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INTRODUCTION

At this time, when electric service rates are of vital
interest in the United States, there is a definite demand for a
method of cost-of-gservice analysis which will show the relatiom
between the cost of the service rendered and the charges for such
service, not only for service as a whole but also for each of the
various classes of electric service rendered.

Certain state utility regulatory bodies have called on
utilities under their jurisdiction for cost enalyses of this kind
by classes of service or by rate schedules, In some cases it has
been claimed that an accurate analysis of this kind cannot be made,
or, that even if it were possible, the analysis would have very
little permanent value because of the ever-chenging conditions of
the relative volume, demand and other eheracteristics of each of
the various classes of serviee rendered,

‘The author recognizes that an analysis of the cost of
service for a period in the past does not necessarily result in
determining the proper rate to be charged in the future, and that
the analysis cannot determine the effect upon rates of changing
economic, social and industrial condi tions which may increase or
decrease the future demands for any certain class of electric
service, Nevertheless, he believes that analyses of this type may
be made of great value in establishing reasonable rates and that
periodic analyses must furnish the guide by which intelligent
management plots its future pathway in regard to rates, Such an
analysis, for example, is invaluable for the study of a proposed
new rate schedule, in the defense of the reasmableness of an
existing rate or in resisting the establislhment of an unreasonable
end confiscatory rate.

The method described in this thesis covers only that
part of the eanalysis which concerns the allocation of property velue
against each of the various classes of electric service rendered by
an electric power utility. The method is not new in principle bdut,
80 far as the author has been able to determine by extensive reading
and consultation, is new in its manner of detemmining the necessary
factors for such an allocation of property value, Briefly, the method
outlined in this thesis utilizes commercial and operating data
collected as a matter of routine operation by the majority of large
operating campanies and requires little or no special data, To this
extent it is new and outlines a system whereby the vast expense of
the usual methods of allocation can be considerably decreased,

The method described has been utilized recently by a

large utility in determining its property value allocation against
certain clesses of service rendered,
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GENERAL

Factors Involved in Determining Rates

A fair rate for any class of electric service must be
based on the cost of supplying that service., In all fairness the
costs incurred on the behalf of one e¢lass of customers must be paid
by that class, This involves eamn allocation of costs incurred egainst
the various classes of service, a process of intricate detail and
apparently at times impossible, Yet the problem yields to intelligent
attack sand the method, while laborious in the extreme, is accurate to
an extent not at first apparent.

The term "“cost of service™ must include both operating
expense and carrying charges on the value of the electric system,
Operating expense includes the costs of labor and of material used
in rendering electric service, Labor costs include such items as
wages paid to linemen, groundmen, substation end power plant operators,
load dispatchers, metermen, troublemen, clerks, stenographers, foremen,
engineers, superintendents, managers and other labor of numerous types,
Material includes coal for the boilers, oil for the turbines, repair
parts for damaged apparatus and so on through a list of thousands of
items, Included in the cost of operation also are many forms of
insurance and taxes, such as fire, automobile and compensation insurance
end income and excise taxes,

Carrying charges on the value of the electric system include
such items as interest, the rental price or hire of the dollars used in
building the system; depreciation and obsolescence, the provision for
the replacement of the capitel invested in the system, which may vanish
from wear or from functional o0ld age of the equimment; and all those
taxes which are based on the value of physical property.

The item of carrying charges on the value of the electric
system is a major factor in arriving at the cost of service, In the
majority of companies it represents from fifty to eighty percent or
more of the cost of service; hence the necessity for an accurate
allocation of the value of property used and useful in rendering
service against the various classes of property which it serves,

Of importance also are the trends of operating costs and
earrying charges over a period of years, Any allocation is at best
only a temporary picture of conditions 83 they then exist; conditions
may have been radically different last yeer and equally as well may be
radically different next year. For instance, in these depression times
the investment in electric systems is as great as or greater tham it
was during the more prosperous period of several yecars ago, Yet the
load served, both in kilowatts of demand and in total kilowatt hours
sold, is much less than that of 1929, for example. Operating labor
can be reduced but slightly with decreasing loads and the same is trus
of operating material, Hence, any analysis at a given period must be
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viewed to some extent from the standpoint of a long term of years
and the probable future picture, before it can be used in establish-
ing rates, The best guide for planning the future is obviously the
experience of the past; therefore the long term tremnd of operating
"costs and carrying charges is tremendously impartant.

Allocation of Property Against Classes of Service

In any rate case, whether it is the establishment of a
new rate or the defense of an existing rate, the problem is relatively
simple in principle., Briefly, after subtracting operating expemses
from income, the remainder should provide for property taxes, deprecia-
. tion end obsolescence, and a fair rate of return on the value of the
property used and useful in rendering service.

In theory a single simple universal rate applicable to all
classes of electric service would seem to be idesl, Such a rate,
however, would actually be discriminatory snd would result in certain
classes of customers obtaining service at anly part of its actual cost,
the balance of the cost being borne by other classes of customers.

The proper single rate might be evolved, but it would be so complex

as to render its use practically impossible, Hence it is the common
practice amongst electric power companies to divide the whole field

of customers into a relatively small mmber of classes, this division
being based on the character of use of electric service. For each
different class of customer or service there is a rate structure based
on the cost of service to that particular class,

The general divisions or classes of service are essentially
the same for all electric power companies, almost without exceptiom,
though further subdivisions may vary considerably. These general
divisions are residential service, commercial lighting service,
commercial (or retail) power service and industrial (or wholesele) power
service, In addition there may be special c¢lasses of service, including
that supplied to electric railways, ice-manufacturing companies, electric
welding operations, pipeline pumping compenies, irrigation pro jects and
others whose use of electric service varies so far framn the characteristics
of the usual classes that a special rate is necessary.

The residential service class is marked by definite character-
istics, applicable to the vast ma jority of customers of this class, of
small kilowatt hour consumption per customer, relatively large time
diversity of demand, low load factor, small demand per unit of geographie
area, large investment in electric system per customer and per kilowatt
of demand, and high cost of service per kilowatt¢ hour, The ma jor use of
residential electric service is for lighting and for amall household
appliances, with a relatively asmall use for cooking and water heating,
In number of customers, the residential class of service is in the vast
ma jority and constitutes approximately ninety percent of the custamers
of the usual electric power company. .
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The next most common class of service is that supplied
to ecommercial lighting customers, The characteristics of this
class are moderate kilowatt hour consumption per customer, small
time diversity of demand, higher load factor than for residential
service, moderate to large demand per unit of geographic area,
large investment in electric system per customer but moderate on
a per kilowatt of demand basis, and a somewhat lower cost of
service per kilowatt hour than that for residential service. The
predominant use to which this class of service is put is lighting,
with incidental use for small power, This class of customers
usually numbers eight to ten percent of the total for the usual
electric power company,

The commercial power customers are the next c¢lass in
order of mmber of customers, Small to moderate kilowatt howr
consumption, large time diversity of demand, low load factor, and
usually low cost of service per kilowatt hour are the usual character-
istics of this class of service, The majority of use is for small
industriel power purposes, with a relatively large proportion of
lighting. This class usually includes only one percent or less of
the total number of customers for the average electric power company.

