depth in subsequent

chapters.
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CRITZRIA FOR ZVALUATING OPERATIKG PERFORMANCE

In an extremely tharough stetistical study of the Class A and
Class B privately owned electrical utilities of the United States William
Iulslgnvestigated‘the guantitative relationships that exist emong the various
Tactors that either by tradition or logic, are believed to affect the unit
costs of providing electric energy. One purpose of.thé study was to explain
the variations in unit costs from one utility to another. Armed with this
information, Iulo felt, that regulatorycommissions could compare actual unit
costs of a given utilitynwith what they should be, given average efficiency.
Tulo suggests that the efficient utility would have a smaller rate base
than the insfficient utility and is thus penaiized undef present regulatorj
practices. Using Iulo's criteria the comnlssion could identify the efficient

preducer and allow a higher rate of return on the rate base. Conversely the

return.ll

There ere several fundamental differences between Iulo's work,
and that of the present writer. Iulo was attempting to explain ﬁhe variations
in unit costs of 186 privately cwned utilities whose generating capacity
was primarily thermal. The present auther 1s attempting to issclate the key
determinants of unit costs, énd measures of operating gffectiveness of a
single pﬁblicly owned utility whose generating cepacity is primarily hydfo.
For these reascns manyvof the factors that are significant in determining

- L}
the unit cost of preducing electricity by Hanitoba Hydro would not be

10.. William Tulo:; Electric Utilities - Cost and Performance,
Pullman, Washington State University Press, 1961, )

11. William Iulo: "The Relative Performance of Individual
Electric Utilities", Land Fconorics, Volure 38, November
1962, p. 325. :

*
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significant to Iulo, either because they are significant only with a hydro

jor
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scause they are not significant factors in sxplaining variaticns

cost ¢f preducing electricity into thres categorises: Historical fzacters,
Operating factors, and Herket factors. A complete listing of t factors
follow. -

Historical Fzcters

1. Size of the Utiiity Znterpriss

(a) Total Asseis

(b) Total Utility Progerty
(¢c) Electric Utility Property
(d) Kilowati hour xales
(e) Kilowatts cof gensrating capacity
(f) Peax dermand
(¢) Size of producing units
(1) Stean elechric
(2) Hydrc electric

2. Cost of censtruction

3. level of Technclogy (an index based upon the experisncad changes in the
average enerzy required to produce a “110JQ hour of electrizity)

I
jau)
[ ad
[6)]
o
Q
-y
'.-Jo
(9]
jis)
}.J
(9]

cst of debt cepital

(b) Utilization factor (peak demand as e percentage of installsd capacity

r - A L
of the utility cr ratic cf to*al killeowatt heurs scld to potential
3 Al

kilowatt hours that could bs gensrated)
2. Tvpe of gzensraticn (preporticn of tharmal Lo tobzl capacity for any given
JE 5 ¥ o DG
year.)

or vurchased)

3. Naturs of electricity distributed (s2lf produced I
L. Investment relationships
7 . . _ L N o
(2) Producticn investment per kilowatt of gensrating capacity
(b) Distribution investment per kilowatt of generating capacity
(c) Transmission investuent per xilowatt of gsnerating cepacity
(d) 411 other investment per kilowait of genarating capacity
{e) Total invesimen:t per kilowatt of gensrating cagacity



5. Wage rates 21,

4. Steam electric fuel ceosts:

7. Hydro electric "fuel! costs (total hydro electric production investment
per kilowatt of hydro electric generating capacity weighted by the
proportion of hydro electric sgeneraticn to total electric generaticn).

Market Factors

1. Distribution among consuzer classes (residential, cormercial and
industrial)

2. Density of territory served

(2) Prox cimity of customers (nunber of customers per structure mile of
distribution line)
(v) Prexinity of load centers

3. Density of consumption (annual consumption in kilowatt hours per custcuer
by class)

(a) Consunptlon per residential customer
(b) Consumption per rural custome

(c) Consunption 1
() Consunption
(e) Consumption

'O*C*cﬁ'
D O O
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In order to determine which of these faC;OTS were important in
explaining inter-utility differences in unit costs of producing electricity
Iulo employed rultiple regression analysis, a statistical technique. Using
this technique he eliminated all the factors whese (1) net regression
coefficlents were not significantly greater than zero at the one gercent
confidence level and (2) whose cosfficients of partial determination were

not significantly greater than zero at the same confidence level. The final

o~

criterion was that the direction of the relationship had to conform with
what would- lo~1callv be expected. For example if a relaticnship of higher

fuel costs was found to be associated with lower unit costs this was con-
sidered illogical and the factor was discarded.

Fmploying this technique Iulo selected seven factors which he

o)

considered explained some 803 of the total variation in unit costs bstween

the utilities stucied. These factors are listed here first by catezcry.



Proporticn of
inter-utility costs
by factor after 2
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aristions in 12
explained
liowing for

relaticnship of other independent

Historical Factors variables
Size of steam-electric generating stations %
erating Factors
Capacity utilization ) 12%
Steam-electric fusl costs 8%
Hyrdro-electric fuel costs 175
Market Fzctors
R s ; < as . *
Distribution among censurer classifications 237
Consumption per residential customer 32%
Consuaption per industrial and commercial customer 115

In a further refinement Iulo attempted to rank each factor in

.

order of its relative importance in explaining inter-utility varie
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First he ranked them b

=
(9]

o2 o]

the apparent relationship that

are coserved in isolation.

* Note: Distribution among ¢onsumer'classifications is
measured by the proportion that total kilowatt
hours sold to residential customers were to the

total kilowatt hour sales of the utility,

d by the presen

12. Willian Iuloj op. cit., table preper
114 of Iulo's wor

from material on pages 946, 101 and

2
=
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apresents

is observad when each factor and unit costs
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Factors for Which Increased Valuesl3
Lot To Lower Unit Costs Coefficient of Corrslation
1. Consunption per commercizl and industrial - J7L1L
customer E
2. Capacity utilization - L5777
3. Size of steam-electric generating statiocns - 4182
L. Consunption per residential customer - .,088

ed Valuss
5

1. Distribution among consumer classifications + L4861
2. Hydro-sglectric fuel costs + 1845
3. Stean-electric fusl costs + ,1513

Iulc points out thet this messure of the relative importance of

these independent factors is not very satisfactory, because it does not

B

hat gy exist betwsen the indicaled

téke intc account the relstionships t
independent factor and cther independent factors, whether included in the
analysis or noti It merely represents the apparent relation that is
observed wﬁen only the indicated factor and unit electric cosfs are

considered together,

The second method of ranking employed by Iulo was by net

regression coefficient, This he explains represents the apparent inter-

relationship when all the indépendent factors are observed interacting together.

Thevmajorvdrawback cf this is that theiplacing of the decimal point of the

net regression coefficient is devendent uvon the units chosen, Thus the

ranking and relative importance can be affected arbitrarily,

13, William Julo; op. cit., p. 115



TABLE 2.5

Factors for Which Increased Valuesil
Acet To lowsr Unit Costs

1.

Capacity utilization

Consumption per Residental customer

Consumption per commercial and
industrial customer

Size of steam-electric generating stations

Factors for Which Increasad Values
Act To Increase Unit Costs

1.
2.

3.

Distribution among consumer classifications

Steam-electric fuel costs

Hydro-electric fusl costs

24,

Net Regression Coefficien

-+

<+

,07022
.0024,37
.00006959

.000006989

<2044
L1465
.02202

The third method of ranking employed by Iulo is by the coefficient

of partial determination , which he explains represents the proportion of

variations of unit electric costs explained by the addition of that particular

factor to the analysis.

the relative importance of each factor.

This method he feels gives the best indication of

He cautions that a coefficient of

20% does not indicate a significance twice thet of 10%, and that the co-

efficients are not additive.

When ranked in this manner Iulots seven

significant independent factors are observed to have the following relative

importance.

4.

William Iulo; 9p. cit,, p. 117
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Factors for Which Increased Valuesi’ Coefficient of Partial
Act To lLower Unit Costs Determination

1. Consumption per residential customer .3216ﬁ

2. Capacity utilization 122

3. Consumption per commercial and ©W1143

industrial customer

L. Size of steam-electric generating stations .05861

Factors for Which Increased Values
“Act To Increase Unit Costs

1. Distribution among customer classifications .2335‘

2. Hydro-electric "fuel! costs .2239
3. Steam-electric fuel costs .1798

All the calculations and information fcund in the three preceding
tables ig based on data for the year 1954, because this was the latest year
for which complete data was available when the study was first initiated.
| Iulo subsequently applied the same anaiysis'to the years 1952 - 1957 in order
to check the stability of his findings. The following table indicates that
while the ranking changes slightly for some years, the average results

support the 1954 findings.

15. William Iulo; op. cit., p. 119
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—-RAaxRINGS OF THE RELATIVE IntrorTANCE ‘OF SEVEN FAcTORs Sicnirica 16
NTLY

REeraTzdp 10 UNiT ELECcTRic Costs 1952 THRrRouGH 1957 % )

. - AVCT.)QC‘
FAacTORs 1952°| 1953 } 1954 { 1955 | 1956 | 1937 | Ranik

Consumpticn per residential customer ...... 1 1 1 1 1 1 1
Distribution of kilowatt-hour sales among

consumer classifications ................ 2 2 2 2 3 2 2
Hydroelectric “fuel” costs ................. 5 1 8 3 3 4 4 3
Steam-Electric fuel costs ................... 7 4 4 4 | 2 3 4
Capacity utilization ........... ... ... 3 5 5 6 5 6 5
Consuraption per commercial and industrial

customer ..... ettt 6 6 6 5 6 6
Size of steam-eleciric generating stations ... .. 4 7 7 7 7 7

* Tte relative importance of each factor is based upon the coefficient of partial determinuation for each
factor in eack year. :

Source: Computations by“William Tulo

HISTORICAL FACTORS

In reviewing the factors-originally proposed by Iulo we see that
he considers only one, the size of a utility'!s steam-electric generating
stations as having demonstrable ability to explain inter-utility variation
in unit electric costs. He concludes that to a large extent the eéonomies'
that are usually claimed to result from increasing electric utility size arise
frem the ensuing ability to utilize larger producing‘units.17

This is a fact of considerable significance to Manitoba Hydro where
the majority of the capacity is hydro and where thermal is only used»in
conditions of low water flows, for peaking, and in years when hydro capacity

is in short supply. Immediately following the completion of a new hydro station,

thermal facilities may sit idle for two or three years. This suggests that
the size of plant of any description is not at the present time a significant

factor in determining Manitoba Hydro's unit costs.

16. William Tulo; op. cit., Land Economics p. 318

17. William Twlos op._cit., p. 92
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As we shall see in the latter part of this chapter size of plant
only becomes significant as a investment factor, and oniy when either steam
or nuclear is considered as a replacement for hydro to carry the base load
of the utility.

Iulo found the results of his statistical study of the costs of
construction index, and technology index confusing and contradictory and
surmized that a lack of defiﬁite results might be attributed to one off-
setting the other.

With respect to Manitoba Hydro increasing costs of construction
are extremely significant in determining changes in unit costs. While the
effects gf improved technology are not as apparent on the generation side for
a hydro system as with a thérmal systemn, improved technology has been an

lgénd distribution,

important offset to rising costs particulaly in transmission
and in the automation of station and system operation and so on. As Manitoba
Hydro's capacity is primariiy hydro, and the effiéiency of hydro generating
stations has been greater than 90% for several decades, major economies from
technological advances in this area does not seem possible. ‘Because of this
Tvlo's technology index (based upoﬁ the experienced changes in the average
energy required to produce a kilowatt hour of electricity in thermal stations)
is not appropriate. No attempt was made by the present writer to measure
the impact of technology.

Tulo dismissed the cost of debt capital (the rate of interest) as
not significant to his study. This he explained as caused by the fact that

virtually all utilities studied by him enjoyed a historical cost of debt

18. Transmission technology and efficiencies have improved at a
faster rate than thermal generating efficiency.



. o 28.
capital within the relatively narrow range of 2,8 to 3.8 percent. BSince

all utilities enjoyed azbout the same rate, it was not a significant factor

to explain inter-utility diffefences. Othaf reasons why the rate of interest
might not be as sighificant to a utility in Iulofs study is that a thermsl
utiiity'is much less capital intensive than a hydro utility, and a privately
owned utility is financed partially with equit& capital, while Manitoba Hydro
"is financed entifely with debt capital.” These two factors; the capital inten-
sivé naturé_of hydro_éapgcity, and the large total requirement of debt capi-
ltal, plus'the'higber interest rates prevalent in Canada make interest rates

an extremely important determinant of unit costs.

OPERATING FACTORS

Tulo's study cohsiders only three opérating factors significant;
capacity utilization, steam electric fuel costs, and hydro-electric fuel
costs. The first;capacity utilization is considéred extremely significant
in the present study and will be discussed in depth in a later chapter. Tﬁe
second steam-electric fuel costs is not significant where thermal is used
only occasionally as explained previousiy. The third hydro-électric fuel
costs will not be considered in Iulo's sense for a number of reasons.

First Ivlo's definition of hydro-electric Mfusl® costs (total hydro-
electric production investment per kilowatt of hydro-electric generating
cabacity weighted by the proportion of hydro-electric generation to total
electric generation) is considered a very poor one conceptually. If oﬂe
| takes the total cost of a hydro station, some of the costs as with a thermal
station are related strictly to the capacity component of its output. Others
such aé part of the main dam, and dykes, and other facilities associated with
the storage of Qater could be considered as enérgy costs or fuel costs. The

proportion of total costs which would be considered "fuel" costs would vary

from station to station. Because of the extreme ccmplexity associated with
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deterﬁining hydro "fuel™ costs the present Qriter will consider them only
as consisting of the water rental payment of .25 mills per kilowatt hour
which is paid to the provincial government. All the fixed costs associa@ed
with a hydro plant will be considered in the same manner as the fixed costs
of a thermal station.

While Iulo did not find the nature of electricity distributed
(self produced or purchased), investment relationships, and wage rates
significant in explaining inter-utility differences in unit costs, they are
significant factors in the determination of unit costs for a specific utility,
Accordingly they along with a number of other related factors will be dis-~

cussed in various contexts in the pages that follow.

MARKET FACTORS

Iulo concludes that the two factors that are the most important
to the combined exélanation of the inter-utility variation in unit electric
costs in his study are both market factors: distribution among customer
classifications which explains 23% of the remaining variation, and consump-
tion per residential custcmer which explains 32%. Hz feels that these
results provide substantial evidence that indicates that unit electric costs
are largely a function of‘the market that_a given electric-utility serves.

It is considered that these two factors are extremely relevent in
the determination of unit costs with Manitoba Hydro. Accordingly these
measureé as well as some measure of customer density will be employzd in the
following analysis of Manitoba Hydro.

In summing up the combined effects of all his important factors,
Tvlo suggests that over the period his analysis included (1952-57) the
- substantial increases in steam-electric generating station size, in consumption

per residential customer, and in consumption per commercial & industrial
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customer all tended to produce lower unit electric costs, as did the more

moderate éhanges in capacity utilization and in hydro-electric "fuel™ cost;.
On the other.hand, increases in steam-electric fuel costs acted to increase
unit electric costs as did thé increasing concentration of sales to residential
custemers. These counter acting forces did not quite balance each other, but,
rather produced a slight tendency for unit electric costs to decline during
the period analyzed.19
In the analysis which follows we shall see that with Manitoba
Hydro another combination of factors interacted to produce similar results

over the period of 1961 - 1968, the period with which this study is primarily

concerned.

19. William Iulo; op._cit., p. 136



CHAPTER III

ALTERNATIVE LINES OF DEVELOPMENT

Unlike Alberta and Saskatchewan, Manitoba is not richly endowed
with fossil fuels. Fortunately however; Manitoba does possess an abundance
of water power principally on the Winnipeg, Saskatchewan, Churchill and
Nelson Rivers. Throughout the development of the electricity supply system
of Manitoba this abundance of water power has been the deminant energy fact
of the province.

From the time Pinawa hydro station was constructed on the Winnipeg
River (1906) until the first major thermal station was constructed at Brandon
(1957) the overwhelming sugeriority of the Winnipeg River as a source of
eﬁeap enérgy dictated the development of a hydro system. During this period
the relative inefficiency of thermal generation and the distance from sources
of coal, oil, or gas precluded this form of generation.

By 1955 however the Winnipeg River was completely deveioped. From
1900 to 1955 the thermal efficiency of thermal gensrating stations improved
seven times.l The larger size of the Manitoba system no longer ruled out
the economies of scale associated with larger thermal units. Although neither
Brandon or Selkirk which were installed to firm up hydro developments and for
peaking purposes could produce energy cheaply enough to compete with hydro
on base load, the possibility'that future thermal stations would be sble to
do so became a real possibility.

Since about 1958 or 59 on the Manitoba system has been faced with
three basic alternatives. The first is power from conventional thermal stations,

the second is nuclear generating stations, and the third alternative is the

1. E. W, Morehouse, and T. Baumeister; How Will Atomic Power Affect
The Electric Power Industry, Land Ecconomics, Vol. XXXI Number 2,
May 1955, p. 105
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mighty though remote Nelson River. The existence of thgee alternatives of
course dogs not preclude an optimum combination of any two or three of then.
In discussing these alternaﬁive lines of development it is use~
ful to review some of the éharacteristics end constraints associated with
the long term planning of an electrical supply system.
The electrical supply industry in Manitoba as elsewhere isg in a

constant state of development and evolution. The planning horizon is very

long. It takes from 5 to 7 years to plan and build a new capacity addiiion,
but the actual long run planning should span a greater period than this,
particularly where the development of complex river systems is involved.
While it is impossibl; to anticipate specific'developments more than about
10 years in thé future, plénners should try to consider the broad range of
possible alﬁérnatives twenty or twenty-five years in the future in order to
avoid making decisions which will commit the utility too deeply to a single
course of development. All planning should be sufficiently flexible so that
as many options as possible ére kept open in the future, and the system is
able to take advantage of any new technology as it arises. This is ebsolutely
imperative in the electric utility industry where the useful life of a hydro.
station maybe as great as one hundred years, and where the economic develop-
ment of a river system is dependent upon a sequence of heavy capital invest-
ments over a period of forty years or so.

Above all planners should not be too firmly wedded to one source
of power, or to the limitations psychological and otherwise imposed by
political boundaries. Provincialism may preclude pursuing the alternative
which promises the greatest long term benefits for the region or the nation
as a whole thus in the long run making everyone a little poorer than they

might have been.
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In evaluating alternative forms of generating capacity, some of
the principal considerations are:
1. Capital investment requirements per kilowatt of the alternative units.
2. Ogerating gnd fuel costs of alternative units.

3. The useful life or period over which the initial investment must be
amortized.

4. How will each alternative orerate within the constraints and conditions
of the system? What are the plant capacity factors, single unit size
limitations and so on?

5. Total cost of the'electricity rroduced by the alternative units.

6. Geographical and locational limitations of the alternatives.

7. What is the overall effect on the system economically and from the point
of view of system reliability? .

In evaluating alternatife lines of development it must be ensured
that secondary benefits and costs are not forgotten. The économic behefits
which might accompany hydro development in the north, air or water pollution
which might accompany thermal or nuclear development, or resource values
which might be sacrificed in the extensive flooding associated with a hydro
development are all important considerations which present machinery does
not always adequately take into account. An important point here is that
it must be realized that the optimumn solution to the problem of providing
electric power might not be optimum from the overall point of view of societyf

In planning the future development of an electric utility system,
planners are always faced with certain facts or constraints, Perhaps the
first constraint is the nature of the product. The service must be available
at the flick of a switch. Sufficient capacity must be available to meet the
demand éf_the coldest day‘and on the darkest night. Electrical energy is not
commercially storable. A second constraint is the iong lead time that i#
required to bring new plant into ser&iée. A third consideration is the capital
intensive nature of the'industry. A Fourth consideration is the fact that
economies of scale are presenf in some rhases of electricity supply, but

not all, It i necessary to balance the
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economies of scale that can be captured against thg diseconomies and risks
created by the other constraints. 4 fifth consideration is the amount of
reserve capacity which must be provided, and the size of the largest single
unit which can be accomadated on the system. This is a sort of triple
barrelled constraint. First it has been deterﬁined that reserve capacity
equivalent to about 12% of the annual system peak is desirable. Secondly as
a general rule of thumb it is considered that no more than 10% of the system
load should be carried by a siﬁgle unit, and thirdly spinning reserve
equivalent to the largest single unit on line must be available in case that
unit breaks down. These interlocking constraints have precluded the capture
of economies which might accompany the adopfion of a smaller reserve ratio,
and the economies of scale which might accompany a really large (500 - l,OOO.
M W) thermal or nuclear unit. A sixth consideration in utility planning is
~that most of the cépital_assets involved have very long servige lines. A
hydro-electric station may provide reliable service for over one hundred
years. Some of the first hydro-electric stations constructed are still in
service and show no signs of wearing out. In order to be on the safe side,
to hedge against redundance caused by yet unanticipated technological break
throughs in the production of energy, a maximum period of fifty years is
used for planning purposes., Thus in the planning phase a hydro station which
might last 100 years carries a burden in‘ that it. must appear economically
viable over a 50 year period,
Now that we have reviewed the planning envirénmen£ in which Manitcba

HBydro operates I shall discuss present system developments and the implica-
tions of technological advance, inflation and other relevant factors upon
the future evolution of the systen.

| Manitoba Hydro is presently undertaking the Phase I Development

of the Nelson River. 'I shall discuss this project Both from the perspective

of the situation which existed during its planning phase {about 1960 - 1966)
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and from the perspective of present (1969) interest rates and cost estimates,
The crucial elements of the Phase I Development of the Nelson River

are:

1. Kettle Generating Station (1020 - 122 MW)

2. Churchill River Diversion |

3. D.C. Transmission to Winnipeg

This scheme is consistant with either the full development of the
6,000 Mi potential of the Nelson - Churchill complex, or is econcmically
viable if no further stations are consbructed after Kettle,

The decision to undertake Phase I was reached by comparing a fifty
year thermal - nuclear referénce sequence of development with alternative
Nelson River sequences.

Economic comparisons Eetween alternative sequences were arrived
at by computing the total costs which would be imposed upon the utility in
each year, through the adopﬁion of either of the alternative sequences. The
present value of each sequence was computed and compared.

In the short term because of the load building period of the station
and transmission lines and some forward investment associated with indivisable
facilities the Nelson River sequence was more expensive than the thermal -
~nuclear sequence, In time however the costs of the Nelson sequence start to
decline relative to the thermal - nuclear sequence, and continue to decline
unbil they reach a cross over point at about 1990, From this point onwards
hydro costs fall significantly below theose applicable to the thermal - nuclear
sequence. It was computed that the present value of the savings in the years
after 1990 were about five times greatér than the present values of the extra
costs incurred before 1990,

The major problem associated with long range planning of this nature
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is an inability to forsee the future. At the time the Phase I decision was

being made (early 1966) Manitoba Hydro was paying less than 5.5% to borrow
money. Accordingly 5.5% was considered a prudent interest rate to emplcy

in computations. Uhfortuhately with about half the Kettle Rapids Station
completed the average interest rate so far applicable is close to 6.75% with
the prospect that the money required to complete the station will bear interest
rates in excess of 7.0%.

To assess the impact of these higher interest rates and increases
in cost estimates which have been made since 1966 the author computed the
long run unit costs for both Phase I and a hypothetical representitive ther-
mal (200‘MW) unit at Brandon employing 7.0% interest and 1968 construction
cost estimates.

The following conclusions were reached. First if development of
the Nelscn River were to stop with thé completion of the Kettle Generating
Station, ineluding the Churchill River Diversion, the total long run cost of
electricity delivered to Wihnipeg would be about 6.11 mills per kwh. This
unit cost would be sufficient to amortize the entire cost of the D. C.
transmission line over 50 years from the first powsr year. Secondly it wes
concluded that the cost of thermal energy at Brandon (at an 80% load factor)
would be about 6.34 mills per kwh. This assumes 4.0 mills for fuel'(the
present fuel cost of Brandon). Thus on the basis of present estimates
Nelson River power is still marginally cheaper than thermal.

There are, howsver, several important assumptions which bias
the decision either in favour of Hydro or Thermal-Nuclear.

The thermal costs are based on present thermal efficiences and

fuel costs at Brandon. Subsequent thermal stations could be expected to
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reduce unit fuel costs even at present priceé. Any reduction'in fuel
prices would further reduce fuel costs.

Some assumptions are biased against Hydro however. The 6.11
- mill figure assumes amortization of all capital costs over a fifty year
period when the useful life might be twice that figure. This 6.11 mill
figure also includes transmission costs including losses of energy de-
livered at Winnipeg while the thermal costs do not include a transmission
charge. Also_included in the 6.11 mills is about .25 mills water renﬁal
charge. This .25 mills is not an economic cost, and accrues to the Govern-
ment of Manitoba in the fofm of extra revenue. In effect it is a form of
tax on the use of water to generate hydro-electricity. Based upon this
static analysis, it appears that in the short run at least Phase I Nelson
Power remains viable in spite of unprecedentedly high interest rztes,

In assessing this 6.11 mill unit cost for Phase I Nelson Power
an important factor must be borne in mind. This is that a large proportion
of this unit cost is associated with forward investments. This forward in—i
vestment is in three areas; a central townsite at Gillam designed to form |
a base for construction of and remcte control of subsequent hydro stations,
the Churchill River Diversion which will increase the water flow for all
hydro stations downstream of its confluence with the Nelson, and transmission
facilities with an ultimate capacity of from two to three times the initial
caﬁacity of the Kettle Site,

Recent estimates suggest that Kettle Rapids will cost about $285.
per installed kilowatt when completed. (At 1020 MW with a capacity factor
of about 80%). The value of the diversion and transmission facilities some
of which is forward investment is some $222 million or almost $200 per kilo-

watt of a 1020 M¥ installation at Kettle.
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Kettle Rapids is exﬁected to take care. of anticipated system
load growth from 1971 to 1976 or 1977. It is probable that more large
capacity additiens will have to be brougﬂt in service around 1980, Lead
time fequirements will necessitate a.deciéion not later than 1973 or 197..
At this time a choice will have to be made between additional capacity on
- the Nelson, or thermal or nuclear capacity in the Southern part of the

,ﬁrovince.

Several large attractive sites exist on the Nelsop. Of these,
Limestone (1840 MW) and Long Spfuce (806 MW) appear the most attractive.
Since the Churchill River Diversion and the basie D.C. Transmission will
already be in place the only costs to consider are those'required to in-~
crease the capacity of the D.C. terminal stations at either end of the trans-
mission line and the costs of the generating stations themselves,

Because of inflation the costs per kilowatt of a hydro station
scheduled to come into service in 1980 will probably be considerably greater
than if it were completed in 1970. Thus the estimate of future unit energy
costs on the Nelson River nust be based on estimates of 1980 capacity costs.
The following table shows unit costs at the station for various costs per

kilowatt at an 80% capacity factor.

TABLE 3.1
Installed Cost per kilowatt Unit Cost Per kilowatt Hour
- $300 3.5 mills
$4,00 ) 4.5 mills
$500 5.7 mills

In essence, if the major hydro generating capacity which might

follow Kettle Rapids is estimated to cost less than $L00 per kilowatt when
completed, a competing thermal or nuclear plant of a size appropriate to the

Manitoba System will have to be capable of producing energy at something less

than 4.5 mills per kilowatt hour (plus or minus appropriate adjustments for
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transmission)costs of nuclear and transmission losses from the Nelson).

NUCLEAR ENERGY AS A FUTURE ENERGY SOURCE

The development of nuclear generéting station technology has been
extremely rapid since the first nuclear-generating stations went into service
in Britian in the early 1950'3; Although initial installations were expensive
relative to thermal stations and were justified partially as research prcjects,
significant improvements have been made which suggest that nuclear energy will
" shortly be cheaper than conventional thermal in all but the cheapest fuel areas.

In the United States there was little active interest in nuclear
generating stations until after 1960. However since that date there has been
a dramatic shift from conventional thermal generation which has far surpassed
earlier predictions. In 1966, 53% of new generation committed by United States
Utilities was nuclear,2 however because of the long lead time it will not be
until about 1972 that more than half the new capacity actually placed in service
will be nuclear. Bscause of the rapidity of‘this shift to nuclear pewer ther
is very little actual operating data available, and most decisions and pro-
Jections of future costs are made from estimates.

This shift to nuclear energy is much more rapid than the pro jections
of a decade ago predicted.3 If these stations live up to or surpass expecta~
tions the shift may be even more dramatic in the future.

E. O. Smith reports that the average large scale nuclear plant
contracted for in 1967 was estimated to cost $150 per kilowatt ($162 éan.).

He expressed the hope thatihis would be a stable price level., In order to

realize these prices a plant of about 700 M{ must be constructed. Plants less

2. Morehouse and Baumeister suggest that the most optimistic estimates
of 1955 expected 507 of new capacity being installed by 1975 to
be nuclear, Ibid. p. 107

3. "uelfth Annual Report on Nuclear Power", Electrical World, June 12,
1967 McGraw Hill, New York, p. 92 - 111




40,
than 40O MW cost about $200% per kilowatt ($218 can).

These figures represent a dramtic re@uction from those quoted in
1955. Morehcuse and Bammeister mention that at that time most estimates
for nuclear power plants were running in excess of $250 per kw.?

In comparing the capital cost figures for hydro and nuclear installa-~
tions two important points must be considered. First a hydro installation has
no fuel and little maintenance expense while nuclear installations do con-
sume fuel and require considerable maintenance. The sepond factor is that.
these installations have quité different service lives. In all likelihood
nuclear reactors will have a shorter life. Write off periods should be no
more than 25 - 35 years until some actual operating experience justifies a
longer périod. Thus capital costs per kilowatt will in all likelihood have to
be considerably less than hydro in order to be a viable alternative. An off
setting factor is the very high capacity factors expected with nuclear instal-
lations, The best operating performance occurrs with continuous operation,
thus ensuring high utilization which makes nuclear generation very attractive
cn base load,

Perhaps the best comparison is total cost per kilowatt hour at each
plants average expected output. While with hydro the total cost per kilowatt
hour is expected to continue to rise with construction costs, it is predicted
that technological improvements in the nuclear field will reducé total costs
per kilowatt hour. These savings are expected to occur for several reasons,
The stabilization or reduction of capital costs per kilowatt through techno-
logical advence and economies of scale associated with iarger plants. The
reauction of fuel costs per kilowatt hour generated for the same reasons stated

above,

L. E. O, Smith; "Nuclear Decisions Hings On More Than Economics™,
Electric Light and Powsr, September 1968, p. 118

5. E. W. Morehouse and T. Baumeister; Op. cit., p. 104
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Fuel costs particularly are expected to decline. Current estimates

of fuel costs for a large water reactor due to go on line in 1970 are about

1.8 mills per kilowatt hour, but through advances in fabrication and processing
fuel, it is believed that this can be reduced by 25% by 1980.6 The advent of
the breeder reactor is expected to reduce fuel costs even further,

While iﬁe following total cost per kilowatt hour figures are based
on estimates and héve yet to be proved they do indicate the possible competition
which further hydro development is up against. In Sweden a 400 MW plant at
Simpwarp which is under construction is expected to cost $175 per kilowatt
($190 can.) and produce power at 5.5 mills per kilowatt hour.7 In the United
States Oyster Cresk contracted in 1964 at $129 ($139 can.) for 515 MW is expected
to produce power at 4.25 mills per kilowatt hour.8

While a wide variety of costs are quoted in different publications
for various types of nuclear plants, capital costs of $140 - $l50:U.S. for
plants in the 800 - 1100 MW range are common with total power costs of about
4.5 mills per kilowatt hour,

It has been suggested that by the year 2020 total costs may be as
low as 1 -~ 1.4 mills per kilpwatt hour. Moreover nuclear power costs will be
essentially the same in any location.9 It appears however that the real
economies are possible only with large plants 800 -~ 1,000 MV or more.

This last fact poses a real dilema for the Manitoba System. The
System presently ﬁas about 1500 MW of capacity. This is expected to grow to
3,000 M4 by 1980 and 6000 M4 by 1990. Employing the 10% in one unit rule, this

would preclude adding a nuclear unit larger than 600 MJ before 1990.

6. G. F, Hoveke; "Additional Fuel Resources Vital To Nuclear Expansion™,
Flectrical World, June 12, 1947, p. 93

7. L. M. Olmstead: "Today's Power Reactors Tuned for Greater Economy™,
Electrical World, June 12, 1967, P. 103

8. H. C, Shoft; "Nuclear Power Build up Goes Critical®, Chemical Veek,
May 25, 1968, p. 47

9. Ibid., p. 45
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This suggests that a province with electrical energy demands
equivalent to Manitoba's may be smaller than that required for the operation
of a really efficient electric utility,iand that only by very close co-operation
on regional basis will optimum operating conditions be achieved. The solution
may lie in building and sharing nuclear capacity with Saskatchewan or with
Western Ontario. In this case the combined interconnected capacity could
safely be accomodabed.

However Saskatchewan has plentiful cheap coal at Estevan which may
preclude interest in nuclear capacity unless a shortage of cooling water in
that area or significant price decreases in nuclear vis a vis thermal tip the
scale in favor of shared nuclear facilities.

At the present time it is very difficult to determine when nuclear
energy will be ccmpetitive in Manitoba. A slow down in nuclear progress could
well delay the date beyond 1990, However the apparent acceleratién in nuclear
technology which has éccured in the past decade could, if sustained, well render
nuclear energy Manitoba's next major source of generation capacity and could

well be a contender for service not long after 1980,



CHAPTER IV

THE ANALYSTS OF OP=RATING RESULTS 1961 -~ 1648

This chapter deals with one of the most important aspects of
the operation of a public utility. This is the cost of providing servicze.
The importance of cost in measuring the orerating performance of a public
utility, or any other enterprise for that matter arises because cost
properly analysed and understood provides the best indication of economic
efficiency available. In the operstion of a public enterprise such as
Manitoba Hydro the minimization of cost subject to the constraints of
quality and reliability of service becomes a primary objective. Althcugﬁ
this’analyéis is primarily concerned with operating performance since the
amzlgamation in 1961 due to a lack of accurate and comparable data prior
to that year, historical cost and revenue data from 1922 to the present
will bé presented in order to incicate the long term movemsnts of these

factors.,

Historical Unit Costs znd Unit Revenues

A study of the historical movement of unit costs and unit
revenues provides a fairly clear though somewhat intuitive insight into
the factors both arbitrary and economic which have influenced costs. The
long run average cost and average revenue curves shown in Figure 4.1 were
derived by adding the total accounting costs and revenues associated with
the pfoduction of electric power of the various utilities in Hanitoba.
These total costs and revenue figures were converted to unit costs by
dividing by total firm energy sales to ultimate customers. Double counting
wes eliminated by subtracting 211 inter-utility transfers of energy or

revenue.



