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Introduction 
BATE MAKING EOR ELECTRIC UTILITIES 

To fix an equitable rate for any public utility is a 
difficult task even under the best circumstances. If it is 
granted that the public would be satisfied and would have 
confidence in a public utility corporation, the question of 
fixing a fair rate would still be complex. Even if it were 
fixed equitably, there would yet remain the task of convinc
ing the public that the rate is fair. Every citizen regard
less of whether he has any knowledge of economics or elect
rical operation, expects that an electric light plant manag
er should be able to explain to him all the details of why 
he is charged the rate that be is charged, and furthermore 
give a complete explanation why he should be charged a min
imum charge or "readiness to serve" charge. Ee is unable to 
see even though he has his house wired for electric lighting 
and has a meter installed and has made his demand upon the 
power plant capacity which calls for extra investment in 
power plant equipment, why he should be charged a monthly 
bill of electric lighting even though he uses no electric
ity. A light consumer in a store thinks he is imposed upon 
when he has to pay 10 or 12 cents per kw-hr. whereas his 
neighbor in an industry pays only 4 or 5 cents per kw-hr. 
for motor service. Even at these rates it may be that the 
motor customer is paying an excess rate in order to take 
care of the deficit in the operating revenues from the light 



17 

consumer due to a too low lighting rate. The problem then 
is only half solved when an equitable rate for each class of 
consumer has been determined. The other half is to modify 
the rates so that they may look reasonable to the average 
citizen and yet large enough to meet all operating expenses 
and fixed charges. This modification of rates will have to 
be made in a discrimination against one class of consumers 
and in favor of another. In nearly every case the discrim
ination will be made against the consumer who has a low rate 
per kw-hr. and who is already paying all his share of operat
ing expenses. This practice is resorted to in order to re
tain the other class of consumers, fhe whole difficulty 
lies in the fact that the public mind is not educated to 
understand the language and terms of theelectric utility 
corporation. As soon as the public mind is unable to under
stand it immediately becomes suspicious and thinks that its 
rights are being encroached upon. If then it cannot bring 
the corporation to terms it is ready to start litigation. 

Even if all the language of the electric utility corp
oration could be understood by the public, yet the situation 
of this kind of utility is so unfortunate that considerable 
room for argument and misunderstanding still remains, A 
power plant may have been in operation for a considerable 
number of years. During this time of operation, the art 
of electricity has grown and rapid progress in the improve
ment of electrical machinery has taken place. This growth 
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may have "been so rapid as to warrant a corporation in dis
carding its old apparatus and purchasing new and more effic
ient machinery with a result of a higher capitalization* 
In a case of this kind the question arises whether the pub
lic should be asked to pay returns upon the capital repre
sented by the discarded apparatus. If the rate of return 
has previously been high say 12 or 14 per cent then it would 
seem to be unfair to ask the public to bear the burden of 
paying returns upon an investment which has really been re
turned to the stockholders in the form of large dividends. 
However, if the rate of return in previous years has been 
the legal rate of return, say about 5 or 6 per cent, then 
it would seem fair to the stockholders that they should at 
present be entitled to a rate of return upon an investment 
made in good faith and for the benefit of the public. These 
are questions that come up every year in courts. It is to 
be regretted that some corporations have been unfair and 
have kept incomplete books in order that a watering of stock 
may be brought about to hide the high rate of return upon 
the investment. One corporation of such a kind will poison 
the public mind and make it very difficult for ten other 
corporations which are striving to be square with the public. 

In the early electric light plant the capacity of the 
plant was rated as so many lamps. Consequently, the rate 
charged for electricity came to be so much for each lamp. 
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However, as the power plant grew larger and the number of 
lamps connected increased and the length of time during which 
each lamp was in use became indefinite a system of charging 
so much per kilowatt-hour developed* The rate charged was 
based ao as to yield about the same profit as before. It 
was almost a system of charging on the basis of "value of 
service,n If a customer could afford to pay for the service, 
he was entitled to the services, otherwise not. The rate was 
not levied on the scientific basis of cost of service. If 
the rate charged yielded a good dividend for the stockholders, 
then from the stockholders point of view the rate was fair 
and satisfactory. If the rate did not yield a sufficient 
enhancement to the stockholder then he considered it unduly 
low regardless of the interest of the public. 

This attitude of not only electric light corporations 
but also of other public utilities led in the years past to 
the first step of a great economic movement; namely, public 
protest against existing conditions. Under this protest 
action is made against (l) abuses of corporate power, (2) 
excessive capitalization, (3) franchise scandal, and (4) 
close relationship between politics and public service cor
porations. Action against these existing evils crystallizes 
into the second step in the economic movement, namely, leg
islation. In this period the Wisconsin Public Utilities 
law was passed in 1907 which extended the jurisdiction of 
the Wisconsin Railroad Commission over gas, water, electric 
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light and power and telephone service. In the same year 
the New York Public Service Commission for both the first 
and second districts were organized. The commission for 
the first district has jurisdiction in the counties of 3few 
York, Kings, Queen, and Richmond over railroads, street 
railways and gas and electric companies. The commission 
of the second district has jurisdiction in the rest of the 
state of ¥ew York, gince the organization of these commis
sions of these two states similar commissions have been 
organized until at the present time there are 44 different 
commissions in the U. S. with jurisdiction over at least one 
public utility, since the organization of these various com
missions the third period of this economic movement has dev
eloped; namely, readjustment to the new legal status. This 
period is in existence at the present time. It will perhpas 
effect the electric corporations more than that of any other 
public utility. The influence of this readjustment will in 
the next few years bring about remarkable changes in the 
management, control and consolidation of electric companies. 

The purpose of this volume is to discuss at some length 
the method of determining a reasonable rate at the present 
time under this period of readjustment. 

The primary thought in the writer's mind during the 
work upon this volume was to be brief. In many instances 
quotations are given from commission reports and court pro
ceedings, because the language in the quotation expressed 
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the thought to be conveyed so well and definite that an at
tempt to improve upon the language would be ridiculous, 
furthermore, the writer is amateur and has had no practical 
experience whatever in rate making or government control of 
utilities, A quotation then brings more emphasis upon tine 
thought to be imparted than any other sentence construction 
or language that the writer might use. Generally^ many more 
quotations could be given than what are included but to do 
so would bring considerable more burden upon the readerfs 
mind. The writer has tried to cull his quotations so that 
the ones that are given are the briefer and more exact to 
the points and yet at the same time the most representative 
of any decisions of courts or commissions upon the points 
at issue. The volume is not intended as an exhaustive treat
ise upon the subject of "Bate making for Electric Utilitiesn 

hut only to give a bird'seye view t§ the readerfs mind of the 
steps and proceedings taken in making a rate. 

The writer wishes to acknowledge his appreciation of 
the excellent assistance of Professor Geo.C.Shaad in this 
work. C.F.H. 



22 

BATE MAKING FOB ELECTRIC UTILITIES 
Chapter I 

Eair Rate of Return 
The all important incentive for the existence of an 

economic enterprise is the rate of return offered upon the 
amount invested in that enterprise, No public utility cor
poration or any other economic undertaking would perhaps 
"be in existence today, had it not been for the inducement 
offered in the beginning by a rate of return. All economic 
undertakings begin with the investment of private capital. 
"With the "beginning of any economic enterprise such as a 
railroad, gas plant, water works plant, telephone, or elec
tric light plant, no one can predict what the outcome of 
such a movement is going to "be. Perhaps it will he a suc
cess or perhaps it will be a failure financially. If the 
person who undertakes to construct such an enterprise can 
offer the possibility of a large rate of return upon the 
investment he may be able to secure funds from others than 
a few public spirited capitalists who are willing to risk 
an investment in an experiment for the betterment of mankind. 
If the investment in one electric light plant provided a 
handsome return upon that investment, then funds for a 
construction of a second plant are less difficult to ob
tain. After a sufficient number of plants have been con
structed to assure the public that the investment is fair
ly safe, then municipally owned plants may come into exist-
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enoe "but not before. Whether such a plant is more econ
omic from the point of view of the public is very doubtful. 
All experience in governmental ownership goes to prove that 
plants of that character are not managed as carefully as 
the privately owned plants. The public may be freed from 

per cent 

paying a rate high enough to provide for a 10 A dividend 
upon the invested stock but on the other hand it may be 
burdened with a heavy tax to provide for the investment. If 
then the rate of return is fair and reasonable from the 
economical point of view, the privately owned plant is the 
more desirable because it offers a saving brought about by 
better and more scientific management. The investment of 
the plant should then belong to private corporations be
cause to them it owes its beginning of existence. In other 
words, it is in existence because in the beginning it of
fered a possible handsome rate of return. 

Eate of Return a Factor in Bate Making 
The rate of return upon the investment of an electric 

light plant is a very important factor in determining the 
reasonableness of the rate charged for the electric energy, 
A reasonable rate is not determined alone by the rate of 
return, nor alone upon the fair value invested. It is de
termined by the product of these two. Commissions in statei 
are liberal in fixing the rate of return but conservative 
in fixing the fair value whereas the supreme courts or Un
ited States district courts are conservative in fixing the 
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rate of return but liberal in fixing the fair value of the 
property. With, a given value of investment the rate charged 
for service may vary because the rate of return may not be 
the same in every case.. Very often this statement is made 
erroneously in the reverse order. The rate of return upon 
the investment depends upon the rate charged for service. 

The Wisconsin Railroad Commission has the following to 
say upon the irate of return in 4 W. G* 623: 

lf¥nder the laws of this state public utilities under 
ordinary conditions, are entitled to earnings for their 
services that will yield enough to cover operating expenses 
including depreciation and a reasonable return on the fair 
value of the property actually used and useful for the con
venience of the public. The question what constitutes reas
onable returns upon this property is so closely connected 
with what constitutes reasonable rates for the services ren
dered to the public by such utilities that these two ques
tions cannot very well be kept apart in discussions of this 
character. That this is the case is clear from the fact 
that the returns that are earned upon such investments are 
largely dependent upon the rates that are paid by the public 
for the services involved. In other words the former are 
an essential factor of the latter." 

On the other hand,the rate of return may be the same 
for a number of plants, but the value of the property used 
to put out the same amount of service may not be the same. 
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This situation may be due to various causes. The plant may 
have been constructed in early days when it was unable to 
profit by the experience of other plants and therefore in
vesting in a lot of apparatus which soon proved to be inad
equate for the service, fhe other plant may have been con
structed at a later date when it could profit by the pion
eering of other plants and therefore invests in apparatus 
which was adequate. One plant may have been constructed 
before the rapid improvement of the electric generator and 
the steam turbine and therefore had to invest in a large a-
mount of apparatus which has become obsolete on account of 
inefficiency. This plant is then under the obligation of 
investing in more improved apparatus which can meet the de
mands of the public. The other plant may have been con
structed at a later period when it installed in its origin 
the more improved apparatus and therefore avoided the in
vestment in older types of generators and engines which, 
should soon become a dead investment. In other words^ the 
former plant has had to make a double investment whereas 
the latter made only one investment to provide for the same 
service. Again the cost of construction of one plant may 
be much greater than that of another due to a difference 
in price of building material, difference in expense for 
railroad traffic due to location, and to the general man
agement under which the plant was constructed. 

A quotation from Wisconsin Railroad Commission in 4 
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V. R. C. R. 625 bears upon this point. 
"Ordinarily the rate of return OB the rates for ser

vices that are reasonable to the utility are also reasonable 
to the consumers. When consumers secure these services at 
rates that only cover the operating expenses, including de
preciation and a fair rate of return on the investment, they 
are obtaining the service at as low a rate as under normal 
conditions they can reasonably expect. But there may be 
exceptions to this, sphere may be utilities that are oper
ating under such conditions that no rates that can be col
lected from the consumers would "be sufficient to meet the 
above named charges. In fact such utilities are met with 
more frequently than might be expected. This unfortunate 
situation may be due to lack of a sufficient number of cus
tomers, to mistakes in construction and excessive cost of 
the same, and to many other causes. Such utilities in order 
to be a paying concern, would require higher rates for their 
services than their customers are willing to pay rather 
than forego these services, and the collection of such rates 
is, of course, out of the question. Utilities of which 
this is true, cannot be subject to any general rules. They 
can be dealt with only in the light of the conditions which 
surround them." 

Some factors enter into the fair value and the rate of 
return which must not be duplicated in fixing the fair rate 
of return. Two of such factors are, cost of establishing 
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the lousiness and franchise value. If the cost of establish
ing the business has not been included in the capitalized 
value of the plant then the stockholders should be allowed 
a higher rate of return than otherwise in order to recoup 
them for the extra outlay for expenses during the early 
life of the plant. If the capitalized value includes the 
cost of establishing the business then it is wrong to charge 
the public a higher rate than it would be charged if there 
had been no cost of establishing business. In such a case 
the stockholders would be doubly recouped for their ex
penses in establishing the business. Likewise is this true 
in the case of the franchise. If the franchise cost is in
cluded in the capitalized value of the plant, then the 
stockholders are not entitled to a higher rate of return 
than they would be, had there been no outlay of funds for 
the purchase of a franchise. These two items will be con
sidered more in detail later. 

Other elements which should be considered in connec
tion with the fair rate of return are, (1) location of the 
plant, (2) degree of risk in the investment, and (3) char
acter of the service and the general management of the plant. 