The industrial power class includes practically all of
the remeining custamers, with a few special class custamers having
special rate structures, This class of service is marked by large
kilowatt hour consumption per customer, small time diversity of
demand, high load factor, relatively low investment in electrie
system per kilowatt of demand and low cost of service per kilowatt
hour, The use of service is almost entirely large industrial power,
with only a relatively small amount of lighting, The number of this
class of customers is very small,

To serve all these various classes of custamers there is
required in the usual electric power campany four distinct types of
property, as follows:

Generating equipment, to generate electric power at a
relatively low voltage and deliver it either to the transmission equip-
ment, or to the distribution system equipment or bvoth,

Trensmission equimment, to "step-up™ the power delivered to
it to high voltages of the order of 22 kv, to 220 kv., transmit it to
local load centers and there deliver it to the distribution substation,
either directly or through the medium of other tranamission substations
and lower voltage transmission lines, The tramsmission equipment may
and usuelly does include both trensmission substations end tremsmission
lines.

Distribution substatiom equimment, which "steps-dowm"™ the
voltage of the power delivered to it to voltages of the order of 2,3 kv,
to 6,9 kv and delivers it to the distribution system equipment.
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Distribution system equipment, which delivers the electric
power to the customers, including all of the residential, commercial
lighting and commercial power class and to some of the industrial
power class., The distribution system consists of primary circuits
(2.3 kv. to 6.9 kv.), distribution transformers and their associated
equiment, secondary circuits (115 to 460 volts), services, meters
and in some cases building wiring and equipment,

All of these types of property are used simultaneously by
certain classes of service, though not all classes of service use all
types of property. Ordinarily the residential, commercial lighting
and commercial power classes will use all four types of property
simultaneously, The industrial power class may use only the generating
equipment and part of the transmission line, as is shown in Figure 2,
"Simplified Diagram of an Electric Power System"; or may use all four
types of equipment, as shown in the same figure, Since carrying
charges on the value of that part of the electric system used and
useful in supplying electric service are a major part of the cost of
supplying service, in any attempt to determine the proper rate for a
certain class of service the value of types of property used simultan-
eously by two or more classes of service must be properly allocated
against the classes by which it is used,

A further complication of the problem of allocation is
introduced by geographic location, in many instancea. In same
companies the rate for a certain class of service is the same regard-
less of the geographic location of the territory served; in many others,
particularly those in which rate negotiations &are cmducted with the
authorities of each of the communities served, no such wniformity of
rates is possible, In such cases different rates for the seame class of
service usually prevail for the different communities ,even though they
are served from the same electric power company and in general with
the same equipment,

Figure 1 "Production and Transmission System®™ will serve
to 1illustrate the complexity of geographically allocating generating
and transmission equipment for a system of only moderate size,
Figure 8 "Simplified Diagrem of an Electric Power System™ is a
simplified diegrem of part of Figure 1l and in addition shows a small
part of the distribution substation and distribution system equipment
involved; this figure will illustrate the same complexity of geographicel
allocation as it applies to distribution substation and distribution
system equipment., Referring to Figure 2, it is apparent that the
generating equipment serves customers of all classes both inside and
outside the area in which the rates are assumed to be in dispute. The
seme is true of the transmission system, including the tranamission
substations and both the high voltage and the low voltage transmission
lines, In addition, distribution substations located inside the area
serve customers of several classes located inside the area as well as
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customers located outside the area; distribution substations located
outside the area do likewise., Distribution systems originating inside
the area serve customers both inside and ocutside the area, as do
distribution systems originating outside the area,

PROPERTY VALUES TO BE ALLOCATED

Primarily the allocation of property against the various
classes of service is an allocation of dollar value, rather than an
allocation of actual physicel equipment, Thus the wvalue of the
property involved must be determined,

The determination of value is a matter of actual physical
count in the field of the various elements involved in the electriec
system, This must be done by trained and competent engineers, by a
disinterested group whose technical ability and honesty are above
question and who work to a considerable extent under the direction of
the State Public Utilities Commission, After the physical count a
fair cost value per unit must be applied by the sams group of
engineers in order to arrive at the value of the property used in any
way in supplying service to those customers whose rates are being
studied.

The appraisal of valus, which is the result of the physical
count and the application of unit costs, gives values of property
according to certain definite subdivisions in accordance with the
standard classification of accounts as set up by the State Camnission
authorities, These standerd classifications are as follows, the sub=-
divisions as shown being practically the same throughout the United
States, though their actual titles may be different fram those given
here:

FIXED CAPITAL ACCOUNTS - ELECTRIC

General Accounts

Intangible Fixed Capital
Construction Overheads
Unclassified Accounts

Land
Steam Power Plant Land
Hydro Electric Power Plent Land
Gas Electric Power Plant Land
Transmission System Land - Substations
Transmission System Land - Lines
Distribution System Land « Substations
Distribution System Land « Lines
General Office Land
Miscellaneous Land Devoted to Electric Operations
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Buildings, Structures and Improvements to Land

Steam Power Plant Structures

Hydro Electric Power Plant Structures

Gas Electric Power Plant Structures

Transmission System Structures - Substations
Transmission System Structures - Lines

Distribution Systan Structures - Substations
Distribution System Structures - Lines

General Office Structures

Miscellaneous Structures Devoted to Electric Operations

Generating Stations = Steam

Boiler Plant Equipment

Primes Movers and Auxiliaries
Turbo-Generator Units

Electrical Equipment

Miscellaneous Power Plant Equipment

Generating Stations ~ Hydro

Reservoirs, Dams and Waterways
Roads, Trails and Bridges

Water Turbines and Water Wheels
Turbo-Generator Units

Electrical Equipment

Miscellaneous Power Plant Equipment

Generating Stations - Gas

Fuel Holders, Producers and Accessories
Internal Combustion Engines

Electrical Equipment

Miscellaneous Power Plant Equipment

Transmission Lines and Substations

Poles, Towers and Fixtures
Overhead Conductors
Underground Conduit
Underground Conductors
Roads and Trails
Substation Equipment

Distribution Lines and Substatioms

Poles, Towers and Fixtures
Overhead Conductors
Underground Conduit
Underground Conductors
Substation Equipment
Storage Battery Equipment
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Services and Consumers Installations

Services

Line Transformers and Devices
Line Transformers Installation
Consumers'Meters

Meter Installations

Installation on Consumers'Premises
Commercial Leamps

Street Lighting Equimment
Electrical Appliances

General Equipment

General Equimment
Miscellaneous Tangible Capital

In making a final determination of the value of the
property to be allocated, some of the classifications giwven above
will be finally spread over or transferred to other accounts, Con-
struction Overheads, for example, is spread over the total amount of
construction work done and will appear as part of each item in the
final determination, Land will be assigned against the part of the
electric system for which it 1s used, Other accounts mst be
similerly handled, such as buildings, equipment, and other general
property, each of which may require a different method of spreading
values,

The value of the entire property cannot be determined
only by accounts; the geographical location of the equipment must
also be taken into consideration. For instence, referring to Figure 2
and assuming that the rates in Area X are being studied, the value of
the high voltage transmission lines to Division A must be found, but
not of those to Divisions B and C, Again, the section of the high
voltage transmission line from the main line to the inmdustrial power
customer served directly from the high voltage tramsmission line does
not play any pert in serving those customers in Area X, hence its
value must be left out of the study. As another exemple, transmission
substation No, 1 is used to serve Divisions A, B and C, while trans-
mission substation No. 2 serves only part of the load of Division A;
a proper allocation requires that the value of each substation be
determined separately. Grouping the proper values together for alloce=-
tion purposes will require many divisions based on geogreaphical
location of the equipment, these divisions being determined entirely
by the arreangement of the system being studied amnd the particular
purpose of the studye.