FIGURE 4,1

T 3

968

1

1922
Based on Total Firm Anergy and Ixport Sales

Interconnected Hanitobha System

[
1

These Curves Shou

1d be Considered -

as Approximations Only.

T

s

ad

LEPARTH

ECONOMICS

HYTRO

1955

e {Reve

|

vera

3

14

SN ORI O
i

!

B
|

-}

:
:
H
M
g e ke
[
T
P 4
nian
i I
i
P
DA S SIS W

1

i
e

i

1

,'.f.,._
b

P

|
J

|
1
S

1965

1960

1950

1945

19,0

935

1930




45,

In undertaeking an economic analysis of power production in
HManitoba 1t rapidly became apparant that cost as reported or computed for
any given year.or period would be a somewhat arbitrary figure. This
situation arises because the accounting values that are recorded and
rerorted in the annual reports'of the various utilities represent arbitrary
decisions regarding such things as depreciation methods (straight line vs
sinking fund or modifications of the two), service lives of capital asseﬁ%
the manner in which new capital assets are brought into the operating
accounts and so on. As these policies are subject to change over the
years, and have been, the unit costs and revenues computed for any one
year are not strictly comparable, but do provide a fairly good approxi-
mation of long term trends.

Reviewing the entire period from 1922 to 1968 we see that unit

costs have varied from a low of 5.6 mills per kilowatt hour in 1929 to a
high of 11.0 mills per kiloﬁatt hour in 1961, the year of the amalgamation.
While the prevailing trend has been upward, the actual costs have risen and
fallen in a series of long cycles. The explanation of these cycles is
extremely significant in any analysis‘éf the factors which determine unit
costs of an electric utility particularly in Manitoba.

The signifcant changes in unitmcosts which have occured since

1922 appear to have been caused by the following factors,

1. Straight line Cepreciation policies.

2. From 1922 -~ 1929 an extremely high rate of growth of energzy sales was
experienced which resulted in all capacity being fully léaded by 1929
(Pinawa, Pointe du Bois, and Great Falls).

The period 1930 to 19233 saw a 12% decline in electricity sales and the

D

unfortunate additon of two new stations (Slave Falls and Seven Sisters)
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in 1931. This caused a rise in unit costs to almost 9.0 mills per
kilowatt hour in 1933.

From 1933 to 1951 no new stations were added. Additional generators
were added to Slave Falls and Seven Sisters to meet demand which
increased from 729 million kilowatt hours in 1934 to 1,827 million
kilowatt hours in 1950. By 1950 existing capacity was stretched to

its limit. The combined effects of straight line depreciation,
steadily increasing volume, and almost full utilization of installed
capacity resulted in unit costs declining to 5.7 mills in 1949.

From 1946 to 1951 downward pressure on unit costs was partially

o}fset by the rurel electrification program. In 1951 the addition of
Pine Falls, the intensification of the rural electrificetion progrean,
and the continuation of a pronounced shift from industrisl to residential
consumption combined to push unit costs up to sbout 9.2 mills in 1954,
the year in which the fural electrification program was completed.

In spite of the addition of MaciArthur a high cost hydro station in 1954
unit costs remained stable until 1958 when Brandon, and Selkirk thérmal
sfations and Kelsey hydro station were all added in rapid succession.
The addition of these three stations appear largely responsible for
pushing unit costs up to a historical high of eleven mills in 1941, the
year of the amalgamation.

From 1961 to 1965 unit costs cdeclined to 9.8 mills largely because

a years delay in the completion of Grand Rapids hydre station caused
all available capacity to be totally utilized in that year.

The completion of Grand Rapids in 1964 again caused unit costs to rise
to 10.5 mills, but these appear to be declining again as this station

becomes more fully loaded.



47,

9. Another factor which appears to have been placing dewnward pressure
on unit costs during most of this period has been a greatly increased
~use of electrical energy by all established customers, thus reducing
distribution costs.

. While it is impossible to isolate the precise quantitative
effect of each factor discussed upon unit costs, it can be seeﬁ very
clearly from the abrupt changes in the direction of unit cost trends what
the effects of economic depression, the addition of new capacity, the under
utilization of capaciﬂy, the rural electrification program and so on have
been, It can also be appreciated that the unit of production has changed
qualitativély during the period. Unfortunately this is a factor that the
author has been unable to take into account in this analysis, beyond a
subjective appreciation that the product has been changing qualitatively
to a very substantial exteﬁt.

The kilowatt hour of electrical energy produced for 9.0 mills
in 1933 was distributed almost entirely within the city of Winnipeg. |
Interruptions of service were much more freéuent than today, and a large
proportion was distributed to industrial customers. (An increasing pro-
portion being distributed to industrial customers during the war may have
contributed to downward pressure on unit costs).

Sincg 1946 a large proportion of electrical energy has been
distributed to rural customers who are much more expensive to serve than
urban residential customers., A steady shift from industrial sales to
residential saleé from 1946 to 1958 1 represents a pronounced gqualitative

change in the product. Although this question of qualitative changes will
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not be pursued in depth it can be anpreciated that for these reasons and

others which shall be discussed in detail later that it is a mistake to
think of the kilowatt hour of electficity as a homogenecus unit, Tsking
these qualitative improvements into account it would appear that actual
unit costs for a hypothetical standard.product have not risen by as much
as Figure 4.1 would suggest.

Because of ths indiviéable nature of a hydro electric station,
the addition of anew station to a predomiﬁantely hydro system may have
a much greater impact than the addition of a new thermal station. This
occurs first because a hydro station is much more capital intensive than
a thermal station.‘ Idle hydro capacity is much more expensive. The
second reason for the extreme impact of a hydro station results from the
fact that the entire river must be damed in order to instagll one of perhaps
ten generating units. As 75% or more of the total cost is represented by
the dam and power house, almost all of the fixed césts'afe'normally incurred
from the first day of operation. A small éaving can be realized by delaying
the installation of additional generators until required./ Thus Seven Sisters
which first began operation in 1931 was not fully completed until 1952.
The high cost in terms of fixed costs duriné the load building period
results in a trade off between small relatively expensive sites, and large
cheaper sites when the addition of new capacity is contemplated. In the
Manitoba case it can be seen that as the system has grown it has been able
to absorb larger hydro stations with a shorter load building period, thus
smoothing out fluctuations in unit costs, and improving the overall economic
efficiency of the system.

From Figure 4.1 it can be seen that with the exception of the
years 1933 - 1935 the electric utilities of Manitoba have enjoyed a

considerable surplus of revenue over expenses until the very recent past.

This was accomplished with a rate structure which has remained largely
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unchanged since 1911 except for the addition of new rates when required
(for rural customers) and nunsrous downwérd revisions that ﬁave occured
in various rates over the yeérs. The firét upward revision of course
occured in 1963 when rates to Manitoba Hydro's general consumers were
iﬁcreased by about 107%. The manner in which unit revenues followed unit
costs upward during the 1946 to 1954 rural electrification program sﬁggests
that these rates must have borne a fairly close relationship to the actual

cost of providing this service,

DETAILED BREAXDOWN OF UNIT COSTS OF PRODUCTION AND DISTRIBUTION 1961 - 1968
‘ With the amalgamaﬁion of the Manitoba Hydro Electric Board
and the Manitoba Power Commission in 1961 it has became possible to under-
take a much more detailed analysis of the electricity supply industry in
Manitoba than previously. Since that date Manitoba Hydfo's production has
grown from abouﬁ 75% to 85% of total electricity'produced and distributed
in the province and thus provides most of the economic factors of signifi-
cance,

A detailed breakdown of unif costs 1s provided in Figure L4.2. The
cost per kilowatt hour for the period 1961/62 to 1967/68 has shown a slight
downward trend from 11.5 mills in 1961/62.2 This result was partially
accomplished by exporting a large volume of energy in 1966/67 and 1967/68.‘
Without these export sales, the cost per kilowatt hour would have been at
least 11.6 mills in 1967/68. This demonstrates superficially at least
the economic advantages of interconnections, which enable the fuller utiliza-
tion of‘excess capacity which would otherwise remain idle., The following

is a detailed breakdown of the various major cost components:

2. Note 1961/62 refers to Manitoba Hydro's 1961/62 fiscal year which
runs from April 1 to March 31.



ELECTRIC UTILITY PLANT AT COST

Revenue

General Consumers
Winnipeg Hydro
International Nickel
Direct Customers
Interchange Capacity
Interchange Energy
Joint Use and Other

TOTAL

Operating Expenses

Wages & Salaries Operating

Other {Office Supplies, Travelling
Expenses, Materials, Repairs, Parts)

Water Rentals

Interchange Capacity

Interchange Energy

Fuel

TOTAL

Fixed Charges

Interest Net
Depreciation
Contingency

TOTAL

Total Annual Expenses
Surplus or (Deficit)

Cummulative Surplus or (Deficit)
from 1961/62

- Rate Stabilization Reserve

Rate Stab, & Cont. Reserve

For 'I'hne fears JYbl/ed - 1U5T/EE

338.6 M 352.0 M
1961 /62 1962/63
244,739 26,565
4,113 3,418
2,957 3,037
94,0 1,070
350 A
33,089 34, 504
7,32l 7,427
3,8L8 4,075
527 76l
Ly 165
_1.035 29h
13,261 12,725
10,146 10,681
8,318 8,627
1,675 1,640
20,139 20,948
33,400 33,673
(311) 831
(311) 520
15,031 5,862
25,597 28,068

363.6 M

1963/6)
29,003
5 ,60h
2,950
1,077

393
37,027

7,991
3,7h5

8L6
1,050
230
212
14,234

11,027
9,036
_L.793
21,856
36,090
937
1,457

16,800
30,963

373.8 M 498.8 M 513.1 M 537.1 M
1961, /65 1965/66 1966/67 1967/68
31,643 33,946 36,82 39,521
3,043 3,873 L, 945 L,712
3,O}+2 3,59[+ 39503 [&9369
1,149 1,112 1,144 1,102
_ - - 600
- 115 349 801,
L2 392 421 4,90
39,298 43,032 47,185 51,598
8,668 9,565 10,680 11,153
4,126 L,753 L,943 5,579
831 1,083 1,180 1,250
262 - _ -
934 614, 503 87h
1,821 16,015 17,306 18,863
11,263 14,889 18,371 19,605
9,410 10,746 12,172 12,757
1,374 1,379 2,248 2,260
22,047 27,014 32,791 3,622
36,868 43,029 50,098 53,485
2,430 3 (2,912) (1,888)
3,887 3,890 978 (910)
19,229 19,233 16,320 14,432
3L,622 35,920 35,192 35,453

T°t dTdVd




FIGURE 4.2

7.0

b 3.8

Total Fixed Charges/Kilowatt Hour

Total Variable Charges/Kilowatt Hour

T

Depreciation

gencies
Reserve

Contin

Other Admin. &
Oper. Expense

Fuel, VWater,
Rent, Intch

e et e e

Oper.

Gen,

Net
Interest

ge-)(-

Payroll

-4 Includes charges for interchange imports.

o R e T R
ANNUAL EXPENDITURE PER KrrodATT HOUR S|D
- ______________, N e e
Kilowatt Hours Sold (Total Firm Energy Plus Export S@i ) x 106
2,903.2 (2.3%)  2,970.1 (11.9%) 3,325.9 (7.8%)  3,588.5 (10.4%) 3,963“51}1(11.3%) ,412.6 (12,34 4,953.2
11.5 11.3 10.9 10.3 10.9 ll}..h 10.8
2.9 \ 2.9 . 2.7 2.6
. 2.6
.58 / .55 ‘ 46
: .5l T
.38
6.9 7.0 6.6 6.1
3.5 | 3.6 3.3 3.1 4.0
1.33 ) 1,3’7\ 1,13 1.15 (1.13 |
. 72% . . hb* -78-*1 . 59_" - [,’6—
hib k3 b3 bl
2.5 2.5 2.4 2.4 2.3
| A
1961/62 1962/63 1963/6L, 1964/65 1967/68




52,

A. Fixed Charges

1. Fixed charges: decreased from 6.90 mills in 1961/62 to 6.10 mills

in 1964/65 as all existing capacity‘became totally loaded. The completion
of Grand Rapids hydro station in the fall of 1965 pushed fixed charges to
7.4 and 7.0 mills in 1946/57 and 1967/68. Large export sales in 1947/68
utilized much of this new capacity and were responsible for reduc .ing fixed

charges from a potential 7.7 mills to the 7.0 mills actually experienced.

2. Net Interest: decreased from 3,5 mills in 1951/62 to 3.1 mills in
196&/65,‘and then increased to 4;2 andvA;O mills in 19466/67 and 1967/68.
The increase in interest éharges per kilowatt hour is partially the resulp
of a rise of almost 20% in the weighted average annual interest rate frém
about 4.40% in l961/62v£o 5.24% in 1967/68, Had the L,LOZ rate prevailed
in 196%/68, unit interest charges- would have been in the order of 3.4
mills per kilowatt hour. Another factor contributing to the iﬁcreased
interest charges is that the fifst three units of Grand Rapids and its
associated transmission facilities cost some $1320 per installed kilowatt

and represent the most ekpensife capacity installed to date,

3. Depreciation: Unit depreciaﬂion charges declined over the period

from 2.9 mills in 1961/62 to 2.6 mills in 1947/68.

L. Contingencies and General Reserve: This item is in the nature of

self insurance and is computed as 17 of all undepreciated generation assets.
Over the entire period there was a net decrease from .58 mills in 1951/62
to .46 in 1967/68. This item is not a real economic cost of producing
electric ensrgy in the year in which it is charged. If used to pay for
acts of nature such aélice storm damage,‘or unexpected damage to‘othér
equipnent it would offset expenses in the year of the contingency. If not
required for its insurance role, interest earned on it would reduce net
interest charges and in the long term slightly lower costs of producing

electrical energy.



B. Operatine Expense Charges o 5%.

1. Operating Charges: have decreasedcontinuously from 4.6 mills in

1961/62 to 2.8 mills in 1967/68.

2. Operating Peyroll: has declined from 2.5 mills in 1961/62 to 2.3

‘mills in 1967/68.

3. OQOther Adminsitrative and Operating Expenses: (Vehicles, communi-

" cations, stationary, office expenses, computer charges etc.) have declined
from about 1.33 mills in 1961/62 to 1.13 mills in 1967/68.

3. Fuel, Vlater Rentals? and Interchange: ﬁill vary with available

hydraulic capacity, export sales via interconnections, etc. These charges
reached .72 and .78 mills in 1961/62 and 1963/6L due to large fuel expenses
plus imports in 1961/62 (an extremely dry year) and a capacity purchase
and energy imports in 1963/64. In the past three years, moderate fusl
expenses, and net exports of energy have kept these charges at about .L5
mills.

The foregoing represents, but one method éf breaking down unit
costs. " Another equally useful method is by the functional categoriés
of Generation, Distribution, Transmission, and Administration of Figure
L.3. These values were computed by calculating the fixed charges for the
physical assests devoted to each funcéion. To these were added payroll,
fuel charges, material, power purchses, and miscellaneous expenses
attributable to each category. The totals were divided by the total
number of kilowatt hours, generated, distributed, transmitted}and admin-

istered respectively. Because the denominators in each were not the same
the unit costs derived are not additive strictly speaking. The totals

found if added are up to .5 mills less than the totals shown in Figure 4.2.

This is because total ensrgy generated was ussd for the generation and

3. A water rental fee of about .25 mills per kilowatt hour generated is
transferred to the provincial government.
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transmission category, thus making the unit costs for these two categories
somewhat less than if losses were excluded as they are for the calculations

of Figure 4.2.

FIGURE 4.3
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The unit costs derived in this fashion show a remarkable stability,

with the exception of generation costs which declined until 1964/65 as
generation capacity became fully loaded. (The system peak for that year
came within 7MW of total installed capacity)., This illustrates the cost
penalty incurred by carrying more than a minimur amount of idle generating
capacity;

It is interesting to note that distribution charges remained

almost constant during the period inspite of a 40% increase in the number



of kilowatt hours distributed. 55.
One item that deserves mention is the rather high administrative
expenses - about 1.0 mills, This results in the main from edministrative

and transportation expenses associated with capital projects and strictly

speaking should be capitalized (added to the cost of capital projects).
A recent "Overhead Study" has recommended that this be done. This will
result in a slicht reduction in unit costs in the short run, but in

the long run these expenses will show up as fixed charges. The informa-
tion contained in this breakdown is of particular significance when
determining the cost of providing service to various types of customer.
It'cén egsily be seen that industrial customers who often receive energy

directly from the transmission svstem can be served much more cheaply

than domestic customers or farm customers.

MARGTNAL COSTS OF PRODUCTION ANT DISTRIBUTION

Marginal cost can be definedes the extra cost incurred in the production

of one extra unit of output in the cheapest way possible.h In attempting
to determine the marginal cost of producing an additonal kilowatt hour

on the Manitoba Hydro system it rapidly becomes apperant that there is

no single unique marginal cost. The marginal cost is dependent upon

many circumstances, the time of day, the season of the year, the facilities
employed to generate it, the customer to which it is distributed and so
on. Also of crucial importance is the time period under consideration.

Is short term marcinal cost most significant, or is it long term

marginal cost tha£ is required to formulate an adequate economic

analysis of the cost relationships of an electrie utility? Short run

marginal cost concepts ’ : S ari

L. P. A. Sameulson: Fconemics = An Introductory Anelysis, New York,
MeGraw Hill Book Co. Inc., 1981 p. L&,
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assune plant fixed and are concerned only with the variable costs associated
with producing and distributing an extra kilowatt hour of electricity, while
the longrun marginal cost concept assumes that in the longrun additional
capacity will have to be added to the system and that both fixed and varisble
costs will have to enter into longrun marginal cost. Eli Clemens appears

to agree with this reasoning. He says, "If the project is yst to be buiit,
all costs, including the expected fixed costs are marginal costs.">

When a utility has surplus capacity and desires to utilize it
until normal load growth requires it, the utility often enters into a short
tern contract with a large industrial customer or with a neighbouring utility
to subﬁiy energy for a limited period. If the load is not permanent, and
the capacity is truly surplus, variable costs alone must be recovered, and
shortrun marginal cost applies in the pricing of this energy.

On the other hand if the utility is selling energy to a permanent
customer, longrun marginal costs must be covered even if surplus capacity is
available in the shortrun. This is because new capacity will soon have o
be added to serve normal load growth and a permanent customer whose price
is based on shortrun marginal costs will not produce enough revenue to cover

the longrun costs of serving him,

SHORT RUN MARGINAL COSTS

In the short run, marginal cost depends almost entirely on fuel
costs alone. Thus if the extra kilowatt hour is produced from a hydro station
the marginal cost is about .25 mills,the cost of the water rental only. A
kilowatt hour produced at Brandon thermal station costs hiO mills and at
Selkirk thermal station 4.5 mills, because of higher transportation costs.

These costs are often described as incremental costs in the electric utility

5. E, W, Clemens: Economics and Public Utilities, New York, Century -
Crofts ine., 1950 P, 261
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business, and have over the yeérs formed the basis for many fallacious
arguments regarding the proper pricingkpolicy to apply to energy sales.

In summer when thermal stations are normally shutdown the short
run marginal cost becomes .25 mills, and this becomes the appropriate
guide for the pricing of seasonal loadé (irrigation, air conditioning) or
short term ssles to neighbouring utilities. In the winter, especially in
ths peak hours thermal capacity is reguired to provide the marginal kilo-
watt hour, thus 4.0 or 4.5 mills is the appropriate ﬁarginal cost., In off
peak hours, if surplus water is available .25 may be appropriate for deter-

mining the cost of serving an off peak load even during winter months.

LONG RUN MARGINAL COSTS

In determining the marginal cost of serving a permanent customer
who contributes to the annual system peak long run marginal cost must apply.
The actual long run marginal cost which should apply is dependent upon the
actual load characteristics of the customer, his annual load factor, type
of customer, and where he is located on the system. In actual fact the
long run marginal cost of serving each individual customer is different.

To overcome this problem I should like to introduce the concept of zn
average long run marginal cost.

From Figure 4.2 it can be seen that the average cost per kilowatt
hour has varied between 11.4 mills and 10.3 mills since 1951/62. In spite
of a slight downward trend, it might be said that in the seven year period
the average cost has rermained almost constant at about 11.0 mills., This
is not unreasonable when one remembers that the lower unit costs of the
last three years has been the result of short term export sales. Projections
(Figure 5.1 in Chapter V) suggest that the average unit cost for the next
ten years may vary between 11.0 mills and 9.6 mills, Again the low cosﬁ of
- 9.6 mills is the result of export sales and may not reflect a dovmward trend
in the production of energy for the provincial market. The average cost

for 1968/69 to 1$77/78 is 10.3 mills,
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This may be somewhat optimistic due to the large proportion of export salés
~in this periocd, and the presént high rate of interest which may not adequately
be reflected in the projection. For these reasons it is felt that it 1is

not unreasonable to expect an average cost of 11.0 mills per kilowatt hour

for the next ten years especially fof energy sales in the province. Given
this assumption it is not unreasonable to expect long run marginal cost to
aporoximately equal long run average cost during these years. Due to

fluctuations from year to year marginal cost may be greater, equal to orless
than average cost in any given year, but would not appear to deviate greatly

from average cost over the long term.

AVERAGE RETURN PER KILOWATT HOUR

TABLE 4.2

Annual Average Annual Average
1961/62-1967/68  Past 5 years 1967/43

Average rate of growth of energy
sales.

a) Manitoba

i) Energy 7.5% 8.6% 7.9%
ii) Revenue 7.2% 7.7% 7.2%
b) Manitoba Plus Export
i) Energy 9.3% 10.7% 12.3%
ii) Revenue 7.7% 8.5% 9.5%
¢) General Consumers
i) Energy 9.3% 9.3% 9.2%
ii) Revenue 8.3% 8.L% 7.3%

From Table 4.2, it can be seen that while total energy sales increased

- by an average of 9.3% per year for the seven year period, total revenue

jncreased by only 7.7%. Observation will indicate that a similar gap existed
betwesn rate of inerease of energy sales, and rate of increase of revenue

for the other major categories listed.
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This sitﬁation results partially from the operation of the "Wright"é
type rate structure which Manitoba‘Hydro and most public utilities employ
for residential billing.

During the seven year period bteing studied the average return
per kilowatt hour (total firm energy sold in Manitoba) declined slightly
from 11.3 mills in 1961/62 to 11.1 mills in 1967/68. This appears to have
resulted fromthe followiﬁg three reasons.

1. The Wright rate structure

. A slow rate of increase of customers (average of 2.7% per year)

2
3. A slight shift from residential to industrial consumpticn

(e}

f one takes the averaze return per kilowatt hour for total firm
energy plus export sales we see the decline has been substantial - from
11.3 mills to 10.3 mills. This results for the three reasons mentioned
above, plus the fact that export energy commands a much lower réte than
firm domestic energy (about 3.0 mills per kilowatt hour in 1967/43).

This decline in unit return results from the rate structure and
reflects the theoretical belief found in so much of the literature that
an electric utility is a decreasing cost industry. As we have seen Hanitoba
Hydro -~ largely because it is primarily a 'hydro' utility has not on the

average experienced decreasing costs as increased demand has necessitated

the development of less favorable sites. Static technology in the

6. Wright's original rate proposal was a two block schedule with the length
of the first block in kilowatt hours dependent upon the size of the
customer?'s maximun rate of consumption. Supposedly included in the
rate for the first block are capacity and energy costs as well as customer
costs, while the rate for the second block is essentially only an energy
charge. (The run-off rate).

R. F. Davidson: Price Discrimination In Selling Cas and Electricity,
Baltimore, The Johns Hopkins Press, 1955 p. 39
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generation end, steadily increasing 6osts, and in the past few years rapidly
rising interest rates have all contributed to an upward trend in long term
unit costs.7 This as can be seen from Table»h.B results in a dilema.
Although in the‘period under review total unit costs have actually declined
slightly, the return per kilowatt hour has declined even faster resulting
in deficits for four separate years.

By refering to Table 4.1 it can be seen that a net deficit of
©$910,000 dollars was incurred for the entire seven year period. This
represents about .35% of total expenses for the period and indicates a very
close match between average cost and average return. It is anticipated that
it should be possible to maintain unit costs at approximately their present
level until at least 1980. However, a continued decline in unit returns is
expected to result in a short fall in revenues. |

Figure L.l represents a pictorial summary of the financial pro-
jection discussed in detail in the next chapter. This projection represents
the best current information and some assumptions regarding planned capital
spendiné, anticipated interest rates, negotiated contracts for energy sales,
anticipated rate of increase of consumer revenue, rates of increase of pay-
rolls, administrative expenses etc. In short it is an educated guess of
tguesstimate? about the future.

Figure L.L represents an attempt to give an épproximate indication
of anticipated trends in revenue, and expense per kilowatt hour sold.

The figures shown for the first three years are for energy sold

in Manitoba only, while the slightly lower returns per kilowatt hour from

7. The downward cost trend shown in Figure 4.2 and Figure 5.2 in the
following chapter have been achieved because of export sales. The
revenues earned through export ssles help offset rising costs of
producing electricity for the provincial market.



TABLE 4.3
MANITCRA HYDRO

TRENDS IN UNIT CCSTS AMD UNIT REVENUES

Annual Expenditure per XWH Sold
(T.F.E. Sold in Manitoba & Export)

Annual Return Per KWH
(T.F.E. Sold in Manitoba)

Annual Return Per KWH
(T.F.E. Sold in Manitoba & Export)

Ratio of Total Rtn/Total
Expenditure Per KWH -

1961/62

1962/43

1963/6L 196L./65 1965/66 1966/67 - 1967/68_

19.5 mills 11.3 mills 10.9 mills 10.3 mills 10.9 51113 1.4 mills 10.6 mills

11.3 mills 11.5mills 11.0 mills 10.8 mills  11.0 mills 1.2 ﬁills 11.1 mills

1.3 mille 11.5 mills 11.0 mills 10.8 mills 10.8 mills  10.6 mills ° 10.3 mills
.98 102 101 105 .99 .93 .95
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1971/72 to 1976/77 reflect the effect of negotiated export sales. The
large jump in both revenus aﬁd eXpense per kilowatt hour in 1977/78 is
partially caused by a large decrease in export sales for that year. The
energy so released is used to supply the normal load growth of the Manitoba
system at the normal prices charged to customers within the province.

The return per kilowatt hour figures represent the effect of the
present rate structure. It can be seen that this rate structurs implies a
steadily declining average return per kilowatt hour from 11.1 mills in
1968/69 to 9.3 mills in 1976/77. The 9.8 figure represents the partial

effect of halving the volume of export sales in the final year.

MARGINAL RETURN PER KILOWATT HOUR

As with marginal cost, there is not a unique marginal return which
can be expected for the sale of an additonalvkilowatt hour of electricity.
The revenue earned by selling a marginal unit depends upon whom it is sold
to.

In the sale of day to day econémny énergy to neighboring utilities
price is usually negotiated for each sale at the time of sale using guide
lines and established practice as price criteria. Marginal revenue from
interutility sales may run from about 1 to 5 mills depending upon the
circunstances and source of the energy.

The marginal revenue earned from the sale of an additional kilo-
watt hour to a Manitoba customer depends upon what class he is in, what rate
strucﬁure he is on, whether he is a new customer or an established one, and
what his present consumption is. The most useful marginal revenue data can
be derived from an analysis of Manitoba Hydrot's General Consumers. This
group accounts for about 75% of total revenue and includes all customers

in Manitoba with the exception of Winnipeg Hydre, and three or four large

industrial customers.
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There are four principal classes in this group: residential, farm,

commercial, and industrial. All are characterized by a block type rate
structure (for example - 75 kwhs per month @ L¢, + 100 kwhs @ 2¢ + balance
at 1¢, with a2 10% discount) which reduces the average cost per kilowatt
hour to the customer as his monthly consumption increases. Thus in the
example above, virtually all esteblished residential consumers who consume
more than 175 kwhs per month pay a marginal rate of 9 mills for esach additional
kiJowatt hour consumed. The average return per kilowatt hour for a given

customer would thus decline, approaching a limit of 9 mills.

TABLE 4.8

AVERACE REVENUE PER KILOWATT HOUR (Mills)

Year Average Residential Farm Commercis Industrial

1961/62 15.3 15.4 17.3 21.3 12.0
62/63 15,2 15.4 16.7 21.3 12.1
63/61, 14.8 15.3 16.4 21,1 11.7
61./65 4.0 14.5 15.7 20.5 11.7
65/66 1.0 14.2 15.3 19.9 11.3
66/67  13.5 14,0 1.8 19.3 10.8

67/68 13.1 13.7 1.4 18.4 10.5

Table 4.4 shows the major customer classes affected by the block
type rate structure. Manitoba Hydro in additon has several large customers;
and municipal street 1ighting customers, but generally these customers do
not have the same block rate structure, and thus have a more constant
average return per kilowatt hour. For the purpose of trend observation it

is considered that the four customer classifications given in Table 4.l are

8. Source: Manitoba Hydro Monthly Reports Year Ending March 3lst.

Note: Residential and commercizl customers exclude flat rate water
heater; industrial customers exclude direct customers,



aaequate.

Although a varisty of rates apply to residential and farm consumers
a common run-off rate of 9 mills and thus limit applys in both cases. The
Commefcial'run~off rate is 15 mills with a flat 10 mili rate for cocking
and heating. This gives an average commercial run-off rate of about 13.5
mills, The industrial rate schedule is complex employing combination demand
and energy charges so no single run-off rate is in effect. It appéars,
however, that the effective industrial run-off rate would be about 6 mills
per kilowatt hour.

In order to determine a composite run-off rate for all four classes
of consumers, the run-off rate for each class of consumer was weighted by
the proportion of additonal energy sales to established customers in each
class to the total additional energy sales to established customers. Data
from the 1967/68 fiscal year was employed. A composite General Consumers
run-off rate of 8,7 mills per kilowaft hour was calculated. For the sake
of simplicity 9.0 mills will be employed in future calculations.

The marginal return per kilowatt hour for each class would be a
function of new customers added and energy sold at the run-off rate. Thus
if all additional energy was sold to established customers marginal revenue
would be about 9.0 mills per kilowatt hour., If 211 additional sales were
to new customers ;t the average nunber of kilowatt hours of current customers
the average marginal revenue in 1967/68 would be about 13.1 mills.,

With reference to Table L., it can be seen that the éverage revenus
per kilowatt hour has declined rapidly since 1961/62. This has occured
because with all classses the run-off rate is less than phe average return,
about 70% of additonal energy sales each year has been to existing consumers
at the run-off rate, and with each passing year a larger proportion of energy

sold to each new consumer has been at the run-off rate., In other vords
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marginal revenue is less than average revenue. Assuming that tﬁe rate
structure remains unchanged as it has in general since 1911, a larger and
larger proportion of all additional energy will be sold at the run-off rate
with each passing year, and thus ﬁhe marginal revenue will approach the

run-off rate.

TABLE 4.5

Géneral Consumers - Average and Marginal Revenue Per Kilowatt Hour
Sold (mills)

Year Average Revenue - Marginal Revenue
1961/62 13.6 13.2
62/63. 13.6 13.2
63/61, ‘ 13.6 13.2
bl /65 13.4 11.7
65/66 13.2 ' 11.2
66/67 13.0 10.5
67/68 | 12.7 10.3

Unlike Table L.L the agbove table reflects all General Consumer
revenue, and energy including street lighting and flat rate water heating.
As can be seen both average and marginal revenue per kilowatt hour sold
is ceclining. For the reasons mentionecd earlier it is expected that
marginal revenue will decline to a level slightly above 9.0 mills and then
become constant. Assuming the present run-off rates are retained, both

average and marginal revenue could be expected to approach a limit of

about 9.0 mills.
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MITIS | . FIGURE 4,5

14,0
13,0

12.0
11,0,

10.0-

2.0

0 A B ¥Kileowatt hours

Figure L.5 demonstrates the approximate relationships between
the major long run cost and revenue components affecting Hanitobe Hydro.
Long run average cosb and marginal cost are assumed to be constant at
11.0 mills. The run-off rate is constant st 9.0 mills. In the range
04 marginal revenue is greater than marginal cost, at A they are equal
and beyond A marginal revenue is less than long run marginal cost. Beyond
A each additional kilowatt hour is sold at a price less than its long run
cost of production. In the range OB average revenue is greater than long
run average cost, but is declining. At point B average revenue is equal

to average cost and to the right of B average revenue is less than long run
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average cost. This occurs because beyond B the proportion of total energy
sold at less than long run marginal cost is sufficient to outweigh the
proportion sold at more than long run marginal cost. In studying Figure
4.5 it must be appreciated that it repfesents a dynémic situation., The
X axis represents a time scale, and an annual increase of energy sales of
about 8% per year. The marginal revenue curve represents the combined
effects of increased sales to existing customers at a composite run-off
rate, and the addition of new customers to the system,

It can be appreciated that Figure 4.5 represents an untenable
situatipn in the long run. The basic philosoptyof Manitoba Hydro is to
provide service at cost and to break even over the long run. This objective
does not seem possible given the present level of costs and present rate
structure.

It will be recalled that prior to 1957 this situstion did not
exist. The long run average cost was less than 9.0 mills and thus marginal
revenus was always greater than average cost if not marginal cost which
obviously was rising. ‘Since 1957 however average cost has been considerably
above 9.0 mills. In three separate years 1961/62, 1946/67, and 1967/5%
average cost has been greater than average revenues, and for the period
1961/62 -~ 1967/68 average cost was just slightly in excess of average
revenue.

v This situation was temporariiy solved by a rate increase which
increased the size‘of the first blocks, but left the run-off rates unchanged,
thus leaving long run marginal revenue slightly below long run marginal
cost, This situation'ensures that average revenue will again fall short of
average cost in the long run, and has implications regarding the efficient

or optimum allocation of resources zs we shall discuss in chapter XII.
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In order to realize the basic objective of providing service at
cost, it is necessary to bring long run marginal cost and long run marginal
revenue into approximate equality. This might be accomplished in a number
of ways. First my assumption that long run average and marginal cost are
approximately equal and constant may be in error. If marginal cost is less
than average cost and declining slightly, both will decline, thus eventually
closing the gap.