Location of the Plant 
Certain items of expense and cost of construction vary 

with the location of the plant. This has already been touched 
upon in connection with the fair value of the plant. The 
items which bear upon the rate of return are, deterioration, 



legal rate of interest, risk, and probable growth. 
in some communities the deterioration of some parts of 

the same plant may go on at a greater rate than in other 
communities. For example, the life of a wooden pole in a 
southern swamp community would not be as long as it would 
in a northern dry climate, ffln the western coast of the Un
ited States better insulators must be provided than in the 
middle west on account of the small particles of brine from 
the ocean floating in the air. On the other hand, scarcely 
any lightning protectors are needed in the west whereas 
they are iadispens ible in other communities. The latter two 
really come under the subject of fair value, but they should 
be considered when a comparison of rates for service is made. 
The first one really falls under the head of depreciation 
but in as much as depreciation is not allowed for in the 
operating expense of the majority of plants but is allowed 
for in the rate of return it is clear that deterioration 
should be considered in connection with the rate of return. 
When the uniform system of accounts shall have been more ful
ly developed and depreciation is allowed for in operating 
expenses,the deterioration need not be considered in con
nection with rate of return. 

Just as the legal rate of interest varies with differ
ent localities just so may the rate of return upon an in
vestment also vary. At least the various courts in the Un
ited States in giving a decision upon the reasonableness of 
the rate of return for a given locality have based their 
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opinion upon the legal rate of interest in that locality. 
The legal rate of interest varies in different places. The 
reason for this nay he the lack of flexibility of the bank
ing system of the United States. ĵew York is the money center. 
Due to the inflexibility of the banks the legal rate of int
erest may be sajrd to vary as the distance from ITew York. In 
any case it is never less than 6 per cent and the highest is 
perhaps 10 per cent. Three examples of the decision of the 
courts upon a reasonable rate of return follows: 

In Louisville and Nashville Railroad v. Siler 186 Fed. 
176, 189, decided jan. 9, 1911, the court says: 

"What may be a reasonable rate of return as a matter of 
legal policy having due regard to encouraging the invest
ment of capital in railroad enterprises is one quest ion', but 
when the inquiry becomes a judicial problem, to be consid
ered as involving the taking or not taking of the railroad's 
property, it is essentially a different question. The law 
makers, dealing with the legislative problem might think 
that in successful business years a maximum return for ex
ample of 10 per cent upon the investment would be reason
able. The courts, dealing with the judicial problem, are 
affected by the locality and attending risks and circum
stances involved in the particular case, and apparently in
sist upon only a minimum return to the owner of property 
devoted to public use which Trrill reasonable (say "or 
example 6 per cent) upon theproperty computed investment." 



In the case of Saratoga Springs ?. Saratoga Gas, Elec-
trio Light, Heat and Power Company, 122 App. Div. (M.Y.) 
203 106 IT.Y. Supp. 1148 decided November 20, 1907, Judge 
Smith in delivering the opinion of the court says ( page 219 

"An investor may loan his money upon sure security and 
is allowed by law to change 6 per cent, she investment in 
a gas and electric light company, however, is not secured as 
is a loan upon abundant security. .There is in it a greater 
risk of loss, and upon all economic principles the invest
ment should for that reason be entitled to a greater rate of 
return than an investment loan upon approved security." 

In the Arkadelphia Electric Light Company v. Oity of 
Arkadelphia, 137 S. W.1093, 96 Ark. decided May 1, 1911, 
the opinion of the court was that rate of return from 6 to 
10 per cent was fair and reasonable. 

A comparison of the rate of return in different public 
utilities is of interest. The different rates of return 
upon various utilities aS decided by courts and commissions 
in later years are higher than formerly and are as follows; 

Gas Plants 4 to 6 per cent 
Water Works Syterns 5 to 6 per cent 
Street Railways 6 to 8 per cent 
Telephone 7 to 8 per cent 
Railroad 7 to 8 per cent 
Electric Companies 6 to 10 per cent 
Certain elements of the degree of risk is different 



for different localities. As a larger rate of return should 
he allowed wherever a greater degree of risk is incurred, 
it is obvious that the rate of return will be different for 
different localities. For example the growing demand for 
electricity in a town of a given size in Texas may be dif
ferent from that of a same size town in Massachusetts. This 
growing demand depends upon two factors: The educating of 
the people to the use of electricity for light and power, 
and the probable growth of the population of the town. The 
extent of the former one of these depends upon the character-
istics of the people of the two different communities. The 
class of people in the one town may be very ready to accept 
any movement which tends toward higher civilization whereas 
the class in the other town may hesitate to do so. The 
probable growth of a town depends upon the economic re
sources in the community. As these resources are very dif
ferent for different communities it is apparent the probable 
growth will be different. The growing demand for electric
ity in a given community effects the rate of return in as 
much as it effects the added investment to take care of 
that probable increase of demand. If then the probable in
crease of demand does not occur, the added investment to 
meet it becomes an idle investment. However, the property 
owners are entitled to a rate of return upon that added in
vestment because it was made with a careful foresight of 
the future. 



Degree of Bisk 
The reasonableness of the rate of return upon the in

vestment is a public utility is measured largely by the deg
ree of risk incured with the investment. A quotation from 
the case of the State Journal Printing Company v. Madison 
Gas and Electric Light Company, # W.R. C.R. decided March 
8, 1910,(page 633) illustrates this point. 

"The rate of return upon the investment are usually 
divided into interest which goes to those who furnish the 
capital and profits which go to those who assume the re
sponsibility and the direction of the business. The rate of 
interest depends on the supply and the demand of capital 
and is, thereof re, lower where the risks are low and where 
the troubles involved in looking after the investments are 
small, than where these elements are greater. That this 
should be the case, is only natural, for few are willing to 
assume risks and responsibilities unless they are compensated 
therefor in some form, or unless the prospects for such 
compensation are fairly good.11 

The risks that are incurred with an electric light 
corporation is very well summarized in a quotation from the 
same volume from which the above quotation is taken (on 
pages 630 and 644) 

"The development and introduction of other illuminants 
or ̂ uels that would displace gas and electricity is of course 
a possibility but for the present, at least, there does not 
appear to be any great danger from. t M s B 0 U I O e # I n 0 Q m e 0 
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tion with the development of the art, new inventions and 
mechanical and industrial progress generally there is of 
course a great deal of waste that may prove costly to pro
ducers. Such progress often requires the discarding of 
costly and only partly worn out machinery and other equip
ment and its replacement by new and sometimes even more 
costly machinery and equipment. When, in addition to this 
such progress also results in increasing the efficiency per 
unit of the products, it may often be seriously felt by the 
producers, though it may be a great gain to society when 
taken as a whole.. . 

"But there are in public utilities, aswell as in other 
r/sks 

industries,,other than competitive risks. In the construe-
tion and operation of such plants many accidents may Toe met 
with and many mistakes may occur. While some of these might 
have "been foreseen and preventd, others may be "beyond human 
intelligence and grasp. Many examples of this might he men
tioned. Such plants may also he injured by the direction of 
the growth of the city in a direction different from that 
expected when the plants were built; by the failure of the 
city to grow as rapidly as expected or as rapidly as the 
plant had made preparation for; by the failure of the city 
to grow at all as well as by decreases in its population 
and industries; by action of the local and other authorities 
by which unprofitable extensions may be required. The rates 
reduced or other burdens imposed, as public utilities usually 
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have to furnish adequate service whether it is paying or not. 
In the case of such losses the owners or employers are the 
first to suffer as their share of the proceeds is not fixed 
but has to take what is left after the other claims have 
been met. Wages, salaries, supplies, taxes, interest on 
the bonds or notes, etc., must be paid by the employers or 
the business will stop or go into receivership. If the earn
ings are only large enough to cover these outlays the emp
loyer will have to go without his pay. There is no escape 
from this. In view of these and other facts, it is clear 
that public utilities are not entirely exempted from risks 
and that therefore, there is a speculative feature about 
them for which their owners are entitled to something in 
the way of speculative gains.*1 

The rate of return based on the degree of risk should 
be different for two different periods. (l) The rate of 
return at the beginning of a new utility should be great e~ 
nough to induce capital to be invested in the construction 
of the original plant. (2) The rate of return at the pres
ent time should be sufficient to induce capital to be in
vested in the construction of new plants under the present 
situation of the utility. 

The former of these two should, without doubt be the 
larger. As a utility grows and as the demands for the prod
uct of that utility becomes more a necessity for livelihood, 
the risks in the investment of that utility correspondingly 



decreases. When the Hew York Gas Light Company was organ
ized in 1823, before any knowledge of what the probable suc
cess of such an enterprise would be, the rate of return up
on such an investment ought by right be very high. It was 
20 per cent. This rate was fair and reasonable at that time. 
Eighty years later, when such an enterprise has become more 
firmly established and the use of gas has become a neces
sity of life and ceased to be a luxury, a rate of return of 
that magnitude would be unreasonable. 

In delivering the opinion of the Supreme Judicial Court 
of Maine, in the case of Kennebec Water District v. City of 
Waterville, 9? Me. 185, 54 Alt. 6, 14, December 27, 1902, 
Judge Savage says: 

"There is another matter which we think may fairly be 
considered in connection with the reasonableness of rates. 
We think something may be allowed in this respect for the 
risks of the original enterprise if there were any. It is 
common sense that they who invest their money in hazardous 
enterprises may be reasonably entitled for a time at least, 
to larger returns than would be the case if the success of 
the undertaking were assured from the beginning." 

The latter of these two, namely,--the rate of return 
adequate to induce investment in a new enterprise at the 
present time should be less. The flow of capital into new 
enterprises an* the rate cf return will he in equilibrium. 
If the rate of return is too low to induce capital to be in-



vested then capital will cease to flow into new enterprises* 
As soon as this happens then the rate of return will increase 
until sufficient capital will he invested in the construction 
of new plants to meet the demands of society. 

In Re Queens Borough Gas and Electric Company 2 P. S.C. 
1st D. (IT. Y.) , June 23, 1911, Commissioner Maltbie in deliv
ering the decision of the New York Public Service Cornela sion 
says ? 

"Various standards have been suggested for determining 
the fair rate of return. The one which in our opinion is 
properly applicable to the case is that the rate should be 
such that investors would be induced to provide the funds 
with which to construct and extend a gas and electric plant 
within the area in question. If the state were to fix a 
rate below this standard, capital could not be secured , If 
investment were made before the state acted, the original 
capital might be forced, to remain, but additional capital 
could not be secured unless necessary to protect the first 
outlay,w 

Character of Service and Management 
The rate of return upon the investment in a public ut

ility enterprise depends somewhat upon the character of 
service and management of that enterprise. The quality of 
service of an electric plant may be increased considerably 
^ith-ut any considerable additional expense, but only by 
exerting a more careful and efficient management. A comp-



any which undertakes to do this is entitled to a greater 
rate of return than the company that is lax ahout its man
agement and consequently delivers poor service. The better
ments of service which may be brought about without an ap
preciable added expense is, a closer voltage regulation, 
more accurate meter service, and a more reliable service. 

A quotation of the standard of service provided for in 
the Wisconsin Public Utilities Law is given in volume 2 of 
the Wisconsin Railroad Commission Reports for 1908, 2 W. R t 

C . R. 6 32 © 
wl. The commission shall ascertain and fix adequate 

and. serviceable standards for the measurement of quality 
pressure, initial voltage or other condition pertaining to 
the supply of the product or service rendered by any public 
utility and prescribe reasonable regulations for examination 
and testing of such product or service and for the measure
ment thereof. 

"2. It shall establish reasonable rules, regulations, 
specifications and standards to secure the accuracy of all 
meters and appliances for measurements and evex̂ y public 
utility is required to carry into effect all orders issued 
by the commission relative thereto." 

Perhaps the courts have not always given sufficient 
premium for careful and efficient management of public ut
ility plants. On the other hand, the courts have had a tend
ency to cut down the rate of return to an equal basis re-



gardless of the management. In other words, efficient man
agement has been discouraged. Justice Timlin had this in mid. 
when he delivered his decision of the court in the ?fSootf 

case. 136 Wis. page 168 he states". 
"It is also to be considered that this margin (between 

the amount sufficient to assure a fair return on the value 
of its property plus the amount of its fixed charges and op
erating expenses, and its gross receipts) ought not ordin
arily to be exhausted or swept away by orders or require
ments of the Railroad Commission as fast as accumulated 
because human nature or railroad nature is such that no one 
will long economize on operating or other expenses if his 
economy only furnishes a larger basis for further exactions.11 

A sliding scale system applied in England and Boston to 
the gas supply proves to have evident advantage. By this 
system the public utility corporation shares with the pub
lic any saving that is brought about by efficient manage
ment. It is not a question of the public sharing with the 
corporation as some courts have preferred to call it but 
it is a sharing of the corporation with the public. This 
system undoubtedly could be applied also to electric corpor
ations. It is the only system whereby there can be an agree
ment between the public and the corporation and yet at the 
same time offer inducements to the corporations for efficient 
management• 



39 

This problem is referred to by Commissioner Lane in 
Advance in Rates, Western Case, 20 I. C. C.R. 307, 333 De
cided February 22, 1911". 

"There is much persuasiveness in the argument that a 
surplus shall be permitted to accumulate which shall be in 
a service a public fund out of which the carrier may create 
facilities which will produce more efficient and satisfac
tory service conditions adding to the liability of the road 
which may call for a greater return in rates. This sugges
tion has much that is fundamental in it. It looks toward 
an adjustment between the public and the carriers that will 
be fair and profitable to both." 