METHODS OF FROPERTY ALLOCATION

There is no one undisputed method of allocating electric
system value against the various classes of electric service, There
are, however, various generally accepted methods which have been used
in fomal rate cases before State Public Utilities Commissiors and
which therefore bear the stamp of officisl approval, The following
paraegraphs give a brief description of these methods; no discussion
of their merits and defects will be given, since this thesis deals
only with methods of allocation.

Mathod No, 1 - The "Peak Responsibility"™ method of alloca-
tion is based on the theory that, since the capacity of various parts
of the electric system is determined by the maximum or pesk kilowatt
load they must be capable of handling, the allocation of the property
value must be made in accordance with kilowatt demands of the various
classes of service at the time of peak kilowatt load. For instance,
referring to Figure 3 "Assumed Daily Demandsof Four Classes of Cus tomers"®
the kilowatt demands of the various classes of service at the time of
system peak kilowatt load (6 to 7 P.M.) is

Kw Demand

at time of System Peak % of System Peak Load
Cless A 100 10%
Class B 100 10
Class C 800 80
Class D - —
Total 1,000 100%

By this method the value of the electric system would be
allocated 10% ageinst Class A, 10% against Cless B, 80% egainst Class C
and none against Class D,

Method No. 2 - The "Non-Coincident Damand® method of alloca=-
tion is based upon the maximm kilowatt demands of each class of
service regardless of when the maximum demsmds oceur, and the value of
the electric system is allocated against each class of service in the
proportion of its maximm demend to the sum of the maximum kilowatt
demands of all the various classes of service, Referring to Figure 3
these figures would be

Max, Kw Demand 4 of Sum of all Max, Demands

Class A 100 6.25%
Class B 500 31425
Class C 800 50,00
Class D 200 12,50
Total 1,600 100,00%

By this method the value of the electric system would be
allocated 6.25% against Class A, 31.25% egainst Cless B, 50% against
Class C and 12,5% egainst Cless D.
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Method No., 3 = The "Phantom Custamer™ method of alloces
tion is based on the non-coincident maxinum demands of the various
classes, the possible output in kilowatt-hours of the system at
100% load factor and the actual kilowatt-hours used by each class
of service. A portion of the value of the elsctric system, in the
ratio of the actual kilowatt-hours output of the system to the
possible output at 100% load factor, is allocated against each of
the various classes in the proportion the kilowatt-hour output to
each class bears to the actual kilowatt-hours output; the remainder
of the value is allocated against each of the ¢lasses in the proportion
its excess kilowatt demand (maximmum demend minus average demand) bears
to the sum of the excess demands of all classes of service, Referring
to Figure 3 and assuming figures for daily kilowatt hours, the follow=
ing is the basic data and percentage allocations:

% ot
Max, Kw. Daily Average Excess Investment
Danand Kw-hp Demend Demand Allocated
Class A 100 2,400 100 - 10,0%
Class B 500 4,500 187.5 312.5 4.4
Class C 800 2,300 96,0 704 44,9
Total 1,600 9,500 396 1204 100,0%
System 1,000 9,500 396 604
Phantom 14,500

Possible 1,000 24,000 1,000

Method No., 4 - The *"Kw-hr Use™ method of allocation is based
entirely on the kilowatt-hours output to each class in proportion to
the total actual output of the system, and the value of the system is
80 allocated, Using the kilowatt-houwr figures assumed for the “"phantom
custamer” method of allocation, the following figures would hold,

€ of Total
Daily Kw-hr Daily Kw-hr
Class A 2,400 25.3%
Class B 4,500 47,3
Class C 2,300 24,2
Class D S00 3.2

Total 9,500 100,0%

10,
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Method No, 5 -« The "Number of Custamers™ method of
allocation is based entirely on the number of customers of each
class and the value of the system is allocated in the proportion
the number of customers of each class bears to the total number of
customers of all classes, With assumed figures for numbers of
customers, the results would be follows:

Number of % of Total
Custamers Number of Customers
Class A 2 .06%
Class B 145 4.40
Class C 3,150 95,45
Class D 3 09
Total 3,300 100,00%

Method Noe 6 = The ®Gross Income™ method of allocation
is based on the ratio that the gross income from each class bears to
the total gross income from all classes and the value of electric
system is so proportioned., With assumed figures for gross income
from each class, the following will hold good:s

Gross Annual % of Total
Income Gross Incane
Class A $ 3,000 6%
Class B 15,000 30
Class C 30,000 60
Class D 2,000 ‘ 4
Total $50,000 100%

FINAL DATA NECESSARY FOR ALLOCATION BY EACH METHOD

Mlocation by Methods 4, 5, anmd 6 i's relatively simple;
having the proper data as to kilowatt-hours output, number of customers,
or gross income, the allocation becames merely & matter of multiplying,
by the proper ratio, the value of the property used simultaneously by
the class of service whose rates are being studied and other classes
of servicees One ratio will not hold good, of course, for all parts
of the system, because as has been said before all parts of the system
are not used simultaneously by all classes of service, and neither does
every study include all parts of the entire system, However, determining



1z,

figures as to kilowatt=-hours output to, number of customers of

or gross income from any class of service for any given geographical
area is a relatively simple and relatively accurate process,
since it requires only the laborious but simple collection of
information from ledger pages after the geographical boundaries
of the area have been determined, It is sometimes necessary to
make assumptions where accurate information is not readily
available; very few assumptions are necessary, however, and their
numerical size and the part they play in the final formula of
allocation is so small that even a large percentasge of error in
the assumptions would cause only a very slight and negligible
error in the final results,

Allocation by Methods 1, 2, and 3 is not so simple,
Here the basis of allocation is kilowatts demend or a combination
of kilowatts demand and kilowatt hours use or output, For instance,
to properly allocate the value of the various parts of the system of
Figure 2 against the residentisl class of service in Area X, under
the plan of allocation most often used it has been necessary to
determine the kilowatts demand of or kilowatt hours output to that
group of customers at several different times of day and year and
at several points on the system, including the gererating stationm,
trensmission substations Nos, 1 and 2, distribution substations
e, b and ¢, and at several other points, It has also been necessary
to know the demands and kilowatt hours of other classes of service
and other groups of customers at these same times and locations,
Here lies the weakness of such a plan; very little of such data is
available from actual operating records, hence much of the data for
the various locations on the system must be calculated,

