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PREFACE 

The author has had the direct responsibility of actual­

ly supervising and preparing several studies of the "Cost of 

Electric Service"' for an operating utility, these studies hav­

ing been the first ever undertaken by this particular company. 

Though a considerable amount of material has been published 

upon the subject of electric service costs (see Bibliography), 

no literature seems to be available which explains the actual 

methods and data involved in the solution of this problem or 

the results of "such a study, 

The utility industry, vested as it is, with more than 

ordinary public interest is finding it of increasing impor­

tance to obtain definite information as to the costs of supply­

ing the various classes of service. Operating utilities, with 

the assurance of reasonable accuracy in making such analyses, 

should find the results of this type of study useful as: 

A valuable measure of the results of existing rate 

practices. 

A pattern for the establishment of simplified and well 

balanced rate schedules, 

A guide for the determination of wise promotional * 

activities. 

A convenient source of data for special studies, of 

either total cost or out-of-pocket cost, involving particular 

industries or customers. $ % 

A means of securing a better coordinated control over 

both the construction and operating budgets. 

Providing a better measure of what capital additions 

may be justified for new business or to reduce operating costs. 
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A source of authentic material for publicity purposes, 

permitting a determination of the various percentages of the 

several elements in the cost of service, thus possibly promot­

ing a better understanding among the public of the utility 

business• 

Assisting in the determination of a retirement and 

maintenance policy. 

The primary purpose of the work was to determine costs 

for the various classes of service. As there is no known 

method of storing electrical energy economically, electricity 

must be produced at the moment it is demanded by the customer. 

Electricity is not a commodity at all but is a form of energy, 

and it follows, therefore, that the customary methods of cost 

analysis employed in the commerce of the world are not appli­

cable as a guide for the electric utility industry. The sale 

of electricity is more in the nature of the rental of facil­

ities and the relation between the producer and consumer are 

in many respects similar to those of landlord and tenant. In 

determining the scope of the study, careful consideration 

was given to the distinctive type of loads, competitive fac­

tors, the major differences in the cost to serve, the manner 

in which electric service is rendered and to the rate schedules 

in effect. The separate classes of service segregated were: 

(1) Residential, (2) Small Light and Power, (3) Large Light 

and Power, (4) Miscellaneous Municipal, (5) Street Lighting, 

(6) Rural, (7) Oilfield, (8) Refineries, (9) Street Railway,. 

(10) Resale, (11) Cotton Gins, (12) Grain and Milling, (13) 

Coalfield, (14) Eastern District, (15) Western District. 

Since much of the physical plant is used in common by 
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several or all classes of service, the most important element 

in the work was the allocation of the investment and operat­

ing costs to each class of service. It must be appreciated 

that a work of this nature offers no opportunity for the at­

tainment of an exact mathematical solution, in fact, metic­

ulous exactness is disclaimed. It is rather a very practi­

cal engineering-economic study requiring for its solution an 

extensive knowledge of the electric utility business, and 

more especially of every major function of the particular 

company being studied, the physical, operating and economic 

conditions of the property, and it is only by an engineering 

approach based on facts and a considerable element of judg­

ment, and with opinion allocations reduced to a minimum, that 

a solution is at all possible. 

It must be appreciated that it is not only impracti­

cable but virtually impossible to present in a work of this 

nature all of the fundamental data upon which the analyses 

are based. Many of the cost records consist of origin8X con­

struction and valuation reports, copies of which are avail­

able only in the vault of the company. It would be no exag­

geration to say that these voluminous cost and accounting ,. 

records, the engineering studies, the load charts and meter 

records, together with the working papers, would constitute 

virtually a ton of material. While it is not intended that 

each detail be presented in the work, the explanations, a£»e 

sufficiently comprehensive to Illustrate the methods. 

It must be recognized that any rational interpreta­

tion of the results of this stu<3y in comparing costs between 

companies or between different parts of the same company and 
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classes of service must recognize the differences in the 

source of power, voltages, customer densities, system design, 

competitive service, load characteristics, economic conditions 

affecting particular classes of business, and the general 

physical» economic and political structure of the territory 

served. 