Chapter II 
Fair Value 

The fair value of a plant must he known "before it can 
"be decided whether the given net income yields a fair re
turn. The courts have not realized this situation until 
in recent years. Consequently the discussion of courts upon 
the fair value is limited to the last few years. Only in a 
few of the most recent decisions have courts had data avail
able to decide more definitely upon what the fair value is. 
Before this detailed information was at hand, the courts 
were unable to discuss the fair value scientifically, but 
had to let their discussion "be mostly dicta. Beginning 
with 1906 the Interstate Commerce Commission realized that 
the knowledge of the fair value is essential for deciding 
upon a fair rate of return. This commission in its annual 
reports urged Congress to consider the passing of a hill 
that would provide for the appraising of railroad, property 
so that a knowledge of this fair value might be at hand. This 
agitation on the part of the commission has grown stronger 
from year to year until in 1912 Congress had such a bill 
under consideration. The passage of such a bill would mean 
considerable expense upon the part of the railroads and the 
government but nevertheless it would bring about a benefit 
to the railroad and suggest improvements in operation and at 
the sa-e tire provide a scientific basis upon which the Com
mission could work in deciding upon the fairness of a rate. 



This discussion applies to railroads hut it serves as an ex
ample of what can he done in other public utilities. 

The first case in the United States Court which involved 
the fair value of property was that of Smyth v. Ames, 169 
U.S. 466, 18 sup. ct. 418, 42 1. ed. 819. decided March 9 
1898. Justice Harlan in delivering the opinion of the court 
says ( on page 544): 

"If a railroad corporation has bonded its property for 
an amount that exceeds its fair value, or if its capitaliz
ation is largely ficticious, it may not impose upon the 
public the burden of such increased rates as may be required 
for the purpose of realizing profits upon such excessive 
valuation or fictitious capitalization, and the apparent 
value of the property and franchises used by the corpora
tion, as represented by its stocks, bonds, and obligations 
is not alone to be considered vhen determining the rates 
that may be reasonably charged." 

In the Columbus Railway and Light Company v. City of 
Columbus, Me 1206, in equity, United States Circuit Court, 
Southern District of Ohio, Eastern Division, Special Master 
T.P, Linn reports June 8, 1906: 

"In other words fictitious values will be disregarded 
improvident and unwise expenditures will not be taken into 
account, but only the fair value of the property will be 
used as a basis, including however, in such fair value not 
only the tangible property devoted to the public service. 



but such intangible value as may be legitimate and may be 
justly, under all circurnstances, credited to the producer 
on the one hand, and debited to the consumer on the other, so 
as to bring about the just compensation rightly belonging to 
the company, and legitimately to be paid for by the consumer." 

How shall the fair value be determined? This is not 
always an easy question to answer. However, if the courts 
are in the concensus of opinion that the fair value of a 
corporation must be known before fair judgement can be passed 
upon the fairness of its rates of service, then the question 
must be answered. Five different methods suggest themselves 
as a solution. 

1. Cost of construction 
2. Capitalized Value of Returns 
3. Market Value of Stocks and Bonds 
4. Cost to Reproduce ¥ew 
5. Cost of Reproduction less Depreciation. 

Cost of Construction 
If a plant has been recently constructed and a uniform 

system of accounts has been kept, the total cost of con
struction can easily be determined. To this total cost 
should be added a certain amount for "going concern" value 
and another amount for working capital in order to derive 
at the fair value. In other cases it is different. If a 
plant has been in operation for a number of years and the 
accounts have been kept loosely and no depreciation fund 



has been set aside then the question of deciding upon the 
fair value becomes a difficult matter. Perhaps extentions Trm. 

have been added to the plant. The funds for these extensions 
may have been provided for out of the net proceeds of the 
revenues after an allowance has been made for depreciation. 
If the extensions have been built from these funds, then 
the extensions do not belong to the corporation but to the 
public who have paid for them in excess rates and should 
therefore not be burdened with an unduly high r£ate in order 
to provide a fair rate of return upon the value of the ex
tensions. If, on the other hand, the extensions have been 
builfi as an investment of the depreciation fund then the 
extensions do belong to the corporation and not the public 
and the corporation is justly entitled to a fair rate of 
return upon the extensions. 

Capitalized Value of Returns 
One method of determining the fair value is to capital-

proceedure 

ize the return from the investment• This^is wrong. If the 
fair value of a plant is made by this method then all rates 
would appear reasonable no matter how extornate they may be. 
If the rates of service are high then the returns upon the 
investment will be high. If the returns are high then the 
capitalized value of the returns will be high. The fair 
value of the plant will be high and the rates will appear 
reasonable. Tl-e process is simply that of reasoning in a 
circle. The method is wrong and should be discarded from 
all rate considerations. 



Market Value of Stocks and Bonds 
The method of basing fair value upon the market value 

of stocks and bonds has a few merits. The market value of 
any commodity is the price any willing bidder offers for it. 
furthermore, property has value only to the extent that it 
will yield returns. If there are no returns then the value 
disappears. The present value of a plant is the present 
worth of the prospective returns, Henry Earl Riggs had this 
in mind in his paper on "Valuation" in the Proceedings of 
the American Society of Civil Engineers, November 1910, 
page 1520: 

"It can be readily seen that the present physical value 
is not always--indeed is not of ten—-the %f air value.1 The 
fair value may be more, or less, than the present value of 
the physical property. It would seem to be reasonable to 
interpret the court's meaning of the term 'fair" value' to 
be the value as business or commercial property, taking into 
account the actual investment existing in the property, to
gether with any favorable conditions which would enable it 
to earn on rates which were fair and reasonable to the con
sumer, an income in excess of a usual rate of interest on 
the actual investment, or any unfavorable ones which under 
the same rates would reduce its earnings to less than usual 
interest.* If such an interpretation be allowable, it would 
appear to be correct practice to use a "fair value" made up 
of two elements: a physical value, representing the invest-



ment and a non-physical value representing all the elements 
which affect that investment to give it favorable or unfav
orable financial returns* 

This method may serve as a check upon the value of a 
plant for purchase or sale, Tout it cannot be used in the 
case of basing reasonable rates. In this respect it is 
somewhat similar to capitalized value of returns. Rates 
cannot be based upon the market value because the market 
value is not set up until after the rates have been in oper
ation. If the rates are high, then the rate of return is 
high and the market value is then consequently high. It 
is another clear case of reasoning in a circle. 

Cost of Reproduction 
The trend of the lower courts at the present time is to 

base their judgment of reasonable rates upon the cost of 
reproduction. The higher courts, however, hesitate to base 
their judgment upon this basis. This method is comparative
ly new and all the factors hlngeing upon it have not been 
worked out. The Supreme Court of the United States has 
wisely refrained from laying down a hard and fast rule that 
might have to be reversed when all the factors of the prob
lem have been more clearly disclosed. 

As far as the factors of "cost of reproduction" have 
been worked out at the present time, the conclusions of 
the courts for the time being indicate that the cost of re
production is a fair average of the fair value of a plant 



especially for rate purposes. Some courts assert that ac
tual cost capitalization and other factors should he consid
ered only to the extent that they throw light upon the 
cost of reproduction. In view of this position the opinions 
of the Supreme Court are that it is the ̂ present value" that 
shall be considered, por example, in the case of Smyth v. 
Ames the court decides that "the fair value of the property 
being used....for the convenience of the public" is to be 
used as a basis for reasonable rates. 

A number of different conceptions of the cost of re
production method present themselves? (l) Cost of reproduce 
tion may mean the cost of a substantially identical repro
duction of the existing plant. (2) It may mean the cost of 
a substitute plant of the mast modern, approved design cap
able of performing the same services as the existing plant. 
(3) It may mean (a) Under the present prices of land, labor, 
and material the cost of construction of the plant under 
present conditions or (b) under present prices of land, 
labor, and material the cost of construction of the plant 
under conditions existing during the construction of the 
original plant. 

The first method "cost of a substantially identical 
reproduction of the existing plant" is the method usually 
followed. It does not mean that the cost of equipping a 
hypothetical plant with antiquated and obsolete apparatus 
but the cost of equipping a plant with the nearest modern 



apparatus that will perform the same service. Likewise the 
original plant may have been constructed of stone or brick, 
whereas the present hypothetical plant would be concrete 
which might prove to be less expensive, 

The second method, "the cost of a substitute plant of 
the most modern approved design capable of performing the 
same service as the existing plant" simply means in case 
the old plant was wiped out what would it cost to replace 
it with a plant of modern apparatus capable of performing 
the same service as did the old plant. This may mean that 
instead, of using reciprocating engines, steam turbines may 
be used. These turbines units may cost less money than did 
the old reciprocating engine units. The difference in 
price will be a sum that should have been made up to the 
owners in increased rates due to risk. 

In the third method it is a question of whether the 
investment under present prices of land, labor and material 
shall be expended under present conditions or conditions as 
they existed during the construction of the original plant. 
When a plant was originally constructed overhead, wires a-
long a street may have been permissable whereas at the 
present time the safety of the public may necessitate under
ground cables. The cables may have to be put under a pav
ing which means another added increase in cost. The total 
increase in cost would have to be looked upon as a better
ment over and above the original plant. This total cost 



should not come out of net earnings hut from sale of stock 
on an increased capitalization due to "betterment. 

Yet another conception of the method of cost of repore
duction offers itself. That is the cost to reproduce a 
plant under the prices of land, labor, and material that 
existed during the original construction of the plant and 
under the conditions that then existed, This is really the 
actual cost of construction. It assumes that a depreciation 
fund is set aside each year which will eventually total up 
to the cost of the plant at the end of the life of the plant* 
If this fund has not been set aside each year then the 
owners are entitled to a higher rate of return. The increase 
of the rate of return over and above the reasonable r^ate of 
return upon the actuaX investment should be such that if 
put at compound interest will at the end of the life of 
the plant amount to the original cost of the plant. If nearly 
all plants were not o"bliged to make additions from time to 
time to take care of the increase of demand, this would be 
a rather fortunate and simple method. The only modification 
which would be necessary to make would be a slight reduc
tion in the rate of return on account of the appreciation of 
land upon which the plant is builded. Under ordinary con
ditions land appreciates about 5 per cent of its value each 
year. This does not mean that the rate of return would 
have to be scaled down 5 per cent but only such a fractional 
amount of the 5 per cent as the value of the land originally 
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is a fractional amount of the total investment. 
As nearly all plants that have "been in existence for 

any length of time have had to build on additions a know-
lege of the original cost of construction is of little avail 
as far as the determination of the present value of the 
plant is concerned. However, in some cases where the ac
counts of the corporation have not been complete it may be 
necessary to determine the original cost in order to determ
ine the fair value of the plant at present upon which the 
owner is entitled to a fair rate of return. Additions may 
have been built not alone from a depreciation fund or from 
an allowance for that fund but also from excess earnings 
brought about by excessive rates. In nearly all cases no 
depreciation fund is set aside and additions ar renewals 
are made from excess earnings in a haphazard way without any 
conception as to whether these earnings are justly all per-
missable as an accumulation of a depreciation fund or they 
are not only an accumulation of a depreciation fund but also 
of an accumulation of unjust earnings brought about by an 
unduly high rate of charge for service. Any large additions 
should not be constructed from the depreciation fund but 
from the sale of stock. Additions constructed from the 
depreciation fund should be permitted only as far as these 
additions may be considered renewals to take the place of 
depreciation of the original equipment. 
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To determine whether additions or renewals have "been 
"brought about fairly is no small task. It involves the ap
praisal of the plant under present existing conditions and 
under present prices of land, labor, and material. In this 
appraisal due allowance must be made for depreciation. In 
other words it is the cost of reproduction less depreciation. 
This gives the fair value of the plant at the present time 
but not necessarily the fair value as far as rates are con
cerned. A part of the value as mentioned before, may be 
due to excess rates in the past. A part of it then belongs 
to the public and the public should not be asked to pay a 
rate of return upon that part. In order to determine whether 
this is a fair value for the basis of rates, it may be nec
essary to determine the original cost of the plant under 
present conditions and under present prices. An allowance 
should also be made for the appreciation of the land. An 
investigation of the company1 s books for the determination 
of the added sale of stock should be made. Then if the or-
iginalcast plus land appreciation plus the added sale of 
stock is equal to the present cost of reproduction less de
preciation then the fair value as determined is the right 
and just value upon which thlp corporation is entitled to 
a fair rate of return providing the corporation has been 
under a fair and average efficient management. If on the 
other hand, the cost of reproduction less depreciation is 
in excess then the rates have been too high in the past and 
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they should rightly he made lower for the future to such am 
extent that they will allow a fair rate of return not upon 
the cost of reproduction less depreciation hut upon the 
sum of the original cost plus land appreciation plus added 
sale of stock. If again the cost of reproduction less de
preciation is in the deficit then the rates have heen too 
low and the corporation is entitled to a higher rate for 
service. Especially is this so if the plant has heen oper
ated under a fairly efficient management. The efficiency of 
the management of the plant is a matter to he decided by the 
courts. 

Cost of Reproduction less Depreciation 
Any electric utility plant undergoes depreciation from 

the time it is first constructed . This depreciation hears 
a relation to the rate of return and the total investment* 
In a well operated plant a depreciation fund is set aside 
each year which should accumulate at compound interest so 
that at the end of the life of the plant the accumulation 
will equal the original investment in the plant. This de
preciation fund should he considered as an operating expense 
and should he deducted from the operating revenues before 
any dividends are allowed. This fund may be deposited in a 
bank to draw compound interest or it may be iet to a loan 
company where it will accumulate at a compound interest 
from 3 to 4 per cent. Theoretically the plant will be oper
ated with added repairs from time to time but without any 
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renewal of parts. When the end of the life of the plant 
has come, that is, when the different parts of the plant 
are worn out or are to he discarded on account of obsolescence 
or inadequacy, the accumulation of the sinking fund should 
be sufficient to construct a new plant in the place of the 
old one and one which will furnish at least the same service. 
The service in such a case would be interrupted and sus
pended during the construction of the new plant. The new 
plant might have a larger or smaller capacity than the old 
one depending upon relative cost of labor and material. Win en 
the new plant is completed it begins operation on a second 
cycle. Thus one plant after another could be replaced. 