If however marginal cost is either constant or rising there appear
to be two basic solutions. These are either an increase in the marginal
revenue through raising the run-off rate te sbout 10.0 mills or S0, Or

]
accomplishing a downward shift in the AC - MC curve through technological
advance; or by realizing an improvement in utilizaton of capital, There
are several ways in which a shift in the average cost curve might bs achieved

which shall be discussed in more detail in subsequent chapters.

TRENDS IN FIXED CHARGES AND OPERATING EXPEISE COMPONENTS

Fixed Charges

The trend to increasing fixed charges per kilowatt hour relative
to operating charges is expected to continue with average fixed charges
declining slightly to 6.3 mills immediately before the introduction of
Kettle Rapids in 1971/72. Fixed charges are expected to increase abruptly to
7.0 mills per kilowatt hour with the first full year of Kettle Rapids'fixed
charges in 1972/73 and remain approximately at that lesvel until 1976/77.
In 1977/78 unit fixed charges are expected to rise abruptly again to 7.4
mills as the full impact of the Nélson River Transmission charges become
effective,

It should be noted that unit fixed charges are at approximately

the same level as the 1961/62 - 1947/68 period in spite of the much higher



69-

interest rates expected, This occurs for the following reasons: unit
depreciation charges are declining slightly thus offsetting slightly higher
unit interest charges, high utilization of generating capacity is anticipated
thus partially offsetting higher interest rates, and the extremely favorable
interest rate and repayment conditions (based on actuzl use) for the Federally

financed Nelson River Transmission reduce the impact of this facility on

unit fixed charges in the early load building period.

o

Should the average interest rates for the period exceed the 5.5%

employed in the projection, or should the actual increase in kilowatt hour
sales be less than anticipated, unit fixed charges will be somewhat higher

than the level experiencsd from 1961/62 to 1967/68.

Operating Charges

The downward trend in operating expenses per kilowatt hour
established in the past seven years is expected to continus, but with a
short term increase to 4.3 and 4.5 mills in 1969/70 and 1970/71 due to
high fuel and interchange expenses in those years. Unit operating expsnses
are expected to drop as low as 2.8 mills during the period with slight rise
the final years as export sales dropoff,

Unit operating charges are expected to decline because little
fuel is expected to be burned after 1971/72 and the favorable payroll costs
per kilowatt hour trend established from 1961/62 to 1957/68 is expected to

continue,



CHAPTER V

 PROJECTED INCOME STATEMENTS
THE USE OF FINANCIAL PROJECTIONS OR CORPORATE MODELS AS DECISICON MAKING
AND RESEARCH TOOLS

The twentieth century has witnessed a continuing increase in the
size and complexity éf industrial enterprises. In the earliest stages of our
industrial society most enterrrises were relatively‘ small by todays standards,
manufactured a relatively restricted range of products, faced fewer
alternatives and options and could generally be effectively managed by one-
or two men who were capable of comprehending most of the factors affecting the
business.

As industrialiéation progressed, the complexity of industrial
organization rapidly grew beyond the ability of one man to grasp. In order
to optimize the effectiveness of a corporation it has been necessary to
develop techniques which can comprehend and take into account all the
multitude of factors which affect the success of the enterprise. The
effective size of an industrial enterprise has and will continue to be
limited by the ability of men to develop and utilize management techniques
‘and analytical information gathering, and decision making tools which can
- effectively control the organization.

One technique which has been developed over the past few years
is the simulation of either part or all of the organization%'activities
with the assistance of a so called corporate model; Although a crude corporate
model can be constructed and utilized employing manual techniques a really
effective model requires the use of a computor. A computor enables the
consideration of many more factors, reduces computation time from days to
minutes, and enables decision makers to ask the model questions, to play

the "What if" game,
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Because of the nature of an electric utility, a corporate model
promises to be a particularly effective maﬁagement tool. An electric
utility is a particularly stable entefprise which generates certain trends
and growth patterns which can be analysed qﬁantitatively employing
econometric methods or simpler techniques. An electrié utility grows in
-an evolutionary fashion which does not seem to be affected by dramatic
shifts in demand or supply parameters either by technological change, taste,
obsolescence of products and so on. Electric utilities are subject to
extremely leng planning horizons. Decisions made teday will continue to
affect the performance of the utility many years in the future. The overall
operating pefformance is a function of thousands of individual variables
and factors all of which contribute in either a positive or negative way
to the long run operating results of the utility.

Because of these characteristics of an electric utility, a tool
whigh can integrate all of the thousands of variables and factors which
affect its operatipn into a single easily understood document, and can
demonstrate quantitatively the effect of a given change in any one variable
promises to be an extremely useful aid to effective management.

It is with these thoughts in mind that Manitoba Hydro personnel
have been actively engaged in the development of a corporate model during
the past five or six jears.

This corporate model which is, and will continue to be in a state
of evolution, still falls far short of a true corporate model which is
capable of taking all the factors influencing the performance of the utility
into account. At the present time the Manitoba Hydro model takes the form
of a projected income statement. It shows the finaﬁcial impact only, of
changes in a limited number of variables and is presently incapable of

showing the true economic impact o¢f decisionms.
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These projections which began as a simple five year manual
projection of three or four revenue and expense components, plus total
revenue and total expenses for each year have evolved steadily in detzil
and accuracy. The present projections show all the major revenue and
expense componénts for eleven years and are prepared with the use of an
IBM 360/1? 30 computor. In essence the projection is a simulation of
Manitoba Hydro's accounting system. All relevant information regarding
anticipated sales of energy, payrolls, capital budgets, fuel expenses,
interest rates, bond maturity dates and so on are fed into the computor
on punch cards and the computor prepares an accounting summary or income
statemenf showing the financial impact by year of the combined effect of
all these factors. In its present f ormthe projection automatically
considers all the financial-factors affecting the corporation. In the
future it is planned to expand the present program and to increase the
number of inputs to include more operating or physical féctors in order
to increase the economic content of the projections. In addition to the
projected income statements presently produced it is planned to project
balance sheets, source and application of funds statements, and an
output which shows installed aeneratlng capa01ty, antlclpated system pe,ks,
energy requlrements, surplus capacity, surplus energy, load factors,
utilization factors and so on for each year of the projection. The projections
would thus integrate infqrmation from the operating étatement, operating |
budget, load and energy forecast,'and the Capital budget and ideally would
provide an extremely clear and accurate picture of every major facet of the
total systeﬁ operation over the medium term.

The Manitoba Hydro projections have proved an extremely valuable
tool even in their formative stages. Their develdpﬁent demanded a disciplined

and exhaustive examinaticn of the current practices of planning, accounting,
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information processing, and capital budgeiing. It became apparent that ths
five year projection dictated by a five year capital budget was not sufficient.
Accbrdingly the detailed planning horizon was extended to ten years and a
detailed ten year capital budget was prepared. It was found that the detaiied
work required to prepare aﬁd analyse a projection enabled the early identi~
fication of potential surpluses or shortages or caﬁécity and energy well in
advance and enabled early remedial action. It also enabled the determination
of the sensitivity of the total operation to changes in various factors,
énabled'identification of the important variables, and helped develop a clearer
picture of how all the various factors interaéted in the operation of the
utility.

. Once developed even partially, the projecfion beccmes an extremely
valuable management tool. The existence.of a carefully prepared projecticn
enables the identification of inconsistencies in planhing. These incon-
sistencies can be dealt with early while there is still time to adjust capital
schedules or seek markets for surplus cépacity or energy. Thus management
can seek the optimum utility performance by a sort of iterative process.

| The salient feature of a projection of this nature is that it
provides a tool that can be used to great advantage in decision making. It
provides more complete data on which to base decisions. It provides the
analysis of numerous alternatives at greater depth, and provides a clear
picture of the financial results of one course of action compared with another,
Ideally management should be furnished with all the necessary information
required to weigh and measure all possible advantages and disadvantages
associated with each decision to be made. While it is not claimed that
~Manitoba Hydro's projection or indeed any corporate model will ever accomplish

this to perfection, it is felt that the prbjection which has been developed

at Manitoba Hydro is at least a small step in this direction.
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THE TECHNIQUES EMPLOYED IN THE MANITORA QYDRO PROJECTION

Figure 5.1 is the final print out form of the the Manitoba Hydro
projection. It shows the approximate impact in financial terms of the
current capital budget (which is subject to constant revision) and a large
number of assumptions as to possible levels of interest rates, rates of
growth of energy sales and total wage bill, water flows, fuel expenses,
depreciation policies and so on. FigurevS.B‘ represents the integration of
this projection with the current Manitoba Hydro lcad and energy forecast.
it shows a breakdown of unit costs of broducing electricity td the year
1977/78 in almost precisely the séme form as past-unit costs have beeﬂ presented.,
Figure 5.2 is the capital additions schedule employed by the computor program.
in computing the figures shown in this projection. The capital additions
schedule is derived from the capital budget and shows the in service dates of
each item in the capital budget. This schedule also shows the approximate
amount or value of each capifal project which will be introduced into the
operating accounts in any one year. Thus with a large project such as Kettle
Rapids the total cost of the project when completed is computed, then one
tenth of this computed cost is introduced into the operating accounts in the
year each of the ten generating uniﬁs comes into service. This is.an arbitfary.
practice which enables the lumpy nature of investment to be moderated so that
total expenses are increased in a more or less continuous fashion as does
revenue. All items greater than one million dollars are listed specifically,
while smallér items are lumped tégether under the heading Other Additiéns.
A variety of techniques are employed to compute various segments of the
projection. Some items are a straight projection of past trends with or
without modification,into the future, while other items are calculated manually
and inserted in the appropriate years and still other items are computed

automatically from coefficients, manual inputs, and other information contained



‘FICURE 5.2-A

- ASSUMEC CAPITAL ACDITICNS X 351000

FISCAL
- CTRER  YEAR_
YEAR SPECIFIC ACCITICNS CVER CNE FMILLICON AFPOUNT  ACLITIONS TCTALS
1968/66 SELKIRK GAS TURBINE © $1400°
GRAND RAPILUS UNIT =4 $10658
GRAND RAPICS-VERFILICN LINE $9074
CVERFLCWING RIVER-THE PAS LINE $1720
CVERFLOWING RIVER STATIGN £1290
$24142 $14800 $33%4;
$3894;
196S/7C BRANCCN G.S.-UNIT =5 $16700
KELSEY G.S.-UNIT =6 $8684
GRANC RAFICS SCCLR HOLE 1600
VERFILICh—RAVEN LINE , $1630
WAVERLEY SERVICE CENTRE $1150
329764 515500 545661
$8450¢
1970/71 TCRSEY—LAVERENCRYE LINE 31060 B
LAVERENCRYE~U.S. LINE $1755
TEGVMPSCN-LAURIE RIVER LINE $4450
SHEERRITT-GCROGN PRCPERTIES $1098
$8363 $16250 $2461"
: $10921¢
1971/72 KETTLE GuS<—UNIT 1,2,3,4 5119424
CCRSEY STATICN $1954
SEVEN SISTERS—CNTARIC LINE $3500
CNTARIC INTERCCNNECTION STATICN 52050
$127338 $15708 $14302,
£25225
1972/72 KETTLE G.S.—-UNIT S $29856
LAVERENDRYE STATICN $2375
KELSEY-THCNMPSON LINE $3200
GREAT FALLS HEADGATES $1500
- $36931 $11780C 54371
. . , o 53C096:
1572/74 KETTLE G.Su~UNIT £&,7 $59712
CHURCHILL RIVER CIVERSIGN 529000
SCUTHERN INUCIAN LAKE $10C0
VERKILIOA-RCELIN LINE 51774
CCRNWALLIS-LETELLIER LINE 5446
CCRNWALLIS-U.S. BCRCER LINE $2000
RCSSER-TELLCN LINE $1050
CILLAM-CIFURCHILL LINE $4800
$104782 $10230 $211511;
3141608
1974/75 KETTLE G.S.—~UNIT 8,9 359712



FIGURE 5.2-B
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ASSUMED CAPITAL ADDITIONS X $1000
FISCAL
CTieR _YEAR
YEAR SPECIFIC ADCITICNS CVER CNE MILLION AFOUNT CoITIoNS | TOTALS
RAVEN LAKE-CURNWALLIS LINE $1690
RAVEN LAKE STATICN $1055
$62457 $11100 573557
483637
1875/7€6 ASFERN-VERMILLIUN LINE $2600 -
KETTLE-KFLSEY LINE $4500
$7100 510700 $17300
. , $507437
1G76/77 PRANDCN C.S. UNIT 6,7 $321060
WAVERLEY SERVILE CENTRE $2000
CCRSEY-BRANDCN LINE $7740
BRANCCKN STATION $1280
CCRSEY STATICN $1710
ST. VITAL STATIGN $1070
FEAD CFFICE BUILDING $3750
$49650 $10760 560410
$567847
1977/78 $10415 $10415
1578262
197€/7S CCRSEY-BRANDON LINE $8200 ‘
BRANDCCN—SASKATCHEWAN LINE 34675
LAVERENDRYE-ST. VITAL LINE $2230
BRANDON STATION $2200
CCRSCY STATION $1900
THE PAS—FLIN FLCN LINE $2100
$21305 29599 530895




FIGURE 5.1

7 PRIJECTED [NCOME STATEMNT PROJEE?YEN—EE:b?iddid”
| IN MILLIONS OF DOLLAR o , k DECEMBER 10 1968
| FGR THE YEARS 1968/69 TG 978/79

L; 1968 1969 1970 1971 1972 93 1974 1975 1976 1977 1978

( REVENUE 1969 1970 1971 1972 1973 974 1975 1976 1977 1978 1979 -

| GEMERAL CONSUNMERS 45.3  49.6  53.5  57.7  62.3 7.2  72.6  18.3  84.6 91.3  98.6

| WINNIPEG KYDRO - 4.7 5.5 6.1 6.1 5.8 6.0 6.5 7.1 7.6 9.1 8.3

| INCC. 5.8 7.3 8.0 8.0 8.0 7.9 7.9 7.9 7.9 7.9 7.9

! DIRECT CUSTOMERS : 1.0 1.0 1.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

| INTERCRANGE CAPACITY = = = - . 2.2 5.0 8.4 7.3 6.0 3.0 =

» INTERCHANGE ENERGY i o .7 2 .2 2 1.4 2.3 2.4 1.8 .8 .8 .8

’ OTHER .5 .8 08 .8 .9 -9 09 09 09 09 .9

i

: TCTAL REVENUE D 58,0  64.4  70.0 74.3  82.1 3.8 100.2 104.8 109.3 114.5 118.0

T EXPENSES

| o |

i WAGES ANC SALARIES 12.0  12.9  13.8  14.8 15.9 7.0 18.3 19.6 21.0 22.6 24.2

e OTHER ACMIN. AND CPER. EXP. 5.8 6.2 6.6 7.0 7.5 3.0 8.5 9.1 9.7  10.3 11.0

; INTERCHANGE CAPACITY -~ .8 2.1 - - - - - - ~ -

; [INTERCHANGE EZNERGY - .7 2.4 1.6 = = - - = - -

. FUEL . . R 1.-2 300 3-2 . Zn“ . -l - . - . - -8 .9 103
INTEREST~NET 20.0  21.9 . 23.3  27.& 33.0 . 41.5 43,0  44.2 44,8  45.3
CEPRECIATION 13.8  15.1 16.2 18.2 20.4 2.2 24.2 25.3  26.4  27.4  28.1
NELSCN RIVER TRANSMISSION - - - ~ .5 Lol 2.0 2.7 3.4  10.3  10.5

j TCTAL EXPENSES 54.2  61.9 68.9  73.8 79.5 «2 97.2 102.4 108.2 119.0 123.1

; NET CPERATING INCOVME 3.8 2.5 1.1 .5 2.6 3.8 3.0 2.4 1.1 4,508 5.1D8

| CONTINGENCY RESERVE 2.3 2.4 2.5 3.0 3.7 ve2 4.8 5.0 5.0 5.0 4.9

| SURPLUS CR CEFICIT 1.5 .1 1.4DB 2.508 1.1DB .6D8 1.8DB 2.6DB 3.908 9.508 10.0D8

| ACCUMULATEL SURPLUS OR DEFICIT 1.5 1.6 «2  2.3DB 3.4DB .0DB 5.8DB B.4DB 12.3D0B 21.80B 31.800

Sog 1600 1‘9‘06 12.1 1100 .)04 8.6 600 201 - -

RATE STAB. RESERVE BALANCE 1

PRCJECTICN COMMENTS

§
| GENERAL CCNSUMERS REVENUE 8.25 PERCENT.
i PLUS 3,CCC,C0C A YEAR COMMENCING JULYL191968 AT 2.0 PERCENT.
i WAGES ANC SALARIES 7.3 PERCENT.

| OTHER ACMIN. 6.6 PERCENT.

INTEREST £.50 PERCENT.,
. |__BASE CASE WITH SASKATCHEWAN SALE’
1 KETTLE GeSe SCHETULE 4=1-2-2
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PROJECTED ANNUAL EXPENDITURE AND REVENUZ PER KILO#L HOUR SOLD FIGURE 5.3

Includes charge for inlevchanse inporis.
¥ Not included in the above energy figures are possible export sales of enony energy if water conditions etc. permit.

W
Return : : g C’;
11.1 11.0 10.6 10.0 10.0 9.8 T 9.4 9.3 9.8 g.g;
__ Kilowabtt Hours Sold (Total Firm Energy Plus Export Sales) xJ" ( ) %
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in or inserted into the program. The actual production of a projection
requires a computor with a large amount of storage so that a vast amount
of information can be processed and sorted during the computational phzsss.
The final stage occurs with the printing of the actual projection (Figuie
5.1) and the capital additions schedule (Figure 5.2) and a nuwaber of other
schedules showing detailed depreciation calculations, the refinancing of
current debt and bond investments, and other working papers which are
employed to verify or control results,

The following paragraphs will be a very brief summary of the basic
techniques employed in each major sector of the current Manitoba Hydro
projection.

Revenue .
1. General Consumers Revenue

Since 1961/62 general consumers revenue has increased at about
8.3% per year. Accordingly the current years budgét figure for general
consumers revenue is projected into the future‘at 8.25%. A rate increase
effective July 1968 is anticipated to bring in $3,000,000 in the first full
year tﬁat it is in force. This figure is expected to increase by 2% per
year with the addition of new customers. This information was super impcsed
upon'the basic general consumers revenue czlculation by the computor to get
the final estimate in this area.

2. Winnipeg Hydro Revenue

Winnipeg Hydro Revenue is computed by simulating the operation of
the ten year Winnipeg Hydro power agreement under which Manitoba Hydro
wholesales power to that utility. Although the present agreement expires in
1974 it was assumed to be in force for the entire projection. The agrsement
provides for the sharing of common generation and transmission costs. The

actual amount pald in any given year is a function of the ratio of system
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pezks, Manitoba Hydro's capital investment for generation and transmission,

the effective interest rate, capacity or energy sales and purchases made by
Manitoba Hydro, Manitoba Hydro fuel cost and a number of other minor factors.
Winnipeg Hydro revenue is presently being calculated manually and is inserted
into the master program as a manusl input employing a separate IBY purich
card for each year., In the near future Vinnipeg Hydro revenue will be
calculated by a separate subprogram which will become a module of the
master program.
3. InternationaltNickel Company Revenue

Manitoba Hydro has a long term contract with the International
Nickel Cémpany which provides for minimum revenue under all conditions,
plus additional charges for all extra capacity and energy. Inco. revenue
is calculéted manually on the basis of this contract and inserted manually
into the master program. |
4. Direct Customers

This revenue category represents a number of large industrial
customers whose individual requirements can be estimated separately. Thése
figures are calculated manually and inserted into the master program.
5. Interchange Capacity and Enefgy Revenue

These figures are calculated manually and are inserted into the
master program. They represent minimum revenue from already negotiated
contracts, which may be negotiated for many years in the future, As such
they represeﬁt surpluses of capacity and energy which occur over the long
term during load building periods. Many interchange sales occur in the day
to day operaticn of the system and are not included in the projected figures.
6. Other Revenue

This category of revenue comes from a ﬁumber of miscellaneocus soﬁrces

other than the sale of energy. It represents revenue from Manitoba Telephones
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for use of Manitoba Hydro!'s poles and other facilities including the micro--
wave system installed for communication with the Northern Manitoba System.

These figures are calculated manually and inserted in the master program.

Expenses
1. Wages and Salaries

Since 1961/62 wages and salaries have increased at sbout 7.3% per
year. Accordingly the current or base yeér's wages and salaries estimate
is projected into the future at‘7.3%. This operation is executed auto- |
‘matically by the computor.
2, Other Administrative and Operating Expenses

This expense.category has increased at about 6.6% per year. This
figure of 6.6% is employed to project other administrative and operating
expenses into the future. As with wages and salaries, the figures are
computed automatically by the éomputor.
3. Water Rentals

»This expense item is computed manually assuming average water flows
and employing the system load and energy forecast. The results are inserted
into the master program on IBM punch cards.
4. Interchange Capacity and Energy Purchases

As with interchange revenue, this category represents negotiated
purchases. The amounts are inserted into the master program manually,
5. Fuel Expenses “

Fuel expenses are calculated manually taking into account hydraulic

capacity additions and average water flow conditions. These figures are

inserted into the master program. .
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6. Interest Net

This expense category represents the largest single exepnse item
and is one of the most complex computations in the projection as it pre-
séntly stands. Because a change in any other figure in the projection with
the exception of depreciation or contingency reserve (non cash expenses)
will alter the net interest charges, this is the final computation made
by the computéf before making the final sort and print out. Using the
current year budget estimate of net interest ezpense as a base the program
1ntegratns an assumed 1nterest rate, with total revenue and expense infor-
mation, plus assumed capltnl additions and the previous years deficit or
surplus to arrive at a net interest figure for the next year. This opera-
tion is repeated for each successive year. The following list provides a
simplifiéd sumnary of the various steps and the basic logic which enters

into this calculation.

INTEREST
Determine Net Interest Cost in base year.

Aad - X% x % x Current year capital additions.
- X% x 3 x Previous year capital additions.
- X% - effective,rate of issue x 3 x Bond maturities
in previous year. '
- X% - effective rate of issue x 5 X Bond maturities
, in current year,
- X% x Previous year Deficit.

[t

lit

Deduct =~ X% x previous year depreciation and contingency
provision. _
- X% x previous year surplus.
(x = 6.50%)
7. Depreciation

Depreciation is a non cash expense, It therefore has no effect

upon the net interest calculation and can vary without affecting that figure.
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It is computed automatically by the progran employing the following basic
procedure and logic. As different typeé of physical assets have different
service lives, a different composite depreciation rate is employed for
each class of asset. The composite rates presently in use are shown below,
The progrem presently simulates the actuallManitoba Hydro depreciation
policy with a straight line method. However, the modular construction of
the program enables alternative depreciation methods and rates to be sub-
stituted easily, thus facilitating the determination of the long térm
effects of hypothetical changes in depreciation policy.

Depreciation

Determine depreciation provision in base year.

Add - Composite rate x 1 x current year major capital
additions. '
-~ Composite rate x % x previous year major capital
additions.
- Composite rate x 1 x previous yvear other capital
additions.
Deduct - Reductions at Generating Staticns due to components

at stations becoming fully depreciated.

Composite Rates

Specific Additions

Generation - Hydraulic 1.75%
Hydraulic Additions 2.5%
Stean 2.3 %
Gas Turbine 10.0 %
Transmission 2.5%
Stations 2.75%
Communications 8.0 %
Buildings 1.5 %
Other Additions L.3 %

8. Contingency Reserve
The contingency reserve is a sort of self insurance scheme and

like depreciation is a non cash item. It is computed automatically by the
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computer using the following logic.

Contingency Reserve

Determine contingency reserve provision in base year.

Add - 1% x generation additions (hydraulic and steam)
in previous year.

Deduct ~ 1% x previous year generation depreciation provision
. A Y
(hydraulic and steam).

9; Nelson River Transmission Expense

This expense item is of a special nature which is not normally
encountered in the accouhts of a utility system. Because the transmission
lines associated with the Phase I development are being built and will be
owned by the Government of Canada, Manitoba Hydro will have to pay a
rental charge for their use. The rental charge is based cn actval use and
is designed to amortize the full cost of the line over fifty years. The
actual payments are in reality interest and depreciation charges but ére
included as a special item because they represent financial obligations
not directly related to the interest and depreciation charges incurrsd in

the

=

any given year. The payments are calculated manually and inserted i
program,
ASSUMED CAPITAL ADDITIONS

Because of the capital intensive nature of Manitoba Hydrot!s
operation, one of the most important inputs in the pfojection is that of
assumed capital additions. As will be demonstrated ﬁhortly the projection
is extremely sensitive to changes in capital investment. In order to
introduce the capital ihvestment assumptions into the program each specific
addition over one million dollars is punched onto a separate IBM card with
depreciation coding and other relevant information. The total of other

additions for each year is punched onto another card. These cards are sorted
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and placed in the appropriate orﬁer in an input deck. The effect of any
change in capital spending may be simulated by changing the appropriate

cards.

THE SENSITIVITY OF THE MANITOBA HYDRO PROJECTION TO CHANGES IN THE INPUT
VARIABLE -

Table 5.1 shows the approximate effect of changes in a number of
assunptions and input variables. The results are calculated primarily by
changing one assumption at a time and comparing the results with a so
called base case. The accumulated surplus or deficit in any year shows
the net effect of a change in any assumption up to that point in time.
Bracketed figures indicate an improvement in the utilities financial posi-
tion while non bracketed figures indicate a deterioration. The first
figure shows the direct effect of the change upon the item changed, while
the figures below show indirect effects such as changes in net interest
expenses associated with the change. 1In cases where the program does not
automaticallf calculate all the secondary effects (as with manual input
items), the items affected are indicated but no gqualititative measurement
is given. The list of variations is by no means exhaustive but does serve
te indicate the approximate sensitivity of the projection and of the
Manitcba Hydro system to changes in some of the variables affecting its

operations.

TABLE 5.1

The Effects of Selected Variations in the
Basic Assumptions of the Manitoba Hydro Projections

The following schedule indicates the approximate effects on the
five-year and ten-year deficits of variations in the assunptions used in the

Manitoba Hydro Projection.
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The variations are grouped according to the degree of control

which may be exercised over them.

A,

Variations which might result
directly from policy decisions

1. Elimination of Prompt Pay-
ment Discount

2. Adoption of proposed
"Modified Sinking Fund"
method of depreciation
applicable to major projects

3. Elimination of contingency
reserve provisions

Variations which might result
from policy decisions but are

not directly controllable

1. Increase of 1% in rate of
growth of General Consumer
Revenue

Assuning this resulted in a
increase in Manitoba
Hydro rate of load growth

Approximate Effect on
Accunulative Deficit

Thousands of Dollars

Other Iteas

5 Years 10 Years Affected
(22,800) (56,800) Rl
( 2.800) (16,000) EY
(25.,600) (72.800)
(15,000) (39,000) E8
1,900 4,700 R2
200 1.100 EY
(13,400)  (33,200)
(13, 400) (34,400) 10
2,500 5,5C0 R2
300 800 E7
(10,700) (28,100)
( 7,700) (37,400) R1
(  600) ( 6,700) E7
€1, E3, E5
E6, E7, E9
1,300 5,100 R2
100 1,100 E7
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Approximate Effect on
Accumulative Deficit

Thousands of Dollars

Other Items

£ Years 10 Years Affected
2. Decrease of 1% in rate of
escalation of wages and
salaries ( 2,600) (11,800) El
‘ ( 200) ( 2,200) E7
R2
3. Decrease of $1 million per
year in capital additions ( 1,000) ( 4,100) E7
( 400) ( 1,400) E8

C. Variations caused by events which
are virtually uncontrollable

1. increasé_in INCo. revenue
resulting from loads 10%

higher than minimum ( 3,700) ( 7,700) R3
500) ( 2,500) E7

R2, C1, E3

E5, E6, E7

2. Increase of 1% in effective
rate of interest on new
berrowings 7,000 32,800 E7
R2
R3

Approximate Effect on
Accunulative Deficit

Thousands of Dollars

1968/69  1969/70 1970/71  1971/72 1972/7-

3. Effect on energy - oriented
costs™ of water flow condit-
ions other than average
(a) Optimum Flows (1,700)  (3,300) (4,300) (2,200)
(b) Minimum Flows 5,200 5,800 5,800 5,500

* E3, E5, Eb, ES
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Key to Symbols

Rl General Consumers Revenue El Wages and Salaries ‘
R2 Winnipeg Hydro Revenue - E2 Other Admin. & Oper. Expenses
R3 International Nickel Revenué E3 Water Rentals
R4 Direct Customers Revenue EL Interchange Capacity Net
R5 . Cther Revenue E5 Interchange Energy Net
E6 Fuel
E7 Interest Net
Cl Capital Additions E8 Depreciation
(Affecting E7, E8, E10) E9 Nelson River Transmission

E10 Contingency Reserve

THE LIMITATIONS OF PROJECTIONS IN GENERAL AND SPECIFIC LIMITATIONS OF
THE MANITOBA HYDRO PROJECTIONS o

In cénstructing porjections, in working with and analysing them,
and in employing them in making decisions it extremely important to under-
stand théir nature and particularly to understand their limitations. It
must be always realized that they are an attempt to gain some understanding
about events which may or may not occur in the future.‘Just because these
events are printed in the form of numbers on a pieée of paper gives them
no substance or validity. future events and circumstances can only be
evaluated with varying degrees of uncertainty. Future events may prove a
theoretically perfect projection dead wrong, while a quirk of fate may
render a logically invalid projection dead right. There is a tendency
among some model makers to call their results forecasts as if they were
actually forecasting future events. With the Manitoba Hydro model the term
projection seems more appropriate Eecause it is in essence a projection of
past and present information into the future and not really a forecast in

the sense of being a prophecy of things to come. |

A major short coming of these projections is their extreme sen-
sitivity to changes in any of the variables, particulafly in an early year.
If for example the fixed coefficient used to project wages and salaries is

in error by 1% from the first year this error will be compounded throughout
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the entire ten year period of the projection. While the error may not be
very great in the early years, it will be extremely large by year ten,
thus the degree of confidence decreases rapidly as one attempts to project
fu?ther into the future., If the fixed coefficient deviates from the
actual trend only after year five, the cummulative error by year ten will,
of course, not be nearly as great. In general the first five years a;e
considered to be fairly reliable, while the years beyond this are at pre-
sent considered to be little better than a guesstimate. At present
insufficient experience has been accumulated with these projections to
determine just how much confidence can be placed in them,

The use of average coefficients to represent variasbles such as
interest rates, fabe of growth of payrolls, and revenue which change from
day to day and year to year also poses some problems, This almost ensures
that most of the annual expense and revenue figures will be incorrect.
Although the projection may prove to be correct on the average, that is
Be generally correct over a number of years, it would not be correct in
each and every year. This does not detract from the projections value as a
decisjon making toél but may cause personnel who are less familiar with it
to lack confidence when none of the annual figures turn out to be correct,

Tdeally a projection should never turn out to be true or accurate,
because a central assumption implicit in the projection is that no action
will be taken to change the other assumptions of the projection. However,
if the projection is employed properly, any problems or inconsistencies
which are identified should be resolved thus changing the final outcome.

Another factor which might influence actual results particularly
in the short term is weather conditicns., An extremely cold winter would

significantly increase energy sales and revenue while an extremely dry year
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might unexpectedly add one or two million dollars to fuel expenses.

One particular point that should be stressed is that it is
extremely difficult to compare two projections which on the surface might
appear quite similar. Two projections might indicate exactly the same
surplus or deficit at the end of a ten year period, yet closer examination
of the balance sheet might reveal total debt less with one than the other,
or more physical assets in place with one than the other. If two projec-
tions indicate the same cummulative surplus or deficit we must consider
which years individual surpluses or deficits occur. Because of discounting,
a deficit of one million dollars in 1980 is not nearly as serious as a
similar deficit in 1970.

Perhaps the most important short coming or limitation of this
type of projection is that it demonstrates the short term financial effects
of various decisions and not the economic. For this reason each individual
decision as to the timing or desirability of specific capital additions or
of making an export sale must be analysed independently and justified on
economic grounds before being introduced into the projections. In the short
term the most ﬁiable alternative on economic grounds may appear the most
expensive, so that it must always be stressed that the projection shows
only the short term financial impact of the addition or sale and not the
econecmic.,

Another problem arises with attempting to forecast the long term
movement or trend in unit costs as shown in Figure 5.3. These unit costs
and revenues to the year 1977/78 were computed by combining the projection
shown in Figure 5.1 with the figures from Manitoba Hydro'!'s current load
and energy forecast. Both of these projections are quite sensitive, thus
a 5% overestimate of energy sales combined with a 5% underestimate of

expenses could produce a 10% error in the estimate of unit costs. For this
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reason these projections of the trend in uniﬁ costs should be considerad
as rough indications of future trends only.

Beyond this brief discussion of some of the theoretical limita-
tions of these projections little more can be said. A more definitive
énalysis of their strengths and weaknesses wili require more experience
and the test of several years to detérmine héw accurate and useful they
actually are.