The system for which costs are studied is a far-flung 

power system serving 237 towns located in 47 counties of two 

adjacent states. The development of this power system was 

characterized by an unusual rate of expansion and construc­

tion during the years 1921-1929t inclusive, when construction 

costs were unusually high. Practically the entire territory 

served is supplied with exceptlonally low cost natural gas, 

by competitive concerns, which is available to both industrial 

and domestic customers. This severe competition for business 

contributes to a comparatively low customer usage of electric 

service. For instance, on a purely competitive price basis. 

electrical energy would have to be sold for less than 2.5 

mills per kwhr to the domestic consumers for cooking purposes. 

The company studied supplies power service to the petroleum 

industry including all phases of the business such as drilling, 

production, pipe lines and refineries, which are located in 20 

different oilfields, including two of the major producing areas 

of the world. The principal territory served is located in 

the great plain regions of the country characterizedjby\low 

rainfall and unusually low stream flow during prolonged peri­

ods of drought. These climatic conditions necessitate the 

provision of expensive means of supplying condensing water for 

the major steam generating plants and results inherently in 
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plant investment costs that are higher than can be attained 

under more favorable conditions. Certain areas of the trans­

mission and distribution system are subject to unusually severe 

"glaze storms" and with annual temperature extremes of -30 

to 118 degrees and the entire area subject to infestation of 

the poles by termites, all of which entail high operating and 

maintenance costs* 

The author is indebted to the executives of the com­

pany by whom he is employed for having permitted the use of 

much confidential data which have been accumulated for specific 

purposes. Obviously, had not the services of a large organ­

ization been available, it would have been wholly impractica­

ble to obtain the voluminous test load characteristics of the 

several classes of service, or to secure the detail analysis 

of customer revenue and energy sales records in order to permit 

a proper classification of the customers into correct group­

ings. 
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GENERAL METHOD OF ANALYSIS 

Since much of the physical plant is used in common by 

all, or several classes of service, the most important element 

in the work was the allocation of the investment and operating 

costs to each class of service. Such a joint use of facili­

ties is not only necessary, but very desirable as the diver­

sity in class demands reduces the costs to each class of 

service. The greater this common usage, the lower the unit 

costs can be, but the more difficult the problem of alloca­

tion. 

Investment, expense, and customer records are avail­

able by the standard classified accounts for public utilities. 

The problem in this work consisted essentially of translating 

these standard classified investment and expense records to a 

form showing these items by classes of customer, and with a 

knowledge of the revenue from each class of service it permit­

ted the determination of the profit earned under the class 

rate schedules. With certain omissions, the total book costs, 

both investment and expense, have been adhered to; the book 

figures having been translated into a form showing this in­

formation by classes of service, thus giving for the particu­

lar year and prevailing conditions the rate of return earned 

on each class of service. The customers supplied from the 

power system and the kilowatt hour sales to these customers 

have been segregated by classes of service to correspond with 

the segregation of revenue, investment, and expense data. 

The principal advantage of this general method of cost 

analysis is that the total investment and expense corresponds 
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to the classified accounts; and the results are based on costs 

actually incurred rather than attempting to build costs on 

synthesis. Since there is a definite responsibility to the 

security holders for the entire investment and expense, rate 

schedules should be founded upon cost as one element in their 

structure. An individual engineering cost study made for each 

class of service very likely would yield a total investment 

and cost below the standard accounts due, among other factors, 

to the expensive construction attendant upon rapid system ex­

pansion and to differences in equipment costs at present and 

in the past.. An individual engineering cost analysis would 

never yield a total investment equivalent to the total book 

values due, among other factors, to the expensive construction 

attendant upon rapid system expansion and to differences in 

equipment costs at present and in the past. In the first 

place an actual physical inventory of the entire system with 

its attendant expense would be necessary. In arriving at the 

historical costs of the investment facilities it must be 

appreciated that the property has not been built as a unit, 

but by a series of progressive extensions. For instance, the 

resulting investment in a large substation is much greater^ 

when it has been constructed over a period of years by a 

series of additions, than if it had been constructed at one 

time as a complete unit; and thus it is for practically all 

portions of the physical property. Even were the mem#ryt of 

man thoroughly reliable, many of those who have constructed 

the property are no longer here and we must therefore perforce 

resort to the accounting records for an accurate record of the 

value of the physical property and the historical investment. 
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BASIS OF COST ALLOCATIONS 

The analyses and distributions of investment and ex­

penses to classes of service have, as far as practicable, been 

based upon factors which reflect the nature of the costs to be 

distributed and the manner in which they are incurred. 