However, such operation is not practicable. In the 
first place a public utility must never suspend operation. 
It must be reliable and provide service every day. if it is 
a twenty-four hour service, it must provide service every 
minute, year in and year out. To suspend service means ruin 
to a public utility because it destroys confidence in the 
public mind. If once that germ is created then public sent
iment will begin to look for means with which to construct 
a substitute utility plant. The owners of the plant will 
have lost their investment, because a utility property has 
value only in so far as it can be used for public servicem 

If it has no use then it has no value. 
In the second place, the service is not only suspended 

during the time of construction of the second plant, but it 
is seriously crippled during the latter years of the old 
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plant on account of the decrepitude of the apparatus. This 
feebleness of service during the old age of the original 
plant is not permissible in public utilities. The service 
of a public utility must not only be continuous but it must 
be reliable and adequate. l£ it is not, then a misfortune 
will happen to it just the same as in the case of suspension 
of service. Consequently, to operate a public utility plant 
without renewals from time to time and to operate it until 
it is entirely worn out when it can be replaced by a new 
plant is entirely out of the question. Such operation is 
possible in a factory and yet even there efficient operation 
may not permit it. 

How then is the old plant to be replaced without sus
pension of operation? In an electric plant the demand upon 
that plant grows from the day the plant begins operation. 
For this reason the building of the plant is always made 
large enough to provide room for the installment of apparat
us in future extensions. At the end of five years operation 
the plant may be inadequate to meet the demands of the pub
lic. A larger unit than those in operation may be installed 
in the extra room. This larger unit may be purchased from tfe 
the depreciation fund. Consequently it is apparent that a 
depreciation fund need not be left in a bank to accumulate 
for 20 or 25 years whatever the length of the life of the 
plant is, but only for a few years when it can then be 
taken out and invested in renewals. Invested in this way 
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the fund will generally draw a larger interest than it will 
from a hank or loan firm. The higher rate of interest is 
an advantage to the corporation and the public because it 
means a scaling down of operating expenses in as much as 
the fund to be set aside each year need not be as large. The 
plant then is made continuous and adequate by installing 
renewed apparatus every 5 years ot thereabout. 

If the renewals from time to time exceed the accumula
tion of the depreciation fund, then the excess should be 
made up by a sale of stocks and bonds. If the demand upon 
the plant is Increasing then the cost of renewal will exceed 
the accumulated depreciation fund, and an issue of stocks 
and bonds is necessary. In most plants no definite deprec
iation fund is allowed and renewals are provided for in a 
haphazard way from excess earnings. Many times renewals 
are provided from excess earnings alone when the cost of 
renewals perhaps would have exceeded a justly allowed accum
ulation of a depreciation fund if there had been one. Such 
a situation indicates that the ratesof service previously 
have been too high* 

On the other hand additional stock may be issued to 
the stockholders without any additional cost to the stock
holders in order to bring the capitalized value of the plant 
up to the value of the investment* This is only possible 
in case renewals have been provided from excess earnings 
when a reasonable depreciation fund accumulation would not 
have warranted the renewals* Such stock is called "watered 
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stock*. It has been issued to swell the capitalized stock 
without any return of money to increase the investment of the 
stockholders. The purpose of the issue of watered stock is 
two fold. First, it conceals the fact as in this case, that 
the rates of service have heen too high thereby producing an 
excess earning greater than what the depreciation fund should 
equal; and second it carries the rate of return in the form 
of dividends to appear smaller so that the public mind shall 
not become agitated over the truly high rate of dividends. 
Furthermore, the issue of water stock may swell the capital
ized value of a corporation far beyond the investment value. 
This excessive issue of stock is primarily for reducing the 
apparent rate of return upon the investment. 

Unless a Record of the issue of watered stock is kept 
in the accounts of the corporation of an electric light 
plant, that corporation may have charged excessive rates in 
the past without its being known definitely to the public 
at present. More than this it may charge excessive rates 
at the present. If the issue of watered stock has swelled 
the capitalized value of the plant, such an excessive issue 
of watered stock may be discovered by making an appraisal of 
the plant and allowing for depreciation. If this appraised 
value of the plant, which is equal to the cost of reproduc
tion of the physical plant less the depreciation upon it 
plus allowances for overhead charges, discount on bonds, 
working capital and going concern value, is less than the 
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capitalized value, then either the corporation has issued 
watered stock or it has been controlled by extravagent man
agement. If the plant has been efficiently managed and if 
the appraised value is equal to the capitalized value, there 
is still a possibility of watered stock having been issued 
in the past. Especially is this so if the present appraised 
value is much greater than the original investment in the 
plant. If the books of the company are meager in the ac
counts of the excess earnings of the plant and if no defin
ite record has been made of issuing stock without receiving 
a corresponding amount of money in return from the stockhold
ers, then watered stock may or may not have been issued. The 
public may have been paying too high a rate for the services 
rendered but in the future it cannot be asked to pay a rate 
that will provide reasonably high returns upon the invested 
capital. The only difficulty is that the public may provide 
a rate of return upon an investment a part of which right
fully belongs to it. However, such uncertainties will never 
exist in the future because under the present laws public 
service commissions representing the interests of both the 
public and the public utility have access every year to the 
books of utilities to examine them for correctness of 
keeping. In other words, the day of graft in public util
ities is swiftly passing away. 

In view of what has been said about it is evident that 
an appraisal of a public utility property is sometimes not 

account 
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only desirable but of paramount necessity. Such an apprais
al involves the value of the physical plant together with 
the consideration of depreciation in its various forms; it 
involves also overhead charges, discount on bonds, working 
capital, going concern value, franchise value, and value of 
good will. 
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Chapter III 
Appraisal 

The appraisal of corporation property was unusual fif
teen years ago. The taking over of privately owned water 
works by municipalities was the first cause for an appraisal. 
One of the first cases of this kind was the Kansas City Water 
works case. The city of Kansas City purchased the National 
Water Works in 1894 and in this transaction a knowledge of 
the value of the plant was necessary. The valuation of 
water works has been the pioneering work in the undertaking 
of the valuation of public utility properties. Only a few 
attempts were made to appraise a public utility property for 
the purpose of rate making until after the organizations of 
the Wisconsin Railroad Commission and the New York Public 
Service Commission in 1907. 

Appraisals are difficult to make on account of the many 
varying factors which enter. They are made for several 
reasons? 1. Taxation, 2. Accounting and capitalization 3. 
Public purchase 4. Rate making. No valuation for the 
purpose of rate making was made before the case of Smyth* v 
Ames in 1898. The valuation for a rate purpose may be of 
quite a different value from that for a purpose of taxation 
or purpose of public sale. A valuation for public sale may 
include values of franchise and "going concern" whereas a 
valuation for purposes of taxation may vary in different 
states on account of the different laws governing taxation 
in the different states. 
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Some of the factors Involved in making a valuation 
which makes appraising difficult are: 
(a) The necessity of dealing with both tangible and intang
ible values, 
(b) Lack of accepted theory in deciding upon the value of 
certain quantities. This often leads to confusion and non-un
iformity. 
c, It is a problem Involving both engineering and economic 
knowledge for its solution. Only a very few men have had 
wide experience In both fields, 
(d) The appraisers who are usually engineers do not, on ac
count of the rapidly changing developments in engineering 
works in recent years, have sufficient reliable data at hand 
on which to "base their conclusions, 
(e) The experience of different engineers are varied, and 
the influence upon them in forming their conclusions wary so 
t: at an appraisal of a given plant by two different men may 
differ somewhat in the final valuation. 

The difficulty is illustrated by the report of the Spec
ial Maut er T. P. Linn in the case of the Columbus Eailway and 
Litfht Company v* the City of Columbus, decided June 8 t 1906 
In the Circuit Court of the United States Southern District 
of Ohio, Eastern Division. 

"Fictitious values will be disregarded improvident and 
unwise expenditures will not be taken into account, but only 
the fair value of the property will be used as a basis in
cluding, however, in such fair values not only the tangible 
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property devoted to the public service hut such intangible 
value as may he legitimate and may he justly under all cir
cumstances credited to the producer on the one hand, and 
debited to the consumer on the other, so as to bring about 
the just compensation rightly belonging to the company and 
legitimately to be paid for by the consumer. 

"Necessarily the ascertainment of such value is in all 
cases a difficult matter and its final adjustment by the 
courts can rarely, if at all, be ma.de with mathematical ex
actness. All the court can do is from the evidence, to ar
rive at such a value as will, all things considered, be 

it 

fairly equally just to both parties. 
Physical Plant 

The appraising of a physical plant requires above all 
patience. It is essentially a piece of work that requires 
men with engineering knowledge and engineering character. A 
man with an engineering character has an unprejudiced mind, 
and a determination to do what is right. If he is a typical 
engineer he is honest, conscientious, and truthful. He will 
seek the truth and nothing but the truth. He should also 
have had a wide experience. Even with men of this character 
the value of a plant as determined by different engineers 
may not precisely be the same oil account of various effect 
of influences. Prices fluctuate, the personal equations 
working men are liable to error, property conditions are 
changing, self-attainment is ever present, and diverse int-

http://ma.de
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erests "bring pressure to bear so that under these various 
influences the individual honestly endeavoring to obtain a 
just, final and definite figure, will find that his figures 
differ from that of an equally honest and industrious ex
pert. 

In determining the value of the physical plant, several 
factors must be taken into consideration. The location of 
the plant in so far as it effects transportation facilitiest 

Also the location must be considered from the point of view of 
that of distance of transportation of the material and ap
paratus to be used in the plant. Labor costs are also ef
fected somewhat by location. The character of the soil up
on which a plant is built; the value of excavation must be 
decided from a close study of the soil; the natural resources 
available at the plant, such as sand, stone, lumber, water, 
and cement; the cost of fuel for engines to be used for op
erating machinery during construction; the climatic condit
ions of the country, all influence the cost of construction. 
If the country has open winters and is comparatively dry 
the cost of construction is less than it would be if the 
winters are long and severe or if the climate is damp and 
unsanitary. 

In estimating values of different items of a plant, 
the current price of each apparatus or material should be 
used. The prices may fluctuate somewhat but unless the 
fluctuation is too great, the price at the time of the ap-
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praisal should he considered. Such material as copper which 
has a fluctuating market value for each week should not "be 
appraised at the value it is during the weeks in which the 
appraisal is made, but should be appraised at a value which 
is an average for five years immediately preceding the ap
praisal. After the value of the apparatus new has been de
cided then the depreciation upon that apparatus must be est
imated. This is a rather difficult task and therefore the 
subject of depreciation will be considered under a separate 
heading. 

All appraisals should be made upon uniform blanks and 
should follow a uniform outline. The. National Electric 
Light Association went to a considerable expense through its 
committee on uniform accounting to provide an outline to be 
followed by appraisers in making valuations. The outline 
follows: 

Construction Accounts 
Organization 
Royalties, franchises and licenses 
Generating plant - steam 

Land 
Structure 
Boiler plant 
Prime mover 
Electrical Plant 
Miscellaneous 



Generating plant - hydraulic 
Land 
Structure 
Dams, canals and pipe lines 
Turbines and Water Wheels 
Electrical Plant 
Miscellaneous 

Generating plant - gas 
Land 
Structure 
Gas producers and accessories 
Gas engines 
Electrical Plant 
Miscellaneous 

Underground conduits 
Poles and fixtures 
Transmission 

Conductors - overhead and underground 
Land 
Structure 
Substation equipment 

Storage Batteries 
Distribution 

Overhead conductors and devices 
Underground conductors 
Services 
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Meters 
Line transformers 

Arc and glower lamps 
Customersf installation 
Municipal street-lighting system 
General Offices and Branches 

Land 
Structure 
Furniture and Fixtures 

Other Equipment 
Land 
Structure 
Coal-storage equipment 
Storeroom equipment 
Laboratory equipment 
Tools and implements 

Miscellaneous during construction 
Engineering and superintendence 
Law expenditures 
Taxes 
Interests 
Injuries 
General 

In 1908 the engineering staff of the Wisconsin Eailroad 
Commission submitted classification schemes to be used in 
reports of tentative valuations of public utilities. This 
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classification is given in the annual report for 1908, W. 
R. G. R. 18, 19. 

Por Electric Light and Power Companies 
1 f Land 
2. 
3. 
4. Distribution System 
5 # Power plant equipment 
6. Buildings and miscellaneous structures 
7. Office furniture and appliances 
8. Tools implements and machinery 
9. Horses, wagons and miscellaneous 

Total of items 1—9 
10 (see note below) 

Total of items 1—10 
11. Stores and supplies 

Total of items 1--11 
12. Paving 

Total of items 1--12 
Note: Addition of percentage to cover engineering and 

supervision, interest during construction, contingencies, etc. 
In the valuation of the Jefferson Municipal Electric 

Light and Water Plant this percentage was taken as 10 per 
cent, 5 W, R. C,R# 556. 

The items 2 and 3 are left blank in this particular 
classification. In the classification for "combined water, 
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gas and Electric Properties, they are 
2. Wells, intakes and suctions 
3. Filters, reservoirs and holders. 
The rest of the items are the same for the classifications 
of all public utilities. 