For instance, referring to Figure 2 and esssuming a study
of the residential rates within Area X, the process often followed
is as described belowe. Graphic recording instruments are installed
at typical customers premises, at the primary or secondary side of
the distribution transformers and at points on the distribution
primary in such locations that only the data for one certain c¢lass
of service will be obtaineds In this way the characteristics of the
loads of each class of service will be measured., With these data as
a basis, the next step in the compilation of the measured results
and the determination of aversge demands per customer or per kw-~hr
sold for each hour, the kw-hr output to the average customer of each
class, load factors of each class of service, and power factors,
After these data are obtained, the demands and kw-hr output to each
class of service must be determined for points at each distribution
substation, each transmission substation and at the generating plant,
It is obviously impossible to install meters to measure the demand and
kilowatt hours of one class of service in locations such as the
substations, transmission lines and generating station, since these
are used simultaneously by several classes of service, Hence the
demends and kilowatt-hours at these points must be calculated,



These calculations require many assumptions as to load factors,
power factors, diversity factors and loss factors. Engineering
opinion and knowledge of the factors to be assumed in any given
case may and usually does vary widely and, no matter what
numerical figures are assumed, honest dispute is certain to
arise, The large number of factors to be assumed, together with
their possible range of numerical variation, is so great that the
actual final allocation values may vary over a wide range with
different assumptions, The figures assumed by one group of
engineers will seem unreasonesble to another group, and any figures
assumed as a compromise between divergent opinions will satisfy
neither group, :

Other drawbacks to this procedure are the necessity for
the installation and attendance upon thousands of graphic meters of
all sorts, a great many times more of such meters then the utility
normally owns; the long elapsed time for obtaining the meter data,
as this must include at least a year in order to cover all conditions
of load; and the thousands of compilations involved in studying the
charts to arrive at only preliminary data,

Under the scheme outlined in this thesis, very few
assumptions are necessary and such figures as must be assumed cannot
vary greatly enough to cause final allocation figures to vary between
other than very narrow limits, The accuracy of the final allocation
is well within the limits of accuracy of properly maintained meters
at various points in the system,

Briefly, with this scheme and for the problem assumed, it
is not necessary to know the demands and kilowatt bours of the Area X
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residential class at the generating station, the transmission substations

and the high and low voltage tramnsmission lines; 1t i8 only necessary

to know these demands and kilowatt hours at the distribution substations,

These figures can be easily and accurately determined, as will be

described later, There 18 no necessity for the installation of graphie

meters and the canpilation of data from many individual charts, with its

attendant great expense,

By this method the property value of each part of the system,

beginning with the generating station and ending with the distribution
system, is allocated against the next successive part of the system
toward the custamer, Thus, in Figure 2, the value of the gemnerating
station and transmission substation Noe, 1 18 allocated against the

high voltage transmission lines to each Division, The value of the high
-voltage transmission line to Division A, plus the value of the generating

station and trensmission substation No, 1 allocated against it, is
then allocated against transmission substation No. 2 and against those
customers served directly fram the high voltage transmission line,
Then the wvalue of transmission substation No, 2, plus its accumulated



allocation of generating station, transmission substetion No., 1
end high voltage transmission line to Division A, is allocated
against the low voltage transmission lines, This process of
allocation is continued as far as necessary. Not until the distri-
bution substations are reached need the demands and kilowatt hours
of the Area X residential class be used.

The chief advantage of this method of allocation is the
fact that accurate data for the proper allocation is usually
readily available from operating records of the various generating
stations, substations, and customers and, wherever calculations
are necessary, very few assumptions need be made, Even where
assumptions must be made, in most cases commonly accepted figures
are agvailable and there is little likelihood of difference of
opinion among competent engineers, Where assumptions must be
made, they are relatively unimportant and of such minor value, that
even a wide variation in the figures assumed will result in only
unimportant differences in the final allocation figures,

Using the scheme outlined, for the conditions as assumed
in Figure 2, the following final data will be necessary for proper
allocation of the values of different parts of the system for any
period studied,

Method No, 1 = Peak Responsibility

l - Kilowatts of demand, measured at gererating station and
transmission substation No. 1, at time of peak demand
at that location,

a - Of entire system
b = of Division A
¢ = Of treamsmission substation No, 2

2 = Kilowatts of damand, measured at transmission substation No. 2,
at time of peak demand at that location,
a = 0f transmission substation No. 2
b = Of distribution substations a, b, and c,
¢ = Of customers in Area X served directly from the
low voltage transmission lines,

3 = Kilowatts of demand, measured at distribution substations a, b,
and ¢, at time of peak demand at those locations,
a = Of distribution substations a, b, and ce
b = Of each class of service in Area X served through
distribution substations a, b, and c,
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Method No, 2 = Non=Coincident Demand

1l -« Kilowattsof peak demand, measured at generating station
and transmission substation No, 1
a =« Of each Division
b - Of transmission substation No, 2
¢ = 0f customers in Division A served directly from
high voltage transmission line.

2 = Kilowatts of peak demand, measured at transmissiomn
substation No. 2

a = Of distribution substations a, b, and c.

b = Of all other distribution substations served
through transmission substation No. 2

¢ - 0f customers in Area X served directly from low
voltage transmission lines through transmission
substation No. 2.

d - Of all other customers in Division A served directly
from low voltage transmission lines through
transmission substation No. 2.

3 = Kilowatts of peak demand, measured at distribution
substations a, b, and ce
a - Of each class of service in Area X served through
distribution substations a, b, and ce
b - Of each class of service outside Area X served
through distribution substations a, b, and c.

Method No, 3 « Phantom Customer

l - Kilowatts of peak demand and of aversge demand of, end kilowatte
hours to, measured at generating station amd transmission
substation No. 1

a - Entire system

b = Each Division

¢ = Transmission substation No, 2

d - Customers in Division A served directly fram high
voltage transmission linee

2 = Kilowatts of peak demand and of average demand of, and kilowatt
hours output to, measured at trensmission substatiom No. 2
a - System served by transmission substation No. 2
b - Distribution substations a, b, and c,
¢ = All other distribution substations served through
transmission substation No, 2
d - Custaners in Area X served directly fram low voltage
transmission lines through transmission substation No, 2
e - All other customers in Division A served directly from
low voltage transmission lines through trensmission
substation No, 2
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3 - Kilowatts of peak demand of, and kilowatt hours output to,
measured at distribution substations a, b, and c.
a - System served by distribution substetions &, b, and c.
b - Each class of service in Area X served through distri-
bution substatims a, b, and c.
¢ - Each class of service outside Area X served through
distribution substations a, b, and c.

4 - Total possible kilowatt hours output at 100% loal factor and
measured peek demands sbove, of
a = Generating station and transmission substation Noe 1
b - Transrission substation No. 2
¢ - Distribution substations a, b, and c.