Cost of electric service depends primarily upon -

(a) number of customers served, 

(b) maximum demand, and 

(c) energy delivered 

These are the three primary components generally rec­

ognized in modern rate structures, and are, to a large extent, 

based upon statistics which are, or can be, collected in the 

course of carrying on the business and, therefore, form the 

fundamental basis of much of the cost allocation. In some in­

stances, costs are directly assignable as specific burdens of 

a particular class of service, and in other cases, detailed 

analyses justified assignments to a specific class. 

Customer costs include that portion which varies prin­

cipally with the number of customers served, such as a large 

portion of the investment in meters and services, and expense 

of their maintenance, consumers installation expense, commer­

cial expenses and a portion of new business expenses* 

^ne cJe&and costs Include investment in generating 

plants,•transmission lines, substations, distribution lines 

and transformers, and the expense of maintenance and operation 

of these facilities, except for a portion of the distribution 

costs which may be assigned on a customer basis, and for that 

portion of the production costs which varies with the energy 

output• 
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The energy costs Include fuel at the generating plants 

and that portion of maintenance and labor which varies with 

the output and the variable portion of cost of energy purchased 

from interconnected companies. 

After making a division of investment and expenses into 

the three fundamental groups shown above, these costs have 

been assigned to the various rate classes on a customer, demand 

or energy basis or by special analyses where direct assignments 

could be made. 

Among those who are thoroughly acquainted with the 

problem it is the accepted viewpoint that, of the many varia­

bles affecting distribution costs, the customer density is of 

most importance. This is true because customer density, more 

than any other factor, determines the amount of distribution 

investment required and the annual fixed and operating charges 

on such investment are a major portion of the total distribu­

tion cost. Customer costs, dependent as they are upon the 

number of customers served, were distributed to each class of 

service using the particular facilities on the basis of Mthe 

ratio of the number of customers in the particular class of 

service to the sum of the number of all customers." 

In the assignment of demand costs, the non-coincident 

annual peak demand on the power system of the several classes 

of service has been used. Under this method of allocation, 

each class of service shares in the benefits of diversity 

between the classes. Diversity is not a characteristic of a 

single class of service but rather a mutual relationship exist­

ing between two or more classes of service. All demand alloca­

tions are based on the maximum demands of the classes of 
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.service, regardless of the time of occurrence in the year, and 

are apportioned in all cases, on the basis of "the ratio of the 

annual maximum demand of the particular class to the sum of the 

maximum demands of all classes." This method recognizes not 

only the magnitude of the load demand of each class of service, 

hut also the relation of each load to the other classes of 

service and the system load. The use of this method of alloca­

tion is in accord with the concept that cost is a stable prop­

erty of the service and not susceptible to violent fluctuations 

on account of conditions external to the class of service or 

the control of the company, 

The use of the annual non-coincident peak demand basis 

of assigning the demand costs is especially applicable for the 

particular system being studied because of the nature of the 

loads served and the resulting system load curve. Reference 

to chart 1 showed that the winter system peak, when the light­

ing load was large was only slightly more than the afternoon 

demand in August, when the industrial load was predominant. A 

study of the power system loads for several years in the past 

has revealed that in some years the annual peak demand occurred 

in the morning or afternoon, when the industrial and commercial 

loads predominated, while in other years the power system peak 

demand occurred in the evening when the lighting load was large. 
-
The use of the "peak responsibility" basis of assigning demand 

costs obviously would result in violent fluctuations in tie 

magnitude of these costs assigned to the several classes of 

service in making cost analyses of this nature from year to 

year. The use of the annual non-coincident peak basis of 

assigning demand costs results, however, in reasonably uniform 
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results from year to year, in studies of this nature. 

The demands of each class of service on the power system 

or at the transmission substation have been used as a basis for 

the allocations. Theoretically these demands should be deter­

mined on each element of the distribution system also such as 

at the meter, the distribution substation and at the power 

plants. The relative demands of each class of service having 

been determined at the transmission substations, obviously 

the relative magnitude of these demands would be virtually the 

same at the power plants and it is therefore not necessary to 

calculate these values on each element of the system. 

Energy costs dependent as they are upon the number of 

kilowatthours generated are distributed to each class of 

service on the basis of "the ratio of the annual kwhrs gener­

ated for the particular class to the total kwhrs generated for 

all classes served from the power system." 
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Since the major portion of cost for electric service 

depends upon the diversified demands of the various classes, 

the determination of class loads was one of the most impor­

tant, and likewise one of the most difficult parts of the work. 