The results whatever they #re, are in the last analysis dependent
upon the assumptions ghosen . It thus appears that the most important
challange is to gain a better insight into the economic relationships
governing the operation of an electric utility, so thai the most reasonable

assumptions can be employed in future porjections,



CHAPTER VI

EMPLOYMENT, PAYROLLS AND LABOUR PRODUCTIVITY

Labour costs represent approximately éé% of the total operating
expenses of Manitoba Hydro. While this is a much smaller proportion then
is the case in most other industries, due to the capitel intensive nature
of a hydro-electric‘utility, it is never the less an importent factor in
detérmining the long run cost of electrical energy. In order tc realize
the objective of maintaining the long run cost of electricity at its pre-
sent level or even decreasing it if possible, it becomes imperative to keep
the payroll component fr;m rising. With inflationary pressure dictating an
annual wage increase per employee in the order of 5 or 6% or more,-the paywv
roll, Component of unit costs cen only be meinteined by achieving 2 high
rate 6f increase of labour prgductivity esach year. The purpose of this
chepter is to explore some of the relationships between level of employament,
payrolls,and productivity at Manitoba Hydro. |

| It is extremely difficult to arrive ab an accurate measure of
‘operating employment, and operating payroll in the case of Manitoba Hydro,
In fact it must be admitted that it has been impossible to calculate
precise figures for these two items. This problem arises because of the
‘large amount of capital construction undertaken by Manitoba Hydro. This
is generally known as force éccount construction. Becéuse of this a large
partAof Manitoba Hydro's total payroll is capitalized in any given year
(charged into the costs of a given capitel project). This is particularly
so with respect to Manitoba Hydro's Engineering and Constructicn Divisions
where most of the activity is directly related to capital formation. In
the most simple case, payroll is capitalized directly with the use of a

capital work order because a given employee would be devoting all his
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efforts to a single capital project. The operation becomes more complex
when an employée shares his time among several capitel projects and even
more cocmplex when an employee's timé is divided between cepital end cperabe
ing tesks. To arrive at a perfect allocation of total payroll between the
" capital end operating functions would reguire a great de&l of unproducti?e
paper viork which would reduce rather then increase economic efficiency.
While it has been found quite simple to capture the major portion of
capital payroll through capital work orders, it is more difficult to deter—
mine how much of the time of departments primerily concerned with adminise
tration and cperetions is devoted to capital formation. This problem has
been resolved through the capitalization of portion of total operating
expenses 2s "Overhead Capitalized." This overheed which is arrived at by
2 mathematical apprecach includes, peyroll, fringe benefits, sick leave,
vacations, office space, transportation end supplies. The payroll
component of overhead capitalized is approximately 60.0% but varies frem
year to year. Capitalized payroll is then celculated by edding labour
charges to capital work orders plus the payrcll ccamponent of overhead
capitalized, Operating payroll is then determined by employing the follow-
ing equation,

Cperating Payrcll = Total Payroll « Capitalized Payroll

While this method is not precise in an accounting sense it is
felt that it is sufficiently accurate for the mesasurement of prcductivity
and other eccnomic analysis.

Similer round about methods have had to be employed in the
determination of the allocation of employees between operating and capital
formation. Prior to 1965/66>Manitoba Hydro's "Employment and Payrolls"
reports provided a scmewhat less than adequate record of employment. It

was prepared on a monthly basis end showed the maximum number of empleoyees
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in each division for the month, While‘this provided an accurate indication
of the number of salaried employees, it did not provide an accuréate indica-
tion of the number of hours werked by hourly paid employees. In extreme
cases where a large number of hourly employees were hired for one or two
days in & month to repair.damage caused by an ice storm, cr during peric&s
of heavy overtime, the maximum number of hourly employees deviated con-
siderably from the average number of employees for the month, Because of
this lack of statistics on the number of hours worked prior to 1965/65 all
anealysis invelving employment hes been based on a measure of man years.
* This measure was calculated by teking the average maximum monthly employ-
ment for each year. Since 1965/66 a detailed breskdown of man-hours

worked by hourly employees has been evailable. In order to maintain
continuity these-figures heve been converted into man years by dividing by
2080, the standard number of hours worked by an hourly peid employee in a
year., Total employmant figures were calculated for 1965/66 using both
methods, Using the maximum number of employees approach a figure of 2603
‘man years was obtained and by cgnverting man~hours to men years a figure

of 259 man years was obtained. This suggested that the errcr built intc
the old system was not tco great. In calculating the rate cof growth of
total employment this slight discrepancy frem the old system to the new
was ccmpensated for by en adjustment to the percentasge increase from
1965/65 to 1966/67. During the seven year period from.l961 to 1968 the
standard number of hours of work, the duration of vecations and sc on
remained constent, thus making this men years approach acceptable as an
actusl record of men-hours. In 1968/69 a reduction in hours for selaried
employees and changes in the duration of vecations invelidated the man
years approach. Future employment and productivity measures will thus

have to be based on men~hcurs worked. This will necessitate converting
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the 1961/62 - 1964 /65 figures to man-hours a process that will intrcduce
errors. The errcrs will; of course, diminish in importance as time passes.
Bzcause of the problems intrecduced by this conversion it wes considered

desirable to retein man years for the present @nalysis.

TH

23]

DIVISICN OF EMPLOYMENT BETWEEN OPERATING AND CAPITAL FORMATION

In order to estimate the propertion of toteal employment devoted
to opereting, it was assumed that the aversge salary of an operating |
employee was the same as that of & capital employese. The ratio of operating
payroll to total payroll was then multiplied by total man years of employ-
ment. This simple expedient was necéssitate@ by the lack of detalled
knowledge evailable s to what average salaries in each category are.
Other ratios such as L,5/55 were tried and made very little difference to
the results. As the author was ungble to decide whether the sverage salary
of capital employees might be greater than opersting employees or vice

versa, it was decided to retain the 50/50 ratio,

TRENDS IN EMPLOYMENT AND PAYROLLS

Since 1961/62 total employment has increased at an average rate
of 4.8% per year with a large increase of 14,3% in 1967/68. It would
appear that the largest part of this increase in employees has been ceused
by the requirements of the capital construction progrem which has increased
from an annual rate of sbout $50 million in 1961/62 to about $90 milliocn in.
1967/68. The number of employses allocated to capital has increased from
sbout 765 in 1961/62 to about 1370 in 1967/68.

Examination of Table 6.1 indicates that the number cf employees
allocated to operating have not increased &t a constent rate, dbut have

fluctusted up end dovm. This has occurred because of the cyclical nature



TABLE 6.1
MANITOBA HYDRO

JFVPLOTMENT  AND  PAYROLLS -

. EMPLOYMENT :

‘ 1941/62 1962/63 1963/6L  19AL/65 1965/66 | 1966/67 1947 /68
TOTAL 2316 7,9% 2500 6.1* 2653 (.9)% 2622  (1.0)* 259, 1.5 2632 14.3% 3009
CAPTITAL 74, 32.1 1010 7.2 1023 (6.8) 1009 (15.2) 856 3., 885 517 1349
OPERATING 1552 (4L.0) - 1490 4.7 1560 (u.a)' 1629 7.1 1738 .5 1767 (6.1) 1440

" PAYROLL (Dollars x 106)

TOTAL 10.93  14.0%  12.46  9.0* 13.58  2.9%  13.97  2.2% 14,.28 12.6% 16,09  27.3%  20.L7
CAPITAL 3.61  39.6 5.3 11.0  5.59 (5.0) 5.31 (11.1) L7216 5.410  72.3  9.32

OPERATING 7.32 1.4 7.43 7.6 8.00 . 8.5 g.67 10.3 9.57 11.6 10.7 L.l 11.15

% Percentage Change

Source: Manitoba Hydro _
: Employment and Payroll Reports
Economics Department
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of the capital prcgram which in the past seven years reached a peak in 1963/
6l, during the construction of Grand Rapids, then subsided before rising tom
vard a similar pesk with the present construction of Kettle Rapids.

Because of the desirability of maintaining a stable work force
at Manitoba Hydro the cyclical nature of the cepital program results in a
cyclical change in operating payrcll and empioyment. Total employment has
fluctueted with the ceapital progrem cycle, but not by as much as the cycle.
The slack has been taken up by chenges in the allocation of employment
between operating and capital formeation,

During pericds of heavy capitel formation a large proportion of
total eﬁgineering and administrative expenses are Jjustifiebly cherged
against specific capitel projects. During low periods of construction
activity the engineering end administrative staffs remain about the same
es in peek pericds. Most of their activities ere directed towerd research,
system planning end related work which is concerned not with current opera-
tions, but with the long term evolution of the system. They are in fact
preparing for future céepitel formation. As no specific capitel work orders
exist against which this time can be charged, it is charged to current
operations. The result is a rapid increase in operating employment and
payrolls during the down turn in cepital fermation end a relative decline
in opersting employment end payrclls during pericds of increasing cepital
formation,

During the seven year period, orerating end cepital employment,
perticularly the latter fluctuated quite widely thus the figures recorded
in éeny given yeer are not indicative of the long term trend., The average
increase in opersting employment for the entire pericd was about 1.1% per

year, quite & moedest increase. The average increase in cspital employment
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- was 12.6% which resulted in a doubling of the capital work force during the
period. As capital formation also just about doubled during the pericd
this is not.unreasoneble, but it does suggest thét all the productiviiy
gains which have occurred have been realized in the opersting function of
the utility..

Total payroll has increased by an aversge of 11.3% since 1961/62.
The largest annual increase 27.3% occurred in 1967/6€ and was due almost
entirely to 2 72.3% increase in the capital payroll associated with Kettle
Rapids,

Opersting payrcll hes incressed by an average of 7.3% per year
since 1961/62. A modest increase of 4,4% in opersting payroll in 1947/68
wes caused by the large prcportion of totzl payroll charged to capital
prejects through labour charges to capitel work orders and general overhead

cepiteliged, -

TABLE 6.2

IRENDS IN EMPLOYMENT AND PAYROLLS 1961 /62 - 1967/68

Average Average
1961/62-1967/68 Past 5 Years 1967/68

Average annual incresse in

employees.

a) Total Employment L,8% L.2% 14.3%
b) Operating Employment 1.1% 2.1% -6.1%
c) Capital Employment 12,6% 8.7% 5L.,.7%
Average annual incresse in

payroll.,

2) Total Payroll 11.3% - 10.8% 27.3%
b) Operating Payroll 7.3% 8.L% LohE
¢) Capital Payroll 20.2% 16.3% 72.3%
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PRODUCTIVITY OF LABOUR

(2) The Concept of Prcductiviiy

.0f a1l the means of aséessing operéting pefformance,productivity
megsurement is oné of the most significamt. Productivity hes béen described
as a measure of the efficiency with which resoﬁrces are converted into the
commedities and‘services that men want. l‘Esssntially productivity is an
input-ocutput concept in which we attempt to measure an increase.in’efficiency
by calculating the ratio of an index of physicel output to an index of |
physical input. There are a wide variety of productivity measures, end a
Qide veriety of techniques for atteining them. All measures of productivity
are subject to conceptua; inconsistencies and errors, thus prodﬁctivity
measures should be considered as a general tool of economic analysis rather
then a precise tool. Productivity measures are generally broad generaliza-
tions, fraquently tentative, based on a series of estimates which may
contain off setting errors and which at their most accurate give a picture
of trends in output for a nation, indusiry or company. .

There are two essential ways of looking at productivity. One is
static, the other dynamic. Both are important. The first could be

described as absolute productivity which could be expressed by output per

worker. The second is the rate of change of productivity which cen be

expressed as a percentage increase per unit of time., There are numerous
measurss of productivity - per capite , per member of the labour force, per

employee, per payroll dollar, per man-hour, or per unit of capital input

1. Fabricant Solomon: Basic facts on productivity change, occasional
Paper 63, National Bureau of Econcmic Research
New York University, 1959. p. 1
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end so on which can bé employed for various purposes. All these are only
partial measures of productivity end unless properly understocd can lead
to incorrect conclusions.

As Sclomon Fabricant explains, en adequate index of préductivity
for 2 single resource requires not only eliminating ihe effect of changes
in other resources, but a2lso scmehow taking into account the relative
importance of the resource.

When other resources are used in significant volume, and chenge
occurs in the volume of such resocurces ussd (which is almost always the
case), a measure of produchivity based on a single resource might tell us
little or nothing of chenge in the efficiency with which this rescurce
was being utilized. For example, output per unit of plant and equipment
might have fallen because plant or equipment was being substituted for
labour or other resources (as is the case with Manitoba Hydro). Yet the
efficiency with which plant and equipment was being used might heve risen.

Febricant stresses quite correctly that an index of any single
resource would not provide reliable information on the efficiency with
which "all resources were being used. He suggests that as a general rule
it is better not to limit productivity indexes that purport to measure
change in-efficiency to a comparison of output with a single resource.

The best measure he feels is one that compares output with the ccmbined
use of all resources, 2

Conceptual problems also occur in the measurement of physical

output., Most firms do not produce a hocmogeneous product that can be

messured in physical terms., Multi-product firms, or firms with products

2. S. Fabricant; I bid., p. 6
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which change in composition and quality muét measure product in value terms.
A centrel assumption here is that under competitive conditicns changes in
price will represent changes in quality and perheps inflation and that ﬁo
cemponent of price change will resuvlt from monopolistic advantags.

In arriving at precductivity measures for Manitoba Hydro,2 gquasi-
physical unit (the kilowatt~hour) has been employed as a unit of output.
Although some inzccuracies result due a lack of homogeneity anong kilowait»
hours, and due to a declining return per kilowati-hour associated with the
rate structure, the kilowati~hour was employed for the following reason,

In the monopolistic setting in which Manitoba Hydro operetes,
price is set not by competition, but by cost. Although an upward revision

of rates hzd not occurred for many years, & J0% increase in general

consuner's rates in 1968/69 would show up as an increase of productivity
if value terms were used. This factor plus the ease with which kilowatt~

Ui
*_l.
[¢]
i

hours could be manipulated determined th=ir use as a measure of phy
productivity. It was felt that any inconsistencies that might show vp in
the short term would cancel out over a longer pericd.

It must be stressed that the messures of productivity employed
in this chapter are partial productivity measures only and as such are
subject to all the short ccmings previously discussed. They are employed
to illustrate some of the more importent aspects of the utilizations of
labour, end the significance of labour costs in the unit costs of producing
electricity thch would not be apparent in the more comprehensive ''total
productivity® measures which we shall discuss in the next chapter.

(b) Absolute Preductivitiv

Three separate measures were employed in order to cbtain an
indication of the absolute productivity of labour on the Manitoba Hydro

system. These were installed capacity per operating employee, energy
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generaﬁed per operating employee and customers per operating employeec.
These measureé were also calculated for Cenada and for the six major pro-
vinces to provide scme comparative deta. The figures calculated suggest
that the absolute productivity of labour for Manitoba is below the
Canadian average, and below all the other provinces with the exception of
Saskatchewan,

The statistical information employed in the caléulaticn of the
absolute productivity figures was obtained from Electric Power Statistics,
DBS Cat. No. 57-202 1961 to 1966. Installed capacity, electric energy
generated and number of customers were divided by the number of operating
employées reported for each province and Canada, As the same denominator,
operating employees was used in all three meésures the low absolute
productivity in Manitoba indicated by all three might reasonebly be con-
sidered to result from having tco many operating.employees for the size of
Manitoba's electrical reguirements, However, Manitoba is emong the lowest
cost producers of electricity in Canada, This suggested that perhaps the
number of operating employees reported for Manitoba by DBS might be too
great; Further investigatiocn suggests that this is the case., The monthly
statistical returns required by DBS shows total employees, full time cone
struction employees, operating employess and office employees., It is
suspected that a large number of employees actually working on capital
projects are recorded by DRS as operating employees.

As the mode of operation of each utility is different, some do
all their own construction, while ofhers employ contrectors extensively it
is felt that the figures obteainable on opesrating eﬁployecs are not too
accurate. Accordingly the é&bsolute productivity of labour measures which
are shown here should be regardad as rough indications of interprovincial

differences only, but probably are reascnsbly accurate in showing the trends
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between provinces. The figures for Manitoba Hydro were calculated employing

the operating employee figures of Table 6.1.

TABLE 6.3

Installed Capacitv/Fmplovee Ratio - Kilowatts per Fmplovee

Can, M.H. Que. ©Cnt. Man. Sask, Alta. B,C.

1961 495 5h8 650 450 422 308 496 721

1962 510 571 658 L3O 409 348 582 631
1963 513 546 616 485 LOS5 368 585 739
1964 507 522 575 490 4O9 393 616 700
1965 - 552 671 641 525 470 398 683 Th2
1966 601 676 69 546 506 369 734 732
Average'Annual »

Percentege Increase 4.0 4.3 1.3 L4L.0 3.7 3.8 8.1 3

TABLE 6,4

Energy_GCenerated/Fmployees Ratio = Millions_of kilowati-hours per Employee

Can, M.Hs Que., Ont., Man, Sask., Alta, B.C.

1961 2,3 1.9 3.5 2.0 1.5 1.0 2.0 2.8
1962 2,3 2.3 3.3 2.1 1.7 1.2 2.2 2.7
1963 2.? 2.4 3.2 2.2 1.8 1.3 2.2 2.8
1964 2L 2.5 3.1 2.2 1.9 1.4 2.4 3.0
1965 | 2.5 2.7 3.0 2.5 1.8 1.5 2.7 3.3
1966 2.9 2.9 3.6 2.7 2.2 1.k 3.0 3.7

Average Annual -
Percentage Increase 4.7 8.7 b 6.3 7.9 7.0 8.5 5.7
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TABLE 6.5

Customer/Fuployee Ratio

Can. M.H. Que, Ont. Man., Sasgk, Alta, B.C,

1961 | 136 125 140 124, 119 108 212 218
1962 138 134 138 129 117 126 221 198
1963 137 133 137 130 17 12 23 203
1964 135 130 128 130 120 122 214 206
1965 137 125 130 134 107 126 217 209
1966 143 127 138 135 117 115 221 212

It can be seen that while the renking between the absclute numbers
recorded for each province remains about the same for all three measures, the
rate of change recorded for each provincé varies widely with each measure.
The fect that kilowatt-hours per employee increased at a faster rate than
installed capacity per employee for Caneda, Manitoba Hydro, Ontario, Manitoba,
Saskatchewan, Alberta end British Columbia suggests that there was more
surplus capacity aveilable in 1961 than 1966 in each case.

Custcmers per employee és shown in Table 6.5 remain reasonably
constant over the six year pericd in each province. VWhile there is scme
fluctuation from year to year in a&ll provinces, there is only a slight trend
to more customers per employee in 1966 as compared to 1961. The Canadian
average 1s increasing slightly.
| There is, however, copsiderable difference in custcmers per
employee between the provinces. Both Alberta and British Columbia have
slmost twice as many custcmers per employee as either Manitqba or Saskat-
chewan. This suggests that either the statistics are grossly in error or
the number of custcmers per employee has little bearing on the unit costs

of electricity. Menitcbs has consistently charged less per kilowatt-hour
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then the other three provinces as can be seen from Table 6.6,

TABLE 6,6

Average Revenue per Kilowatt-hour Snld {Cents per kwh)

‘Can, Que, Ont, Men, Sask. Alta. B.C.
1961 1.08 .78 1.00 .98  2.59 1.89 1.63

(c) Aversge Mnual Rate of Prcductivity Increase per Emplovee

In order to meintain the unit cost of producing electricity as
low as possible, while maintaining wage end salary scalés which ére
adequaﬂe té attract and hold well qualified employees, & high annuel rate
of productivity increase per employee must be &sttained. As we saw in
Chapter IV, the average rate of prcductivity increase per operating employee
has been adequate to mainteain the operating payroll cost per kilowatt-hour
sold consistently below the 2.5 mills per kilowatt-hour recorded in 1961/62.
While this has pertially been achieved by exporting 2 large volume of energy
via the interconnections during the past three years, there are several
other importeant factors such as larger plents, greater use per customer and
technological improveménts in commﬁnications, trensmission, vehicles, autc-
matic contreols and ccomputers which permit the operation of all phases of
the system with relatively fewer men. This factor of technologiceal improve=
ment is very closely tied with the substitution of capitel for meanpower.
During the past few years dezens of billing clerks have been replaced with .
a computor and & few pregremers, nearly all sub and terminal stations have

been fully asutcmeted, as have severel generating stations. The increased

Source DBS Cat., No. 57--202
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use of two way radios end increasing numbers of vehicles have improved the
efficiency of fieid staff;“

In substituting capitel for lebour extreme caution must be
employed to avoid substituting beyond the point (assuming the marginal
productivity of cepitel is greater) at which the marginal preductivity of
capital equéels that of lebcur. In practice this involves the examination
of each specific preposal for capitel substitution to ensure the benefits
more then justify the expense. If the annual cost of capital reguired to
replace 2 single employee is just equal to the ennual cost of the employee
(salary plus fringe benefits, office space ond other employee overhead)
the substitution is justified as the repid increase in cost per employee
will tip the belance mores in favour of the cepital with each passing year.

. The social implications of replacing labour with capital have not
posed a problem. A long standing policy of continuous progression and
training coupled with rotstion pregrems have kept Manitcba Hydro's employces
quite mcbile., As the number of employees have been stezdily increasing the
only effect of capital substituticn has been to reduce the rate of new
employment.,

Table 6.7 presents a sumnary of the preductivity of labour figures
obtained, Because of fluctuations in the rate of increase of energy sales,
and of employees due to the requirements of the cepital program, producti-
vity figures for eny one year ére meeningless. The large increese in
employees in 1967/68 is not directly related to energy sales for that year,
but is required to meet demand in the far off future. The aversge figures
for the entire period since 1961/62 are more méaning full es are the
avereges for the past five years. This epproach was taken to determine how

the experience of the recent past compared with the long term,
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TABLE 6, ‘

Average Annual Rate of Preductivity Increase per Fmvlovee

Aversge Average
1961 /62-1967/68 Past 5 Yeers 1967/58

a) Total Employees L% ' 6.9% -1.8%
b) Operating Employees 8.5% 8,.8% 19.6%
¢) Capital Fmployees -.8% L .6% ~27.4%

Refering to Table 6.7 it can be seen that preductivity increases
fér operating employses seem rather high while those for capital employces
seem rather low., This cen partielly be explained by the methodological
difficﬁlties mentioned previously. First the preductivity of cperating
employees 1s not pure labour preductivity, but includes & component attri-
butable to capital substituticn and secondly opersating employment must be
determined by subtrecting capital employement from tctal employment. &
third &nd perhéeps most significeant resson is that capital employment beers
no direct relationship to current production,

It may not, however, be unreasonable to expect & low rate of
produétivity increase for capital employees under the cenditions in which
Manitoba Hydro operates., At the present time more than half of &ll
capital formation is teking place in the northern part of the province
under severe geo grephical and climatic conditions. The logistics probleas
are immence compered to similar preojects in the south. A higher proportion
of men-hours are devoted to travel axd administrative tasks than would bte
the case in the south. Isolation contributes to a high labour turncver, a

factor which would be expected to adversely effect preductivity.



CHAPTER VII

THE STRUCTURE AND PRODUCTIVITY OF CAPITAL INPUTS

While labour costs represent some 22% of total operating expenses
and apﬁear to be decréasing relatively, capital costs; interest and
depreciation amount to 60% of total costs and are expected to increase to
about 704 or more by about 1978. For this reason capital costs or fixed
costs are an even more significant factor in determining the long run
unit césts of elecﬁrical energy than are labour costs. This is particularly
true in the case of a hydro based electric utility.

THE DISTRIBUTION OF CAPITAL ASSETS BETWEZEN GENERATICN, TRANSIMISSION AND

DISTRIéUTION

' Figure 7.l presents the distribution of the physical assets of
Manitoba Hydro both at cost and at their depreciated value. The fact
that both measures present an identical picture suggests that either conld
be employed to demonstrate the basic relationships involved and any trends
that may be developing.

One important factpr to take into consideration is the lumpiness
of generation investment. Because of this, the proportion of total asszts
devofed to generation may change abruptly from one year to the next. Over
fifteen or twenty years a significant trend might be established but over
the seven year period of this study conclusions must be reached with some
caution.

Taking the depreciated value of capital assets, it was determined
that generation declined from 58% of the total in 1961/62 to 55.5% in
1967/68 , transmission increased from 9.5% to 13.5%, distribution declined
from 30% to 27.5 and other assets increased from 2.5% to 3.5%.

A number of quite interesting factors stand out, some of which if
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substantiated over a longer period of time would tend to cast doubt on

some of the principles which were believed to appiy to an electric utility.
In spite of rising construction costs and the impossibility of significant
improvements in the efficiency of hydro generating stations, generation

has declined as a proportion of total assets. This situation may not
prevail beyond 1971/72 vhen kettle Rapids (an extremely large block of
generating capacity is added to the system). Transmission not surprisingly
has increased due to the long transmission lines required by more remote
generation sites, such as Grand Rapids. . A point of particular interest
concerns the proportion of distribution assets. In spite of the large
‘economies of scale which are believed to accompany the distribution of
electricity oncé the distribution system is in place, the proportiocn of
total assets devoted to this function declined only slightly from 303 to
27.5%. This fact, coupled with the rising interest rates of the period
partially explain why distribution costs per kilowatt hcur have remained

at 4.5 mills per kilowatt hour throughout the 1961/62 - 1967/68 period.

THE PRINCIPLES OF PRODUCTIVITY MEASUREMENT

The basic principles and problems associated with productivity
measurement which were discussed in chapter VI apply equally here. The
basic objective is to determine what increases of production have resulted
from improved technolegy, greater utilization of capacity, economies of |
scale and so on. In order to accomplish this it is necessary to compensate
for the effects of price rises, changes in. interest rates, increase
wage rates and so on. In constructing a productivity of capital index,‘

which is a partial productivity measure, and the more comprehensive total
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productivity measure which folloﬁs it, the basic approach developed by
John W. Kendrickl was employed. Kendrick and his co-author Daniel Creamer
havé developed an approach which is directed specifibally at the measurement
of productivity in a single company. Although their techniques required
some modification in order to apply them to Manitoba Hydro the basic
approach employed was theirs.
Kendrick and Creamer stress that productivity is the ratio of
output to all associated inputs in physical volume terms.g They feel
that although productivity changes in the short run reflect changes in
rates.of utilization of capacity (and other temporary factors, such as
the flow of supplies), over the longer run increases in output in relation
to inputs chiefly reflect improvements in productive efficiency stemming
from technological advances.i
Kendrick and Creamer suggest that productivity measures provide
a much better indication of productive efficiency than the "ultimate®
measure, profit. This they explain is because other forces such as favorable
shifﬁs in demand may obscure the effects of below average productivity in
the short run.& Productivity measures do not suffer from this defect.
With a publicly owned hydro utility this is particularly true. Such
factors as a captive market, favorable water flows and so on could result
in large surpluses in spite of relatively low efficienéy, wnile under other
circumstances losses could be incurred in spite of quite high efficiency.
Productivity measures largely overcome this problem, Mand thus furnish
I, John W. Kendrick and D. Creamer; Measurinz Company Productivity, New
York, The National Industrial Conference Board, Inc., 1961.
2, Ibid, P. 6

3. Ibid, P. &
L. Ibid, P. 7
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another reference point for viewing profits."2

In the authors discussion of their methodological approach they
explain that since we are interested in a technical relationship, it is
necessary to deal with the Yphysical volumes® of output and inputs.—
Further they state that only by relating output to all associated inputs
can it be determined whether there has been a net saving of inputs per
unit of outbut, and if so, how much of a saving. The ratio of output to
2]l associated inputs‘has been called "total productivity™, in contrast
to the "partial productivity' measures it reveals advances in over-all
productive efficiency -~ the same output with lowered total input.z

Howrever, Kendriék and Creamer do feel that ratios betwsen cubput
and individual types or classes of inputs are useful in showing econcmies
that have been achieved overtime in the consumption of these inputs per
unit of output.§

In discussing the actual techniques to employ in measuring
productivity the authors recommend that because of the non homegeniety of
outputs and inputs, that the ususl way to measure productivity is to
employ the values of inputs and outputs deflated to base year prices and
quantities, This is because changes in values result from price changes
as well as in numbers of units of outputs and inputs. It is fundamsntsl
in productivity measurement to disentangle the price and quantity components
of values.-(2 In the manner in which this basic appfoach has been applied

to Manitoba Hydro it could be described as a Deflated Income Statement

Approach.,
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Kendrick and Creamer p&iﬁt out that because of diversity between
industries and companies that the basic techniques of productivity measvre-
ment must be modified to the specific case. They suggest that ingenuity
must be used to adapt general principXes and methods to specific situations.lg

They stress that in dealing with individual types of output or
input, we could work with the quantity data alone for the periods being
compared. But as soon as we aggregate two or more types of output or input,
we must weigh egch of the physical volume series by their relative unit
values in a base period. This transforms the physical unit measures into
constént price measures.li The authors mention that one way of doing this
is to deflate values of inputs or outputs by indexes of representative
priées.lg This is approximately the approach taken in the study of Manitoba
Hydro.

To obtain the productivity ratiots for the company, the real value
of output is divided by the total real cost of inputs. Alternatively cutput
and input can be converted to index numbers,lz and the ratios of cutput
index to input index determined.

Having presented the basic principles advocated by Kendrick and
Creamer it is now appropriate to demonstrate how these basic principles
may be applied to a public utility such as Manitoba Hydro. First an index
of éhysical output was constructed as described in chapter VI.lé Because
of the single product produced the output calculations were extremely
straight forward and simple.

The measurement of physical input was a different story and
10. Ibid, P. 15
11. Ibid, P. 16
12. Ibigd, P. 16

13. Ibid, P. 21
14. See page 100 of Thapter VI.
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because of the variety of different inputs involved was a relatively time
consuming and complex operation. The basic approach was to take each of
the entries in the annual income statements of Ménitoba Hydro, deflate
them back te the amount they would have been at 1961/6é prices and interest
rates, sum the results to get total deflated expenses, and then coastruct
an index of physical input. The income statements are divided into itwo
main sections: Operating Expenses (the variable input portion) and Fixed
Charges (the capital input portion). The specific entries in the income
statement are: Wages and salaries, Other operating and administration
expenées, Water rentals, Interchange energy and capacity, Fuel expenses,
Net interest charges, Depreciation, and Contingency reserve charges. The
last three items are considered fixed charges.

WAGES AND SATARIES

The average anmual salary per employee was calculated for 1961/862
the base year. This figure was multiplied by the number of man years
charged to operatingrin each subsequent year to get wages and salaries
deflated to base year prices.

OTHER OPERATING AND ADMINISTRATION EXPENSES

As no specific index was available, it was assumed that prices
in this area have increased at 2% per year. Thus actual operating and
administration expenses were deflated to base year values based on this
assumption.

WATER RENTALS, INTERCHANGE, AND FUEL.

These expense items were not deflated because no significant

price changes have occurred in these areas since 1961/62. There have
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been some slight increases in transportation costs for coal since 1961/62,

but since Manitoba Hydro uses a combination'of coal, natural gas and bunker
0il at thermal stations (the gas usually at dump prices) in varying amounts
each year it has not been possible to construct a reliable fuel price index.

INTEREST AND DEPRECIATION CHARGES

The calculation of deflated interest and depreciation charges was
the most cbmplex operation encountered. First gross capital assets were
broken dowvn into the categories bf generation, transmission, stations,
distribution, and buildings as were the annual depreciation charge allocations.
Then ﬂransmission, stations and distribution assets were deflated to 1951
prices employing price indexes for these categories of assets recently

developed by DBS.li

Annual depreciation charges for each category of
assets were deflated to 1961 prices employing the same indexes. In deflating

these assets particular care was taken to deflate only the assets placed

f

O

in service since the base year to 1961 prices. Thus if $281. million
distribution assets were in place in 1961, and $2 million were added in
1962, the $2 million figure was deflated tc 1961 prices and added to $81.
million to arrive at 1962 distribution assets deflated to 1961 prices.
Similarly if a further $2. million were added in 1963, this figure was
deflated for two years, then added to the 1942 deflated assets to arrive
at 1943 distribution assets deflated to 1961 prices.

D.B.S. does not at present publish a specific price index which

can be used to deflate generation assets or buildings. Acccrdingly the

15. Dominion Bureau of Statistics catelogue 62-526, occasional.
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genefal construction price index published by the Southam Building Guidelé
was employed to deflate these assets, and their associated depreciation
expenses.v

Once each individual category had been deflated to base year
prices the five individual depreciation charges were sumed to arrive at
total depreciation charges at base year prices for each yeér. Deflsted
assels at cost for each category were summed to determine total deflated
assets at cost for each year.

Anrmal interest charges at base year prices and interest rates
were determined by teking the ratio of net interest charges to gross capital

&

assets in 1961, and multiplying this ratio by total deflated assets in each
subsequent year,

CONTINGENCY RESERVE CHARGE

As these charges are based on generation assets in place, the
actual contingency charge in each year was deflated to base year prices

employing the seme index that was used to deflate gencration assets.

THE PRODUCTIVITY OF CAPITAL

In order to determine the productivity of capital a productivity
of capital index was constructed. This was accomplished by swamming the
deflated values of the three fixed costs or capital input components; net
interest charges, depreciation charges, and contingency charges. A physical
capital input index was constructed using 1961 as the base year. The

Productivity of Capital index, Table 7.1 was cslculated by taking the ratio

16. "Southam National Construction Index", Southam Bujlding Guide Don Milis,
Canada, Volume 49, Number 1, January, 1968, P. 12.




Physical output index
hysical Capital Input Index
Productivity of Capital Index

khverage Percentage Change

Average Annual Increase

Physical Output Index
Total Physical Input Index
Total Productivity Index
Average Percentage Change

Average Anrnual Increase

Tabie 7e1

YANTTOBA HYIRO '
PRODUCTIVITY OF CAPITAL INDEX

1061/65  1965/66  1966/67  1067/62

123.6 136.5 152.0 170.6

107.7 119.7 139.7 145.2

114.8 114.0  '1086.8 117.4

7.2% - TR -L. 6% 7.9%
2.837

Tétal Productivitv Index

‘ 123.6 136.5 152.0 170.6

107.0 116.7 129.4 134.0

115.5 117.0 117.5 127.3

6.6% 1.3% K4 8.3%
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of the Physical Output Index to the Physical Capital input Index. Using
this information it was determined tﬁat the average annual increase in

the productivity of capital over the seven year period since 1961/62 has
been 2.83%. The annual productivity change has fluctuated violently from
2 high of 8.4% in 1963/6l to a low of —4.6% in 1966/67. These fluctuations
result from variations in the utilization of capital plant and refiect the
discontinuous manner in which new capital is brought into service. In
1966/67 the full impact of Grand Rapids was reflected in the income
statements, thus causing a reduction in the productivity of capital for

that one year.

TOTAL PRODUCTIVITY

' A total productivity index was constructed to determine the
relationship of output to 2ll associated inputs using a Total Physical Invut
Index employing the sums of the deflated values of 231 inputs,'fixed and
variable. The Total Productivity Index in Table 7.1 was constructed by
taking the ratio of the Physical Output Index to the Total Physical Input
Index. The average annual increase in Total Productivity was found tc be
4.13%. As can be seen from Table 7.1 the year to year changes in total
productivity increase have been less severe than with the productivity
of capital.

OTHER PRODUCTIVITY MEASURES

In order to form a clearer picture of Manitoba Hydro's operating
performance other quasi partial productivity measures were constructed.
The term quasi is employed here because the measures constructed are not

really productivity measures in that they employ current year values to



determine the relationships between output and various inputs.

PRODUCTIVITY OF FIXED AND VARTABLE EXPENSES
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This measure is one of output in kilowatt hours per dollaer of

expense. The basic objective of this measure is to determine whether

productivity increases which have occurred have been adequate to reduce

the cost in each expense category in current dollars.