According to H. A.Foster in his book on "Engineering 
Valuation of Public Utilities and Factories" page 122, The 
time required for appraising an ordinary electric plant about 
the country should not be more than thirty days and some of 
them in less time than that. The cost of making an ap
praisal according to Henry Floy in his book on "Valuation of 
Public Utility Properties" page 52 is not over 20 to 30 
cents per thousand dollars of property valued, for property 
that represents a considerable investment and is of a uni
form type, and the unit prices few. If the property has 
structures of many types with expensive but unexposed found
ations, many and varied elements, the expense may run up to 
a dollar or more per thousand dollars of property valued. 
60 to 75 cents per thousand dollars is usually considered 
as satisfactory for the appraisal of large electric light 
and power plants. 
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Chapter IV. 
Depreciation 

The consideration of depreciation in different public 
utilities is not necessarily the same. In a railroad ent
erprise depreciation is not considered to exist after a few 
years of operation. The practice of railroad accounting is 
not to allow in operating expenses for depreciation but for 
"maintenance of way and structure/1 and "maintenance of e-
quipment." This practice is based on the theory that dur
ing the first years of operation a railroad property deprec
iates a certain amount and then after that it no longer 
undergoes depreciation but is maintained at a constant de
preciated value by renewals and repairs. This depreciated 
value is considered about 85 per cent of the original value. 
In other words a railroad property will in the first few 
years of operation depreciate 15 per cent and then not de
preciate any after that on account of a practice of Baainten-
ance. This practice does not mean that the expenses of ad
ditions or betterments to any part of the property such as 
ballasting the roadbed after operation is begun should be 
charged to "maintenance of way" but it should be added to 
the capital invested and should be provided for by sale of 
stocks and bonds. In the case of a street railway which 
has been in operation for about twenty years, the present 

value of the rolling stock may be considered with fair ac-
per cent 

curacy as 50 A of the cost new of the rolling stock. This 
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is known as the 50 per cent rule* It may be made clear by 
an example. If the life of a street car is 20 years and 
the ages of the cars vary from 1 to 20 years and the number 
of cars of each age is the same, the average age of the total 
car equipment is 10 years. This is just one half the total 
life. Assuming that the cars in question have a uniform 
cost new, the depreciation would then be 50 per cent of the 
total wearing value. However, neither of these methods of 
consideration of depreciation will apply to an electric light 
and power concern. In this case the present age of the ind
ividual parts of the plant must be known together with the 
probable life of each individual part. With these two val
ues known and the original cost of the particular apparatus 
determined, the present value of the apparatus may be calc
ulated. 

Before considering depreciation further, a definitioi 
of that term should be studied. The Wisconsin Railroad Com
mission gives the following definition, 5 W. R. C. R.560: 

"Depreciation may be defined as that loss, or shrinkage 
of value, which inevitably occurs from time to time in the 
equipment of the plant as a result of the employment of the 
equipment in the production of electricity. The loss may be 
due to wear and tear, to age, to the march of modern invent
ion, or to inadequacy, or to any other or all of these cause s 
combined. " 

In the valuation of a public utility property the Wis-
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ccnsin Railroad Commission always gives due consideration to 
depreciation. The allowance for depreciation may he modif
ied hy the actual condition of the apparatus in question. In 
the outline of the scope of the work of the engineering 
staff under the direction of the Railroad Commission by the 
terms of the Public Utilities Law is given the following 
rule: 

# 
"Depreciation of value: In determining the allowance 

to be made for depreciation in value, due consideration is 
given by the staff to the actual conditions of each machine 
or other item of property, taking into account also the age 
of the machine in connection with its probable ultimate ef
ficient life, the character of the service, the standard of 
quality of maintenance, and such other elements as may aid 
in reaching a reliable judgement. In the steps leading up 
to such final conclusions, accumulated experience with ref
erence to closely similar property maintained to a like stand
ard and operated under identical or similar conditions as tc 
service, etc., receives due recognition. The individual 
item of physical property is judged with reference to its 
agreement with or departure from the average of such related 
group or class of property in fixing the probable useful 
life and in estimating the depreciation. Results obtained 
by this method in the valuation of physical properties of 
Wisconsin railroads and public utilities, aggregating many 

# Annual report of ¥. R.C.R.for 1908 page 17. 
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million dollars, have established the reliability of the 
method above descrived.* 

Robert H. Whitteo. in his book on the "Valuation of 
Public Service Corporations" divides depreciation into two 
classes: physical and functional. Physical depreciation may 
be defined as the result of deterioration due to wear or to 
age. Functional depreciation is the result of lack of ad
aptation to function. Under the former come such factors 
as, wear, decrepitude, deferred maintenance, deterioration 
due to chemical action of elements, and accidents, Under 
the latter come such factors as obsolescence and inadequacy. 

Henry Ploy in his work on "Valuation of Public Utility 
Properties" considers physical depreciation from two points 
of view. One point of view considers the value of a part
icular piece of apparatus in use in a plant as that value 
which it would be to a willing buyer who would purchase it 
and remove it to another location and use it for the same 
purpose as it is being used in the present plant; or it is 
that value which an apparatus is worth to the present owner. 
The other point of view considers the value of the apparatus 
as that which it is worth from an appraiserfs point of view. 
This value is based upon the life of the apparatus and its 
present age. 

Before the different forms of depreciation are consid
ered, definitions of certain terms used in connection with 
the discussion of depreciation, should be given in order to 
avoid confusion. 
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Physical Value is as the term implies, the value of the 
physical properties or things that can he "seen and felt." 
Primarily, it includes "those things which are visible and 
tangible, capable of being inventoried" but secondarily it 
includes certain non-physical items which are an inseparable 
part of the cost of construction but which do not appear in 
the inventory of the completed property.' Such items in
clude engineers1 and architects1 fees and all expenses con
nected with testing all the materials during the process of 
construction, superintendence during construction, inspec
tion, accounting, legal expenses, rent, printing, storeroom 
expenses, and provisions for various incidentals and conting
encies. 

Some prefer to consider this secondary part of physical 
value under another term, "development expenses." However, 
the expenses listed here as a secondary part of physical 
value nearly always bears a definite ratio or percentage of 
that physical part which is capable of being ̂Ven to rfeed, re
gardless of the location of the plant. Por this reason 
these expenses should preferably be considered as a part of 
the physical value. 

Scrap Value of a piece of apparatus is the value of 
that apparatus as junk. It no longer has a value from the 

h 

standpoint of service, "because it is incapacitated for ser
vice, either due to deterioration or obsolescence. Its value 
as junk is what it is worth after the cost of removal has 
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"been deducted. If the cost of removal exceeds its value 
of junk then its scrap value is negative. If the particular 
piece of apparatus is incapaciated for service on account of 
inadequacy, then it may have a value greater than that of 
junk value, because it may be removed to another plaefe of 
service where it is not inadequate, providing the cost of 
transportation is not too large. This value, which is 
greater than the junk value is known as "salvage value." 

Wearing value of a piece of apparatus is the cost of 
the apparatus less its scrap or salvage value. This value 
disappears entirely at the end of the life of the apparatus. 

Service value is the value of a piece of apparatus has 
for doing service. It may be an old apparatus and somewhat 
obsolete and yet adequate to do service. For this purpose 
it is worth nearly as much as a new piece of apparatus ex
cept for the wear and deterioration that it may have under
gone. 

The original cost of a piece of machinery includes not 
pnly the factory price of that particular machine, but also 
the cost of installation, cost of superintendence during 
installation, interest on the investment, before operation, 
and legal expenses that may have been incurred in securing 
the apparatus in its final place. The original cost may 
not be a fair indication of what the present value is, because 
the price of labor and material fluctuates. 

With these definitions given, the consideration of ob-
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solete and theoretical depreciation as outlined by Henry 
Ploy may be resumed. 

In 3?ig.>l, the curves 1, 2, and 3 represent the wearing 
value of physical property from the point of view of "absolute 
depre&iation.11 In these curves the scrap value or salvage 
value was not considered. The distance OC on the ordinates 
represents the scrap value. The property does not depreciat e 
below this value and so the units laid off along C A are 
wearing value. The axis of abscissa of the curves is along 
CD* Curves 1 and 2 represent the sale value of the proper
ty. Curve 1 shows the value at different periods of life 
of two different classes of property. 

(a) Special machinery that is so designed that it 
cannot without excess expense be converted so as to be of 
service in any other line than that for which it was orig
inally intended. 

(b) Apparatus the cost of transportation of which would 
reduce its value seriously for any other service other than 
for what it was originally intended. An example of such ap
paratus is poles for electric lines. 

In either one of these classes of machinery or material 
the value from the point of view of sale decreases very rap
idly in the first few years and then declines slowly in val
ue for the rest of the life of the property. 

Curve 2 represents the value of property during dif
ferent periods of its life, the cost of transportation of 
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which is small when it is considered to use it for other 
purpose than for which it was originally installed. An ex
ample of such apparatus is that of transformers. 

Curve 3 represents the value of property more from the 
point of view of service value. The value of a particular 
piece of apparatus for doing a certain service is almost 
100 per cent up to the very last few years of its life. The 
only thing detracting from its value is that of wear and 
tear. This increases most rapidly during the first few years 
before expense of maintenance is incurred* When maintenance 
expenses are added or the apparatus is kept up in repair 
then its value for service falls off but ipery little up un
til the very last few years of its life. 

Curves 4, 5 and 6 in Fig. 2, represent the value of 
property for different periods of its life considered from 
the point of view of "theoretical depreciation." The life 
of the property as in the case of "absolmte" depreciation is 
assumed to be twenty years. Curves 4, 5 and 6 are derived 
from curves 7, 8 and 9. Curves 4 and 7 are the most easily 
understood and are generally used in making an appraisal on 
account of their simplicity in calculations. 

Curves 7, 8 and 9 represents depreciation of a property 
the wearing value of which is one million dollars. In other 
words, they represent the accumulated sum of money which 
has been set aside each year in order that when the property 
has come to the end of its life of twenty years the accum
ulated amount of money will be equal to the original wearing 
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value of the property. 
In the data to follow and in the curves 7, 8 and 9, 

only the wearing value of the apparatus has been considered. 
The distance OC on the ordinate represents the salvage or 
scrap value of all the property. The curves are then plot
ted with CD as axis of abscissa and CA as that of ordinates. 

Curve 7 is obtained by using years of life as ars&issa 
and accumulated sums of money as ordinates. A piece of 
property with an original wearing value of one million dol
lars is considered. In order that the owndrs shall not be 
deprived of their property, they should have some fund at 
the end of the life of the property which will equal the 
original wearing value of that property. To provide for 
this it is necessary to set aside a certain amount each year 
from the operating revenues. In best practice this amount 
is charged to operating expenses and is entirely independent 
of dividends. It is an operating expense and must be pro
vided for before any dividends are issued. This sum of money 
set aside each year is known as a depreciation fund and it 
may be put at compound interest or it may be allowed to ac
cumulate without interest. Curve 7 represents such an ac
cumulation without interest. The sum of money accumulated 
at any time then is proportional to the number of years 
passed by. i n other words the curve is a straight line. 

If the depreciation fund set aside each year is put at 
compound interest the accumulated sum of money for any year 
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will be less than it would be if the fund was not put at 
compound interest up until the last year of the life of the 
property when the accumulated sums will be equal and at this 
time the sum is the original wearing value of the property. 
For a one million dollar plant with a life of twenty years 
the amount to be set aside each year by the straight line 
method as represented by curve 7 is one million divided by 
twenty or fifty thousand dollars. The amount to be set a-
side each year by the method represented by curve 8 is con
siderably less than fifty thousand dollars. The amount nec
essary to set aside each year to accumulate at a given rate 
of compound interest may be found from annuity tables. These 
tables show the amounts which, if allowed to accumulate for 
any number of years from one to a hundred and at any rate of 
interest from 0.5 per cent to 6 per cent by steps of 0.5 perc 
cent will be equal to one dollar for any given number of 
years. For example if a property with an original wearing 
value of one million dollars and a life of twenty years be 
considered, the amount necessary to set aside each year at 
4 per cent compound interest to accumulate to one dollar in 
twenty years is 3.358175 cents. The amount necessary to set 
aside for an accumulation of one million will be one million 
times 3.358175 or #33,581.75. This is considerably less 
than $50,000. If annuity tables are not available, the sum 
to be laid aside annually at compound interest to accumulate 
a given amount at the end of a number of years may be determ-
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ined from the following formula: 

s (i RF= i 
where 3? the accumulated amount in dollars at the end of 

H years 
D the anual amount of dollars laid aside at interest 

compounded every twelve months* 
B the annual rate of interest expressed as hundredths 

of a dollar 
IT the number of years the amount is annually laid 

a* side. 
On the following page is given Table I showing the a-

mount of the accumulated sum for each year of a twenty year 
life property, in the column (b). The sum set aside each 
year is #33581.75 and it accumulates at annual compound int
erest at 4 per cent. The data in this column and the data 
in column* (a) are plotted and curve 8 results. 