Method Noes 4 - Kilowatt Hour Use

1 - Kilowatt hour use, measured at customers'meters, of
a = All customers of emtire system, total

b - All customers of Division A, total
¢ = All customers of Area X
d - Each class of service in Area X

Method Noe, S = Number of Customers

1 - Number of customers
a - Total in entire system
b -« Total in Division A
¢ - Total in Area X
d - Each class in Area X

Method No, 6 = Gross Incame

1l - Gross income from customers in
a - Entire System
b « Division A
¢ = Area X
d - Each class in Area X

ORIGINAL DATA AVAILABLE FROM CONMFANY RECORIS

The sources of data for the allocation of value here
described are the usual records kept by most operating compenies in the
nomal routine of business, Such records as are kept in the comercial
and operating departments of the company will furnish most, if not all,
of the necessary data,
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The commercial department ledgers will list the name of
each customer, the location of the premises served, the rate schedule
(or class of service) at which the service is supplied, the kilowatt
hours used each month, and the net bill by months, The ledger pages
are almost inveriably arranged by location of the premises served,
so that pages representing accounts for premises located on a given
street are arranged in the ledgers in the numerical order of the
addresses on that street, The groups of ledger pages, each group
representing the premises served on a given street, are arranged in
the ledgers alphabetically by street names, In addition, the sets
of ledgers are arranged by rate schedules, or classes of service, so
that the set of ledgers representing residence custamers, for example,
is entirely separate fran the set representing commercial lighting
custaners and other classes,

With such a set-up of ledger pages, groups end sets, it is
a relatively easy matter to determine the number of customers, kilowatt
hours use, and the net bill for any given class of service, for any
given period and for any area whose boundaries are known, A count
from the ledger pages will furnish this information end, while laborious,
does not require any difficult calculations, hence can be readily made by
the usual clerical force of the campany.

In addition to the ledger pages spoken of, the commercial
department will also have additional data on all industrial power
custaners and on many commercial lighting and commercial power custamers,
This additional data will consist of graphic demand charts showing
kilowatt or kilovolt-ampere (or both) demands of each customer at all
hours of the day for the entire period since service was first supplied
to that customer or, at the least, for the past three to five yearss
In eddition, graphic power factor charts, mede during periodie checks
and covering periods fram several days to a week, are usually also
available for most of these custamerse.

From the operating department records are available daily log
sheets for each attended generating station and attended substationj :
for each unattended or automatic generating station and substatmn a
weekly or monthly summary sheet will be available,

The daily log sheets will show periodie (usually hourly, but
sanetimes half-hourly) indicating ammeter, voltmeter and sometimes powerw
factor meter, readings for each primery distribution circuit served
from the substation, for each street lighting circuit served from the
substation, for incoming and outgoing transmission lines, and for special
groups of apparatus within the substation, such as distribution substa-
tion transformer banks, street lighting transformers, rotary converters
and their transformers, and similar combinations of equipment, A
simplified typical system and the various points at which such measure-
ments are usually msde is shown in Figure 7, "Data Available for Demand
Analysis®, Similarly, integrated kilowatt hour input and output readings
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are also shown on these daily log sheets for many of the points
at which indicating meter readings are taken,

The weekly or monthly summary sheets for the unattended
generating stations and substations will usually give only the
integrated kilowatt hour input and output readings at certain points
within the generating station and substation, as shown in Figure 7,
the interval between readings being a week or a month,

In addition to the daily log sheets and the weekly or
monthly summary sheets for generating stations and substations, the
operating department will have much other information nescessary for
the allocation studye Such information will include maps showing
the geographic location of generating stations, treansmission lines,
substations, distribution primary limnes, distribution transformers,
street lighting lines and street lights; system diagrams, showing the
electrical arranrement of the entire system; station diagrams, giving
similar data for stations; and equimment card files containing
miscellaneous mechanical and electrical data on the masjor items of
equipment on the entire systeme From these various sources can be
obtained the vast majority of data necessary in those ceses where
the log sheets and summary sheets do not give readings at a sufficient
number of points and calculation must be resorted to,

METHOD OF USING ORIGINAL DATA TO DETERMINE FINAL DATA NECESSARY

It is not possible to determine offhand what the pesk
demand of a given part of the electric system is nor just whemn it
occurs, Hence it becomes necessary to determine all the hourly
demands for the period covered by the study, in arder to select the
maximum demand and to know when it occurred, Sometimes the figure
is not available directly, but must be reached by subtracting from
the total demand the demand of other parts of the system; to get
" this data may be likened to measuring ths depth of water in all
parts of an ocean where a heavy sea is running and the contour of
the bottom of the ocean 1s ruggede In order to meke such an enalysis,
demands must be determined and plotted at various points on the
system in the form of curves similar to that shown in Figure 6,
"Typical Demends of Parts of a System"™, which has been built up for
reference to Figure 2 conditions,

A strictly accurate analysis of conditions will require
the building up of demand curves for each class of customers, each
distribution substation, each trensmission substation, each trens-
mission line and each generating station for every hour of every day
of the period for which the study is to be made, a laborious job
with a tremendous amount of detail, However, a preliminary study of
system conditions, coupled with an intimate knowledge of the system
and the typical characteristics of the demand curves of the various
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classes of service, will enable the engineer to determine dates
and times of the day at which such an analysis will give results
accurate wi thin the degree of accuracy of the meters installed
at the various points on the system, Such a preliminary study
will usually result in the choice of one day each month and a
fourteen or sixteen hour period for each of these days as the
periods for which the study must be made in detail, resulting
in a study requiring only 168 sets of calculations as against
“the 8,760 sets of calculations required for a complete hourly
study of a one year period. The proper choice of days and hours
depends entirely on the individuel system, of course, but the
limits quoted above have proved in one case to give results
accurate within ons percent plus or minus, the meximm accuracy of
the indicating meters used in the various substations; greater
refinement than this is unnecessary and illogical,

Referring to Figure 2, the first group of figures necessary
in this scheme of allocation are the demands of and kilowatt-hours
output to each of the high vol tage tramsmission lines to Divisims
A, B and C, as well as the maximm demand for the entire group, at
the generating station and transmission substation No. 1l The
generating station and transmission substation in this case can be
considered as one unit., Referring to Figure 7, the operating record
data here will give amperes, volts and kilowatt hours hourly by
circuits and for the statiom as a whole. The usual standard calcu~-
lations will provide the demand figures for the curves covering the
period studied., Kilowatt hour output figures are directly aveilable,
Calculation will provide figures for average demands and total
possible kilowatt hour output at 1004 loesd factor and measured peak
demand, as required by the "phantom customer® method of allocation,
Hence the value of the generating station end the trensmission sub-
station No. 1 can be allocated against each of the high voltage trans-
mission lines to the Divisions, and no controversial items such as
assumptions of any sort have been introduced in the allocation,

It is now necessary to determine the demends, at trans-
mission substation No, 1 on the 132 kv side, of transmission substa~-
tion No., 2 and of the customers served directly from the high voltege
trensmission line. The demands and kilowatt hours at the customers'
premises on the 132 kv side are availsble directly fram readings at
the customers'meters, These must be translated to the 132 kv bus at
transmission substation No. 1 end the results subtracted from the
figures for the entire line in order to get the data for trensmission
substation No. 8, The translation must be made by calculation, but
since all factors are known, no controversial items are introduced.
The seme is true of the average demand and possible kilowatt hour
output for the "phantom customer™ method of ellocation.