TABLES 7.2

Productivity of Fixed and Variable Expenses (output in kwh's per dollar -

expense)

1. Productivity increase per
dollar of Fixed Charges

2. Productivity increase per
dollar of Variable Opera-
ting Expense.

3. Productivity increase per
dollar of Total Annual
Expense.

Kilowatt-hours of energzy sold par dol -

expense

Annual Average

1961/62-1967/68

3.1%

1.1%

Annual Average

Past 5 ve

S
Lo

1.1%

Productivity of fixed charges (interest, depreciation, and conil-

reserve) has remained more or less constant over the entire seven year ps

since 1961/62 in spite of rising construction costs and rising interest

In other words the effects of inflation and higher interest rates have =

been balanced by increases in the productivity of capital. 1% does a

o

e
[REE Lt

hewever, that the productivity of capital is improving relative to thesc

two other forces. It appears that this favorable trend has been acc

TS

by achieving relatively higher utilization of installed generating czpaci'

during the past five years.
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Taéle‘7.2 indicates that productivity of operating eﬁpense has beecn
increasing at about 3.1% per year, resulting in a reduced operating expense
per kilowatt hour sold,

Productivity of total annual expenditure has been rising slightly
at about 1.17 per year since 1961/62. This has resulted in slightly lower
unit costs than in 1961/62 and has partially been achieved by making large
export sales of energy in the past two years.

It can be appreciated that it is desirable, to maintain the present
high rate of productivity increase for operating expenses, and a positive
rate of productivity increase for fixed charges, and total annusl expenses
in order to maintain costs per kilowatt hour at or below their presend
cdevel.

IABLE 7.3

Productivity of Cepital Assets (as measured by kwh's distributed per dollar
of capital assets)

Average Changes in

Productivity of

Capital Assets Average for
1961/62-1967/68 Past 5 Years 1967/68

1. Annual rate of product-
ivity increase per dollar
of capital assets at cost
(Electric Utility Plant) 1.7% 2.3% 7.2%

2. Annual rate of product-
ivity increase per dollar
of depreciated capital
assets (Electric Utility
Plant) 1.7¢ 2.0% 8.6%

3. Anmual rate of product-
ivity increase per dollar
of depreciated capital
assets including work in
progress (Utility Plant
Net ) : -1.03 22 -1, .0%
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During the period 1941/62 to 1967/68, there has been a positive
jncrease in the productivity of capital assets in current dollars. It
appears moreover that this desirable ﬁrend has been improving in mecre recent'
years, thus partially offsetting the effects of high interest rates. 1In
1967/68, ¥anitoba Hydro was able to produce and sell 9.2 kwh per dollar of
Electric Utility Plant (at cost) or 12.0 kwh per dollar of Electric Utility
Plant (depreciated), while in 1961/62 only 8.6 and 10.9 kwh were sold in

these two categories.



CHAPTER VIIT

THE INFLUENCE OF INCREASING CONSTRUCTION COSTS, AND THR LEVEL OF
INTEREST RATZS OH THE 1 iT’OHSOFPMMMTﬂm

The purpese of this chapter is to examine the effect of

price changes and changes in the level of in
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unit costs of producing electricity by Manitobe E&dro.

Figure 2.1 indicates what unit costs might have been if
prices and interest rates had remained at 19461/62 levels. The unit
cost figures were computed from the deflated expense figures which
were employed in the determination of total productivity.

Comparison with Figure 2.2 indicestes that had prices and
it erest rates remained at 1941/42 levels, the unit costs would have
declined substantizlly from the 13.5 mills per kilowatt hour recorded
in 1941/62. Because of the discontinuous manner in which new capitsl
is added to the system the full effect of price increasses and chsnges
in the interest rate does not show up until 1966/67 when all the fixsd

charges for Grand Rapids were added to the income statement. By com-

paring the actual 1964/67 and 1967/68 unit costs with their deflated
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counter parts it can be seen that price increases and the subs:
increase in interest rates that have occurred since 1961 are responsible
for adding approximately 1.8 mills to the unit costs. This represeats
an increase in unit costs of about 20%. As can be seen the largest
part of this increase in unit costs, .9 mills has occurred in interest
charges. This increase can be attributed to both increased construction
costs, and the rise in interest rates. The second largest increase
in unit costs occurred with operating payrolls where an increasé 7
mills was recorded in 1967/68.

It is important to note that inspite of the increases in

. 2

prices and interest rates that did occcur, that the increase in total



ANNUAL EXPENDITURES

KILOWATT HOUR SOLD (Netlated to 196162 Pfices and Inter

28

t Rates)

b
1
=y
B
0
o
-

Kilowatt Hours Sold (Total Firm Energy Plus Ixport Sales )' 10

6

#* Includes charges for interchange imports.

2,503.2 (2.3%) 2,970.1 (11. 3,325.9  (7.8%) 3,588.5 (10.4%) 3,962.2 (11.3%)‘ L,412.6 (12.3%)  4,953.2 fj 435
i 11.5 11.2 10.6 9.9 9.8 9.7 g.0 'g §
) 0,
- &
L 2.. {i r
? 2.9 s L
ry g g)) 9)
2.7 < S E
| : AN
2 | g o\ iE
2-5 2.6 ‘r:] 1Y 'lj
- S } -
2.4 - 118 &
58 2 4
.55 o\ | o , g
6 7.1 i 6.0 6.4 5.9 V1o 8
3 09 e LI
o / ~36 - j% l+£’ \‘\. o
, ! " i
| L0 / M
S | SR
1 ol @
& ERre)
3.5 3.6 3.3 3.1 3.2 3.3 3.1 - S
- K +2 KadN o]
s} el
| : S C
—~
o
1.3' l.l+ < 2 % LS ’.
el 1.1 1.2 41 ' B\ 155
72* AL l-l l.l Q ‘:d ¥
: L.6 LT 75" Y5 > 3.4 3.1 S =
: 13 - . e
] ( - 43 % ’ ~é:§
, o
2.5 2.4 2.2 2.1 2.1 | 1.9 1.6 G ( =
; | ° \\8d
1961/62 1962/63 1963 /64 1964,/65 1965/66 1966/67 1967/68
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FIGURE 8.2
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ivity (an average of 4.12% vear) that was achieved was

product 2hbrer ¥
sufficient to reduce actual unit costs from 11.5 mills per kilowz

in 1961/62 to 10.8 mills per kilowatt hour in 1947/68.

EFFECT OF INCREASED INTZREST RATES

FTy

3

ON UNIT COSTS

Since 1961/62 there has been a substantial increase in %

effective interest rate to which ianitoba Hydro is subject.

shows the extent of this increase.

L
VA

- TABLE 8.1
Effective Interest Retes Paid on Qutstanding Long Term Debt?!
1061/62  1962/63  1943/6Lh  1096L/65  1G65/6E6  1966/67  1G47/63
[ 4 =l ~e LoYel e o
L.L3% L.775% L .8375 5.02% 5.03% 5.2L% 5.L5p
jieizhted Average Annual Interest Rate2
L.33%" L.J6TET L.T3RT L.8TE L. 95% 5.02% 5,265
In crder to deterridne the effect of this increase in lntcrest
rates on unit costs the productivity of capital indexes were recompubed
once with prices deflated to 1961 levels, but with actual interest rates,
and once with actuel prices, but with interest tes adjusted to the
1. Determined bv taking the sum of coupon interest payment plus enicrtized
discount on the outstapdi 1z long term debt es of March 31lst. This
interest pajment is divided by the sum of the realized amounts of the
outstancding issues to determine the effective rate of interest. To
this is added the 1/¢ of 1% charge made by the Provincial Government
for guaranteeing the bonds. Systematic errors involved in thie system
would cause the interest rate determined to be slizntly high. The
lerge difference in 1G44/67 was the result of a large bond issue in
the latter part of the fiscal year.
2. This figure has been calculated since 1964L/65 for the purposes of the
g Tur
Winnipegz Hydro power agreement. It reflects actuzl interest paid znd
receivaed or accrued on all Hanitcbe Hydro long and short tero debi
and investments over the entire fiscal year. Because of the_prfgigio-
w1un which it is calculated it is an exiremely accur ate zelculation
of Manitoba Hydro averzge net interest rate for a given fiscal year.

Jr
B3

Estimated

the

Table 8.1

-
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1961 level. These calculations enabled the examination of construction
price increases, and interest rate increases in isolation. It was found
that the productivity of capital index compensated for interest rate
increases only (By employing the 1961/62 interest rate) indicated an
average annual productivity of capital increase of 1.75% while the index
compensated for price increases only yielded an average annual productivity
of capital increase of 1.05%. In Chapter VII we determined the actual
average increase in the productivity of capital to be 2.83%. This indi—
- cates that the rise in construction costs from 1961 to 1968 had less of
an impact (1.05%) on the productivity of capital than the rise in interest
rates (1.75%) over the same period.

This point can be demonstrated more clearly by converting the
adjusted capital input figures to unit costs. Table 8.2 shows the effect
of increases in construction costs only, and increases in interest rates
only on fixed charges. Fixed charges are employed here because a change
in interest rate affects interest charges only, while a change in price
affects interest charges, depreciaﬁ_on charges, and contingency charges.
From Table 8.2 it can be seen that neither increased costs nor higher
interest rates had a noticable effect on unit costs prior to 1965/66.
This is-because of the very small capital additions which were made prior
to 1965/66. 1In that year capital assets were increased about 253 with
the additon of about $100 million associated with Grand Rapids.

With reference to 1967/68 it can be seen that fixed charges
have been increased about 1.1 mills by the combined effect of higher
construction costs, and higher interest rates. Of this aﬁount .70 mills
is attributable to the increase in interest rates that has taken place

and .40 mills to the increase in construct on costs.



Teble 8.2

MANITOBA _HYDRO

" THE EFFECT OF INCREASES IN CONSTRUCTICN COSTS
AND INCREASES IN INTHEREST RATES UPQN UNIT FIXED CHARGES

1961/62 1962/63 . 1963/64 1964/65 1965/66 1966/67 1067/68

Fixed charpges deflated for Price and

Interest Increases® v 6.98 7.05 6.53 6.06 6.03 6.35 5.90
Fixed charges deflated for Interest . :
Increases only - v 6.98 7.01 6.53 6.13 6.37 6.78 6.30
Fixed charges deflated for Price _

‘Increases only : 6.98 7.05 6.55 6.09 6.55 7.06 6.59
Actual fixed charges per kilowatt :
hour sold ‘ 6.98 7.00 6.60 6.10 6.80 7.L0 7.0C
Fixed charges deflated for Price

end Interest increases A 6.98 7.05 6.53 6.06 6.03 6.35 5.90
Effect.of increaséd Interest Rates 0 0 .02 03 .52 JL .69
Effect of Price Increases . 0 -.0L 0 .07 3L A3 L0
Actual fixed charges per kilowatt : _ .
hour sold 65.98 7.00 6.60 6.10 6.80 7.4L0 7.00

LY}

* Mills per kilowatt hour,
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Because of the effect of increased productivity and various
degrees of capacity utilization, there is no direct relationship bestween
the level of interest ratses and the unit interest charges. However it
is quite obvious that everything else equal, higher interest rates will
mean higher unit interest charges. It has been determined that an in-
crease of nearly 1% in intsrest rates from 1961/62 to 1967/68 caused an
increase in uﬁit costs of about .7 mills. It was also determined that
the average unit interest charge per 1% of interest rate in each year
from 1961/62 to 1947/68 was approximately .75 mills per kileowatt hour.
While these relationships are not as precise as they might be, they do
permit us to meke a rough estimate as to what unit interest charges might

be in the future at varous levels of interest rates.

TABLE 8.3
MANITOB& HYDRO

UNIT INTEREST CHARGES AT VARIOUS LEVELS OF INTEREST RATES

Weighted Average Approximate Unit

Annusl Interest Rate Interest Charge
5.0% 3.80 mills
5.5% 4.15 mills
6.0% , L.50 mills
6.5% L.90 mills
7.0% 5.25 mills

Neighted average annual interest rates increased'frcm about 4.3%
in 1961/62 to 5.26% in 1967/68. It is estimated that they will be not less
than 6.0% by 1971/72 when Kettle Rapids comes into service. Thus it can
be seen that in this ten year period unit costs will have been increased by
about 1.25 mills per kilowatt hour because of increases in interest rates

alone. This suggests that the level of interest rates is the most crucial

variable in determining the unit costs of producing electricity in Manitoba.



Because of the long lead time involved in the planning and
construction of new generation assets, there is little that can be dons
about changes in interest rates. Cnce conmitted, new plant has to be
completed on schedule to meet future energy requirements. Even if fubture
energy requirements were not a factor it would make‘little sense to inter-
rupt construction to await more favorable interest rates. Once a sizeable
investment has been made it is desirable to finish the project as quickly
as possible to reduce interest capitalized during construction; and to
render it capable of earning revenue as quickly as possible. Thus changzs
in the level of interﬂstirates play only a small role as a regulator of
investment activity in a hydro electric utility.

Only in the initial planning process do interest rates play a
role in the choice of generating capcity selected. Once a course of action
is decided upon the utility becomes locked-in and the actual interest rates

encountered can influence the investment temgpo only slightly.

THE EFFECT OF INCREASING CONSTRUCTION COSTS ON UWIT COSTS

As wes demonstrated in the analysis of interest rates, only .40
mills of the unit cost of producing electricity in 1967/68 can be attributed
to increases in construction costs from 1961/62 to 1967/68. During this
entire period prices were subject to what might be described as moderate
inflation. Construction cests of distribution assets increased by about
11.5%,3 transuission lines by 12.5%,3 stations by 38.5%3 and generating
stétions by sbout 25%.% Productivity of capital increases that were
achieved were just about adequate to offset both the effect of these in-

cregses in construction costs and the rise in interest rates that did

3. Dominion Bureau of Statistics catelogue 62-525 occasional. Indexes
up to 1965 were given only, 1946 and 1957 were estimated by projecting
the trend for the previous five years.

L., Southem Building Guide.
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bccur. Should the level of interest rates stabilize at or below 6.0%
there is every reascon te believe that unit costs can be meintained below
the 11.5 mills recorded in l961/62vfor the next ten years and possibly
longer. Assuming stable interest rates, a rate of productivity of capital
increase of 2.83% as recorded since 1961/62 should be more than adequate
to offset continued construction cost increases of the magnitucde exprerienced
since 1961. 'This would tend to suggest that while moderate inflation as
represented by increasing construction costs does place upward pressure
on unit costs, that the effect is minor and more than offset by technologi-
cal change and other factors. Under these circumstances it would appear
that éiven an extended period of stable interest rates, that the long term
trend in unit costs of production would be downward.

In suggesting that moderate inflation by itself will probebly
be more than compensated for, if the past rate bf productivity increase
continues. The author is not arguing that Mani£oba Hdydro would be imrune
to all price increases. Price increases resulting from the development
of geographically remote hydro sites might well be much greater than that
caused by inflation alone and ultimately would result in & long ternm up-
ward trend in unit costs. However, if the optimum source of gencration
capacity is selected, advancing thermal or nucleer technology will probably
rule out the development of many more remote hydro sites, and this geographi-

cal component of price need not be a factor in the long tern.



CHAPTER IX

Io2d Factors and the Utilization of Capital Investment

The System Ioad Factor

One of the most commonly employed indicators of efficiency
which has been gpplied to ele&tric utilities is the system load factor.
This represents an attempt by utility engineers and economists to cope
with the implications of a branch of economics sometimes described as
Utilization Economics. ZEconomies of utilization generally have been held
to arise from the distribution of overhead costs associated with a fixed
plant; over varying amounts of output.

The significance of utilization of fixed plant increases as the
capital intensity of the industry or system increases. An industry witﬁ
high variable costs relative to fixed costs is relatively unconcerne
about the utilization of its plant. A thermal based utility whose fuel
costs represent a large proporticn of total Eosts is less affected by the
degree of utilization of its plant, than a hydro based uvtility whose fixed
costé are high and whose truly vafiable costs are.negligible.

The problem of utilization of fixed plant , or in the case of a
ubtility, capacity arises because the demand for electricity is not constant.
Over a twenty four hour period demand is low during the night and early
morning, begins to rise around breakfast time, peaks around noon, then
declines before rising to a daily peak about 5:30 in the evening. After
supper demand again drops off and is low until the next morning. On an
annual basis a similar pattern is repeated. In Manitoba and other northern
latitudes demand for electricity is high during the dark cold months of

winter. An annual system pesk usually occurs in December or January, then
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demand drops off to a low in the summer months. In a detalled study of
the load characteristics of load curve of a system, we find that there is
an annual load curve with daily, weekly and monthly load curves superimposed
uponn it. This presents a many dimensional problem to anyone trying to gain
a clear understanding of the cost relationships involved in this load pattern.

The basic problem faced by an electric ubtility is this. A utiléty
nust build capacity sufficient to meet the greatest demand expectéd rlus a
suitable reserve. However, the average demand is much less than the maximum.
The'utility must buy kilowatts of capacity, and sells kilowatt hours of
energy. Each kilowatt of qapacity has a potential of 8760 kilowatt hours
(the nunber of hours in a normal year). If the load were constant and all
those hours were sold the fixed costs per kilowatt hour would be minimized.
If only half the potential 8760 hours are sold, unit fixed costs are doubled.
Figure 9] presents a schematic view of a typical load duration curve.
Capacity is shown left-hand vertical axis and percent of annual energy on
the right-hand vertical axis, and time on the horizontal. One Hundred

percent represents the peak capacity on an annual basis.

N
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FIGURE 9.1

REPRESENTITIVE T.0CAD DURATICN CURVE

RESEZRVE CAPACITY

RCENT OF ANNUAL ENERGY

4

Py

The load duration curve shown represents approximately the
characteristics of the Manitoba Southern Integrated System in 1966/67 which |
contains all of the generating capacity of Manitoba Hydro and Winnipeg Hydro
with the exception of Kelsey which was not physically connected gt that time.

This load duration curve demonstrates graphically that some 107 of the
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capacity required to meet the peak is used less than 5% of the time and
produces less than.03% of total annual energy requirements. This roughly
- can be imagined to represent the capacity required during the peak hours
of the peak day of the year. Measuring from the peak down it can be seen
that about 403 of peak capacity is used less than 509 of the time and
produces about 10% of total annual energy requivements. Sixty—eight percent
of peak capacity is in use less than 1003 of the time and produces only about
L5% of total armual energy.requirements. The remainder, only 323 is employed
on what is called base load and is ulilized 1003 of the time.

At the top of the diagram is a tand representing 12% of the annual
peak. -As the Manitoﬁa peak is increasing at an annual rate of about 7.0%
it is necessary to forecast peak demands several years in advance because of
the long (5 - 7 year) planning horizon required to bring new capacity into
service. This 123 represents a minimum reserve requirement which is carried
as insurance against variations between forecast and actual peaks, delays
in building programs and emergencies caused by breakdcwns of generating
equipnment. This reserve represents a dead welght cost which is required to
ensufe reliability of service at all times. It can be seen that the actual
utilization of installed capacity is even less than the figures which were
given in the preceding paragraph.

The System Load Factor, the numerical equivalent of the load
duration curve is a ratio of the number of kilowatt hours produced over the
potential number of kilowatt hours that could have been produced. The
following formula is employed.

Fnergy Cenerated in kwh 1.
Peak capacity in lar x the nunber of hours in the period

This formula can be used to determine the load factor on a daily,

1. Day 2k, Week 168, Honth about 720, Year 8760 or in leap years 878L
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weekly, monthly or annual basis. Using this formula the annuval load factor
for the Southern Integrated Systém was found to be 56.3% in 1947/63.

By referring to the load duration curve it can be seen that any
action which would shift the load duration curve to the right (increaéed
demand for off-peak energy) would improve the load factor, improve capacity
utilization and reduce unit fixed costs. Any reduction of reserve capacity
either deliberate or accidental would not affect the load factor, but would

improve utilization and reduce unit fixed costs.

Although in theory a 100% loed factor is possible, in practice
it is pot. With a thermal based utility mainténance requirements limit
the theoretical maximnm:to perhaps 85%, while with a hydro based utility,
the theoretical maximm is even less.

Wﬁile thermal stations are more or less standard products each
hydro station is a unique creation custom fitted tc the requirerents and
limitations of a particular site and a particular system. Given a particular
flow of water a'hydro station can be designed for energy or for capacity.

A run of the river station can be designed for the maximum eapacity at which
it will produce continuous energy. Its load factor or capacity factor will
be very high. A site with a large réservoir can be developed to produce
continuous energy with low installed capacity and a high lcad factor or to
produce peaking energy with perhaps twice the installed capacity and a much
lower load factor. Thus we have a trade—off between capacity and energy.
The compromise chosen depends upon the projected characteristics of the
system into which the new station must be integrated. Doubling the capacity
of a station would not double the cost, thus the cost per installed kilowatt
of a peaking station ié lower than for a station required for base load.

The cost per kilowatt hour for a peaking station however, will be greater.
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Because of the above factors the maxirum practical load factor
for the Manitoba system is probably between 753 and £0%. A precise Pigure
is not avallable. The highest load factor attained by the Integrated
‘Manitoba System (including Kelsey) in the past seven years was 62.4%
registered in 1963/64.

Table 9.1 presents the annual load factors for both the Integrated
Southern System and the Integrated Menitoba System. The Integrated Manitoba
System has a higher load factor because Kelsey hydro station serving Thompson
has a high load factor and is operatéd at a constant load.

The System Utilization Factor

While the System load Factor has often been employed as an indication
of efficiency, it is not for obvious reasons directxy related to the economic
efficiency with which the fixed plant is being utilized. This is because
the load factor does not take into account reserve and other idle capacity
which can vary from 12% up to 20 or 30% or greater when a new generating
station is added. What is required is a true measure of utlization or a
Utilization Factor. |

| William Tulo employs the following formula for a Utilization Factor.

Energy Generated lomh
Installed Capacity mw x hours in period

This defination assumes that all capacity is in place for the entire
year. As Manitoba Hydro generally plans construction schedules in order to
bring generating capacity into service in the autumn to serve winter peaks
it was considered desirable to modify Iulo!s formua to reflect this fact.
Accordingly a weighted installed capacity figure was employed with all new
capacity added during a fiscal year prorated to reflect the actual number qf

months of availability. Separate utilization factors were prepared for total
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MANITOBA HYDRC

UNIT COSTS, I.OAD FACTORS, AND UTILIZATION FACTORS

Thermal Capacity Only)

1961/62 1962/63 1963 /61, 196L./65 1965/66 1966/67 1967/68
nnual Exﬁenditure per KWH Sold . 11.5 mills 11.3 mills 10.9 mills 10.3 mills - 10.9 mills 11.4 mills 10.€ mills
T.F.E. Sold in Manitoba & Export) '
nnual Return Per KWH 11.3 mills 11.5 mills 11.0 mills 10.8 mills 11.0 mills 11.2 mills 1l.1 mills
T.F.E. Sold in Manitoba)
nnual Return Per KWH 11.3 mills 11.5 mills 11.0 mills 10.8 mills 10.8 mills 10.6 mills ° 10.3 mills
T.F.E. Sold in Manitoba & Export)

‘atio of Total Rtn/Total .98 102 101 105 .99 .93 .95

Expenditure Per KWH

nnual Load Factor '
(Integrated Southern System) 60.7 £8.2 59.2 58.7 58.4 58.1 56.3
(Integrated Manitoba System) 60.7 60.3 62.L - 60.7 61.3 60.2 59,5
.nual Utilization Factor L0.0 L2.7 L8.7 52.3 19.5 L6.3 51.6
A1l M.H. Installed Capacity) .
qnual Hydraulic Utilization Factor 52.4 6.2 72.5 73.9 68.5 61.2 66.0
Uydraulic Capacity Only) .

nnual Thermal Utilization Factor 14.5 3.4 3.8 10.4 6.1 3.9 9.7
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generating capacity, hydro generating capécity and théraml generating
capacity for Manitoba Hydro plant alone. The utilization factors calculated
are found in Table 9.1. |

The Utilization of Capital Investment

As mentioned previously the major portion of Manitoba Hydrots
armual expenses are fixed charges associated with capital investment. In
order to keep the unit fixed costs at a minimum, it is desirable to ensure
a high degree of utilization of installed capital facilities.

In practice, the maximum practical utilization factor for the
Manitoba Hydro system is probably between 70% and 75% due to the limitations
of watér supply, requirements for maintenance, and reserve requirements. The
Optimum utilization factor méy be somewhat less than this, perhaps between
55% and 603.

This optimum range for utilization exists because of the high cost
of thermal energy. Fuel costs at Brandon are about 4.0 mills per kilowatt
hour, at Selkirk about 4.5 (due to higher transportation costs). The best
operating results are achieved if thermal capacity is only operated wﬁen
lowerhcost hydro energy is not avaeilable as in dry years, during system peak
and in years irmediately prior to the completion of a new hydro station.

From Table 9.1 it appears that a rather strong relationship exists
between the total utilization factor and unit costs. In 1961/62 an extremely
dry year the lowest recorded total utilization factor 40.0% coincided with
the highest unit cost 11.4 mills. In 196L/65 the year‘of the highest
utilization factor 52.3% (due to é one year delay in the completion of Grand
Rapids) the lowest unit cost 10.3 mills was achieved. The second highest
utilization factor 51.6% occurred in 1967/68, the year of the second lowest

unit cost 10.8 mills.
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Given a fairly high utilization factor of say 507 or greater,

the most desirable situation would appear to be a high hydro utilization
factor (703 or greater) and a low thermal utilization factor {10% or less).
While relatively low unit costs were achieved in 1964/65 and 1967/68
inspite of about 107 thermsl utilization, it is quite obvious that particularly
in 1967/68 & higher hydro utilization factor and a lower thermal utilization
factor would have resulted in even lower unit costs.

Utilization Factors and Unit Costs

It is estimated that in the 507 range, a 1 @ improvement in the
total Utilization Factor would result in a net reduction in the unit cost
of abéut 22 mills. In order to realize this reduction, it is nscessary
(water conditions permitting) to obtain the improvement in Total Utilization
Factor through increased generation from hydraulic capacity. It is estimated
that a 1.3% increase in the Hydro utilization factor is required to realize
a 1% improvement in the Total Utilization Factor.

Tulo detérmined that on the average a one percent change in
utilization factor is associated with a change in oversll unit electric costs
of aBout .07 mills% and that the lower the utilization factor, the greater
the effect of a 1¥ change. Iulot's figure is about one third that found for
Manitoba Hydro. Iulo's study was based on predominantly thermal utilities
vhere variable costs are significant. With a hydro utlity variable costs
are insignificant (perhaps .25 mills) hence the difference. In his sudy
Inlo ranked capacity utilization as the fifth most important deberminant
of differences in inter utility unit costs. It is suspected that with a
hydro based utility capacity utllization should be ranked perhaps sacond after

interest rates.

2. W. Iulo: ZXlectric Utilities Costs and Performance,
Pullman, Washington State University
Press, 1961, pp. 108, 141




140.

Methods of Tmproving Utilization Factors"

Theoretically there are a numbér qf ways in which utilization
factors can be improved. Some of these are:
1. By improving the system load factor by selling off-peak energy .
2. By reducing reserve cepacity requirements.
3. By ensuring so surplus capacity exists above reserve requirements.
4. By co-operating and planning on aregidnalbasis, so that surplus
capacity can be soid to neighbouring utilities until required.
5. By entering into swap agreements with southern utilities so that

the capacity required to serve winter heating loads in Manitoba

ban serﬁe sumﬁer air conditioning loads in the United States,

. The first method, that of increasing utilization through improving
the system load factor by selling off-peak energy will be discussed briefly
in the following paragraphs. The following four topics will be discussed
in the next chapter, The Economic advantages-of interconnections.

The syétem load factor which in simple terms is the ratio of
average load to peak load is a very significant determinant of system
utilization, and unit costs. A high load factor contributes to a high vtili-
zation factor. The annual system load factor is approximately the upper
limit to which utilization can riseB. Under these circumstances system
peak would equal installed capacity, and reserve capacity would be zero.

| The amnual load factor can be improved by increasing the volume
of energy sold in off-peak periods. As the Manitoba system establishes a
significant peak in the winter months because of a heavy heating and lighting
load, any additional load which can be established which does not zdd to this

peak would increase the volume of off-peak energy sold.

3.r The use of a weighted capacity figure by the author when calculating
Utilization Factors would cause a small discrepancy during years in
which new capacity is placed in service.
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In this respect seasonal loads such as air conditioning, the
pumping of water feor irrigation, patio lighting and so on are particulariy
favourable loads as they utilize normally excess capacity and the utility
is assured that they will not add to the winter pezk.

On a daily basis the daily winter peakiusually occurs about
5:30 p.m. on a weekday in December or January. The annual load factor
can thus be improved by attracting loads during off-peak hours on weekdays,
or on weekends. In this respect such loads as automatically controlled
water heating (shut off over the peak),controlled space heating, and off-
peak industrial loads aré aften encouraged by electric utilities.

In general the annual load factor may be improved by imaginative
marketing and rate policies. In some cases appliances and applications of
electricity with particularly desirable load characteristics may be promoted
employing existing rates, while in cther cases the development of special

rates might be necessary and economically justifiable. -



CHAPTER X

THE ECONCMIC ADVANTAGES OF INTERCONNECTIONS

The two basic contributions which interconnections make
to the efficient operation of an electric utility are the means of
improving capacity utilizétion, and the means of realizing the
economies of scale associated with larger more efficient generating
units. The presence of an interconnection usually also contributes to
an improvement of system reliability.

The interconnection of neighbouring electric utilities, a
practice which has only come into widespread usin North America since
Vorld var IT is rapidly bringing all the individual systems of the
continent into one unified power grid.

During the earlier develcpment of the utility, industry
experience indicated that marked economies were éffected when transmission
lines were bullt to tie all the individual generating stations and consumers
of a reasonably wide area into one system. This enabled the integration of
the total supply of one area under a single system. Economies resulted
from a reduction of reserve requirements as risks were shared ameng rore
generating-units, from the ability to add and use larger more efficient
units, and from increased diversification of use.

Initially the high transmission costs, especially in losses,
precluded the economic transmission of electricity more than a few miles.
Systems were at first small, then in case of Canada gradually grew to
embrace the vhole area of a province. Ontario, a province with two separate
pockets of population separated by a vast wildernesé, developed two separate
systems which are only in the process of being interconnected at the present

time.
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In short, technologicél developments in genefating, in high'
voltage transmission, and in electronics have been continually enlarging
the efficient area of system operation. These developments have enabled
Manitoba Hydro to effectively break the disolation which geography has so
long dictated,with the construction of the interconnections to Ontario and
Saskatchewan. These interconnections ultimately will form part of a
national power grid which will in turn form part of a continent wide grid.

While the establishment of interconnections duplicates many of
the principles which accompany the integration of generating stations, a
new dimension is added because of the vast geographical area encompassed by -
an intercomnected system. Climatic and time zone vafiations add new
possibilities for economies that were not present previously.

A primary advantage of interconnections is that they enable a
utility to dispose of surplus capacity and energy. In the discussion
that follows, of the specific economic advantages that theoretically can
be gained from a well managed system of interconnections this principle of

disposal of surpluses will be a paramount consideration.

THE CO-ORDINATION OF CAPITAL PROGRAMS

Economic gains in this area are primarily of a long term nature
and can be realized only by the long term co-ordination of generation and
transmission additions by neighbouring utilities. It is doubtful that
interconnections can effect economies in the distribution of electricity.

The gains from co-ordination apply to hydro, thermal and nuclear
programs, but in different fashions. These gains accrue from the economies

of scale associated with large scale plants or from the economies associated
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with large scale hydro sités. These economies are not precisely the same.
With e hydro plant there are nc economies of scale per se, but a particular
large site might have a lower development cost per kilowatt than alternate
small sites. Economies of scale may arise however with the transmission
required to bring energy from a hydro site into the market area. Here a
large volume of energy from a large hydro site may be required to justify
the construction of the line.

With Thermal or Nuclear stations, the larger the turbines the
lower the unit costs of construction and the more efficient is their operation,
The maximum size of turbine vhich can be constructed is continually growing.
Thus real economies of scale exist here.

Host utility systems are by themselves unable to take advantage
of these economies of scale for two reasons. First; it is inprudent to have
more than 10% of the capacity of a system in single unit due to the risk
of breakdown, maintenance requirements etc. Secondly; the adding of a
single large unit to a small system would involve a long costly load
building period until the capacity was entirely required. This expense of
carrying unused capacity would more than offset the economies of scale.

Co-ordinated planning betwgen two or more intercénnected utilities
enables the realization of these economies associated with large generation»
additions. Utility A is able to construct a large plant, and load it up
quickly by selling capacity and energy to Utilities B and C. Then B's building
program is timed to bring in another large station when Ats initial station
is fully loaded up. The larger size of the combined interconnected system
minimizes the risk involved with the installation of large units. The risk

can be shared between all the interconnected utilities.
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Economies can also be realized with transmission lines. The
construction of a new transmission line within a system could be delayed
by supplying a portion of the load in a particular area from a neighbouring

system with surplus transmission capability.

THE REDUCTION OF RESERVE CAPACTTY REQUIREMENTS

It is a generally accepted principle that as a system grows in
size (in terms of the number of interconnected generating units in the
system) that the amount of reserve capacity which must be kept idle is
reduced. The optimum amount of reserve reguired by a utiliuﬁ depends upon
the characteristics of the systen (vhich changevas new units and transmission
lines are added) and upon the degree of reliability which is felt to be
necessary. With en electric utility system 99.5% reliability can be achieved
reasonably economically, but from that point on diminishing returns sharply
increase the cost of each additional increment of reliability. IManitoba Hydro
has retained a 127 generation reserve requirement for many years. FExtremely
complicated calculations which include the use of probability have deférmined
that fhe introduction of heavy interconnections, and the improvement of
cormunications and automated switching gear and so on improve the reliabilitvy
of the system and theoretically reduce the amount of reserve capacity that is
required. Thus the introduction of interconnections can reduce the amount of
reserve capacity that is required by increasing the effective size of the
systenmn.

Assuming that a system was able to constantly maintain a 129 reserve
and no nore, the reduction of this requirement to 11% would represent a
significant improvement in the utilization of capacity. It is estimated that

this would improve the utilization factor by about .5 at the 50Z range, and



would reduce average unit costs by about .1 mills per kilowatt hour.