Sometimes it follows that the earning capacity of a 
plant increases as the plant grows older. For example the 
dividends issued by the above one million dollar plant may 
increase from 6 per cent to 8 per cent in twenty years when 

per cent 

a 4 A depreciation fund is allowed. To have a uniform rate 
of dividends is more desirable. As all operating expenses 
aside from depreciation, are fixed, and as all fixed charges 
remain constant throughout the life of the plant, the only 

# Ploy "Valuation of Public Utility Properties' pp 178 
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Table ¥o.l 

4 per cent is #33 581.75 
(a) (D) (c) 

Year Accumulation (1 000 000 -b) 
1 $ 33 581.75 #966 418 
2 68 507,28 931 493 
3 103 775,84 896 224 
4 142 723,50 857 277 
5 182 014,44 817 986 
6 222 648.66 777 351 
7 265 297,80 734 702 
8 309 290,22 690 710 
9 355 297,56 644 702 

10 402 984,00 597 016 
11 453 021,18 546 978 
12 504 737,46 495 263 
13 546 379,14 453 621 
14 614 214,78 385 785 
15 672 311,64 327 688 
16 732 758,24 266 241 
17 795 893.40 204 107 
18 861 042,48 138 957 
19 929 213,94 70 786 
20 1 000 000.00 00 000 

Iftind set aside each year to accumulate at compound interest 



81 

way to bring about a uniform rate of dividends is to readjust 
the depreciation fund set aside each year. With the assumed 
plant the rate of dividends should be about 7 per cent in 
order to be uniform. The depreciation fund set aside the 

per cent 
first year by the 4 A depreciation fund method as illust-

percent 

rated by curve 8 was approximately too large by (7 — 6) of 
#1 000 000 or $10 000, in order to allow a 7 per cent div
idend. As the dividends before increased at the rate of 
6—8 or 0.1 per cent for each year, this excess of the de-
20 

preciation fund for the first year should be reduced annual
ly by one thousand dollars. This is evident from the fol
lowing table which shows approximately the excess of the 
depreciation fund for each year: Table Ho. 2 
Year Excess 
1 (7-6) fo of $1 000 000 - $10 000 
2 (7-6.1) fo of $1 000 000 - 9 000 
3 (7-6.1) fo of 1 000 000 ~ 8 000 

11 (7-7) fc of 1 000 000 - 0 000 
12 (7-7.1) fo of 1 000 000 ~ -1 000 
13 (7-7.2) fo of 1 000 000 ~ ~2 000 

Prom the above table it is seen that the excess deprec
iation should be reduced by one thousand dollars each year 
in order that the dividend may be approximately uniform at 
7 per cent. At the eleventh year the excess was nothing. 
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In the twelfth year the excess was minus one thousand dol
lars which means that the depreciation fund for that year 
should have been increased approximately by $1 000 in order 
to have a uniform dividend of 7 per cent. Between the tenth 
and the eleventh year the dividend was 7 per cent under the 
method as represented by curve 8. The fund for the eleventh 
year then apparently need not be changed as shown by the 
zero excess in the table. It will become evident later that 
the fund will have to be changed. 

On the following page is shown a revised accumulation 
table Uo. 3. It is a revision of tableAon page BO according 
to the above correction for a uniform rate of dividends. It 
will be noted that if the sum of $33 815.75 be taken as a 
basis for accumulation as before, the total amount accumulated 
at the end of twenty years will be only $946 675 allowing a 
deficit of $53 325. Prom this table it is apparent that a 
larger basis than $33 581.75 must be used. Just what basis 
to use can only be found by trial. For example if a basis 
of $35 500 be used the total accumulated sum will be in ex
cess of one million dollars by $35 200; if $35 200 be used 
as a basis it will be too low by $5 005; if $35 400 be used 
as a basis the total accumulated sum in 20 years will be 
#1 000 814 which is a little too large but is of sufficient 
nearness to one million dollars. As all calculations are 
only approximate a closer accumulation is hardly warranted. 
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Table Ho. 3 

1 # 1 0 0 0 0 # 3 3 5 8 1 , 7 5 $ 2 3 5 8 1 , 7 5 # 2 3 5 8 1 . 7 5 

2 9 0 0 0 
n 

2 4 5 8 1 . 7 5 4 9 1 0 6 , 7 7 

3 8 0 0 0 ii 2 5 5 8 1 . 7 5 7 6 6 5 2 . 7 9 

4 7 0 0 0 ii 2 6 5 8 1 . 7 5 1 0 6 3 0 0 . 6 5 

5 6 0 0 0 it 2 7 5 8 1 . 7 5 1 3 8 & 3 4 . 

6 5 0 0 0 it 2 8 5 8 1 . 7 5 1 7 2 2 4 1 . 

7 4 0 0 0 n 2 9 5 8 1 . 7 5 2 0 8 7 1 3 

8 3 0 0 0 II 3 0 5 8 1 . 7 5 2 4 7 6 4 4 , 

9 2 0 0 0 ti 3 1 5 8 1 . 7 5 2 8 9 1 3 2 . 

1 0 1 0 0 0 it 3 2 5 8 1 . 7 5 3 3 3 2 7 9 , 

1 1 0 0 0 n 
3 3 5 8 1 . 7 5 3 8 0 1 9 2 , 

1 2 1 0 0 0 n 3 4 5 8 1 . 7 5 4 2 9 9 8 2 , 

1 3 2 0 0 0 n 3 5 5 8 1 . 7 5 4 8 2 7 6 3 . 

1 4 3 0 0 0 n 3 6 5 8 1 . 7 5 5 3 8 6 5 6 , 

1 5 4 0 0 0 3 7 5 8 1 . 7 5 5 9 7 7 8 4 . 

1 6 5 0 0 0 n 3 8 5 8 1 , 7 5 6 6 0 2 7 7 . 

1 7 6 0 0 0 it 3 9 5 8 1 . 7 5 7 2 6 2 7 0 . 

1 8 7 0 0 0 it 4 0 5 8 1 . 7 5 7 9 5 9 0 3 

1 9 8 0 0 0 II 4 1 5 8 1 . 7 5 8 6 9 3 2 1 . 

2 0 9 0 0 0 4 2 5 8 1 . 7 5 9 4 6 6 7 5 . 

2 1 1 0 0 0 0 ii 4 3 5 8 1 . 7 5 1 0 2 8 1 2 4 . 

The above accumulated sum is too small by $ 5 3 3 2 5 . ThisA 

a 
due toAdecrease in compound interest. Use # 3 5 4 0 0 instead of 
# 3 3 5 8 1 , 7 5 in table Ho. 4 . 

Begin Excess 4 fo fund Revised Fund 
ing of of dep- on uniform fund to each yr 
years reciation basis 

fund 
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Table No. 4 of accumulation based on $35 400 is given on the 
following page. The data of columns (a) and (b) are plotted 
to give curve 9. 

The dividend issued on this method illustrated by curve 
9 will not be exactly 7 percent but a fraction less than 7 
per cent. This is evident when it is remembered instead of 
setting aside $33 581 f75 annually as was done when the rate 
of dividend increased from 6 per cent to 8 per cent in the 
twenty years, the average fund set aside each year is greater 
than this and is $35 400. This increase in average oper
ating expenses must necessarily decrease the average rate of 
dividends. 

After curve 7, 8 and 9 have been constructed then curves 
4, 5 and 6 may be determined. For a given abscissa the ord
inate of curve 4 is the result obtained by subtracting the 
ordinate of curve 7 for the same given abscissa from one 
million. Other points on the curve 4 are found in the same 
way. As curve 7 is a straight line, curve 4 must also be a 
straight line. In a similar way curve 5 is constructed • 
For example consider the abscissa 10 years. The ordinate 
of curve 8 for abscissa 10 is $405 000.00. Then one million 
minus $405 000.00 or $594 500.00 is the ordinate of curve 7 
for abscissa 10 years. Curve 6 is determined in the same 
way. In the preceding tables column c gives the values of 
the ordinates for the curves 5 and 6. 

Curves 4, 5 and 6 are made use of in making an apprais-
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Table No. 4 

1 $25 400 $974 600 $ 25 400 
2 26 400 974 184 52 816 
3 27 400 917 871 82 329 
4 28 400 885 978 114 022 
5 29 400 852 017 141 983 
6 30 400 815 698 184 302 
7 31 400 776 926 223 074 
8 32 400 735 603 264 397 
9 33 400 691 627 308 373 

10 34 400 644 892 355 108 
11 35 400 595 288 404 712 
12 36 400 542 700 457 300 
13 37 400 487 008 512 992 
14 38 400 428 088 571 912 
15 39 400 365 812 634 188 
16 40 400 300 044 699 956 
17 41 400 230 646 769 354 
18 42 400 157 472 842 528 
19 43 400 80 371 919 629 
20 44 400 00 000 1 000 814 

If the fund set aside each year is increased by #1 OOO, it 
shall at the end of the tenth year equal $35 400. 
(a) (d) (c) (b) 
Year Yearly fund ($1 000 000 -b) Yearly accum

ulated fund 
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al. If the property had an original wearing value of one 
million dollars then the value of the property for any 

tfttf 
year between zero and twenty years would be^ordinate of the 
curves for that particular year. The curve from which to 
choose the value depends on which one of the three methods 
of depreciation fund, accumulation is used. It is evident 
from the curves that the lower the rate of compound int
erest the nearer the curves 5 and 6 approach curve 4. If 
the rate of interest is reduced to zero then the curve 5 
will coincide with curve 4, but curve 6 will not. Also if 
the value of the property is based on the curves 5 and 6, 
the higher the rate of compound interest the greater will 
be the value of the property for any given year during the 
life of the property. On the other hand the longer the 
life of the property the more will the curve 5 deviate from 
curve 4. 

In many cases the actual life of property far exceeds 
its theoretical life or the assumed life upon which its 
depreciation is based. In case of that kind instead of 
assigning the scrap value to such a property after the end 
of the theoretical life, a minimum value is assigned to 
that property. For example, the Wisconsin Railroad Com
mission applies a minimum value to all types of engines, 
boilers, pumps, heaters, condensers, line transformers and 
shafting of 25 per cent of the original cost new value; to 
generators, motors, rotary converters, arc lamps, wood 
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and iron poles, a minimum value of 20 per cent, station 
transformers 40 per cent; storage batteries 55 per cent, 
and switchboard instruments and electric meters, which 
must be kept in a high state of repair, 80 per cent* These 
values are assigned to the apparatus because it is still 
in efficient service though theoretically "dead.11 

As has been said before depreciation funds should be 
charged to operating expenses. The items of wear and tear 
should be entered under the head of maintenance in operat
ing expenses. The depreciation due to age or decrepitude, 
obsolescence, and inadequacy may seem not to be included 
under operating expenses. In fact in some corporations 
in the past this depreciation has been added to capital 
stock. That is the expense of renewals for apparatus dis
carded on account of age, obsolescence, or inadequacy has 
been added to the capital stock. Hoyrever, later and bet
ter practi-ce will charge this expense to depreciation fund 
and take the sum out of gross operating revenues the same 
as operating expenses. For that reason the depreciation 
fund may be considered as an operating expense. 

Rate of depreciation is a difficult matter to decide 
upon. This is a quantity that will differ among engineers 
due to difference in personal equation. It can only be 
decided from broad experience and good judgment. Data 
from which to decide rate of depreciation are yet limited. 
Data should be compiled by different operating companies 
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in regard to renewals and why they were made; either for 
the old apparatus being discarded on account of age, ac
cident, obsolescence, or inadequacy. If such data were 
prepared by all corporations, a compaEisnn could be made 
of this data and the rate of depreciation would become a 
more reliable factor. 

The Wisconsin Railroad Commission in its report of the 
case of City of Dodgeville v, Dodgeville Electric Light an! 
Power Company, decided June 2, 1908 in 2 I.E. 0. R. 1908 
page 406 has the following to say on rate of depreciation: 

"The amount that should be charged off annually for 
depreciation is difficult to determine. The life of the 
various classes of property depends very largely upon the 
original quality of the same, the location, the kind of 
usage to which it is subjected, the amount expended fo 
ordinary or current repairs and upon other factors of this 
character. In addition to this there is also the question 
of obsolescence, or such changes as become necessary be
cause of new inventions or because of changes in the art. 
In the electrical field in particular such changes are very-
frequent. They often make it necessary to discard machin
ery and other equipment of various kinds long before they 
are worn out. This is an expense that is of the same nat
ure as depreciation and is usually classed as such. It 
should be charged to operating expenses the same as other 
depreciation. It is usually held that from 5 to 10 per 
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cent on the investment is required yearly to meet deprec
iation of all kinds, depending upon conditions. When cur
rent repairs are light, it is probable that the amount to 
be set aside will closely approach the latter figure; when 
current repairs are heavy, and the property kept in good 
condition, the former figure may be sufficient. A great 
deal depends upon the conditions under which the plant is 
operating. It is probable that the actual amount that is 
needed by any particular plant can be determined only 
through experience and by a close study of all the factors 
involved. In the calculations which have been made here 
the depreciation has been placed at 5 per cent on the value 
of that part of the plant which belongs to the respondent 
in the case.11 

In an electric light and power plant two different 
methods are used for basing the rate of depreciation* 

(a) A certain per cent of the original cost or cost 
of reproduction of the property that is undergoing deprec
iation is set aside each year. This percentage is general
ly based on a straight line depreciation or a sinking fund 
which has been described before by curves. This percentage 
plus the scrap value of the property should, at the end of 
the life of the property be equal to the original cost of 
the property. 

(b) A certain per cent of the gross earnings is set 
aside each year* This is a convenient and a very extended 
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practice. It has the advantage that the fund set aside is 
in proportion to the operating revenues and thereby tending 
to make uniform the rate of dividends. It may not however 
have a proper relation to the deterioration actually taking 
place in the property because it is fixed entirely independ
ent of the value of the property. This method is sometimes 
used to include wear and tear and sometimes not. The fol
lowing is a table showing the rate of depreciation fund set 
aside each year by different companies and is taken from 
Ployfs "Valuation of Public Utility Properties* page 199: 

Table Ho. 5 
Name of Company Per cent of gross 

revenue expended or 
appropriated for 
Mainten Deprecia 
ance tion 

Milwaukee Companies 
Railway Departments 11.3 9.9 
Gas, electric light and steam heat 

departments 6.15 8.12 
United Railway Company of St. Louis 13.67 10.0 
Union Electric light and 'Power Co. St. 

Louis 4.95 16.0 
Suburban Electric Light and Power Co. 7.10 10.85 
Detroit Edison Company and Subsidiaries 6.45 10.23 
Omaha and Council Blfs. St. Railway Co. 7.00 10.00 
Chicago Street Railways 6.00 8.0 
Philadelphia Rapid Transit Co. Undivided 15. 
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Obsolescence is the depreciation brought about by the 
change of art, progress in improvements and inventions, and 
the development of scientific knowledge. This factor of 
depreciation has been present most strikingly in electrical 
apparatus. An electrical apparatus installed some 10 or 
20 years before may be as efficient to perform its service at 
present as it was when it was new. However, other 

now 

apparatus may be on the marketAthat is so far more efficient 
and reliable than the original apparatus as to warrant the 
discarding of the old apparatus even though it has a good 
wearing value. 