This same gerneral process can be followed down to and
including the demands and kilowatt-hour output of the distribution
substations, on the low voltage side, Scme of the distribution
substations very probably will be unattended and there will be
-available only a weekly or monthly summery of the kilowatt-hours
output of the substation as a whole; no hourly readings of emperes,
volts and power factor for the substation as a whole and for each
circuit will be available, However, to determine demsnd values
for the substation as a whole, it will be sufficiently accurate to
use the known values of demands for the attended substations as
a base and to multiply these base figures by the ratio of the
unattended substation kilowatt-~hours output to the attended sub-
station kilowatt-hours output, The sum of demands for the attended
and the unattended substations will give the demsnds of the group.
When a distribution substation serves loads both inside and outside
the area being studied, its value can be reasonably accurately
allocated on the basis of the relative kva of distribution trans-
former capacity inside and outside the area served from the distri-
bution primary circuits fed by the substation,

Hore it becames necessary to determine the demasnds of
and kilowatt=hours output to each of the wvarious classes of service
supplied through the substation., To do this, analyses of typical
residential and commercial lighting distribution primary ecirecuits
within the area in which the rates are to ba studied rmst be made,
In choosing the circuits to be analyzed, an intimate knowledge of
the distribution system 1s necessary, since the circuits chosen
must serve typical custamers, rather than unusual ones. In choosing
ths residential circuits to be studied, for example, it is necessary
that the average kilowatt-hour use of the custamers on the circuits
to be studied should closely approximate the average kilowatt-hour
use of the total group of residence custamers in the entire area
studied, The seme requirement is not so necessary for the commercial
lighting circuits, but it is highly desirable.

In making the selectiom of :eircuits of each type to de
analyzed, it is usually necessary to choose tentatively two to three
times the number of circuits it is finally desired to study, this
tentative choice being baded on the assumed charecteristics of the
aversge use per custamer on each of the circuits. The averasge kilowatt-
hour use per customer in the entire area studied is determined by first
esteblishing the boundaries of the area by street name and number;
fram the commerciel department ledgers is determined the total kilowatt-
hour use of each class of service and the total number of customers of
that class, these figures serving to determine the average use per
ocustamer, A similar analysis for each of the circuits tentatively
chosen as typical will give the averasge use for the custamers on that
circuit, and will serve as the basis for the elimination of those
tentatively chosen circuits which are not suiteble for the final
analysis, ‘
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After the final choice of circuits to be analyzed, the
daily log sheets will give the necessary data for the calculation
of demands and kilowatt hours at the distribution substations for
each circuit, This data consists of the circuit emperes, volts,
power factor and kilowatt hours, Grouping the data for all the
circuits of each given class analyzed will provide a reasonably
accurate picture of the demands of each e¢lass of customers, To
determine the demands and kilowatt hours at the substation of all
of the customers of each class within the area, it is only
necessary to multiply the figures obtained from the circuit
analysis by the ratio of the total kilowatt-hour use of all the
custaners of that clasas within the area to the total use of all
the custamers of that c¢lass on the circuits analyzed, Demsands and
kilowatt hours determined in this wey are the demands and kilowatt
hours at the distribution substation bus; they include demands and
kilowatt hours at the customers' premises plus losses in the
secondaries, distribution transformers and primaries, together with
all the effects of diversity from the customsrs' premises to the
distribution substation,

The selection of distritution primary circuits serving
residential custamers only, or serving residential custamers in such
proportion that the inclusion of other classes hes no practical effect,
can be done satisfactorily in most systems, The same thing is true,
but not to such a great extent, for distribution primary circuits
serving commercial customers,

The probability of selecting such circuits for retail
power or industrial power custamers is relatively remote, and where"
such a choice cannot be made, recourse must be had to analyses of
customers' demand charts from the commercial department, The first
step in the analysis of custamers' demand charts is the division of
custamers into groups based on type of business or load factor, This
division into groups 1s made necessary by the faet that charts are
usually available for some of the customers but not for all of them,
and the load characteristics of customers served at the seme rate
schedule, particularly in the commercial power and industrial power
classes, mgy vary considerably from each other, as is evident in
Tigures 4 and 5, Such a division into groups can usually be made
on the basis of type of business, A typical division might include
such groups, for instance, as Large Retail Stores; Hospitals; Hotels;
Mass Production Factories; Custom Production Factories; Office Buildings;
etc,, the actual grouping being entirely dependent upon local conditions
and usually being fairly elearly indicated by & preliminary inspection
of thoses customers®' demand charts which are available,

After the division of the customers into groups, the demands
of the customers within each group for wham demsnd charts are available
are compiled fram the charts and then consolidated, The demands of the
entire group are then obtained by multiplying the consolidated demands dy




the ratio of the kilowatt-hour use of the entire group to the
kilowatt-hour use of the customers for whom the demands are known,
The consolidation of the demends of all the groups served at any
one rate schedule will result in the demsnds of all the customers
served at that rate schedule,

During the process of determining these consolidated
demand and kilowatt-hour figures, it will be necessary to take into
account the points on the circuits at which the demands and kilowatt
hours as shown by the customers! charts and meter readings are
located, in order that the figures obteained msy eventually be
translated into figures at the distribution substations.

For instance, measurements on the primary side of a trans-
former bank include transformer and secondary circuit losses, while
measurements taken on the secondary side of the transformer bank do
not include the losses through the transformers, Neither measurements
include primary circuit losses from the distribution suwbstation bus
down to the point at which the measurement is taken, To translate
measurements taken on the secondary side of a transformer bank into
terms of measurements on the primary side is a simple process of
calculation, since transformer electrical data is well known or can
readily be obtained; hence no controversial items of importance are
introduced here,

After these measurements have been tramslated to the
primery side of the transformers, there remasins the question of losses
in the distribution primary circuit. These are relatively easily
determined and allocated against the proper classes of service, From
the demands and kilowatt hours of all clssses of service at the distri-
bution substation bus there must be subtrected the demands and kilowatt
hours of she residential and commercial lighting classes of service
at the substation bus, as determined fram the circuit analyses previously
referred to, The remainder is the combined demsnds and kilowatt hours
of the commercial power and industrial power customers served from the
distribution substations; it includes the losses in the distribution
ecircuits up to the point and which meassurements of demands and kilowatt
hours are teken at the customers' premises, in addition to those
measured demands and kilowatt hours, From this remainder is subtracted
the measured demands and kilowatt hours of the commercial power and
industrial power customers, leaving a remainder which is losses in the
distribution eircuit due to these customers! loads. These losses can
then be 2llocated to each of the two classes of serviece on the basis
of loss factor, as described in an article on page 59 of the July 14,
1928 issue of Electrical World, entitled "Losd Factor - Equivalemt
Bour Values Compared®™, by Buller and Woodrow.

It will usually be found that the circui ts serving residential
custaners and those serving commercial lighting customers will also
serve commerciasl power custamers and perhaps industrial power customers,
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Careful selection of circuits usually will eliminate these customers
almost entirely from the analyses, at least to such an extent that
their influence is unimportant, If they cannot be so eliminated,
however, and it is desired to eliminate their influence practically
entirely fram the final figures, it can be done. This involves

the determination of demands and kilowatt hours as already described,
for each class of service. Then the figures as determined for each
class of service, (such as commercial lighting, commercial power and
industrial power can be used to eliminate (from the analysis of the
residential service circuits, for example) the effect of those
classes of service, and new figures arrived at for each class of
service, This process will render the results obteained more accurate
than the first determination and a second similar process will render
them even more accurate, It has been found that the second of these
processes will produce so little change in most cases that a third
similar manipulation is of little value; sametimes even the second
change is unnecessarye.