EXPORT SALES DURING IOAD BUYXIDING PERIODS

A system without interconnection is rarely able to get its! surplus
capacity down to 12%, and thus usually incursan efficiexy penalty for carrying
excess capacity. This occurs because’of the lumpy nature of capacity
additions. Kettle Rapids the next major addition to the Manitoba System
provides a good example of this,

The planned capacity of Kettle Rapids is 102l megawetts in ften
units. Uhile all these units would not be installed simultaneously to be
ready for service in the first year of operation, the optimum installation
schedule would Have them all installed before the Manitoba System is capable
of absofbing them, Thus }knitoba night have excess capacity of up to 3%
in some years and only attain 127 in about one vear out of five, immediately
prior to the addition of another large station. This situation has prevailed
in }hnitoba particularly with Seven Sisters which took some twenty years to
fully complete., The presence of interconnections overcomes this problem
of over capacity. Accordingly lManitoba Hydro has contracted to sell large
blocks of capacity to Ontario and Saskatchewan during the Kettle Rapids load
building period. This arrangement is mutually advantageous and enables

Manitoba Hydro to keep excess capacity at a minimum.

HORIZONTAL OR E~3] DISPLACEIMENT OF IOAD ON A DATIY BASIS

In the co-ordinated operation of interconnected utilities, inter-
change transactions may be either long run (take the form of forrmal contractual
arrangements spanning months or years as with load building etc.) or may

involve short run optimization by neighbouring utilities with the day to day
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co-ordination of load dispatching, spinning reserves, énd scheduled
maintenance.,

This short run optimization process resembles arbitrage operations
in a foreign exchange market with exchanges arranged at short notice on the
telephone according to informel practices enforced primarily by custom.

The following outlines the optimization principles_that apply both
within a system and which govern intercomnection transactions.

"In its day-to-day operations, an electric power system is chiefly
concerned with meeting an autonomous demand on its facilities in least cost
fashion. At any given time the problem reduces to determining the optimal
allocation of the system!s total output (load) among its interconnected plants.
Demand fluctuates continually and sharply in ever varying, daily, weekly,
and seasonal patterns. Since electricity is not commercially storable, the
supply response is instantaneous and the least cost allocation of the load
anong system plants is subject to constant adjustment.

The minimum cost solution to the problem requires that total
delivered output be at thedemanded level and that rarginal delivered costs
be equal for all plants in operation. Idle plants must have marginal delivered
costs at least as high as those in operation. For each plant marginal
delivered cost is equal to the sum of marginal generating costs and the value
of the e}ectricity lost in transmission as a result of the plants increased
output.n

Inter utility pricing arrangements are usually based on the formula
X + Y vhere X is the incremental costs to the seller of producing and
2
delivering the energy sold, and Y is the incremental cost the buyer would

incur if he had to produce the energy himself. Using this formula the savings

from the transactions (Y - X) are shared eq_ually.2

1. William R. Huges, Short Run Efficiency and the Organization of the
Electric Power Industry, Quarterly Journal. of
Economics, Volume 76, November, 1962, Page 597.

2. Ibid., Page &1
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Horizontal displacement deviates somewhat from the transactions
deécribed above because the objective is not so much minilniz_ation of energy
costs but conservation of capacity. Because of the wide band of léngitude
across vhich Canada stretches, the country spans some seven time zones. .
(A time zone is approximately 15° of longitude.) Ass@njng that the daily
peak in each zone occurs at 5:00 p.m. local time, the daily peak would occur
first in the east, then travel westward following the sun. Within a given
system, the peak would not occur everywhere at the same time thus contributing
to the diversity of the system.

Interconnections such as exist between Saskatchewan, Manitoba and
Vestern Ontario would enable each utility to benefit from the diversity over
a wider band of longitude. Although the principle could apply any time during
the year, it is most applicable during the winter months when the annual
peaks occur. As fhe peak would occur in Vestern Qntario an hour earlier
than in Manitoba, lManitoba could sipply say 50 mw of capacity to Ontario and
thus reduce their capacity requirements by that amount. Any shortage in
IHanitoba could be supplied from Saskatchei-:én, still two hours from their own
peak. Initially, then capacity would be shifted eastwards. As the peak
begins to subside in Ontario, lanitobats capacity coula be slox'rly-released
keeping Ontariot's capacity in fill use until the net displacement of capacity
is zero. As the peak begins to build in Manitoba, capacity there can be.
supplemented by an inflow of capacity from both Ontario and Saskatchewan. .
The third step of the proées_s takes place with Manitoba and Ontario .supplementing
the capacity of Saskatchewan during the peak there. In theory, each utility

might then be able to operate with at least 50 mw less capacity than without
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interconnections. The kilowatts of capacity which serve the annual peak
and normally are only utilized a few hours per year would also receive
greater use. Thus significant improvements in utilization factors could

te realized.

VERTICAL OR N-S DISPLACEMENT OF TOAD ON A SEASONAL BASIS

The possibiliﬁy of Vertical Displacement or Seasonal sweps of
capacity and energy occur because of the variations in temperature which
take place with latitude in North America. anitoba Hydro in comwmon with
most Canadian utilities is subject to a rather severe winter peak beczuse
of the short hours of daylight and heavy space heating load. Most American
utilities not in the extreme northern part of the country are subject to a
sumrier peak {due to air conditioning loads) equal to or greater than their
winter peazks. The utilities serving the Minneapolis area fall in this
category. Thus the systems of Manitoba Hydro, and the utilities of the
Minneapolis area complement each other on a seasonal basis and the swaping
of surmmer capacity and energy for winter capacity and energy beccmes a
practical possibility.

The following hypothetical example roughly approximates what could
be accomplished with the Manitoba Hydro System. Assume that without a swap
Manitoba Hydro's system peak is 1160 mw, total energy is 5.6 Billion kilowatt
hours., Tﬁe annual load féctor would be:

5.6 B
1160 mw x 8760.

= 56%

Assume Manitoba Hydro agrees to place 100 mw at the disposal of the
United States for the six summer months in return for 100 mw during the six

winter months. As energy would only be required during the heat of the day,
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an energy conponent of about 2000 hours per kiloﬁatt would be reasonable.
Thus Manitobz Hydro would have to generate some 200 million extra kilowatt
hcurs during the‘summertime and would receive them back during the winter.
The cost to ¥anitoba Hydro of generating this energy in.summer would be
small as water is most plentiful in these months, (water rentals, plus
miscellaneous operating.expenses about .25 mills per kilowatt hour) while
its value to Manitoba Hydro when received back in the winter months would be
the long run average cost of generating energy in those months.

In effect, this represents the accomplishment of the age old dream
of being able to store electricity in commercial quantities. The only costs
of storage would be the fixed. and operating costs of tﬁe interconnecticn, and
the line losses.

With this swap the physical capacity required by Manitoba Hydro
would be reduced to 1060 mw, total energy would remain at 5.6 billion kilowatt
hours, and the load factor based upon the physical capacity required by
Manitoba Hydro would be:

- 5.,6B _
1060 mw x 8760

60%

Thus the load factor of Manitoba Hydro capacity would be improved
about 4.0%. In anyone year, this sort of swap would not result in an improve-
ment of capacity utilization unless the swap was part of long term planning.
Once capacity addition programs were adjusted so that surplus capacity was
minimized under the swap arrangements utilization factors could be improved
by approximately 4.0% with a resulting improvement in long run unit costs of
almost .8 mills per kilowatt hour.

As the sizes of the systems involved increased, the amount of the

svap could also be increased from 100 mw if that were to the advantage of

both parties. In all probability, these transactions would not involve the
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transfer of money as approximately the same benefits would accrue to both

parties.

THE PRINCIPLES OF PRICING SHORT TERM EXPORT COMIITMENTS vs
PRICING OF PERMANENT EXPORT COMIITMENTS OR PERMANENT DOMESTIC COMMITIENTS

The discussion involved in this section touches on one of the most
controversial issues of -public utility economics. This is the question of
the definition of incremental or rarginal costs.

In pricing short term (two or three years) export power the only
costs which must be recovered are the incremental costs actually incurred
in providing the energy (and capacity) to the customer (plus a sm2ll surplus
to make the sale worthwhile to the seller). If the energy is provided from
true excess capacity, if the schedule of planned capacity additons is
unaltered by the sale then the only costs are incremental fuel, water rental
and miscellaneous operating expenses. The essential point is that if the excess
is not sold as an export at what ever price it will bring, it will be sold to
no one and will be wasted.

If, however, additional generating cavacity is installed or additional
transmission (interconnections etc,) must be constructed, the price at which
export energy is sold must reflect these expenses and in general, the long run
costs of producing energy will apply.

The priméry principle which must be observed is that in order for
short run incremental costs to become the basis on which price can be based, the
sale must not alter normal capital additions schedules in anyvay. It has been
this principle, the existence of a true surplus which has governed most of
Yanitoba Hydro's energy exports over the past few years, Actual prices

negotiated usually reflect the custom of sharing the savings equally. Because



152.

of this Mtrue surplus® principle, it is possible to sell energy to neighbouring
utilities at from 1 to 3 mills, a price less than that at which energy could
be sold to a permanent customer within the province.

In selling electricity to a customer, within the province, it must
be assumed that service is being provided to a permanent customer, and that
the sale constitutes normal load growth for which existing capacity has been
constructed. Under this circumstance, the principle that rmst appiy is that
the price charged must reflect the average long run cost of providing this
varticular service.

These essential relationships appear to have been poorly understood
by policy makers inmanyutilities, and by a large number of economists., This
appears to have been so because of the large number of utility personnel and
economists who have believed an electric utility to be a declining cost industry.
In actval fact an electric utiiity might be subject to decreasing cosis, constant
costs, or increasing costs depending upon a whole host of factors which affect
its costs.

R.K, Davidson demonstrates a very clear understanding of this problen.
He suggests thatfthe writers who call electric utilities decreasing cost
industries usually do not explain what they mean by decreasing costs. It is
clear that some of them have in mind the movement of average costs in the short

run, with plant capacity treated as fixed."3

3. R.X. Davidson, Price Discrimination in Selling Gas and Flectricity,
Baltimore, The Johns Hopkins Press 1955, Page 101
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Davidson feels that this basic misconcéption results in pricé
discrimination in the pricinngf electricity.ZL In the past, he claims
many pricing theories for pubiic utilities have been based either én a
theory of decreasing costs or excess capacity.

Davidson writes, "Some writers in the excess capacity and decreasing
costs camp, characterize electric utilities as having excess capacity or
unutilizged capacity dnly part of the time, while others believe that the
utilities always operate with excess capacity; bubt 2ll believe that unit
costs fall with increasing output. Consequently, they argue that price
discriﬁination, which ray not be desirable in industris that do not have
unubilized or excess capacity, is desirable where idle capacity exists
because the use of price discrimination results in a larger output at a
lower unit cost.5 The essence of this argument is that many people, economists
and otheré Justify prices at less than long run average cost in order to load

up excess capaclty quickly.

Note: Incremental costs ~ fuel and other variable costs.

The term increment2l costs is widely used to refer to marginal cost

when the additional output is from a given plant.

Total incremental costs has been used to refer to long run marginal
cost. Ibid., Page 72

L. Davidson uses price discrimination in the economic sense and defines it
as an action by a seller whereby the relative prices he charges for the
units of his product or products are disproportionate to the relative
costs of procduction of the units sold. Ibid., Page 25

5. Ibid., Page 101
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Davidson continues, %“lhether discussing short‘ruﬁ or long run
decreasing average costs, excess capacity theorists reach the same conclusion:
Price discrimination as it s found in the public utility industry, is desirable
in decreasing cost industries in order to utilize existing capacity more fully
and to produce a larger output at a lower vnit costzI6

The foregoing argument clears the air somewhat for a discussion
of marginal costs. First it appears evident that there is no single marginal
cost. It is generally concluded that in the short run, marginal costs are
low and less than average costs. It should, however, be clear that the
marginal cost is dependent upon the particular service contemplated.

(ie. industrial or domestic, peak or off peak)

In the long run, the relationship between marginal and average costs
is less clear. If one accepts that there are economies of scale in transmission
and.distribution, the analysis hinges on generation costs. If the capital
costs per kilowatt of new larger plants is less than old, and if fuel costs
(in BTU's per kvh) are declining as with thermal plants, it appearsthat long
run marginal costs will be less then average costs and average costs will be
declining. If economies associated with scale and technology.are insufficient
to offset inflation, higher interest rates, fuel costs and so on, leng run
marginal costs may be equal to long run average costs or higher. Iong run

~average costs will be either constant or perhaps rising slightly.

6. Ibid., Page 102
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H.S. Houthakker seems to feel that in the long run marginal and
average costs will be approximately equal. He says, "Our analysis is based
on long term cost, and it is a well known theorem that in the long run, both
decreasing marginal cost and discrepancies between marginal cost and average
cost are merely signs of market imperfections or bad planning.7 It would
aprear that this reasoning is correct and that the approximate equivalence of
marginal cost and average cost in the long run would make long run average
cost an appropriate pricing guide.%

Davidson's general argument would appear to support this contention.
He says:

"Marginal costs are below average costs in the long run only when decreased
costs due to economies of scale outweigh the increased costs due to changing
proportions of factors employed. When economies of scale are present, the

long run cost curve may be rising, horizontal or falling, derending upon the
weight of the increased costs due to changing proportions of factors, relative
to the decreased costs due to economies of scale. Beyond the point where the
decreasing costs just balanes, the increasing costs of expanded output, the long

run cost curve will rise and marginal cost will exceed average cost.

‘ When the individual establishments in the gas and electricity
industry were small and not interconnected, significant indivisibilities leading
to decreasing costs were undoubtedly present. In view of the multiplicity of
establishments today and their wide spread interconnections, indivisibilitie
do not appear significant in the long run. Therefore, if rates are set equal
to long run marginal or incremental costs, when increased capital is necessary
and indivisibilities are unimportant in the long run, the additional and total
costs will be covered.:8

)

4w

Thus Davidson suggests that sales proceeds must cover long run marginal
cost including a return on investment.
In the past, pricing policies in Manitoba and else vhere have oiten

reflected this short term decreasing cost philosophy. Prices were set at less

7. H.S. Houthakker, Economic Journal (1951) Pages 10 & 11

8. R.X. Davidson, op. cit., Page 74.
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than long run average costs in order to increase volure and reduce unit costs.
This mey have been justifiable in order to load up large blocks of.excess
capacity which resulted from bad planning or depression, but does not appear
defensible in a well planned optimizing utility where capacity additions are
carefully tailored to a reliable load forecast.9

Under normzl operating conditions load building programs should be
based upon long run averagé costs for that particular type of service. If
load growth is accelerated beyond vhat normal load growth would be, by
charging artificially low rates the time at which new, more expensive capacity
is required will be hastened. Average costs will rise with the addition of the
new capacity and average returns will be inadequate to cover them. The utility
will then be faced with the préblem of raising the prormotional rates to cover
the new average costs. This might antagonize the customer who would feel he
had become a customer under false preteﬁses, or might merely result in the
loss of a load, a load that could only be attained in the first place by
charging less than full costs. At any rate, the utility having just added

new capacity would be faced all over again with the problem of load building.

9. The late D. M. Sterhens, former Chairman of Manitoba Hydro, in discussing
the fact that both the ¥Winnipeg Electric Company and the City Hydro simul-
taneously embarked on construction of new generating plants in 1928 suggested,
"One wonders at the economic outlook for either of the competing utilities
as they each embarked on a very large new plant in 1928, ¥hile the terms
"eapacity sharing' and %capital conservation! were not then in common use,
arithmetic was well developed long before that time.

D. M. Stephens - Talk presented to Saskatchewan Power Corporation,
Senior lanagement Conference, Regina, Saskatchewan,
¥arch 20, 1968,



157.
The alternative which this writer feels superior is to rely upon
noh—price promotions. This policy involves an attermpt to determine what the

optimmm rate of growth is.lo

It is suggested that a utility should adjust
its capital program (ie. the overall rate of growth of the system) to the
normal rate of load growth that would occur with a rate structure based
upon average coét. This would involve extremely keen pricing calculations
in an order to develop-differential prices for various classes of service
such as industrial, commercial, rural, urban, domestic, on peak, off peak
and so on. The objective being to determine the optimum long run average
costs of each class of service at the highest possible utilization factor.
Increased volume would be encouraged by advertising the non~price advantages
of electricity over competitive energy sources. Price coﬁ%eﬁition would not
be entered into except in the case where average off peak costs permitted this
type of competition.

Following this philosophy, the system load would grow at a normal
rate (not artificially accelerated by prices below cost). Capacity additions,
vhen they were required would come into service at their normal time (not a
year or two early to serve an artificially created load). Any "true excess!
capacity may be sold to neighbouring utilities as such. As capacity becomes
fully loaded due to normal load growth, new capacity additions can be delayed
by purchasing the "true excess" capacity of another utility. This sort of
policy would enable a number of intercomnected utilities to maximize their
utilization collectively. If price increases are necessary from time to time,
they would reflect normal load growth and not be inflated by the requirement
to offset the effects of early capacity installatiéns and prices which are less

than full cost.

. 10. The author has found this task beyond his capability at the present time.



CHAPTER XT

- CUSTOMER AND CONSUMPTION DATA

The two most important determinants of inter-utility variations
in units costs in William Inlo's analysis were consumption per Residential
customer, and the distribution of the market among consumer classifications.
The sixth most important factor was consumption per commercial and industrial
customer, While it has not been possible to demonstrate the effects of these
three relationships on Manitoba Hydro's unit costs in precise quantitative
terms it is felt all these factors have had a profound and favourable influence

on the present level of unit costs.

Throughout almost its entire history, the electric power industry of
Manitoba has been renowned for its high volume of electricity usage per customer
and its extremely low rates. According to W.L. Morton, the cost of electricity
in Winnipeg from 1912 through the early 1920's was the lowest in North America.1
In Canada, Manitoba was from 1948 to 1964 consistently in second place behind
Quebec in a&eragé cost per kilowatt hour sold, (see Appendices). The average
cost per kilowatt hour sold was less than one cent. Quebec's lowest cost
position has largely.been the result of the tremendous volume of energy consumed
by the aluminum industry at very low prices as Manitoba's average costs per
kilowatt hour for domestic and farm and commercial customers have consistently
been bgloﬁ those of that province. In 1965, Manitoba slipped to fourth place
in average cost per kilowatt hour sold, but by 1966 the last year for which figure

are available, had regained third place.

1. W.L. Morton: Manitoba - A. History, Toronto, The University of Toronto Press
1957, Page 308 i
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With»respect to average cost per kilowatt-hour for domestic and
farm energy, as well as consumption, Manitoba has from 1948 to 1966 consistently
had the highest per capita consumption and the lowest average cost per
kilowatt hour. This is an extremely significant achievement and of very great
interest from an analytical point of view. In 1966, Manitobans consumed |
2,021 kilowatt hours per capita for domestic and farm purposes ét a price
of 1.18 cents per kilowatt hours. This represents a per capita consumption
of 25% greater than the Canadian average at a price 16% less than the Canadian
average. This would tend to confirm Inlo's conclusion that conéumption per
residential customer is an extremely significant determinant of the unit cost

of providing électric energy.

THE RATE OF INCREASE OF TOTAL CUSTOMERS

Total energy sales are a function of the number of customers and
conéumption per customer. Similarily, the rate of increase in energy sales
is also a functiog'of the rate of increase of customers and the rate of
increase of energy consumption per customer.

| Thus, in 1967/68, 226,861 customers consumed an average of 19,775

kilowatt hours each. This representéd an increaée over the previous year of
2.3% in total customers, and 5.5% in energy consﬁmption per customer. Total
energy sales on the Manitoba Hydro System increased by about 7.9% in 1967/68.
During the period from 1961/62 to 1967/68, total customers have increased at
an average rate of 2.7% per year, energy sales per customer at an average of
L.8% per year and total energy sales on the Manitoba.Hydro System at an average
of 7.5% per year.

- It can be seen from the previous paragraph that some 35% of the annual
increase in energy sales on the Manitoba Hydro System in the past seven years

has been accounted for by the addition of new customers. This is an extremely
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significant factor in determining the effect of inéreasing energy sales

upon unit costs. It can be demonstrated intuitively at least that the higher
the proportion of increased energy sales attained through the acquisition

of new customers, the less will be the dovmward pressure upon unit costs.
This i1s particularly so in the case of a hydro based electric utility.

With a thermal based electric utility a fairly high rate of energy
sales increase is desirable because it enables the utility to capture economies
of scale in all three phases of electricity supply; generation, transmission,
and distribution. 1In the generation phase, it enables the utility to install new
1arger,-more efficient thermal stations and load them up relatively guickly.
These factors account for the thermal based electric utility industry“being
considered a decreasing cost industry.

With a hydro based utility, a more complex situation exists. Economies
of scale and efficiencies related to improved technology are almost non-existent
with hydro'generating stations. Transmission economies do exist, but these
may be more than offset by the expense of constructing longer lines to reach
more remote hydro sites. Thus from 1961/62 to 1967/68 transmission costs increasec
from .6 to .9 mills per kilowatt hour exclusive of transmission losses. It thus
appears that increases in energy sales force a hydro based utility into more
expensive generation and transmission costs. If these costs can be more than
offset by économies in distribution, a high rate of increase of energy sales will
in the long term result in lower unit costs.

An increase in energy sales achieved through the aquisition of a new
- customer costs the utility much ﬁore than an increasé of energy sales to an
established customer. This occurs because of the so called "Customer Compone nt!

of the cost of providing service. While the customer component is negligzesble in
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the case of an industrial or large commercial custdmer it forms a large
proportion of the total cost of serving a residential or farm customér. The
customer component consists of the material and_labour costs of connecting

a new customer to the system and the cost of metering, meter reading, and
billing the new customer. This cost is approximately fixed and is the same

for a large or smzll consumer. It is considerably higher in a rural area

than an urban one. Thus, it can be seen that if a high rate of energy sales
increase can be achieved with established customers only, unit distribution costs
. may be decreased, while if the entire increase in energy sales is achieved by
adding ‘new customers, unit costs of distribution may increase.

This canbe appreciated by examining Manitoba's farm electrification
program: From 1946 to 1954, total energy sales in Manitoba increased by an
average of 6.2% per year while new customers, including over 40,000 farms, were
added at a rate of 7.6% per year. Consumption per customer actually declined
bﬁ about 1% per year. During this period average unit costs for the province
rose from about 5.0 mills per kilowatt hour in 1946 to over 9.0 mills in 1954.
This increase occurred not only because of the customer component (which is high
in rural areas) but because of the necessity of building a distribution system
in many areas.

| Once a distribution system is established, the level of unit césts of
distribution appear much more sensitive to the volume éf kilowatt hours sold

per customer, than the density of customers within the system.2 In spite of an

2. This conclusion was arrived at by William Inlo and appears to be confirmed
by the Manitoba Experience.
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overall density in 1967/68 of only 6.3 customers per mile of.line, and a
farm density of only about .8 customers per mile of line, the unit costs
of distribution were 4.5 mills per kilowatt hour. This is an extremely

low figure which has remained consistently at this level since 1961/62.

POPULATION GROATH AND THE RATE OF INCREASE OF TOTAL CUSTOMERS

Only since 1954 ﬁas the rate of population growth been a significant
facior in determining the rate of.customer increase, and the level of unit
costs in Manitoba. This is because prior to 1954, a large segment of the
population had no electric service, and thus the rate of customer increase
was more dependent upon the level of intensity of expansion programs than

population growth.

TABLE 11.1

Population of Manitoba 1950 - 1947 >
(in thousands)

®

Percentage Increase

1950 768
1951 776 1.04
1952 798 2.8l
1953 809 1.38
1954 823 1.73
1955 839 1.9
1956 850 1.31
1957 - 862 1.0
1958 | 875 1.51
1959 891 1.83
1960 906 1.68
1961 922 1.77
1962 936 1.52
1963 949 1.39
1964, 959 . 1.05
1965 965 .63
166 963 - .21
0

1967 . 963

3. Source: Dominion Bureau of Statistics, Cat. No. 91-201



From Table li.l, it can be seen that the average rate of
popuiéﬁidn growth in Manitoba since 1950 has been quite reasonable, about
1.35% per year. From 1961 to 1948 it has been some what lower at .%3%.n
During the latter period, total custoﬁer growth has been 2;7% per year,‘
a figure considerably higher than population growth. This is because a single
individual can be more than one custémer. A farm may have several services, :
or én individual may own a home, a business, and a cottage. It can thus be
concluded that a zero rate of population growth in itself may not mean an
undesirably low rate of customer growbth, and that a zero rate of customer
growth may lead to a reduction in unit costs of distribution assuming = high
rate of increase in energy use per customer, but this is beyond the scope

of this study.

THE RATE OF INCREASE OF CUSTOMERS BY CLASS

There ane four broad classes of customer served by Manitoba Hydro.
These are domestié or residential, farm, commercial, and industrial. A
sumary of some of the relevant statistical information concerning these
ciasses may be found in Tables 11.2, 11.3 and 11.4. During the period 19560/61
to 1967/68, the number of domestic customers increased at an average of 3.5%
per year, farm by 1%, commercial by 2.2% and industrial by 3.5% per year.
During this same period, consumption per domestic customer increaséd at an
 average of 2.6%, farm by 9.6% commercial 7.8% and industrial by 12.5% per year.
The trends indicated by these factors all have significant implications for the
future unit costs of distributing electricity.

The highest rate of increase in energy consumption is occurring in

three main sectors of the Manitoba economy - the farm sector, the commercial



TABLE 11.2
MANITOBA HYDRO

KILOWATT HOURS CONSUMED BY CONSUMER CLASSIFICATION (x 106)

Domestic

Year Total and Farm Farm Domestic - Commercial Industrial Commercial & Industrial
1960/61 1,957 9L0 221, - 716 - 207 - 811 - 1,018

1961/62 2,538 ' 1,028 247 10.0% 781 9.2% 231 11.7¢ 1,280 57.7% 1,510
>1962/63 2,738 1,092 268 8.6 82 5.4 251 8.9 1,396 9.1 1,647

1963 /64 3,064 1,153 293 9.3 860 4.4 272 8.4 1,638 17.4 ‘ 1,911

1964 /65 3,271 1,293 353 20.6 940 9.3 306 2.4 1,672 2.1 1,979

19A5/AA 3,522 1,353 360 1.8 993 5.7 330 7.8 1,839 10.0 2,169

1966/67 3,764 4 1,434 395 9.9 1,039 4.6 360 9.0 1,971 7.2 2,330

1967/6¢ L ,061 1,519 L25 7.5 1,094 5.4 L02 11.7 2,140 8.6 2,541

* Percentage Change

Source: Manitoba Hydro
Monthly Reports




1960/61
1961/62
1962/63
1963 /6L
1964 /65
1965/66
1966/67
1967/68

Total
Consumers
127 -
194 3.6%
199 2.7
207 3.7
211 2.3
217 2.5
222 2.3
2217 2.3

Ar,

#* Percentage Change

NUMBER OF CONSUMERS BY CONSUMER CLASSIFICATION (x 103)

Domestic
and Farm
159 -
164 3.
L1169 2.7
175 3.7
179 2.3
183 2.4
188 2.8
193 2.2

Farm
39.0
39.0
39.2
39.4
39.3
39.2
39.4
39.2

TABLE 11.3

MANITOBA HYDRO

Domestic

120 -

125 4.5%
130 3.4
136 4.6
lAO‘ 3.1
WL 3.1
L9 3.4
153 2.9

Commercial
21.4 -
22.3 L 2%
22.7 2.0
23.9 4.9
24,.3 1.9
25.0 2.7
2.6 (1.5)
25.0 1.8

Industrial

6.7 -

7.0 5.0%
7.3 L.l
7.3 (.3)
7.6 3.7
7.8 3.4
8.2 L.3
8.5 L.7

Source:

Commercial ;
and Industria’

28.1 -
29.3 L.
30.1 2.5
31.1 3.6
31.9 2.3
32.8 2.8
32.7 (.1
33.6 2.

%2

Manitoba Hydro
Monthly Reports



Year
1960/61
- 1961/62
1962/63
1963/6L
1964/65
1965/66
1966/67
1967/68

Total Consumers

TABLE 11.4

MANITOBA HYDRO

MISCELLANEOUS CONSUMER AND CONSUMPTION DATA (KWH x 103)

T.F.ETrPlus Export

Per Circuit Kwh Per Mile  Kwh Per

Mile of Line of Line Customer
5.6 68.14 - 12.3 -
5.7 85.6 25.2% 15,0 21.8"
5.8 86., 1.0 14.9 ( .4)
6.0 96.7 11.9 16.1 8.0 .
6.0 | 102.3 5.7 17.0 5.
6.1 112.1 9.6 18.3 8.4
6.2 123.8 10.5 20.0 8.8
£.3 137.6 11.2  21.8 9.7

(YY)
elard

Percentage Change
Total Firm Energy

T.F.ﬁ?eOan Kwh Per

Kwh Per Mile Kwh Per Kwh Per Domestic
of Line Customer Farm Customer Customer
68 .4 - 12.3 - 5.8 - 6.0 -
85.6 25.2% 15.0 21.8% 6.3 10.2% 6.2 4.5¢
gb., 1.0 1.9 (.n) 6.8 7.8 6., 1.9
96.7 11.9 16.1 8.0 7. 8.5 6.3 -
102.3 5.7 17.0 5. 9.0 21.1 6.7 6.1
109.3 6.9 17.8 5.1 9.2 1.9 6.9 2.5
116.6 6.7 18.7 5.1 10.0 9.6 7.0 1.1
12,6 6.9 19.8 5.5 10.8 7.9 7.1 2.4

Source: Manitoba Hydro
Monthly Reports

Facts & Figures Book
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sector and the industrial sector. While increased energy sales are occurring
in the domestic or residential sector, they are increasing at a slower rate
than in the other three sectors just mentioned.

Table 11.5 indicates the average rate of increase of customers,
of energy consumption per customer, and the rate of increase of energy sales

in each sector for the period 1960/61 - 1967/68.

TABLE 11.5

BREAKDOWN OF INCREASES IN ENERGY SALES
1960/61 to 1967/68

Increased Rate of
‘Rate of Consumer Energy Consumption Increase of

Classification Increase per Qonsumer Class
Domestic 3.5% 2.6% 6.3%
Farm A% 9.6% 9.7%
Commercial 2.2% 7.8% 10.0%
Industrial ‘ 3.5% 12.0% 16.0%
Total Customers 2.8% 7.2% 11.2%

DOMESTIC CUSTOMERS

The rate of increase in kilowatt hours consumed by domestic customers
2.6% is less than the 3.5% rate of increase of domestic customers. This suggests
that increased energy sales to domestic customers have had little dovnward
effect on unit distribution costs. As domestic customers account for 67% of
all customers, the pattern of energy sales increase within this class may

dominate the movement of distribution costs.

FARM CUSTOMERS
The number of actual farms in Manitoba have been declining for several

years while the number of fairm services have remained about static. The number
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of kilowatt hours consumed per farm’customer has increased rapidly at 9.6%
per year, and is expected to continue to rise at a rapid rate in the future.
These increases can be distributed without incurring additional customer
costs, and should realize the full economies of scale inherent in the
Qistribution of electricity. It can be concluded that the pattern that is
developing on the rural sector of theldistribution system should enablg
considerable downward pressure on the unit costs of distribution in the
rural areas. AThis is because, while the number of farm customers per>mile of
rural line has remained about constant at .8 per mile, the number of kilowatt
hours diétributed per mile of rural line has about doubled from just over
6,000 kwhrs per mile to over 12,000 kwhrs per mile annually,

During'thé past two decades, energy sales to Manitoba farm.consurers
have increased from 1% of domestic energy sales in 1947 to 13% in 1957 and

20% in 1967.

COMMERCTAL CUSTOMERS .

While distribution costs per kilowatt hour for commercial customers
are abﬁut the same as for residential customers due to their close prbximity
in urban areas and joint use of the same facilities, customer costs are
somewhat less per kilowatt hour due to a higher use per customer (about 16,000 kwh
per customer in 1967/68). During the period 1960/61 to 1967/68, the rate of
increase of energy sales per commercial customer at 7.8% was high and significantl;
greater than the 2.2% average increase in customers in this class. While it
seems reasonable to expect the high rate of ‘increase in energy consumption by
established commercial customers to place the greatest downward pressure on
unit distribution costs, the addition of new commercial customers may also place

some slight downward pressure on unit distribution costs because of the high
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average initial consumption per customer.

INDUSTRIAL CUSTOMERS

Because of the much higher average consumption of industrial cus-
tomers (about 255,000 kilowatt hours in 1967/68 on the Manitoba Hydro system)
the customer cost component is negligeable. This accounts in part for the much
lower average cost per kilowatt hour for industrial energy. During the 1961/62
to 1967/68 period, the rate of increase of industrial energy sales was high,
about 16.0% per year. This figure is somewhat high because it includes a
587 increase in 1962 associated with the nickel development at Thompson. During
this period, the number of industrial customers increased by 3.5% per year, and-
the average use per customer increased by about 12.5% per year. This rapid
- increase in industrial energy consumption could be expected to place consider-
able downward pressure on unit costs of distribution.

As the rate of increase of industrial consumption has been greater
than the combined rate of increase of all other‘categories, the proportion of

total energy sold for industrial use has increased almost continuouslysince 1958.

DISTRIBUTION OF KILOWATT HOUR SALES AMONG CONSUMER CLASSIFICATIONS

The measure chosen by Iulo to represent the distribution of the
market of an electric utility among the sevefal classes of consumers was the
proportién that toﬁal Kilowatt hour sales to residential customers were to the
total kilowatt hour sales of the individual utility. This is approximately
the approach used here where the ratio of domestic and farm sales to the totaf
of domestic and farm, commercial and industrial is employed. Figure 11l.1
shows %he proportionate distribution of these three classifications from 1947

to 1966. From 19L7 to 1958, domestic and farm increased from 23% to LOF of the

total. This resulted from the boom in appliance sales that followed the war and

* . 3 « ) 3 . - )
the farm electrification program. During this periecd as mentioned previously,
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unit costs increased from about 6.0 mills per kilowatt hour to 10.5 mills.
While the farm electrification program no doubt was the maj§r factor for this
rise, the shift from industrial to domestic sales by itself no doubt was a
factor. Since 1958, the proportion of domestic and farm has declined from 40% to
33% of the total in 1966. This was partially caused by a significant increase
in industrial sales, and an upward shift in the proportion of commercial sales
from 8% of the total in 1956 to 13% in 1958. This may possibly have resulted
from a change in definition of commercial energy by DBS. It is significant
that the relative decline in domestic sales following 1958 has been accompanied
by a decline in average unit costs from about 11.0 mills in 1961 to 10.4 mills
in 1968.