Inadequacy is that form of depreciation which is brought 
about by the growth of the demand of electrical output so as 
to make the original apparatus entirely too small to take 
care of the present load. The only way this increased load 
can be met is by installing a new and larger generating unit. 
This may necessitate the discarding of the old unit in order 
to make room for the new unit. Tbe old unit as far as that 
plant is concerned has only scrap value. It might be sold 
to some other plant which can use it in adequate service and 
in this case it would bring a price known as "minimum value" 
defined before. 

Age is that depreciation that is brought about by total 
wear. The apparatus is so worn out that maintenance upon 
that apparatus is no longer warranted. It has only a scrap 
value and must be replaced by a new apparatus. 
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The following table gives the life of various electrical 
apparatus as decided upon by different authorities. This 

o 

table is taken from Henry B. Pier's volume on "Valuation of 
Public Utility Properties" page 188. 

Table No. 6. 
Approved Eates Used in Estimating Theoretical Depreicati®. 

(Maintenance not included) 
Property 

Aerial Lines 
Air Brakes 

Air Compres
sors 
Arc Lamps 

Belting 
Boilers 

tTater Tube) 

(Eire Tube) 
(Water Tubes) 
(Eire tube) 

Depreciation 
per cent Authority 
per year 
Straight 
line 
5 

Remarks 

5 

4-5 

6 2/3 
15 

8 
5 

3 1/2-4 

10 

6 2/3 
5 
10 

St.Louis P.S.C. Union Elec.L.& P.Co. 
Wisconsin 

P. S. C. 
Traction Val. Chicago Con. Tract.C 0 
Comm. 

Wis. P.S.C. 
Arbitrators Street Lighting cont

roversy, Atlanta, Ga. 
1899 

St.Louis P.S.C. Union Elec.L.& P.Co. 
Wis. P.S.C. 
Traction Val. 
Gonna. 
B. J. Arnold 

Henry Eloy 

Wise. P. S. C, 
Wise. P. S.C. 
Arbitrators 

Chicago Con, Tract. 
Co. 
Coney Island & Brook
lyn adopted by P. S. 
C. H. Y. 
3rd Ave. case, adopt 
ed by P.S.C, N. Y. 

Street Lighting Cont
roversy, Atlanta,, Ga. 
1899. 
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6 2/3 

Bonds 5 
50 
Wearing 
value 

Breeching and 
Connections 31/2-10 

St.Louis P.S.C. Union Elec.l.& P.Co. 
Traction Val. Chicago Con. Tract.Co. 
Comm. 
Henry Ploy 

Wise. P.S.C 

3rd Ave. case, adopt 
ed by P.S.C., IT.Y. 

Buildings 
(brick) 1 l/2 

2 

2-4 
(Wood) 2 

2 

Cables 
Underground 5 
(High tension) 

Traction Val. Chicago Con.Tract.Co. 
Comm. 

Traction Val. 
Comm. 
E. &. Connette Chicago Tract. Co. 

3rd Ave. case adopted 
by P. S. C , S. Y. 

Wise. P.S. C. 
St. Louis P.S.C. Union Elec.L.& P.Co 
Arbitrators Street Lighting Cont

roversy, Atlanta, Ga. 
1899. 

Henry Ploy 

Underground 50 mainte Henry Ploy 
(Low tension) nance cost 

3rd Ave. case, adopt 
ed by P.S.C, I. Y. 
3rd Ave. case adopted 
by P.S.C, IT. Y. 

(Aerial lead 6 2/3 
covered) 
(Underground 
lead covered) 4 
(Underground 
Lead covered) 5 

Wise P. S. C 

Coal and Ash 
Handling Mach
inery 

7 
5 
10 

Wise. P.S.C 

St.Louis P.S.C. Union Elec.L.& P.Co, 

Traction Val. Chicago Con. Trac. Co 
Comm. 
Henrv Plov 3rd Ave. case, adopt 

ed by P.S.C , IT.Y. 
Wise. P.S.C. 
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Condensers 4 
5 

Tract. Val,Coram Chicago Con.Trac.Go. 

Conduits 

5 
10 

6 2/3 
1 

2 
2 

B.J.Arnold 

Henry Ploy 

Wise. P.S.C. 
Arhitrators 

Coney Island & Brook 
lyn adopted "by P.S. 
C , N.Y. 
3rd Ave. case adopted 
by P.S.C., N.Y. 

Street lighting Con
troversy, Atlanta, Ga. 
1899. 

St.Louis P.S.C. Union Elee.L.& P.Co. 
Henry Ploy 3rd Ave. case, adopted 

hy P.S.C., N.Y. 
Wisconsin P.S.C. 
St.Louis P.S.C. Union Elec.L. & P.Co 

Cross Arms 
Engines (steam) 3-5 

(Steam) 5-7 1/2 

8 1/3-12 1/2 Wise. P.S.C 
Tract.Val.Gomra.Chicago Con.Trac.Co. 

(Steam) 

(Gas) 6 2/3 
(Steam, slow speed) 

5 
(Steam,high 
speed 6 2/3 

5 

B.J".Arnold 

Henry Ploy 

Wise, P.S.C. 
Wise P.S.C. 

Wise. P.S.C 
Arhitrators 

Coney Island & Brook
lyn adopted hy P.S.C. 
N.Y. 
3rd Ave. case, adopt 
ed hy P.S.C., N.Y. 

Street Lighting cont
roversy, Atlanta, Ga. 
1899. 

6 2/3 St. Louis P.S.C. Union Elec.L.& 
P. Co. 

Feeders 
(W.P.Insula 

Dependent Trac.Val.Comm. Chicago Con.TracCo. 
on ohserv 
ed wear 
6 1/4 Wise P.S.C. 
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Foundations— 
Machinery-

Same as Trac.Val.Comm, Chicago Con.Trac.Co. 
life of 
apparatus 
supported 

Same as Henry Ploy 3rd Ave.case, adopted 
life of by P.S.C,, tf.Y. 

apparatus 
supported 

Fuel Oil Hnad 
ling Machinery 4 
Generators 3-8 

5 

(Modern type) 5 
(Obsolete type) 6 2/3 
(Steam turbo) 5 

10 

6 2/3 
Heaters 4-6 
(Feed water 
closed) 3 l/3 

(Feed water, 
open) 3 l/3 

Meters 
(Electric 

switchborard) 5 
(Electric 
service) 

(Electric) 
Motors 

(Railway) 

6 2/3 
8 

3 1/3 

Trac.Val.Comm. Chicago Con.Trac.Co. 
Trac.Val.Comm, Chicago Con.Trac.Co. 
B. J". Arnold 

Henry Floy 

"Wise. P.S.C. 
Wise. P.S.C. 
"Wise P.S.C. 
Arbitrators 

Coney Island &Brook 
lyn, adopted by P.S. 
C , H.Y. 
3rd Ave.Case, adopted 
by P.S.C., tf.Y. 

Street Lighting Con
troversy, Atlanta,Ga. 
1899. 

St.louis P.S.C. Union Elec,L.& P.Co. 
Trac.Val.Comm, Chicago Con.Trac.Co. 

Wise. P.S.C. 

Wise. P.S.C. 

Wise. P.S.C. 

Wise, P.S.C. 

St.louis P.S.C. Union Elec.L.& P.Co. 

Trac.Val.COmm. Chicago Con.Tract.Co. 
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(Railway) 

(Railway) 

(Railway) 

Paving 

Piping and 
Covering 

Poles (Steel) 

Wood in con
crete) 

By inspec B. J. Arnold 
tion 

Henry Ploy 

5 
10 

50 wear 
ing val 
ue 
50 

5 
5 

6 2/3 
2 

Wise. P.S.C. 

Arbitrators 

B.J. Arnold 

Henry Ploy 
4-4 l/2 Trac .Val. Coram, 
6 B.J.Arnold 

5 Henry Ploy 

Wise. P.S.C. 
Arbitrators 

Coney Island & Brook 
lyn adopted by P.S. 
C , U. Y. 
3rd Ave. case, adopt 
ed by P.S.C, 1T.Y. 

Street Lighting Con
troversy, Atlanta, 
Ga., 1899 
Coney Island & Brook 
lyn adopted by P.S. 
C , 3S.Y. 
3rd Ave. case, adopted 
by P.S.C, JF.Y. 
Chicago Con.Trac.Co. 
Coney Island & Brook 
lyn adopted by P.S. 
C , ff.Y. 
3rd Ave. case adopted 
by P.S.C, 2J.Y. 

Street Lighting con 
troversy, Atlanta, 
Ga., 1899 

St.Louis P.S.C Union Elec.L.& P.Co. 
Henry Ploy 3rd Ave. case adopted 

by P.S.C, N.Y. 

(Wood in 
earth) 
(Iron) 

5 Wise. P.S.C. 

5 1/2-8 l/3 wise. P.S.C 
2 l/2 Wise. P. S. C, 

(Wooden) 10 Arbitrators Street Lighting con., 
Atlanta, Ga., 1899. 
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Pumps 

Rolling Stock 
(Open car 
bodies) 

(Open trail
er bodies) 

(Closed car 
bodi es) 

(Trucks) 
(Closed and 
open cars) 

(Trucks) 

(Car bodies 
and equip 
ment) 

Stack 
(Steel) 

5 
5 

(Small steam) 6 2/3 
5 

5 
3 l/3 

6 2/3 
3 
10 

Trac.Val.Comm. Chicago Con.Trac.Co. 
B. J. Arnold Coney Island & Brook 

lyn, adopted by P.S. c, H.Y. 
Henry Ploy 3rd Ave. case, adopted 

by P.S.C, N.Y. 
Wise. P. S. C. 
Arbitrators Street Lighting con., 

Atlanta, Ga., 1899. 
6 2/3 St.Louis P.S.C Union Elec.L. & P.Co. 

Trac.Val.Comm. Chicago Con.Trac.Co. 

Trac.Val.Comm. Chic. Con. Tract. Co. 

Trac.Val.Comm. Chic.Con.Tract.Co. 
Trac.Val.Comm. Chic.Con#Tract.Co. 

B.J.Arnold 

B.J.Arnold 

Henry Ploy 

Coney Island & Brook 
lyn, adopted by P.S. 
C , N.Y. 
Coney Island & Brook
lyn, adopted by P.S. 
C , N.Y. 
3rd Ave. case, adopted 
by P.S.C, N.Y. 

Wise. P.S.C 
Trac.Val.Comm. Chic.Con.Tract.Co. 
B. J. Arnold Coney Island & Brook

lyn, adopted by P.S. 
C , N.Y. 
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Stokers 
(Fixed part8) 5 
(Moving parts) 20 

Trac.Val.Comm. Chic.Con.Tract.Co. 
Trac.Val.Comm. Chic.Con.Tract.Co. 

Storage 
Batteries 

Henry Floy 3rd Ave. case, adopted 
by P.S.C., N.Y. 

Switchboard 
and wiring 

6 2/3 
5 

3 
6 

Wise. P.S.C. 
St.Louis P.S.C. Union Elec.L.& P.Co. 

Trac.Val.Comm. Chic.Con.Tract.Co, 
B.J.Arnold 

5 Henry Floy 

(Modern type) 5 Wise, P.S.C 
(Obsolete type) 6 2/3 Wise P.S.C 

8 
10 

Coney Island & Brook
lyn, adopted by P.S. 
C , N.Y. 
3rd Ave, case adopted 
by P.S.C, N.Y. 

Telephones 
Track (Rail 
joints) 
(Ties) 
(Rails) 

St.Louis P.S.C. Union Elec,L.& P.Co. 
Wise. P.S.C. 

5 
5 

Trac.Val.Comm. Chic.Con.Tract.Co. 
Trac.Val.Comm. Chic.Con.Tract.Co. 

Dependent 
on observed 
wear Trac.Val.Comm. Chic.Con.Tract.Co. 

Special work) Dependent 
on observ Trac.Val.Comm. Chic.Con.Tract.Co. 
ed wear 

(Straight 50 wear B.J.Arnold 
and special ing value 
work) 

Coney Island & Brook
lyn, Adopted by P.S, 
C , N.Y. 

(Straight and 50 wear- Henry Floy 3rd Ave. case adopted 
special work) ing value by P.S.C, N.Y. 
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(Special work) 8 l/3 

5 l/2 
(Straight 
track) 

Transformers 
(Station 
Service) 

Turbines 
(Steam) 
(Water) 
(Steam 

6 2/3 
6 2/3 

5 
3 1/3 
6 2/3 

Wire 
Trolley allow 
ance of 80.5 lbs 
per 1000 ft.for 
wearing value of 
No. 1/0 wire 
Trolley allow
ance of 106.8 
for No.2/0 

Wise. P.S.C. 

Wise. P.S.C. 

Wise. P.S.C. 
Wise. P. S. C. 
St.Louis.P.S.C. Union Elec,L.& P.Co. 

Wise. P.S.C. 
Wise. P. S. C. 
St.louis P.S.C. Union llec.L.& P.Co. 

Trac.Val.Comm. Chicago Con.Tract.Co. 

Trac.Val.Comm. Chic.Con.Tract.Co. 

W.P. 

Trolley l/O 
under 1 minute 
headway 
Trolley 2 / 0 40 
under 1 minute 
headway 

Prom Obs
ervation B.J.Arnold 

50 main 
tenance Henry Floy 
cost 
50 

Coney Island & Brook
lyn, adopted by P.S. 
C , N.Y. 

3rd Ave. case, adopted 
by P.S.C., N.Y. 