Therefore, this phase of the work was given the utmost care to 

insure the greatest degree of accuracy possible. 

Prom graphic meters, permanently installed on the 

proper circuits, it has been possible to determine with a 

reasonable degree of accuracy, the kilowatt demands of the 

various classes of service. Test meters, of the graphic inte­

grating type, were installed on carefully selected circuits, 

serving predominantly certain classes of customers, in order to 

determine their load characteristics. The consumption from 

these circuits was determined from the metered sales. 

Fifteen minute interval demand charts were available 

for a large percentage of the industrial classes of service. 

The simultaneous demand was determined and thus the annual 

load factor established which was applied to the kwhr sales of 

each particular class of business. In some cases demand charts 

from individual customers were used and in other instances 

charts from relatively large substations supplying a large 

load of one particular class of service was used. The annual 

load factors were in this manner established for the Resale, 
»f 

•,t •>• 

G-rain and Milling, Oilfields, Large Light and Power, Miscel­

laneous Municipal, Refineries, Rural, Coalfields, Street Rail­

way, and Cotton G-in business. The miscellaneous municipal 

class of service is composed of water pumping as well as the 
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lighting of public "buildings so that it was necessary to deter­

mine the relative magnitude of these two types of load in each 

rate class in order to arrive at the composite load character­

istic. 

Some appreciation of the comprehensiveness of these 

test characteristics may be gained from the fact that of the 

total customers in each class of service actual demands were 

measured and studied; for 7Q% of the total grain and milling 

business; for 27$ of the total oilfield business; for 51$ of 

the total refinery business and corresponding proportions of 

other classes of service. 

By securing the number end size of the street lights 

in the various towns, by rate classes, it was possible to 

establish the demand at the substation after having made an 

adjustment for line loss, 

The load characteristics of the Residential and of 

the Small Light and Power classes of service were determined 

by use of the attached charts II & III, which give the diver­

sified characteristics of large groups of customers. These 

curve sheets give the demands measured out on the primary 

feeder circuits so that it was necessary to add the losses to 

determine the demands at the substations. Thus, knowing the" 

average sales per customer in each rate class, it was possible 

to determine the entire class of service demand at the sub­

station by the use of these curves. Chart IV serves to illus­

trate the method used to obtain these test load character­

istics. 

The information as to the characteristics of the resi­

dential and the small light and power customers is quite com-
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prehensive in that the tests were taken over a. period of four 

years totaling over 12,000 residential customer-years and 

over 1,600 small light and power customer-years; thus includ­

ing in the scope of these tests a considerable portion of the 

total customers in these classes of service* The test results 

when plotted on the curves are remarkably consistent and the 

comprehensiveness of the tests renders these results undenia­

bly reliable. It must be appreciated that these results portray 

the diversified characteristics of large groups of customers 

and not the characteristics of individual customers. For 

other utility systems, where the utilization appliances, and 

the customer saturation of these appliances, are different, 

these load characteristics of course would not apply. And it 

must also be appreciated that while the characteristics of 

these two classes of service are directly and materially af­

fected by the types of appliances in prevalent usage on the 

system, these types of appliances are in turn governed to a 

large extent by the competitive forms of energy which are sold 

in competition with the electrical energy, 

In comparing the characteristics of the residential 

with the small light and power customers a particularly signif­

icant fact is evident; for instance, at an average annual con­

sumption of 1000 kwhr/cust/yr the residential demand is 0.35 kw/ 

cust while•the small light and power demand is 0.55 kw/eust. 

A more detailed examination of the characteristics of the small 

light and power customers reveals a pronounced peak every 

Saturday night which is considerably greater than the demand 

established by these same customers on other days or nights 

of the week. This pronounced Saturday night peak is 
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evidently caused by the regular operating schedule of com­

mercial establishments and this feature precludes the great 

diversity for this class of service, which is a characteris­

tic of the residential class of service. 

In classes of service composed of a vast group of rela­

tively small customers the operating characteristics of a few 

customers will have little effect on the total load so that 

comparatively uniform results can be expected from year to 

year in studies of this nature* 

The inter-class diversity or the ratio of the sum of 

the diversified demands of the various classes of service and 

principal industries to the maximum load demand on the power 

system, was 1.43 fox the year. 