It should be stressed that changes in the structure of the market
which resuit in cost declines do not represent changes in efficiency per se,
but merely represent the cost of providing a different service. However,
recognition of these factors can lead to greater efficiency in the overall
operation of the system. Incentive rates designed to encourage the highest
possible use per customer, by using more off-season and off-peak power may
improve theoverzll efficiency of the system in two ways, by improving utiliza-

tion and by increasing the consumption per residential customer.

CONSUMPTION PER COMMERCIAL AND INDUSTRIAL CUSTOMER

The sixth most important determinant of unit costs in Inlo's study
was bonsumption per commercial and industrial customer. This measure which was
employed in the present study was also found to be an extremely significant
determinant of unit costs in the case of Manitoba.

The moét effective way of determining the effect of consumption
per commercial and industrial customer was found to be that of comparing the

figures for the ten provinces with those of Manitoba Hydro.



TABLE 11.6

AVERACE CONSUMPTION AND AVERAGE REVENUE PER KILOWATT HOUR
FOR INDUSTRIAL AND COMMERCIAL CONSUMERS IN CANATA

INDUSTRIAL COMMERCTIAL TOTAL
Kwh/Consumer Average Revenue Kwh/Consumer  Avge. Revenue Kwh/Consumer  Avge. Revenue
(x 1,000) Per Kwh (cents) Per Kwh (cents) ¥t Per Kwh (CiQtS)
CANATA 535 .69 23.5 JTh 93.0 L .92 3
NEWFOUNDLAND 1,318 75 11.4 Ol 101.0 3 .99 5
PRINCE EIWARD 1,071 1.51 13.9 11 17.4 12 2.77 12
ISLAND
NOVA SCOTIA 240 1.13 20.3 .5k 34.0 11 1.92 11
NEW BRUNSWICK L72 .95 20.3 .55 Th.7 5 1.33 8
QUEBEC 798 .55 17.3 .86 121.6 2 71 1
ONTARIO 731 .69 35.6 .32 130.0 1 .83 2
MANITOBA 161 .83 18.8 .50 52.6 8 1.01 6
MANITOBA HYLRO 211 .78 14.6 .70 71.2 6 .93 L
SASKATCHEWAN 121 1.50 9.5 .58 37.1 10 1.71 10
ALBERTA 165 1.13 17.5 .35 Li.5 9 1.52 9
BRITISH COLUMBIA 1n8 67 25.3 .00 | 61.3 7 1.20 7
## Totals ranked from high to low.for Consumption per Consumer, and Source: Electrié Power Statistics

low to high for Revenue per Kilowatt Hour. DBS Cat. No. 57-202
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In Tulots study, the aggregated commercial and industrial consunp-
tion was employed because his source The Federal Power Commission does not |
publish a breakdown of these figures into the two individual categories. In
the present study, the same aggregated figures were employed because variations
in the definition of commercial and industrial consumers from utility to utility
rendered the individual classes unreliable for comparison purposes. Teble 11.6
shows the average consumption per consumer and average revenue per kilcwatt hour for
industrial and commercial consunmers and for the combined class.v The combined
class was ranked from one to twelve for consumption per consumer, with the
highest consumption per consumer Ontario being ranked one. Revenue per kilowatt hour
was ranked with the lowest revenue per kilowatt hour being ranked one. Thus it can
be seen that Ontario with the highest average consumption per customer has the
second highest revenue per kilowatt hour. %ive of the rankings matched up
perfectly while four deviated by one, two deviated by two, and only one deviated
by as much as three. Manitoba with the eighth highest consumption per customer
has the sixth highesﬁ return per kilowatt hour, while Manitoba Hydro with the
sixth highest consumption per kilowatt hour has the fourth highest return per
kilowatt hour. This suggests that the cost of industrial and commercial energy
in Manitoba is relativeiy less than consumption per customer might warrant.

Excluding Canada and Manitoba Hyaro, the average number of kilowatt
hours per customer and average return per kilowatt hour were computed for the
five lowest consumption provincgs and for the five highest consumption provinces.
Table 11.7 presents the results.

TABLE 11.7

THE RELATIONSHIP BETWEEN CONSUMPTION PER INDUSTRIAL AND
COMMERCTIAL CUSTOMER AND THE COST PER KTLOWATT HOUR

AVERAGE OF THE FIVE LOWEST CONSUMPTION PROVINCES

Consumption per Customer Average Return Per Kilowatt Hour
37,000 kwh 1.78 cents
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AVERAGE OF THE FIVE HIGHEST CONSUMPTION PROVINCES

Consumption per Customer Average Return Per Kilowstt Hour
g8,000 1.01 cents
Vanitol
52,600 1.01 cents

Two conclusions can be drawn from this aznalysis: first, it appears
that by increasing consumption per industrial and commercial consumer from about
37,000 to about 98,000 kilowatt hours, the cost per kilowatt hour cén be reduced
significantly by almost 407, énd secondly that Manitoba‘a province wiﬁh rela-
tively low consumption per industrial and commercial customer (52,600 kilowatt
hours), never the less produces and distributes this energy at the average cost
(1.01 cents per kilowatt hour) of the high consumption provinces. This suggests
that Manitoba achieves significant economies in the generation of - industrial

energy as well as in its distribution.

CONSUMPTION PER DOMESTIC AND FARM CUSTOMER

An analysis similar to that of the previous section was carried out
for domestic and farm customers. Tables 11.8 and 11.9 show the results,

employing per capita consumption rather than consumption per customer.

TABLE 11.8

PER CAPITA CONSUMPTION AND AVERAGE RETURN PER KILOWATT HOUR

FOR DOMESTIC AND FARM CONSUMERS IN CANADA: 1966

Per Capita Consumption Rank Return/Kwh Rank
Canada 1,605 kuhs . 1.41 cents R
Nfld. 553 10 2.4 8
P.E.I. 571 9 3.49 10
N.S. ‘986 7 2.28 7
N.B. 852 8 2.7 9
Que. - 1,546 L 1.23 2
Ont. 1,972 2 1.29 3
Man. 2,021 1 1.18 1
Sask. 1,241 5 2.27 6
Alta. 1,085 6 1.87 5

3 1.45 L

B.C. 1,762



TABLE 11.9

THE RELATIONSHIFP BETWEEN PER CAPITA DOMESTIC AND FARM
CONSUMPTION & COST PFR KIIOWATT HOUR

AVERAGE OF THE FIVE LOWEST PER CAPITA CONSUMPTION PROVINCES

Per Capita Consumption Average Return Per Kilowatt Hour
810 2.65 cents

AVERAGE OF THE FIVE HIGHETST PER CAPITA CONSUMPTION PROVINCES

Per Capita Consumption Average Return Per Kilowatit Hour
1,710 1.48 cents
Manitoba
2,021 ‘ 1.18 cents

Table 11.8 indicates an extremely close relationship between per
capita consumption and cost per kilowatt hour. Only two provinces showed a
difference as great as two in the rankings of the two measures.

Thus it appears tha£ by approximately doubling domestic and farm
consumption per capita, unit costs are approximately halved from about 2.65
cents to about 1.48 cents in this case or ﬁy about 11.5 mills per kilowait hour.
These figures of course must be used with caution. From the information pre-
sented, it cannot be determined if low consumption per capita has resulted
because of high costs, or if low costs as in Manitoba and the other high con-
sumption provinces has resulted from the high utilization. There is strong
reason to suspect that the latter is the case.

Another cautionary remark is related to the phenomena of diminishing
returns. It is doubtful that unit costs in Manitoba could be significantly
reduced by suddenly doubling per capita consumption again or for that matter
could significantly be réduced no matter how high consumption per capita
increased. This caﬁ easily be appreciated by observing industrial consumption
and cost. It is desirable however to continually increase domestic and farm

consumption in order to offset upward pressure on costs caused by inflation.



CHAPTER XIX

LU L

THE ROLE OF THE RATZ STRUCTURZ TN ATTATINING GREATER ECONOMIC BFFICINHCY

It has long been recognized by econonists ﬁhat the social econonic
efficiency of an enterprise is closely related to the pricing policy of that
enterprise., Under conditions of monopoly or other degrees of impsrfect
competition a business enterprise is faced by a dowmvard sloping demand or

average revenue curve which indicates the volume of sales it can expect at

(=1

.

various price levels. The profit maximizing enterprise will restrict its?
output to the volume dictated by the intersection of the marginal cost and

marginal revenue curves and charge the price dictated by that level of outpub.

FIGURE 12.1

OUTPUT AND PRICE, UNDER MONCFOLY, AVERAGE
COST, AND MARGINAL COST PRICING

RICE PER KILOWATT HOUR (MILLS)

P

0 Xy 3 42 Output

In the diagrem a profit maximizer sets oubpui equal to 0X rice
g I s P
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equal to OPl and realizes a monopolyiprofit of ABCPl.
On the contrary the enterprise, in this case a publicly ovmed

u£ility, conerned with maxdmizing sobial welfare will set its price at

long run merginal cost., In so doing output will have to be increased to OX2

to satisfy demand at this low price. In the above illustration it was assumed

that average costs will decline with the increased volume of sales per customer.

Under this assumption marginal cost will be less than average cost and a slight

loss will be incurred equivalent to DE times OX2

either by a small subsidy from the public purse or by resorting to average

units. This can be offset

cost pricing.

Under average cost pricing, price would be raised to OP,, output

F3
would decline to 0;3 and the public utility would be self-supporting with
average cost equal to average revenue, Social efficiency would be slightly
less than the optimun dictated by marginal cest pricing, bubt unless marginal
cost deviate significantly from average cost, the loss of efficiency associated
with average cost pricing would not be important. If the long run average

cost is constant over an extended period of tiﬁe, marginal cost will equal
average cost, and either method will give the same resulis, but if long run
average cost is increasing slightly over time, marginal cost will be grsater
than average cost and marginal cost pricing will result in a slight profit,

and a smaller oubput than will the average cost solution.

HISTORICAL ZSTABLISHIENT OF THE MFANTTOBA HYDRO RATE STRUCTURE

From the advent of the electric utility industry until 1911 pricing
policy approxinated the first case discussed above., Prior to 1911 the industry
was characterized by private monopoly, high prices, and limited output. This

resulted in a movement in Winnipeg for public ownership and operation of a hydro
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electric system in the hope that competition would effect a substantial
reduction in rates. These expectations were fulfililed when the City Hydro
comnenced operation in 1911, During the utilities' first year of operation,
rates for commercial and domestic service were established in which the basic
charge of 3 1/3¢ per kilowatt hour was adopted. A 107 prompt payment discount
nade the effective rate 3¢. A 1¢ per kwh rate was established for cocking
and domestic heating., These rates which the Winnipeg Electric Company quickly
met Tormed the basis for electric utility rates in HManitoba unbil 1968, a

period of almost fifty years. Table 12,1 shows the movement of electric

ubility rates in Winnipeg from 1905 to 1912.

TABLE 12,1

Vinnipeg Zlectricity Rates 1906 - 1912

1905 - 20 cents per kwh
1907 - 10 cenbts per kvh
1911 -~ 7% cents per kwh
1912 - 3 1/3 cents per kwh 1.

During the period 1911 - 1968 new rates were devised for new types

£

[0}

ervices as they became available, and a nuaber of special retes particularly

v

in the industrial area came into being. The special rates largely took the
form of wholesale discounts.

As the lianitoba Power Commission extended service into rural areas
new rates were devised to reflect the extra cost of rural disbribution. These
rates were based on Winnipeg rates, but reflected additional transmission costs

associated with the greater distance from the Vinnipeg River.

1. H. C. Goldenberg: Royal Cormission on the lunicival Finances And
Adminstration of the City of Winnivez, Hydro
Electric System Sections, 1939
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As é result, rateé in Portage la Prairie were higher than Winnipeg, Brandon
higher still, and Dauphin rates were even greater. Ths extension of service-
to farms required higher rates stili, however the cost of power in Winnipeg
was aluays retained as a basis in determining these rates.

During the rural expansion program the lManitoba Power Commissilon
displaced é number of local utilities serving individual towns. In these
~caseé the policy was to either retain exdsting rates, or institute Power
Cormission rates depending.upbn which was lowef. In this fashion a number of
anonmalies became part of the rate structure 6f the system.

During the period following 1911 the original 3 1/3¢ per kwh flat
rate evolved into a block type rate with a one cent run—off., The discount of
10% was retained as an incentive for prompt payment. This one cent run—off
rate and 105 discount also prevailed in rural rates, farm raﬁes and some
industrial rates. Other industrial ratesAwere characterized by an 8 mill run—
off’rate plus a series of discounts which increased with the size of the bill.
The cammercial run-off rate was 1 1/3¢ less 107 in Metropolitan Winnipeg and
2¢ less 10% outside of Winnipeg.

The rate adjustment which became necessary in 1968 was the result of
two basic situations. The first was the unpreczdented rise in long term
interest rates,.which has significantly raised the cost of producing electricity
during the 1960's, and the second is the declining average return per kilowatt
hour caused by selling a larger and larger proportion of total energy at the
respective run-off rates of each consumer class. The cambined effect of these
two factors has caused average revenue per kKilowatt hour to decline at a
faster rate than average cost per kilowatt hour (which has also declined
slightly) to bring about a short £all in total revems

Given the lower interest rates of the 1950!'s, there is little doubt

that the old rate structure would have been adequate for many more years.
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The rate revision not only enabled Manitoba Hydro to increase some

rates in order to offset the short fall in revenue, but enabled a general

streamlining and rationalization of a rate structure which had many inconsist~-

ancies and anomalies, some dating back nearly Tifty years. A number of rates

vere eliminated entirely, and a uniform industrial rate was adopted for the

entire area of the province served by network power.

Table 12,2 presents a

few representative rates under both the old and new rate structures.

Suburban

Residential

vzj

arm
10 h.p.

Commercial

Industrial

TABLE 12,2

01d_Rates

First 60 kwhs per month at 3 1/3 cents,
Balance of Monthly consumption at 1 cent.

Monthly minimum +50 cents
Discount - 104

First 75 kvhs per month @
Next 100 kwhs per month @
Balance of monthly consumption @

Honthly minimum $ 5.40
Discount 10%

Suburban Winnipeg
First 450 kwhs per month
Next 14,550 kwhs per month

‘Balance

Kinimum $1.00 net per meter
Discount 1032

Southern Rural Manitoba
First 100 kwhs used per month

Next 200 lwhs used per month
Balance ‘
Minirum $1.00 net per month

Discount 103

Hetrbpolitan Winnipeg

L or 3 h.p. all murposes

@

@
@

@
@
@

8 cents
2 cents
1 cent

3 1/3 cents
2 cents
1 1/3 cents

6 cents
3 cents
2 cents

First 50 kwh per kva of connected load per month @ 3 1/3 cents
Hext 50 kwh per kva of connected load per month @ 2 1/2 cents
Hext 50 kwh per kva of connected load per month @ 1.9 .cents
Next 50 kwh per kva of connected load per month @ 1.4 cents
Next 50 lkwh per kva of connected load per month @ 1.1 cents
Balance of monthly conswaption @ .8 cents
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Wholesale discounts apply on gross bilis exceeding $1 00 per month.

$100 - $ 200 gross 10%

200 ~ 300 gross 204

300 - LO0 gross 30%

400 - 500 gross 1,0%

500 - 1,000 gross 503

Over ~ 1,000 gross 603

Discount: 1 year contract - 10%
2 year contract 15%

3 year contract 20%

Minimum: $0.75/h.p. of connected load
FMinirmm $1.00 net per meter.

New Rates

Residential Suburban Winnipeg
tandard First 75 kwhs per month @ L cents

Next 100 kwhs @ 2 cents
Balance of monthly consumption @ 1 cent
Honthly minimum $1.50
Discount _ 1024

Farm

10 h.p. ' ~
First 100 kwhs per month @ 8 cents
Next 100 kwhs @ 2 cents

Balance of monthly consumption @ 1 cent
Monthly minimum $5.40
Discount 108

Cormercial Suburban Winnipeg and Southern Rural Areas

First 150 kwhs per month @ 5 cents
Next 200 kwhs @ 3 cents
Next 15,000 kwhs @ 2 cents
Balance of monthly consumption @ 1.5 cents
Monthly minirmum $3.00 plus $1.20 per
kva of inductive load connected

Discount 10%

Industrial A1l Southern Manitoba

First 40 kilowatt hours per kva of connected load or metered demand per month @ L
Next 80 kilowatt hours per kva of connected load or metered demand per menth @ 2
Next 80 kilowatt hours per kva of connected load or metered demand per month @ lg
Balance of monthly consunptlon o @ .8y
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Wholesale discount

First $200.00 of monthly gross bill Wil
Next $100.00 of monthly gross bill  10%
Next $100.00 of monthly gross bill 203
Next $100.00 of monthly gross bill 307
Excess of $500,00 monthly gross bill LOZ

Prompt Payment Discount - 107 after wholesale discount
Monthly Minimum Charges - $1.20 per kvae of connected load
but in no event less than 5 kva - $5.00
Or
$1.20 per kva of established demand which in no case shall be less than 257 of
the highest established demand in the previous twelve months or 100 kva.

Shortcommings - of the present rate philosophy and structure

In reviewing the philosophy which has prevaeiled in Manitoba with
respect to rate policies and structures it must be emphasized that the rates
which were instituted in 1911 and remained largely unchanged from that time
sulted the requirements of the system admirably well. The 3 1/3 cent rate
adopted in 1911 was uncommonly low for that time, but subsequent events have
tended to confirm the essential correctness of this rate for the lanitoba
electrical environment. This particular rate seems to have been remarkably
successful in balancing the value of the service to the consumer ageinst the
Jong term revenue requiréments of the lanitoba System.

It seems reasonable to conclude that the rate structure has been
primarily responsible for attaining the highest domestic and farm consumption
in Canada at the lowest cost per kilowatt hour in Canada. In other words the
low price was responsible for the high volume which in tura enasbled a surplus to
be earned at the low price because of the effect of volume on costs. It woudd
appear that the price set must have been reasonably.close to that which would
be digtated by the intersection of the long run marginal cost and marginal

revenue Curves.
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In retrospect it can be seen that even the 3 1/3 cent rate while
rezsonable in 1911 was marginally high during most of the subsequent perinsd.
The original rate was based on estimated costs of construction for Pointe du
Bois, an estimate that later proved conservative, As average costs declined
as further development of the Winnipeg Ri&er occurred there was a tendency
for considerable surpluses to be generated. Rather than reduce rates further
to conform to actual costs the City of Winnipeg transferred these surpluses
to general revenue thus permitting the Winnipeg Electric Company to earn sube
stantial profits. Had rates been adjusted dowmward to reflect actual costs
the usage per consumer might have been even higher than the‘actual usage that
occurred.

The fact that unit revenue followed unit costs ressonably closely
particularly in the years from 1922 to 1936 and again from the commencement of
the rural electrification program in 1946 to the present time suggests that
while the rates may have been slightly high, the distribution of costs among
the various classes being served must have been reasonably accurate. (Figure 4.1)
It can be seen that with the addition of the large number of farm consumers
after 1946 both unit costs and unit revenues increased at approximately the
same rate,

The most serious shortcoming of the rate structure inherited by
Manitoba Hydro stems largely from its very success. The basic rate structure
in effect since 1911 developed a certain rigidity which manifested itself in
a reluctance to adjust rates frequently to reflect changes in the markets
served by the utilities involved., Rate adjustments which did occur appear to
have been prompted more by commercial and promotionél reasons than economic
ones. Most of these adjustments occurred in the industrial area, and took the

form of a somewhat arbitrsry discounting system that could not be justified on
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pure economic grounds.

The more or less rigid rate structure which has been in force since
1911, is contrary to the belief expressed by many rate engineers and utility
econonists that a rate structure should be flexible and constantly adapted to
the ever éhanging environment in which the utility operates. The markel served
by electric utilities in 1968 does not even remotely resemble the market of
1911, and it is highly unlikely that a rate structure if perfectly suited to
the market of 1911 would be suitable in 1968 or many of the intervening years,

For example with the block rate structure, the initial blocks are
designed to reflect the capacity costs while the final block (the run off rate)
usuall& reflects the energy costs. If a given rate remains unchanged for many
years it implies that additional customer demznds take the form of additional
energy only, that the capacity demand remains the same, and that the individual
custamerts load factor is constantly increasing. Common sense and observation
suggests that this is clearly not the case.

Another problem associated with the present rate structure; a
problem cormon to most electric utilities, is the tendency to receive a
declihing return per kilowalt hour sold because all additional energy sold to
established customers is sold at the run off rate,

This presented no problem when the one cent run off rate characteristic
of the rajority of Manitoba Hydro's domestic, farm and commercial. rates vas
greater than the average unit cost of electricity. (prior to about 1957).
However with the block rate structure, a larger proportion of total sales each
year is sold at the run off rate, causing the average return per kilowatt hour
sold (excluding industrial) to approach a limit of less than 10 mills per kilo-
watt hour, |

With the long run average cost expected to hover between 10 and 1L

mills per kilowatt hour for the forseeable future, this suggests that average
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revenue will have a tendency to decline below average cost unless the discount
is removed, the dne cent run off rate is raised slightly or same means can be
found to shift the average cost curve slightly downward.
In swmarizing, it might be said that the present Manitoba Hydro
rate philosophy and rate structure has a number of shortcamings which although
’not of a2 fundamental nature, do inhibit the full utiiization of the rate

structure as an instrument to help maximize economic efficiency,

The Ideal Rate Structure

Theoretiéally the ideal rate structure would assign to each and
every customer, charges that were precisely equivalent to the cost of providing
him with service. The advantages of such an achievement would be to improve
economic efficiency in the use of electricity, and would ensure pérfect
equity in the distribution of costs. Because of. the prectical impossibility
of achieving such a perfect allocation of costs the theoretical implications
will be discussed no further here.

In practice it has been found that for all practical purposes that
it is impossible not only to determine the exact costs of serving a particular
customer, Eut also impossible to determine the exact costs of serving a
particular class of customer, or members of that class in a particular
geographical area. Although numerous attempts have been made to construct a
truly scientific rate system it is generally recognized that there is no such
thing as absolute truth in ubility rate making. Because of this, public utility
rate making as with most aspects of economics remains more of an art than a
science, and a certain amount of intuition and pragmatism must enter into
successful rate design. This philosophy is reflected in the work of most

economists in the utilities field. James Bonbright suggests, "The art of rate
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. . . 2 . ' .
making is an art of wise compromise." - Eli Clemens goes a step further and

suggests that, "In many instances rate making is nothing more than a system

of bit by bit pragmatic adjustmento”3

The present author feels that a

conbination of analysis, bit by bit pragmatic adjustnent, and trial and error

appear to be the best approach to achleving the most effective rate structure.
In the paragraphs which follow no attempt will be mede to undertzke

an exhaustive examination of the problern of rate making. The primery purpose

is to discuss some aspects of public utility rates which the author feels are

related to the problem of improving the econcmic efficiency of an electric utility

In general the basic objectives of electric rates are:
1. To provide adequate revenues.

2. To distribute the total costs of the utility as equitably as
possible among the various classes of customer,

3. To encourage nma:dmum use of electric service in such a manner
as to increase the overall efficiency of the utility.

Virtually all-electric utilities in North America use some form of
block rate structure particularly for domestic, farm, and commercial customers.
Under this block rate the customer pays a certain price per kilowatt hour for
his first block of energy and pays progressively lower rates for successive
blocks., The block rate promotes greater use because the customer secures the
added use at successively lower rates. This rate structure is felt to be
consistent with the declining cost principle generally operative in the electric
ubility industry.

For industrial rates a two part block type rate re’lecting both

demand (in kilowatts) and energy are in general use. A minimum charge is often

James C. Bonbright - Principles of Public Utilitwv Rates,
llew York, Columbiz University Press, 1961, p. 38

3

%. W, Clemens - Zeonomics and Public Utilities, New York,
Appleton, Century-Crofts inc., 1950, p. 2061

t
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specified which will vary with the class of customer.

The following discussion of rates will be a general one and will
apply to both types of rates and all classes of custeomer unless specific
nention is made of a particular class or rafe.

In theory the blocks are so designed that customer costs will be
covered by the minimum charge, demand and energy costs will be covered by the
first two blocks, while the last or incremental block (the run off rate) is
largely a marginel cost rate that covers little more than the additional energy
costs. In practice the run off rate uswally covers some capacity costs as
well,

In introducing his aporoach to electric uvtility rate making C. W. Bary
sumariges the essential factors involved in the following terms. He says,
“There are many considerations which underlie the foimation of the rate functiion
of such operatlonal econoxics; but not withstanding anything to‘the conbrary,
the major ones are: the cost (used in its broadest sense) to the utility
enterprise of rendering service, and the load characteristics of the service
suppliedo"LL

| This basic idea is reflected in most works on electric utility rate
making, although the analytic approaches employed, and the basic principlés
and approaches employed by different authors are widely disparate.

Bary mentions that there are two basic types of electric rates in
use in the United States (Uresu 1ably this applies also to Canada) for general
classes of service; one enploys energy use as the sole parameter for pricing
of the service rendered; the other employs energy use and maxdnum demands as
dual parameters of the service rendered. 2

He adds that "Rates which enplcy the energy as the controlling

4

Constantine W. Bary: Operetional Economics of Public Utilit

i
Newr York, Columbia University Press, 19

es
63, Pe 3
5 Ibid., p. 104
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characteristic in effect reflect the averaging of the operational economics of
service supply to individual customers of a class along energy intervals over
a wide range of customers?! uses. Ra@es which employ load factors as the
controlling characteristic in effect reflect such averaging by demands along
load factor intervals over the complete range of customers' requirements,!
“S3ince the parametric component of cost~bo-serve related to the
"Class Peak™ or Diversified Demand,!" is by far the largest item in the cost~to-
serve relationships, it should be noted that energy type rates basically reflect
the operational economics of a fixed load factor, that is they can be made to
satisfy the cost-to-serve for a given diversified load factor, but they will
become inadequate for lower load.factors, and more than adequate for higher
Aones.“é | ‘
Bary!s explanation suggests a converse that an<energy type rate
structufe that is-adequate for a utility with a given system load factor will
become inadequate if that system.sufferé a decline in load factor, and will
be more than adequate if the system experiences an increase in its load factor.
Bary claims that the production system is the most significant
functional element of a modern electrical utility and represents over one-half

7

of the overall totel cost-~to-serve,’ With lManitoba Hydro it was determined
that total production costs represented glightly over 40Z of total costs.
(Chapﬁer IV). However, if one includes the cost of transmission frém remote
hydro sites this figure climbs to over 50%.

Bary further suggests that with a hydro station only about 5% of the
total of its fixed and operating charges can be classified as energy charges,

while the remazinder falls into the category of constant and capacity charges.8

® Inig., . 105

7 Ibid., p. 20
® Ihid., p. 2
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According to Bary, experience has showvm that for a modern elecﬁric
utility system the simple combinationvinto one total of all individual elements
of the entire load for averaging does not provide the necessary means to
predict reliably thé physical or economic impacts on the system of the behaviour
of loads over a wide range of service requirements,

On the other hand he also feels that a highly refined Subdivision of
the load structure for averaging, unrelated to the operational economics of
electric service supply is also undesirable.9

Accordingly he suggests that for cost and rate analysisithe electriec
syster should be broken up into half a dozen or so large blocks or classes
having fairly homogeneus load characteristics. With Manitoba Hydro the
following basic classes are utilized: Residential, farm, commercial, and
industrial, These classes ars further éubdivided to reflect geographical and
urban, rural variations in distribution costs.

Bary bases his analysis on class peaks and measures of customers?
diversified maximum demand, claiming that adeguate knowledge of these factors
must be had before any reliable information can be obtained on the cost to
serve.lo The present writer feels that eééentially the same objective can be
attained by taking the average of the coincident load factor of the class énd
using this figure to calculate cost-to-serve relationships. It ié felt that
this figure can be determined directly using strip demand recorders on a small
sample of the customers in a class during the pezk months of each power &ear.

On the questicn of actual rates Bary staﬁes, HRates also éhould‘
provide as much as possible éelf—acting economic inducements to conéumers for
the use of service at improved characteristics upon the utility's supply system,

and should create desirable psychological attitudes as to their durability and

9 Ibid., p. 43

10 mid., p. 88
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stability."ll

though Bary's rate making philosophy and his intﬁitive understanding

and explanation of the basic factors contributing to cost seems quite
reasonable, his actual rate structure based as it is on class peaks and
neasures of customers diversified maxdmum demand is extremely complex and .
requires ruch more detailed information than would appear readily available to
most utilities. For this reason and because of its complexity Bary's approach
does not seem practical,

Re. K. Davidson in his book "Price Discrimination in Selling Gas and
Electricity"l2 attempts a new approach to utility rate making which appears
a significant adwvance over traditional rate making theory. ' In addition to his
contribution to rate determination, an approach which is closely related to.
marginal‘cost pricing techniques, Davidson provides a first class discussion of
public utility economics which appears a vast improvemeni over much of the
traditional work in this field,

Vitally important for rate evaluation Davidson stresses is the
conclusion that the costs of service are not constant over the day or year,
but vary widely between peak and off-peak hours, The costs of energy consumed
during peak hours include both capacity and energy costs, while theré are no
capacity costs of output consumed during off-peak hours.13 He suggests- that
in view of this fact, that the block rate structure so widely employed in
- North America is a poor instrument with which to reflect differences in
capacity costs.lh s | -
Davidson quite correctly states that, 'The block rate itself does

not take account of the variation of costs between peak and .off-peak hours,

i1
12

Tbid., p. 104

R. K. Davidson: Price Discrimination In Selling Cas and Electricity,
Baltimore, Johns Hopkins Press, 1955 :

13 Ipia., p. 76

M 1pig., p. 81
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Attenpts have been made to Jjustify the block rate as a type of rate that is
based on costs, but they rest on a fallacious cost analysis that regards
capacity cost as fixed and spreads the capacily costs over the total ou%put
in kilowatt hours, thus showihg decreasing average unit costs with increasing
output."l5 Davidson feels that the cost analysis underlying the acceptance of
the block rate as based on costs is seriously incorrect. He stresses that
capacity costs of a utilities total output are a function of mazdrmum demand,
and not of total‘consumption in kilowatt hours per month., Further he states,
"The capacity costs attributable to any individual customer are a function of
the customerts mazdimum rate of consumption during the system's peak, not
necessarily Qf his mascimum rate of consumption during the year."lé

What is of importance he feels is the customerts rate of consumption
at t@e-time of the system peak load., It is the customerts contribution to
the system peak load which adds to the capaciby costs. “Accordingly he stresses
that theAprice should be higher in peak periocds than in off-peak periods, for
it really costs more to provide the service in peak hours than in off-pesk
hou:r's.l7

Davidson points out that according to the proponents of promotional
pricing, the last block should cover only energy costs; but the use of the
EeNergy which‘is purchased at the low rate is not limited to off-peak hours,
It is just as probable that some of the increased consumption will take place
during system pezk hours, thus increasing the maxdmum rate of demand on the
system:and necessitating an increase in capacity.l8 However the increased

capacity costs brought about by the increase in the maxdmum amount of demand

15 1hid., p. 81

16 1pia,, p. 82
17

Ibid.’ Do 86, 87
Ibid., p. %, 95
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on the system will not be covered by the rate charged in the low block and
a loss will be made on these sales. The loss can only be covered by changing
more than cost in the early blocks.19

The net result of‘all this, is that the utility charges less thaﬁ
cost during peak hours and more than cost during off-peak hours. OSacme of the
increased consumption induced by the promotional rate is conswmption of
electricity that is sold at less than long run marginal cost. Davidson con-
Qludes that if the full cost were to be charged, less electricity would be
demanded during peak hours, which of course means less investment would be
required for capacity. Therefore the practice of using promotional rates
results in over investment in the utility, over investment in the sense that
same of the investment would not be required if the output from the increased
investment were offered at 2 price that fully covered the costs of investment.
He feels that this same conclusion holds for all rate forms under which some
of the output may be sold at less than long run incremental or marginal cost.20

Pursuing this line of reasoning further Davidson suggests that the
utility load cur&e, the ratio of peak to off peak electricity is partially a
function of the rate structure, and that it can be altered by a suitable change
of rates.21

Davidsonts approach représents a fundamental departure from‘the
conventional wisdom supported by most traditional public utility economists,

The following passage from Eli Clemens work is typical of the traditional

explanation,

19 Davidson suggests that one utility increases the size of the second and
third blocks of a four block residential schedule if a customer uses
electricity for space heating or air conditioning and the connected load
is in excess of 7.5 kilowatts. In Manitoba, with the large winter peak,
such a provision if adopted, need only apply to space heating.

Ibid.. p. 95
Ibid., p. 100

20
21
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Clemens states that, #The belief that low rates or a reduction of
rates will increase consumption and revenues is based on the assumption that
demand is so elastic that total revenues and profits will be increased.! He
adds, "that regardless of how precisely we can draw a demand curve in a text-~
book, the fact remains that one and only one point is knowm srith certainty,
the point representing exdsting price and demand. However he continues,
nexperience has shown that consumpbion is not static, that it increases raster
at low rates than at high. A decrease in rates might bring such an increase
in consumption that the decline in unit costs would again bring costs and rates
into equilibrium."22

" This statement illustrates the fundamental difference between the
traditional approach to public utility economics and that of Davidson. The
traditionalists generally argue that a low run off rate, or promotional rate
will increase consumption, reduce unit costs and increase profits. Davidson
argues that there is a tendency for these promotional rates to be set at less
than long run marginal cost, thus increasing total costs more than total
revenue, and ultimately leading to rate increases (usually in the initial
blocks) in order to ensure an adequate rate of return.

Davidson!s approach is based essentially on long run marginal costs.
In explaining this approach he claims that the problems associated with the
allocation of fixed, common, and joint costs do not prevent a determinate and

23

unambiguous idea of incremental or marginal cost. Thus the object of an

22 5. Y. Clemens: Op. Cit., p. 666

23 . .