This process campletes the determination of all data
necessary for allocation by the peak responsibility and non-coincident
demand methods, For the phantom customer method there remains to
be determined the total possible kilowatt howrs output of the various
parts of the system at its peak demend end 100% loead factor., This is
merely a matter of multiplying the pesk demand by the total mmber
of hours in the period for which the study is made, usually one year.

ACTUAL ALLOCATION OF PROPERTY - TYPICAL CASE

In order to illustrate a typical case of allocation,
figures are assumed below for a system as shown in Figure 2, in which
it is also assumed that the residential rates in Area X are being
studied. All property values as given include the proper distribution
of the General Accounts; Land Account, Buildings, Structures and
Improvements to Lend Account; and General Equiment Account, For
simplicity's sake only one method of allocation, the peak responsibility
method, i8 shown and it has been assumed that pesk demands occur on the
variaas parta of the electrical system at the same time and day,
Instrument readings are assumed as available in accordance with the
details of Figure 7 and in addition it is assumed that analyses of
distribution primary circuits and customers'! charts have been mede
and demands of the various classes of custamers determined at the
distribution substation,

In order to make the final allocation of the distribution
system in this example, it is necessary to subdivide the "Overhead
Conductors® subdivision of the "Distribution Lines and Substations®™
account into two prarts, one part including only the primary ecircuit
conductors and the other including the secondary circuit conductors.
It is assumed that this has been done and that the value of the Poles,
Towers and Fixtures account has been allocated against the primary
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circuit and the secondary circuit in proportion to their relative
circuit-miles,

Again for simplicity's seke, no underground distribu=-
tion system is assumed to be involved in this study.

=,

Generating Station and Transmission Substation No, 1l

Appraisal value of generating station and
transmission substation No, 1 $20,000,000 . .

System peak demand measured at 13 kv side
of transmission substation No. 1 100,000 KVA

Demand of Division A at time of system peek
demand, measured at 132 kv side of trans-
mission substation No. 1 50,000 KVA

Value of generating station and transmission
substation No. 1 allocated asgainst high
voltage line to Division A
(30,000 ¢ 100,000) x $20,000,000 $10,000,000

High Voltage Line to Division A.

Appraisal value of high voltage line to

Division A $3,000,000
Portion of value of generating station and

transmission substation No, 1 allocated

against this line 10,000,000
Total gl?: ,000,000

Damand of Division A at time of system
peak demsnd, measured at 13 kva side of
transmission substation No, 1 50,000 KVA

Damand of transmission substation No, 2 at
time of system peak demand, measured at
22 kv side of substation but calculated
back to 132 kv side of transmission sub-
station No, 1 40,000 KVA

Value of high voltage transmission line,
generating station and transmission substa-
tion No., 1 allocated against transmission
substation No., 2 (40,000 ¢ 50,000) x $13,000,000 $10,400,000



Pransmission Substation No, 2

Appraisal value of transmission substatiomn
No. 8 $1,600,000
Portion of wvalue of high voltage transmission
line, generating station and transmissim
substation No., 1 allocated asgainst trens-
mission substation No, 8 $10,400,000
Total $12,000,000

Peak demand at transmission substatiam No. 2,
measured at 22 kv side of subatation 38,000 KVA

Demand of low voltage transmission lines
serving distribution substations a, b,
end ¢ and other loads at time of peak
demand on transmission substation No, 2,
measured on 4 kv side of distribution sube
stations and at 22 kv side of custamers'
installations and calculated back to 22 kv
side of transmission substation No, 2 22,800 KVA

Value of high voltage tranamission line,
generating station, transmission substation
Noe 1 and transmission substation No, 2
allocated against low voltage transmission
lines serving distribution substations a, b,
and ¢ and other loads
(22,800 ¢ 38,000) x $12,000,000 $7,200,000

Low Voltage Transmission Lines

Appraisal value of low voltage tremamission
lines serving distribution substations a, b,
end ¢ and other loads $300,000

Portion of value of transmission substations
Nos., 1 and 2, high voltege transmission line
and generating station allocated sgainst low
voltage transmission lines serving distribue '
tion substations a, b, and ¢ and other loais $7,200,000

Total $8,000,000
Peak demand of these low voltage transmission

lines at tremsmission substation No, 2,
calculated at 22 kv side of substation 22,800 KVA
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Demand of distribution substations a, b end o
at time of peak demand on these low vol tage
transmission lines, measured at 4 kv side
of distribution substations and calculated
at 22 kv side of transmission substation No. 2 17,100 KVA

Valus of low voltage and high voltege trans-
mission lines, transmission substations and
generating station allocated sgainst distri-
bution substations a, b and c,
(17,100 ¢ 22,800) x $3,000,000 $6,000,000

Distribution Substations a, b and c.

Appraisal value of distribution substations

a, b end ¢ $500,000
Portion of value of transmission lines, trans-

mission substations and generating station

allocated sgainst distribution substations

a, b and ¢ $6,000,000
Appraisal value of distribution primery

circuits served from distribution substa-

tions a, b and c. $500,000

Total $7,000,000

Peak demand at distribution substations a,
b and ¢, measured at 4 kv side 16,800 KVA

Demand of residential class of service in
Area X, at time of peek demand at distribue
tion substations a, b end ¢, measured at 4 kv
side of distribution substations 15,960 KVA

Vealue of distribution primary circuit, distridbu-
tion substations, trensmission substations,
trenanission lines and generating station
allocated against residential cless of service
in Area X :
(15,960 ¢ 16,800) x $7,000,000 $6,650,000

(Note =« Up to this point the peak responsibility method of
allocation has been followed and all property values involved have
been so allocated, Now, however, im the remaining parts of the system
fram here to the custamer there is much less simltmeous use of any
certain part of the system by several classes of service, and more
accurate allocation is possible, In fact, mo general simulteneous
use, by several classes of service, of any given type of equimment
will exiat from here on, Individual cases of such simultaneous use
will occur, however,




Distribution transformers serving residential customers
in any given area cen be actually cowmted in the field, @s can
distribution secondary circuits, services, meters and installa=-
tions on customers® premises, The distribution transformers and
secondary circuits may be involved in soms few cases in serving
both residential customers and commercial lighting custamers,
but the values involved in these few cases are so small in pro-
portion to the total values that any reasonable allocation will
affect the total allocation figures only to a very small degree,
It has been assumed here that the property values involved in
these few cases of simultaneous use have been allocated on the
peak responsibility basis, the demand figures used being demands
at the distribution substations as determined fram circuit
analyses, These figures are applied only according to the loais
actually served from the distribution transfommers and secondary
circuits involved in simultaneous use; no general allocation of
all distribution transformers and all distribution secondary
circuits is necessary,

The values of services, meters and installations on
custamers! premises to be allocated against the residential class
of service are a matter of actual field coumt,)

Distribution Transformers ~ Distribution Secomdary Circuits -
Services - Meters - Installations on Customers' Premises