Some of the metered demands for determination of the 

customer load characteristics could not be obtained at the 

transmission substations as many of these meters were actual­

ly on the premises of large customers thus involving a cer­

tain amount of primary feeder circuit between the location of 

the test meter and the transmission substation, Under each 

typical condition of feeder circuit layout thus entailed, the 

losses were calculated and added to the meter readings in 

order to determine the demand at the transmission substation. 

Upon examination of the characteristic curves of the resi­

dential and the small light and power customers, it will be 

observed that the exact values of Kw demand shown on the curve 

were not used but proper additions were made to these values 

for the feeder loss between the location of metering and the 

transmission substation. 

Obviously it is not only impracticable, but virtual-
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ly impossible to present in this report all the detail data 

supporting these summarized load characteristics of the vari* 

ous classes of service. For instance, the supporting data 

for the residential load characteristic curve alone entailed 

the detail study and tabulation of over 540© demand charts, 

each of a seven day period. Many of the demand charts used 

for the determination of the diversified characteristics of 

the various industrial classes of service are also utilized 

for billing purposes and are therefore kept in permanent 

files in the various divisional office headquarters; these 

charts are sent in for analysis and after being studied and 

tabulated, are returned to the divisional files. 

Knowing the total annual kwhr sales of each particu­

lar class of service and applying the results of the compre­

hensive tests ©n groups of customers to the total sales, it 

was thus possible, with a reasonable degree of accuracy, to 

determine the annual peak diversified demand of each class of 

service. Having thus determined the annual peak diversified 

demand of each class of service, that portion of investment 

and expense which is a function of demand was then allocated 

to the several classes of service according to their pro­

portionate responsibility for it. See Appendix for details 

of load determination. 

Bue to the relatively high saturation of electric 

refrigerators among the residential and small light and power 

customers tests have revealed that the power factor of this 

class of service at the time of the peak demand is not ma­

terially different from the various industrial classes of 

service. The total power system load power factor at the 
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time of the annual peak load demand is approximately 80$ and 

as most of the electrical equipment is rated at this value of 

power factor it is not believed to yield far from accurate 

results to neglect the power factor for the several classes 

of service. It is also of importance that there are no in­

expensive and accurate recording power factor meters avail­

able with which these values might be accurately established* 

ELECTRICAL LOSSES 

Records were available of the annual kilowatt hour 

transmission loss, and the amount of distribution losses in 

each division and town. With a knowledge of the installed 

transformer capacity, both transmission and distribution, the 

total annual losses were segregated between iron loss and 

copper losses. The iron losses being constant were there­

fore assigned to the several classes of service on a demand 

basis. The copper losses were assigned to the several ©las­

ses of service on a load factor basis. 

Theoretical studies indicated that the copper losses 

should be assigned to each class of service in proportion to 

the equivalent hours of the load curve; the equivalent hours 

being defined as the average number of hours which it would 

be necessary for the peak load to continue in order to give 

the same total energy loss as that actually given by the vari­

able load. A thorough exploration of this indicated, how­

ever, that within practical limits it is sufficiently accu** 

rate to assign copper losses on a load factor basis as above 

described. 



ASSIGNMENT OF COSTS 

CAPITAL INVESTMENT 

The Capital Investment used in this study was tafcen 

from the fixed capital or property record of the Company, as 

set up under the standard classification of accounts• This 

record did not give a classification of the property by the 

accounts exactly as defined and used in this study. As one 

instance, the classified account termed "transmission sub­

stations" includes both transmission substations and a large 

portion of the local substation investment. It has been 

necessary in this study to make a detailed analysis of each 

substation carried in this account and to divide it correctly 

between transmission and local substations. This information 

has been supplemented by a record of the costs of materials 

and supplies and the transportation reserve. The entire 

capital investment was reconciled with the annual report. 

The distribution investment, by standard accounts, is 

carried in the fixed capital record for each city, town, 

principal industry, rural and the Western District systems 

separately, with a few exceptions. For instance the distri­

bution investment is segregated for the oilfields and the 

rural service and is largely segregated for the coalfields, 

the refineries, the resale service, grain and milling bus­

iness, and the street lighting service. An actual inventor 

ry was available of the special facilities for supply of the 

cotton gins. The distribution investment by standard ac­

counts was combined for the towns, by rate classes, and 