R, K. Davidson: gp. cit., p. 101



194,

"econamic allocation of capacity cost is to allocate to each unit of output the
long run marginal or incremental cost of producing that unit of output. The
long run marginal cost of electricity"ét any particular ﬁime of year depends
on the shape of the annual load curve.zh
In order to explain his approach Davidson initially assumes that tﬁe

expected daily load curve of a utility is known, and is exactly the same every
day of the year. He divides the day into peak and off—peak hours, and calculates
the marginal cost per kilowatt hour iﬁ both periods. The marginal cost of peak
hours bear the marginal cost of energy only. Davidsonts method is thus a peak
responsibility methed of allocating cos’cs.25

- Davidson admits that a variation of the peak responsibility method
of allocating capacity costs was widely used in the early days of electric
utilities, but was later rejected in favor of other methods, The principal
reasons given for this rejection were: (1) thet the stability of the cost
allocation was poor, (2) that the annual peak shifted from one hour to another
from year to year, (3) that off peak sales expanded and created a new peak or
equalled the old peak, and (4) that not all the customers conswming energy at
the time of the systen peak conbributed to the peak.26 This fourth reason is
an obvious fallacy and will not be discussed further here.

Cayviood offers a similar but slightly different criticism. He

suggests that, "iith the peak responsibility method, system capacity costs are
divided ;mong'classes in proportion to class loads at the time of the system

peak. Critics feel that this method is not entirely satisfactory because a

class load at the time of the system peak might be zero while at some time it

2h g,
25 R,
26

K., Davidson: op. cit., p. 112
K. Davidson: op. cit., pp. 112 = 118

R. XK. Davidson: op. cit., p. 119
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night be of considerable size; yet no expense would be allocated to it.
Further more, an allocation made on the basis of todayts load conditions wmight
be widely different in the future as a result of a shift in the system peak
or a shift in the peak of the load of ;he class itself.27

Davidson accepts the argument that an economic allocation of
capacity cost based on peak responsibility is unstable is correct, if unstable
is taken to mean an allocation that changes from year to year as the load
curve changes. He adds however, that this is not a good reason for rejecting
it. He stresses that capacity costs are a function of the load curve, and if
the load curve changes, the change should be reflected in a changed allocation
of capital costs.28

In response to the third criticism Davidson suggests that if the rate
of consﬁmption in some off peak hour becomes equal to and threatens to become
greater than the rate of consumption during peak hours, when this hither-to off
peak consumption is charged for at a price which does not include any capacity
cost, the correct economic solution is to increase graduzlly the rate for
electrical energf applicable to that hour, in order to restrict the rate of
consurption to that which can be supplied from existing capacity. At the sane
time the rate for peak energy should be reduced gradually.29

The process of increasing the allocation of capacity cost to the
former off peak hour and reducing the allocation of capacity cost to peak hours
continues until the allocation of capacity cost to output in both periods is

equal per unit of output, and the rate of consumption in both periods is kept

equal.

27 R. BE. Caywood: Electric Utility Rate Economics, New York,
McGraw Hill Book Company Inc., 1956, p. 156

Re. K. Davidson: op,_cit., p. 119

28

29 R. K. Davidson: ¢p. cit., p. 121
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Thus Davidson implies that significant peaks and valleys during a
daily period or on an anmal basis are the result of charging too Jittle for
service at peak hours, and too much for service during off peak hours or pericds.

Davidson believes that a time of day rate schedule appears to be the
type of schedule that fits this cost variation, utilizing a combination watt
hour meter and time switch such as those used at present here special off peak
rates are given for water heating. Energy used during peak hours would register
on one set of dials, while off peak consumption would be recorded on enother
set of dials.Bo

Davidson employs a privately owned electric utility in Baltimore as
an exznivle. He defines a peak period of 735 hours out of a possible 8760
hours. He estimates the annual cost of the cental stations and transmission
at $2L per kilowatt. This capacity allocated to the peak hours would amount
40 3.3 cents per kilowatt hour. He takes .5 cents per kilowatt hour as roughly
equal to the off peak merginel production costs. Thus the rates he would
charge are 3.8 cents per kilowatt hour during 735 peak hours and .5 cents
during the remaiﬁing 8,025 hours, a ratio of more than seven to cne., He
recormiends an annual adjustment of rates whenever required.Bl

Under Davidson's rate schedule the monthly bill would be made up
of the following ccmponents:

1. Customer charge

2. X kilowatt hours @ 3.8 cents (peak rate)

3. Y kKilowatt hours @ .5 cents -(off peak rate)

It ié felt that the essence of the argument presented by Davidson

does have applicability in the case of lanitoba Hydro, Nanitoba has a

30
31

Re K, Davidson: op. cit., p. 182

R. K. Davidson: op. cit,, p. 194
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pronounced load curve variation on both a daily and a seasonal basis. In
1967/68 the daily load curve of the integrated Manitoba System, on the peak
day in January varied about 220 M fram 840 M in the early morning hours to
1162.L MW at the system peak. This daily variation in load of about 3 20 MW
was fairly consistent throughout the yean |

On a seasonal basis the daily peak varied from a low of aboubt 760 MW
in the swimer months to 1162 on the peak day in the winter. Thus it can be
seen that there is a seasonal veriation of daily peaks of about 4CO IT7 oﬁ the
Integrated lManitoba System. On an anmual basis the load at any one time varied
from a minimum of about 450 I during the early morning hours in the suimer to
1162 ¥MiJ at the time of the system annual peak. The total variation in annual
capacity reqﬁired is about 7C0 M. From this brief description it can be seen
that there are two wajs in which the Manitoba System load curve can be improved:
(1) on a seasonal basis by smoothing out the vaeriation between swumer and winter
peaks, and (2) on a daily basis by increasiﬁg the amount of energy sold during
off peak hours. Although approxdmately the same principles, a modified form
of Davidsonts approach could apply to either it appears that each problem
éould‘be tackled independently.

Because of the extreme variation between sumer and winter peaks it
does not seem to make much sense to employ Davidson'!s rate design criteria at
the present time. All hours with the exception of a few peak hours in December,
January, and February are off peak hours, For this reason seasonal variations
in rates may be reqguired as well as daily variations in rates to improve the
load characteristics of the lManitoba System, It is felt that experience might
be gained by introducing differential run off rates on a seasonal basls before

tackling the more complex problem of differential pricing on a daily basis.
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DIFFZRENTTAL PRICING ON A SZASONAL BASIS

Figure 12,2 represents an ;ttempt to determine the average expense
and return per kilowatt hour in each month of the year for the Hanitoba Hydro
System alone. The’chart was prepared by distributing gnnual fixed expenses by
months using the maximuﬁ peak in each month to determine the fixed expenses
attributable to each month. In 1967/68, 78 M{ of capacity were used exclusively -
in Jamuary. Thus fixed expenées equivalent to 78 Md were charged exclusively
against January. Actual variable expenses (fuel, water rentals, and interchange
expenses) for each month were superimposed upon the fixed expenses derived for
each month. This proceedure was carried out for both 1961/62 and 1967/68 in
order to determine what changes have taken place over the seven year period.of
this study. .

Studies have indicated that the monthly system peaks and energy sales
in the coldest month of the year (usually January) are growing relatively more
rapidly than the monthly summer peaks and energy sales, This appears to be
confirmed by the 1961/62'— 1967/68 comparison of Figure 12.2. Because of this
sitvation a larger proportion of Fanitoba Hydro's generating capacity is used
only in the peak month and is redundent the remaining elsven months of the year.
In distributing the fixed expenses of thg utility to reflect the usage of
generéting capacity, we find the average expense per kilowatt hour éold in the
peak month has risen from 13.9 mills in 1961/62 to 15.7 mills in 1967/68.

During this six year period, the average monthly expense per kilowatt
hour dropped somewhat in most other months as did the average amnual expense
(from 11.5 to 10,8 mills per kilowatt hour),

This experience appears to confirm Davidsonts theory that most
utilities charge too little during peak periods, and too much during off peak

veriods thus tending to make the system peak grow more rapidly than it might
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under a more rational rate structure.

FIGURE 12,3

AVERAGE WINTER AND SUMMER UNIT COSTS

MILLS/KWH SUMMER WINTER
11.5
REVENUE —
10,3 — — — — — — — —|— — — — — —
EXPENSE
9.3%

Figure 12.3 shows the average expense and return per kilowatl hour
s0ld in the summer period from April to September inclusive, and for the winter
period from October to March inclusive, based on the previously discussed |
allocation of expenses. This analysis suggests that a differential run off
rate might more accurately reflect the cost of providing service in these two
periods, and if the demand for electricity is at all responsive to price might
encourage relatively more consumption in the summer months, thus improving the
anmual load factor, annual utilization, and placing downward pressure on the
long run cost of producing electricity.

It is suggested that a seascnal differential in run off rates could
be employed quite easily within the present rate structure., The effectiveness

of such differentials could be assessed by modifying one rate at a time, and
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observing the_effect of this change upon the anﬁual load curve over a period
of three or four years. The impossibility of making precise calculations
necessitates a pragmatic trial and error approach with a careful monitoring of
the results.

As an example the run off rate for domestic and farm consumers might
be reduced from the present 9.0 mills to 8.0 mills in the summer period. It
could be raised very slightly to 9.5 mills in the winter period. This step
could be carried out easily and cheaply merely by modifying the computor
program which calculates the monthly bills. No modification to meters would be
reguired.

As a mch larger number of kilowatt hours are sold at the run off
rate in winter than in swmer,total revenue would probably not be changed much
initially in spite of the 1.0 mill reduction in summer run off vs. the .5 mill
increase in the winter months. The anmuzal cost ﬁo the customer would decrease,
remain constant or increaée depending upoﬁ the proportion of his annual
electricity consumption occurred in the winter months. The tendency would be
for the annual costs of the very large winter consumers (electric spacé heating
custoﬁers) to increase somewhat. However, a consumer with both air conditioning
and space heating might find his annual cost unchanged.

The objective is to modify rates in such a fashion that consumers
will be encouraged to increase consumption in such a way as to improve the
anmual load factor, and thus improve the utilization of capacity. In Chapter
IX it was demonstrated that a 1% improvement in utilization factor will reduce
average unit costs about .2 mills in the long run. Thus if a seasonal
differential in run off rates is successiul in improving utilization, it might
be possible to reduce both summer and winter run off rates over the long term,

but maintaining a differential between them which might be modified as the load
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curve changed over time, If successful such a rate system might result in
somewhat greater consumption per consumer at a lower average cost per Klowatt
hour over the long temm.

CRITERIA FOR ESTARLISHING THE COST OF PROVIDING SERVICE TO A CUSTOMER CLASS
OR FOR A SPECIFIC USE OF ELECTRICITY

The foregoing argument for establishing rate differentials in order
to improve the system anmual load factor to improve utilization and reduée
average unit costs appears consistent with the philosophy that the cost to the
cénsumer should be related to the load characteristics of the service supplied.

Figure 12.4 represents the approximate average cost to Manitoba Hydro
of supplying a kilowatt hour of energy at various coincident load factors. It
may also be regarded as representing the average load characteristics andAthe
average cost per kilowatt hoﬁr of serving the average customer on the system in
1967/68. The consumer's coincident load factor is based upon the amount of
demand he places upon the system at the éime of annual system pveak. For
example if he contributed 1 kilowatt of demand to the system peak and consumed
8784 kilowatt hours during 1967/68 his coincident load factor would be 1COZ
and he would cost approximately 6.5 mills per kilowatt hour to serve. If he
consumed only 4600 kilowatt hours, his coincident lead factor would be about
52.5% and he would éost approximately 10,8 mills per kilowatt hour to serve.
Thus the coincident load factor is an excellent criteria for establishing the
cost of providing service.

It can be appreciated then that a seasonal rate differential if
successful in encouraging a shift toward gréater summer, and hence off peak
consumption will have a tendency to increase the coincident load factor of the

consumer, and reduce the unit cost of providing service over the long term.
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Ideally the separate rate for each individual customer might be
established by determining the characteristics of the load; the coincident
demand and number of kilowabt hours consumed each year. These figures could
be con&erted into the coincident load factor to determine how mmuch the consumer
should pay for each kilowatt hour consumed. Once a rate was established
however thére would be no incentive for individual consumers to improve the
characteristics of their load unless an annual study was taken to radgtermine
the characteristics of each load. This would be impractical, A similar
approéch can be used to set the rate for a class lcad (ie. Residential consumers)
using sampling methods. If an avefage anmual rate is adopted however, there
exist no incentives.

The coincident load factor provides an excellent criteria or
analytical tool not only for determining the approximate cost of providing
service to an individual‘customer or class of customers, but can also be applied
to determine the cost of providing a particular specialized type of service or
arrlication of eiectricity.

For example, air conditioners require no capacity on the Manitoba
Hydro'syétem peak, their coincident load factor would be infinity, and thus a
special'léﬁ rate could conceivably be offered to encourage their use. This is

consistent with the rationale which lies behind the differential rate concept.

CONCLUSION

In revieyihg the role of the rate structure it has been suggested
that it can play an important part in achieving a high degree of economic
efficiency in the operation of an electric utility. In the case of Manitoba
it would appear that the extremely low rates which were established in 1911 and

which have evolved with litile modification since then, have played a primary
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role in achieving high ’utiliza’cion per customer and low unit costs.

The main criticisa which could be directed at these rates is that
they have tended to become scmewhat‘rigid. Their success has encouraged &
reluctance to change theﬁ or employ them in an effort to improve the overall
efficiency of the utility. While it is desirable that a rate structure should
be reasonably stable in order to retain the confidence of public, it should be

4

flexible enough to reflect the changing characteristics and production costs
of the system, and the ever changing characteristics of the market enviromment
in which the utility exdists.

The primery argument for a flexible rate structure is that the load
characieristics, and efficiency of the utility can be improved by suitable
modifications of the rates. By designing the rate structure to encourage
greater use of off peak energy, the utilization of capacity will be improved,
the long run unit costs will be reduced, ard the-overall erficiency of the
utility will be improved.

It is suggested that individual rates could be adjusted in a piece
meal fashion one at a time, In the foregoing paragraphs the possibility of
seasoﬁal rate differentials were discussed as a means of improving the anmual
load curve of a utility with a significant wintexr peak., Similar principles
would apply to differentials which might apply over the daily cycle,.however
since special metering equipment would be involved such differentials might be

less practical on a daily basis as on a seasonal basis.,



CHAPTER XIIT

THE OPTINUI RATE OF GROWTH

Throughout this study one question that has concerned the
author is whether or not there is an optimun rete of growth for an
electric utility. It is a quéstion that the author has been unable
to resolve with any cegree of certainty. It appears howevér that
the optimum rate of growth for a given utility depends upon the
special circumstances of that utility. The following general prin-

ciples might apply.

1. If an isolated utility had all its generation and distribution

plant fully loaded, a zero rate of growth might be optimum.

2. If an isolated utility was growing, a fairly high rate of growth
wuld be desirable so that the largest most efficient plants could
be fully loaded rapidly. In this case a large utility would have

an advantage over a small utility.

3. If a utility were interconnected and could sell suplus capacity,
or buy all its capacity from a neighbouring utility, a slow rate
of growth might not he disadvantagous. Winnipeg Hydro fits into
this category. It is an extremely‘profitable utility and does not

seem to suffer from a low rate of growth.

L. Vhile a slow rate of growth migh not be a disadvantage to an inter-
connected utility, a low level of consumption per customer might be.
However, if absclute consumption per consumer was high so that

additional consumption per consumer would be subject to considerable

diminishing returns, a very low rate of growth might not be undesirable



with respect to either generation or distribution expenses.
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Figure 13.1 was prepared to demonstrate the long term effects

of various rates of growth upon unit costs. While it has not been

possible to determine the optimum rate of growth, the following general

conriclusions seem valid.

1. In the long run, & high rate of growth of energy sales at a declining

load factor will be detrimental to the system. This will resuit in

accelerated bullding programs to meet a rapidly increasing peak

thus placing upward pressure on unit costs. (Case I.)

load factor should in the long run be beneficial to the oversll
operation of the system. Capital construction progrems can te
to a more slowly growing peak. The deferral of new capital add

would result in a downward trend in unit costs. (Case 3.)

3

&

2. A more moderate increase in energy sales accompanied by an incrs

t can be seen that these two conclusions are closely related

to the question of utilization as discussed in Chapter IX.
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CHAPTER XIV

CONCLUSIONS

In the pre-amble of the Manitoba Hydro Act, it states that,
"The intent purpose and object of fhis Act is to provide for the
continuance of a supply of power adequate for the needs of the
province, and to promote economy and efficiency in the generation,
distribution, supply and use of povwer.)' A central objective of
this thesis has been to arrive at some evaluation as to how effectively
the electrical supply industry in Manitoba has fulfilled the intent
of this;Act.

In studying the provision of electiricity in Manitoba, the
author has come to the conclusion that a2 unique combination of
geographical, historical, institutionzl, operating and market factors
have combined to render the supply of electric energy to the pecple
of Manitoba a highly efficient operation. For decades, Manitobans
have enjoyed the highest per capita consumption of electricity in
Canada for domestic and farm purposes and have paid the lowest aver-
age unit costs in Canada for this enefgy.

Although Manitobals average consumption per customer for
industrial and coﬁmercial purposes is less than half that of Cntario
and Quebec, the two provinces with the greatest concentration of
large industry, the average unit costs of industrial and commercial
energy in Manitpba is only marginally higher than in those provinces,
- It appears that relative to the average industrial and commercial
consurption per customer, that Manitobans enjoy the lowest average

unit costs in Canada.
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Geographical Factors

The primary factor in the‘initial success of the electric
utility industry in Manitoba and which.continues to contribute to
its very favourable cost position today is a geographical or perhaps
torograrhic one, The abundance of easily developed hydro-electric
potential on the Winnipeg River close to the main population centrg
of the province played a very important.role; as did the absence of
any fossil fuel. These factors dictated the early development of
hydro power., While the finanecing and technology required to develop
a hydro-site sixty miles from‘the load centre was more compléx than
for thermal, and required more courage the end result was much cheaper
power than could be produced at that time from Thermal, and rmuch
greater abundance. Both these factors contributed to the low rates
and high per capita consumption which have contributed to the in-

dustries! success subsequently.

Historical Factors

In ﬁhis category one might include the establishment of the
City of Winnipeg Hydro Utility, the subsequent coﬁpetition the Winnipeg
Electric Company which brought rates to the lowest level in North America
and the establishment of hydro energy as the primary source of power.
With réSpect to this third factor the important point is the previous
price levels experienced when building hydro stations. There is
little doubt that one of the reasons Manitobans enjéy low cost electricity

today is the longevity of previously built hydro stations and the low
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initial cost by today's standards at which they were built. Because
of this féctor, it has been suggested that while hydro stations are
usually marginal at the time they are built, that they are excellent
insurance agginst inflation and thus become more viable economically

. with the passage of time.

Institutional Factors

The primary institutional factor presently at work to pro-
mote economic efficiency in the electric power industry of Manitoba
is the Crown Corporation form selected for Manitoba Hydro. As a
publicl& owned body, Manitoba Hydro is in business to provide service
at cost, A paramount objective of Manitoba Hydro is the minimization
of cost rather than the maximization of profit as with a private firn.
One way in which Manitoba Hydro can minimize costlis to minimize in-
vestment. As Iulo points out, there is not the same incentive for
a privately owned utility to minimize the unit zost of electricity.
The typical regulated utility is allowed a rale of return on a rate
base.. If the utility makes non optimal investments, it will merely

. . . . 1
raise prices to ensure its authorized rate of return.=

Operating Factors

Only one of the three operating factors which Iwlo found con-
tributed to inter-utility differences in unit costs was found to be a

factor in determining the unit cost of producing electricity in Manitoba.

1. William Tulo "The Relative Performance of Individual Electric Utilities™®
Land Economics, Volume 38, November 1962, P. 325.
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This factor was capacity utilization. In addition to capacity
ubilization, the level of interest rates was found to be a highly
signifigant factor in determining unit costs, It was also determined
that given stable interest rates, moderate inflationary forces appear
to be more than offset by the gains in the productivity of capital

that have taken place, at least since 1941.

Market Factors

A1l three merket factors selected by Iulo; the proportion
of total energy distributed to residential consumers, consumption
per residential customer, and consumption per industrial and commercisal
customer are higﬁly relevant in the Manitoba environment. A fourth
market.factor, the rate structure has also had a profound influsnce
on the present cost of producing electricity in Maritota. The con-

ribution the rate structure has made in achieving the present level
of economic efficiency in the provision of electric energy in the
province is considerable,

All»three of Tulols ﬁarket factors are contributing to the
further reduction of unit costs or have made a signifigant contribution
in the past. Since 1957 the proportion of total energy sold to resi-
dential consumers has declined thus placing downward pressure on unit
costs.. Consumétion per domestic and farm customer has always been
very high and has contributed signifigantly to the low unit costs en-
joyed today. High consumption per customer in itself contributes to
a highef level of efficiency because the facilities required to serve

the individual customer are more fully utilized. The present high level



of consumption per domestic and farm customer‘does, however, pose a
dilemma as faf as realizing still lower unit costs in the future by
promoting even greater consumption. Domestic and farm consumption in
Manitoba is now at the level where serious diminishing returns‘set in
‘and it is doubtful if further signifigant reductions in unit cosés can
be attained no matter how much consumption increases,

It is difficult to define the role of industrial and commerc—
ial consumption in determining the unit cost of producing electricity
in HManitoba. The average price per unit to the consumer appears some~
what lower than the average consumption per customer might warrant.
This suggests that while the level of consumption attained in the past
may have contributed to the low unit costs enjoyed today, that if price
does approximately equal cost the low prices presently in effect may
preclude signifigant reductions of unit costs on the system in the

future even through large increases in average consumption occur,

Productivity

An important determinant of the movement of unit costs, and
the operating performance of a utility is the rate of productivity in-
crease that can be attained,
(2) Productivity of Labour:

Three comparative labour productivity measurements were utilized:
Installed capacity per employee, energy generated per employee and customers
per employee. In the first two, Manitoba Hydro demonstrated absolute
productivity higher than the Canadian average, and a higher rate of pro-

_ductivity increase than the Canadian average. For the third measure,



Manitova Hydro!s absolute productivity and rate of increase of pro-
ductivity was somewhat less then the‘national average,

For Manitoba Hydro alone, the productivity of labour as
measured by the number of kilowatt hours sold per enployee has‘in-
ereased sufficiently to more than oifset increéses in the cost of
labour. During the seven year period from 1961/62 to 1967/68 the
average rate of increase of productivity for operating employees

appears to have been sbout §,53 per year.

(b) Productivity of Capital:

. In spite of almost static technology in hydro generation
the preductivity of capital has increased by an average of 2.83%
over the period from 1961/62. As mentioned previously, this in-
crease has been adequate to more than offset the inflation that has
taken place during the period, but has not been adequate to offset
the combined effect of inflation and the signifigant rise in interest
rates which has also occured. |
(c) Total Productivity:

Totai productivity has increased by an average of 4.1 % per
year since 1961/62. This productivity increase has been more than ade-
quate to offset all increases in prices and the rise in interest rates
which was experienced. Unit costs were reduced from 11.5 mills per
Kilowatt hour to 10.8 mills per kilowatt hour during the period. Had
prices and interesi rates remained at their 1961/62 levels unit costs

would have been reduced to 9.0 mills per kilowatt hour.
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The Rate Structure

In-reviewing the role of the rate structure in electric
utility economics, it appears that it can playva very important part
in achieving a high degree of economic efficiency. In the case of
Manitoba, it would appear that the extremely low rates which were
established in 1911 and which have evolved with little modification -
since then have been instrumental in achieving high utilization per
customer and low unit costs.

If properly employed in the future, rate adjustments care-
fully tailored to the differential costs of producing electricity
under different conditions might further decrease unit costs by im~

proving the utiligation of capacity.

A secondary objective of this study has been to identify
and where possible, quantify those variables subject to the control

of Management which might be varied to facilitate the attainment of
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even greater efficiency in the future. In order to clearly establish

these relatiohships, I shall list first those factors which contribute

signifigantly to the unit costs of producing electricity, but which
are not subject to managerial control, and secondly, those factors
which are subject to menagerial control to scme degree.

Factors Not Subject to Managerial Control

1. Geographical factors

2. The level of prices



.3, Inflation

L., Level of Interest Rates:
1% change in average interest rate = ,7 mills change in the
unit cost of electricity. |

Factors Subject to Managerial Control to
Some Degree

1. The Rate Structure

2, Distribution among customer classes

3. Consumption per residential customer

L. Consumption per industrial and commercizl customer

5. Capacity utilization:
1% change in capacity utilization = .2 mills change in the
unit cost of electricity.

6. Technology

In,cohcluding, it must be stressed that the author has
been unable to evaluate the operating performance or economic efficiency
of the Manitoba Hydro-Electric System in a definitive manner. It can-
not be said that Manitoba Hydro or any other utility is sixty or seventy or
eighty percent efficient because of the problem of determining what one
hundred percent might be.

There is, however, enough evidence available to conclude that
the supply of electrical energy in Manitoba is a highly efficient operation.
Natural advantages have been successfully exploited to provide Manitobans

with an abundance of electrical energy at the lowest average prices in



217,

Canada, and there is considerable svidence that in spite of the
diminishing importance of these natural advantages that electricity
will continue to be produced at very favourable prices in the forseeable

future.
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APPENDICES

i. Revenue per Kilowatt Hour - 1948 to 1960 (By Province).

2. Revenue per Kilowatt Hour Sold - 1960 to 1966

(By Class and by Province).

3. Domestic and Farm per Capita Consumption of Electricity

by Province.
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Revenue per Kilowatt Hour in Cents by Provinces

Year "~ Can. Nfld, P,E,I. = N.S._  N.B._ Que. Ont. Man.  Sask.  Alta.  B.Co  N.W.T.

1948 0.71 L4.27 1.71  1.27  0.55 0.76 0.75 1.4l 1.93 1.53  2.49

1949 0.74 1.04 425 1.80  1.33  0.56 0.78 0.68  3.48 1.95 1.55  1.68

1950 0.67 1.51 3.60 1.60  1.21 0.42 0.67 0.62  1.37 1.75 1.26  1.60

1951 0.80 1.76 L2, 1,90 1.57  0.59 0.86 0.71  3.34 2.02 1.69  1.55

1952 0.81 1.66 L.56 1.92  1.67 0,57 0.89 0.73  3.35  2.02 1.75  1.48

1953 0.86 1.84 L.61 1.95  1.80  0.57 1.00 0.79  3.34 2.0k 1.76  1.78

1954 0.89 1.89 459 1.94 174 0.59 1.01 0.81  3.21 2.05 1.7, 2.24 .

1955 0.89 1.07 L 49 1.98  1.79  0.56 0.98 0.81  2.65 2.01 1.70  2.20 =

1956 1.04 0.92 L.12 1.94  1.93  0.78 0.97 0.8,  2.77 1.94 1.73  2.71 =

1957 - 1.06 1.00 4.30 1.97  1.91  0.80 0.99 0.86  2.77 1.93 171 2.64 =

1958 1.06 1.03 412 2.01  1.82  0.77 1.01 0.9  2.75 1.95 1.61 2.22 o

1959 1.05 1.04 3.93 1.94  1.81 0.77 0.98 0.93 “2.66 1.96 1.65  2.51 -
1.65  2.72 :

1960 1.05 1.09 3.85 2.09 1.97 0.75 0.99 0.95 2.61 " 1.92

Source: FElectric Power Statistics - Dominion Bureau of Statistics.
Revenue per kilowatt hour from ultimate customers within province.
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Revenue per Kilowatt-Hour 3old to Various Classes of Consumer - by Province

(Cents per Kilowatt-IHour)

1960  Nfld,  P.E.J. N.S. M.B. Que.  Onb.  lan. Sask.  Alta. B.C,  Can,
Domestic & Farm 2,30 L.49 2.76  3.23 1.5 134 L5 291 2,22 2,11 1.60
Commercial 3.16 3.69 3.59 2.70 1.26 1.47 1.53 2.72 3426 2.82 1.71
Industrial 0.70 2.6l 1.37  1.15  0.57 0,71 0.70 1.9 1.35 095  0.73
Street Lighting 2,92 5,13 L.h2  3.73 232 236 1,96 3.91 2,67 2,11 2.46
Average 1.09 3.85 2.09  1.97 0.75 0.99  0.95 .61 1.92 . 1.65  1.05 7

=)

1961 . : o
Domestic & Farm 2.35 L.28 2.59 3,13 1.3 1,32 L5 2.93 2,17 2.10  1.58 5
Commercial 2,98 3.16 3,53 2,68  1.91 L5 1.5 3.10 2,91 2.53  1.92
Industrial 0.74 2622 1l.53 1.07 0.57 0.73 0.66 1.84 1.30 0.8 0.72 +
Street Lighting 3.35 5,12 5.20 3,52 2,30 2.40 1.99 409 2.63 2,06 2.7 -

1
Average 1.20 3.72 2.16  1.86  0.78  1.00  0.98  2.59 1,89 1.63  1.08

1962 R
Domestic & Farm  2.37 1,420 2.5, 3,03 1l.40 1,32 L.l 2.83 2.15 1.86  1.54
Commercial 3,10 3,41 3.49 279 1.87 1.2 1,55 2,77 2.8l 2.38  1.88
Industrial 0.80 2.21 1.50 1.06 0.55 0.72 0.68 1.94 1,28 0.76 0.7L
Street Lighting 3,12 5,52 5,22 3.68 2.18 2,46 2,02 4.00 2,61 2.05  2.46
Average 1.10 3.65 2,13 1.83  0.80 1.00 0,96  2.53 1.87 1.53  1.08

Source: Dominion Bureau of Statistics




- Source:

Domestic & Farm .

Commercial
Industrial
Street Lighting

Average

Domestic & Farm
Commercial
Industrial
Street Lighting

Average

Domestic & Farm
Commercial
Industrial

* Street Lighting

Average

Domestic & Farm
Commercial
Industrial
Street Lighting

Average

Domestic & Farm
Commercial
Industrial
Street Lighting

Average

Dominion Bureau of Statistics

REVENUE PR KLLOWATYT HOUR S0LD

BY PROVINCE

(Cents per Kilowstt Hour)

Nfld. P.E.T. N.S. N.B. Que, Ont. Man. Sask Alta. B.C. Can.
2.37 L .20 2.51 3.03 1.,0  1.32 1.1 2.83 2.15 1.6 1.54
3.10 3.41 3.49 2.79 1.87 1.42 1.55 2.77 2.81 2.38 1.e9
0.80 2.21 1.50 1.06 0.55 0.72 0.68  1.94 1.28 0.7 0.71
3.12 5,52 L.22 3,68 2.18 2.6 2,02 L,.00 2.61 2.05 2.L6
1.10 3,65 2.13 1.83 0.80 1.00 0.96 2.53 1.87 1.53 1.08
2.41 L.03 2.0 2.98 1.35 1.32 1.16 2.7 2.05 1.80 1.52
2.76 3,42 2.83 2.61 1.92 1.40  1.53 2.70 2.69 2.12 1.05,
0.73 1.96 1.17  1.03 0.66 0.72 0.66 1.77 0 1.30 . 0.76 0.72
3.32 6.12 L .21 3.83  2.19 2.49 2.09 4.0l 2.60 2.10  2.4,9
1.07 3.51 2.09 1.85 0.84 1.00  0.95 2.38 1.82 1.46 1.08 -
2.42 4.00 2.3 2.89 1.26 1.31 1.17 2.59 1.99 1.72 1.47
3.2l 3.35 2.71 2.5l 1.88  1.37 1.55 2,73 2.61 2.09 1.23
0.70 1.97 1.06 1.00  0.59 0.70 0.67 1.40 1.19 0.73 0.70.
3.91 5.97 L .45 L.33 2.21 2.49 2.19  4.11 2.64 2,02 2.52
1.03 346 1.96 ~1.75 0.82 - 0.99  0.97  2.26 1.75  1.38  1.06 -
2.42 3.63 2.32 2.82 1.25 1.30  1.15 2.35 1.92 1.50 1.42
3.34 2.79 2.6l 2.52 1.8, 1.36 1.54 2.60 2.43 1.97 1.76
0.72 3.41 1.18 1.05 0.59 0.70 0.79 1.52 1.17 0.71 0.71
L .5k 5.63 L.L9 471 2.22 2,55 2.28 L4.31 2.62  2.07  2.57
1.05 3.25 2.01 1.69 0.86 0.98  1.06 " 2.03 1.69 1.25 1.07
2. Lh 3.49 2.28 2.7L 1.23 1.29 1.18 2.27 1.87 1.45 1.41
3.04 3.11 2.50 2.55 1.86 1.32 1.50  2.58 2.35 2.00  1.7L
0.75 1.51 1.13 0.95 0.55 0.69 0.83 1.50 1.13 0.67 0.69
L.92 5.67 L .83 L.81 2.33 2.56 2.38 L. 2.59 2.1, 2.63
1.09 3.52 1.9, 1.57 0.82 0.97 1.09 1.97 1.64 1.18 1.04



Demestic & Perm per Capita Consumptlon of Electriclty by Provinces

Source: Flectric Power Statistics - (Xwh Apnually)
Dominion Bureau of Statistics

Year Con. Nrld. P.E.T. KN.8. H.B. Que.
1948 389 | o0 178 136 219
1949 he2 92 © 100 203 173 257
1950 kg2 114 110 231 191 302
1951 552 134 117 262 215 3k
1952 605 165 120 291 234 ko3
1953 6565 188 129 335 256 458
1954 738 220 139 369 . 28k 534
1955 813 255 158 h12 32 595
1956 892 293 191 k59 353 671
1957 956 311 208 507 399 53
1958 1,012 317 213 543 439 823
1959 1,087 365 268 6o 51T 906
1960 1,141 378 293 635 557 972
1961 1,205 392 403 695 605 1,046
1962 1,276 416 369 753 674 1,140
1963 1,340 432 395 798 691 1,221
1964 1,418 462 439 862 732 1,320
1565 1,519 503 508 ol 768 1,k
1966 1,605 553 571 996 252 1,546

Ont.  Man.
655 The
703 81k
819 898
902 979
969 1,03k

1,06 1,111

1,119 1,219

1,208 1,286

1,304 1,379

1,351  1,k51

1,h11 1,533

1,471 1,558

1,525 1,606

1,586 1,748

1,654 1,736

1,730 . 1,775

3,787 1,857

1,881 1,963

1,972 2,021

Sask. Alta. B.C
107 126 383
127 1587 Lho
154 180 534
183 212 593
219 240 65h
263 279 723
324 336 821,
hot 384 936
55k L5 1,033
535 486 1,115
579 538 1,150
662 631 1,253
T06 612 1,312
754 729 1,350

840 788 1,431
ey 839 1,456
994 €93 1,525
1,139 1,024 1,651
1,241 1,085 1,762