Value of distribution primary circuit, distribution
substations, tranamission substations, tranamission
lines and generating stations allocated against

' residential class of service in Area X $6,650,000

Value of specific items of other distribution property
in Area X allocated against residential customers
in Area X

Distribution trensformers, allocated in vast
majority of cases by actual field count and,
in a very few cases of simultaneous use, on

peek responsibility basis $800,000
Distribution secondary circuits, allocated as

of distribution transformers $400,000
Services, allocated by actual field count $600,000
Meters, allocated by actual field count $600,000

Installation on customers® premises, allocated
by actual field count $50,000

Total Electric System Property Value
allocated to residential customers

in Area X $9,100,000

27,




GENFRAL COMMENTS

The plan for allocating property values, as described in
the preceding pages, is primarily a plan for determining data for
any of several different commonly accepted methods of allocation,
It involves the minimum of assumptions and hence the minimum of
controversial features, which is its strongest feature,

Its actual use is relatively simple, as is shown by the
example of allocation illustrated,s While a more complex electrical
system than that shown in Figure 2 will involve considerably more
detail then has been shown in this paper, yet the principle remains
the same and is equally applicable to the simple and to the camplex
system,



ILLUSTRATIONS



PRODUCTION AND TRANSMSSION SYSTEM

]

1925

SYMBALS

Transrussson

STEAn Danta SDansren
Thangonran Bann 4-Y
h-w*o-:»: a8

a}¥>oose0|
k

’
z
i

i
i

SUMMT e PORTAGE TRUMBULL

Wawr An®

i
5 ;
.
- s o Bery Cou Co :
0 50 STa'S {
. COLUMBIANA
!

WAYRE STARK

i
| . i
R B

fsuee




[N

N ]




Ll

|

Substrtion

e

&

s

o
e
rbufan

1

mamnn g sane;

I55] RN I, s e ey et
. _"’AM c




o~
-

B ENRARA NN RN AT ARENR AR URNNRRE SRARSTOAD ,? aanms
@ |——— 1!1W KLl iw B .a L et H Sk .S - L - ho,w!rB
...... L | L .
; | e e - EREN S8 RESUNUNNNN ENNAANNNNY (NNNUNNANE INNNNNNGAN
o 1 " * ﬁ ‘, ©
R i rHE -
AR R rad §und vaRaARAA AR AANR AN RRAN S AN ARANRRSD ANARFNANNN DRANARANRN NRRANRARNNARRARNRNRE RRRARNRRA N

A8 (4 AANNA S AANT AARRNNNARARARRRRRRNA RRRAR | RNARNRGE ARNNAANRRY ARRRNANERD N
% M AR QRERE LRI MM GR ey | H B- g
oo 8 :
6 .......... . 1+ £
i s i i i
o e 1% (A A NN REY AENNUNNENRURRRNATY SUNUNUNSR EUURRTANNBNERNNE SEENE SERNNRARNN o
TN I : M re T NANRNN
ol ERRRRREERRNRRN REERRNAE 4 AAmARALN REBKARN SO ENRRRNNNSNNNRRNNNNRY NRRNNVRED S
NI T EARRNARRA R R RARES ANREENERENR! ISH ANRNNERRE g
3 nm m ”4 ..... 34 _ : M RESBREALEREREMARAS UROSESIMEL SORESS Na N 3
™~ | |
B SRRS 1% imARAARRAANNAAARSARRKNRNRARAR RARAERARRRR: Hi i T,
i ; HHHHH RARAR R ARREAERAR AR R RARRAAARARAR RS .
ARSI T T i SENNARAN NARNNNE) AR ~WRARY URERBRNENN N
SR it i | i i .
i 1

0

12

/o

3

oo

200

SI6URE 3

%ea‘fpdj



L]
= i

TIPICAL DEIIAND CHART
OF SHORT MouR COMPMERCIAL . POWER CUSTOMER

FIGURE “H




s

- . S

TYPICAL DEMAND C/HART
OF LONG HOUR COMMERC/AL PFPOWERE CUSTIMER




SYoMOLLy A0 SowOIMOYy  — spupway

of Day

Time




l H ue .? -
dKv. g i

|
{

go8 Las 30 ELER (pes
A




BIBLIOGRAPHY




BIBLIOGRAPHY

Books

Depreciation of Public Utili ty Properties - Riggs, H. E.

Chapter VI

Economics of Public Utilities - Nash, L. R. = Chapter VII

Outlines of Public Utility Economics - Glaeser, M. G.

Public Utility Rate Structures - Nash, L. R. - Chapter XI

Rate-Making for Public Utilities - Lyndon, L.
Chapters III and IV

Standard Handbook for Electrical Engineers, Fifth Edition

Section 25

Standard Handbook for Electrical Engineers, Sixth Edition

Sections 12 to 15

Theory and Practice of Publie Utility Valuation -
Maltbie, W. H. = Chepter IV to X

The Public and Its Utilities - Reymond, W. G. = Chapter XI

Periodicals

A, S. M, E, News, January 22, 1931

Bulletin of Teylor Society, April 1926 - Article by

John Bauer, p. 99

Electrical Engineering, March 1931 - p, 215

Electrical World,
February 28,
Jamary 2,
October 21,
October - 28

]
December 31,
November 7,
Jamuary 20,
May 29,
August 28,
Sep tember 18,
October 2,

January 22,

1896
1915
1922
1922
1922
1925
1926
1926
1926
19026
1926
1927

Pe 222

Pe 17

pe. 878

D. 928

Pe 1431

Article by W. J.
Pe 403

Article by W. J.
De 427 - Article
Pe 575 « Article
Pe 701 - Article
Article by H. W,

Greens

Greene
by C., ¥, Lacombe
by Ce. F. Lacombe
by C. F. Lacombe
Hills

L



Electrical World, (cont'd)
January 29, 1927 - Article by H. W, Hills
Avgust 27, 1927 - p. 402
August 28, 1928 - p, 359
October 27, 1928 - p, 827 - Article by L, W. W. Morrow
April 11, 1931 - p. 672
Augus t 15, 1931 « ps 289 - Article by S. B. Heath
November 19, 1932 - p, 684 = Article by Jorgensen and Matieson P

National Association of Railroasd and Utility Commissioners
Proceedings, 1930 = p. 319 and 347 - Article by A. Kanneburg

N. E. L, A, Bulletin,
November 1930 - p. 689 - Article by H, L. Gruehn
December 1930 = p. 775 - Article by E. J. Cheney \.
February 1931 - p, 129
April 1931 « p. 247 - Article by W, Kelly

N. E. L., A, Proceedings, 1923 « p, 156 = Alex Dow
1931 « p, 106 ~ Article by Mershall and Snow

N. E. L. A, Report of Rate Research Committee, 1923 =
Statement by Alex Dow,

Public Utility Fortnightly,
July 23, 1931 = p, 67 = Article by N. M. Clark
March 3, 1932 - p, 269
July 21, 1932 = p. 72 = Article by C. S. Reed
Sep tember 29, 1932 - p, 374 - Article by John Bauer,



%D0M USE ONLY

[T
i
n.i'




MICHIGAN STATE UNIVERSITY LIB

| RARIES

3 12J3 03070 9806

B ——

B