Wise. P.S.C 

Wise. P.S.C, 
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Trolley 3/0 
under 1 minute 
headway 

33 l/2 
Wise. P. S. G. 

W.P. 
W.P. 6 1/4 

7 1/2 
Wise. P. S. C. 
Arbitrators Street lighting Con. 

Atlanta, Ga., 1899. 

The Present Value 
The Wisconsin Railroad Commission defines "Present Value" 

in its report for 1908 page 17: 
"The Present Value: The depreciation percentage is cus

tomarily applied against the net or service value, found by 
deducting the scrap or residu&l value from the new value. The 
so-called "present value" is then determined by combining 
the scrap value and the depreciated service value. In those 
cases where the scrap value is slight or much in doubt, the 
depreciation percentage is applied directly to the cost new 
to determine present value." 

The present value of the plant then is the estimated 
value of all the property of the plant at the period of con
sideration. There should be only one figure to represent 
this value. However, the present value of a plant as determ
ined by three different engineers may differ considerably 
because of the difference in the method that these men may 
use and yet if these three men were to go on the witness 
stand in court they would all have to present the same fig
ure for present value or else appear ridiculous. 
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Ordinarily appreciation of real estate is included in 
the fair value. In regard to this the decision of the Sup
reme Court of the United States in the case of Wilcox v§ 

Consolidated Gas Company, 212 U. S. 52, is as follows: 
"And we concur.with the court below in holding that the 

value of the property is to he determined as of the time when 
the inquiry is made regarding the rates. If the property, 
which legally enters into the consideration of the question 
of rates has increased in value since it was acquired, the 
company is entitled to the benefit of such increase." 

Prom the Wisconsin rule, the "present value" is seen to 
be the cost new minus the total depreciation or the wearing 
value minus depreciation plus scrap value of a given property 
may be different as determined by different engineers is 
because of the different methods in determining depreciation. 
This depreciation may be determined by any of the three 
methods illustrated by the curves 7, 8 and 9 on page 7 6 . With 
the use of those methods, the finding of the fair value of a 
piece of apparatus is purely an office job. Furthermore the 
figure determined for fair value may have any value of three 
depending upon the method which the appraiser choseSin mak
ing his valuations. However with this "office method" the 
value found for "present value" would be identically the same 
provided all three of the appraisers chose the same method, 
any one of the three methods illustrated by curves 7, 8 and 9. 
The determination of present value by such a method is purely 



102 

a mathematical process and does not involve any personal e-
quations, judgment or experience in making estimates of val
ues of property. "Present Value* determined in this way 
would not necessarily hold in court. 

In order to determine a reliable "present value" the 
appraiser must <£o out into the field and make a personal 
inspection of each piece of apparatus. While he is in the 
field he need not determine the actual present value but de
cide upon a relative quantity from which he can determine 
the present value when he returns to his office. The rela
tive quantities may be indicated on appraisal blanks by con
ventional systems*, or it may be indicated by a percentage. 
The determination of the relative quantity involves judg
ment, experience, and a poise of mind on the part of the 
appraiser. 

The depreciation allowed for in ascertaining the "pres
ent value" is the total depreciation. It includes deprecia
tion due to wear and tear and depreciation due either to age, 
obsolescence or inadequacy but not all three. The reason 
for choosing depreciation due either to age, obsolexcence 
or inadequacy instead of all three may be made clear from a 
diagram taken from Ploy's "Valuation of Public Utility Prop
erties" page 202 
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p 

t J I I I I I 
s \o is ao as 30 

In the diagram the value in dollars is used as ordinates 
and age in years As abscissa. Suppose the depreciation of 
a particular piece of apparatus due to inadequacy age and ob
solescence is illustrated by the curves 1, 2 and 3 respect
ively. This apparatus then would become useless for service 
due to inadequacy at the age of 15 years, to age at the age 
of 20 years and to obsolescence at the age of 30 years. Sup
pose it is desired to find the depreciation other than that 
due to wear and tear, at the age of 10 years. A vertical 
line WE is erected at the abscissa 10. flow if depreciation 
were due to all three effects of obsolescence, age and inad
equacy, then it would equal ITPflTG + lIP and this sum would 
exceed the original value of the apparatus. Consequently 
depreciation due only to one of the three, inadequacy, age, 
or obsolescence is to be regarded in finding the "present 
value." 

With these facts in mind, the "present value" may be 
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determined as follows: 
Let A - Cost to reproduce or original cost 

B ~ Scrap value 
C ~ Wearing value 
D ~ Wear and tear 
E — Inadequacy 
F ~ Age 
G - Obsolescence 
H r Deferred maintenance 
I r Remaining wearing value 
J =r Present value 

Then 
G 
I 

A — B 
C - D -

~ H 

E 
F 
o r 
G 

i 
J x I + B 
The rates of depreciation shown on page/£3for either 

inadequacy, age or obsolescence is based on the straight line 
method explained in connection with curve 4 page 7£> # Other 
rates of depreciation might have been used. Such rates were 
discussed in connection with curves 5 and 6 page Whatever 
rate of depreciation is used, the application of the deprec
iation is the same. The method for finding the present value 
is the same as for the straight line and may be determined by 
the use of the above formulas. 
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Chapter V. 
Overhead Charges 

Overhead charges in an appraisal value do not mean the 
overhead charges which occur in the actual operation of a 
plant, hut those operating expenses which are incurred during 
the construction of the plant. Overhead charges under such 
a consideration include percentage on the cost of production 

9 

for the followinA purposes: 
1 . Engineering and superinte 
2 . Contin; ;enc ies 
3 . Contractor's profit 
4. Interest during construction 
5. Taxes, insurance, legal and organization expenses, and 
cost of financing. 
6. Promotion 

Overhead charged has in the past "been extended to in
clude "bond discount, working capital, piecemeal construction 
adaptation and solidification, franchise and going concern 
value, hut the practice at the present time is to allow for 
these items in separate percentages. In the past small al
lowances were made for overhead charges whereas at the pres
ent liberal allowances are made. This is done with the con
sent and in the opinion of the higher courts and state com
missions. The Wisconsin Railroad Commission is especially-
liberal. 
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William J. Hagenah in his valuation of the property 
of the Peoples Gas Light and Coke Company of Chicago, with a 
view of determining a reasonable rate for gas, did not con
sider just what the cost of construction of the plant would 
be if it were all constructed at once. On the other hand, he 
examined the company's books and found that the plant had 
come into existence under a piecemeal construction. Ee then 
considers the cost of reproducing the plant under such con
ditions. Although the plant in question is a gas plant and 
not an electric plant, yet the point at issue is the same 
and the gas plant will serve just as well for an illustra
tion. Upon the valuation of this plant ?j[r# T:agenah assumed 
a period of ten years piecemeal construction. His argument 
for this proceedure is as follows? 

"Although the valuation of the property is to be determ
ined largely on the theory of the reproduction cost, it does 
not necessarily follow that these costs should be determined 
upon a basis more or less hypothetical, but on the contrary 
that consideration should also be given to the actual costs 
incurred in constructing the plant in question. The records 
of the company are the best evidence as to what such over
head expenses should be, and full weight has, therefore been 
given to the cost showi for expenditures of this character 
for a number of items during the last few years. The fig 
ures used are based on the theory of the plant being con
structed over a number of years, or what is generally called 



107 

piecemeal-construction plan. If all the overhead charges 
were based on the company's records for recent years the 
amount would clearly bee too small. It is, therefore, as
sumed for the determination of this question that the plant 
will be reproduced over a period of approximately ten years, 
but it does not seem reasonable that the same units of cost 
which are incurred in the construction of the first half or 
the first third of the plant should be used for the entire 
plant. In arriving at a fair overhead charge, the assumed 
years of construction have been divided into three periods 
and the items of expense increased or reduced as shown to be 
justified from actual construction records and the history 
of the plant in question." 

3 
According to the above plan Mr. Hagenah^estimated chafes 

aire 

Aas follows: 
1st period 2nd per- 3rd period 
of con- iod of con of con
struction struction struction 
per cent per cent per cent 

Interest during construction 6 5 3 
Engineering and supervision 5 5 4 
Organization and Legal expenses 3 2 1 
Taxes 7 5 4 
Contingencies _J7 _J> 4 

Total 22 17 12 
The average of the above totals is 17 per cent and this 

value was used by Mr.Hagenah for the valuation of items other 
than land. For land he used 12 per cent. 
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# In the Columbus, Ohio, Electricity Rate Case, 1906, the 
Special Master1s report was approved by the courts* His 
report contained not itemized account of percentage for over
head charges, but the following is a statement of his report: 

Amount percn[et of 
Invento ry 
cost 

General Expenses, engineering superin
tendence and miscellaneous $99 270 6.8 

Insurance 4 000 .3 
Interest during construction 39 000 2.7 

Total overhead charge $142 270 9.8 

Inventory reproduction cost $ 1 457 730 
Overhead charges 142 270 
Cost of reproduction new $1 600 000 

In the report of the Wisconsin Railroad Commission upon 
a rate case of the City of Ripon v. Ripon Light and Water 
Company, 5 W # R #C. R. 1910, 1, 13, ohe commission had the 
following to say upon overhead charges. 

"Respondent further objected to the allowances in the 
tentative valuation of 12 per cent to cover engineering, 
superintendence, legal expenses, interest during construction^ 

# Columbus Railway and Light Company v. City of Col
umbus, Fo. 1206 in enuity, U. S. Circuit Court, Southern 
District of Ohio, Eastern Division, Report of Special Master 
T. P.Linn, June 8, 1906. 
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contingencies, etc., it "being argued that such allowance was 
insufficient and should he increased to 18 per cent. The 
12 per cent allowance figured hy the Commission's staff is 
made up of 5 per cent for engineering and superintendence, 
4 per cent for interest during construction, and 3 per cent 
for legal expenses organization, casualities, omissions, etc. 
These percentages are based upon extensive and varied ex
periences in actual practice and are deemed approximately 
correct. 11 

Engineering and Superintendence. An allowance for eng
ineering and superintendence is made in all appraisals. In 
the case of City of Ripon v, Ripon Light and Water Company 
the Wisconsin Railroad Commission has the following to say 
about an allowance for engineering and superintendece: 

"The allowance of 5 perfcent for engineering and super
intendence is in accord with accepted practice and, when ap
plied on the total cost of the physical plant will in all 
probabilities exceed rather than fall short of the true ex
pense for this purpose. The latter is more likely to be 
true of the small plant, in the construction of which eng
ineering complications are quite infrequent. The physical 
valuations upon which such percentage is computed is 
the value of the plant in its nresent entirety, consisting 
of the original plant, plus the additions and the betterments 
over a number of years. These additions consist of a large 
number of separate charges, many of them for improvements 
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of a comparatively simple nature. The services of engineers 
are seldom engaged in such instances. These duties are 
performed "by the general officers of the plant whose entire 
salaries are included in operating expenses. Every aggres
sive and progressive utility is constantly called upon to 
make addition in order to adapt itself to the changing needs 
of the community served. The determination of these changes 
is within the legitimate scope of the general officers duties 
so that an allowance of 5 per cent on the total value can be 
regarded in no other light than that of liberality.11 

In 1911 an appraisal was made of the New York, New Kavai 
and Hartford Railroad for the purpose of capitalization. Al
though this is an example out of the line of electric util
ities, yet it serves as a purpose for illustration in the 
allowance for engineering and superintendence. George F. 
Li van in his report upon this work to the Joint Board says? 
HA charge of 5 per cent will therefore be seen to be low. 
Personally, I believe it should not be less than 6 per cent." 

Contingencies. In the appraisal of public utilities 
which are not based on complete records of work recently 
constructed, the practice is to make an allowance for conting
encies. The term contingencies refers to difficulties en
countered in a work of construction which are not ordinarily 
expected. It may be an accident which occurred during con
struction. If this accident happened under the supervision 
of reasonably good management then an allowance should be 
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made for that accident. It may he a cessation of the work 
of construction due to an unusual amount of rainfall or 
even a real flood. Difficulties may he encountered in lay-
int the foundations which would ordinarily not be expected. 
This question of contingencies is discussed in the case of 
City of Beloit v, Beloit Water, Gas and Electric Company, 
7 W.R. C.R. 187, 239, decided July 19, 1911? 

"These remarks aid in making a distinction which should 
be emphasized, in regard to the difference between estimates 
of construction cost and estimates of the cost of reproduc
tion. It is ordinarily impossible for the designer of the 
plants, such as those involved herein to foresee the exact 
conditions and contingencies which may be encountered in the 
actual construction work. This is true to some extent even 
where specifications and estimates are drawn by men of large 
experience and familiarity of local conditions. Again, it 
is seldom but what departures are made from specifications 
due to new inventions, changes of policy on the part of ttfbe 
in control of the work, the encountering of unforeseen con
ditions, and for numerous other reasons. In fact, specific
ations are often purposely left open in some particulars to 
permit of changes due to later decision by those in charge. 
On the other hand the cost of reproduction of such proper
ties is made after the plant has been completed and with all 
units and equipment in place and the plant in operation. Ac
cess is often had in valuation work of this kind to the books 
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and records showing the actual cost of construction of all 
or a part of the physical property. Again, where unusual con
ditions were met with in the construction work which called 
for particular skill and caused additional expense not pro
vided for in the original estimates, these circumstances are 
not commonly permitted to escape the attention of those con
ducting the inventory and appraisal." 

Contractor's profits. In making an appraisal an allow
ance may or may not be made for contractor's profit. Whether 
such an allowance is permitted or not will depend upon the 
method of determining unit prices. If these unit prices have 
been determined with the supposition that the work of con
struction had been done by contracts, then such an allowance 
should be made. If on the other hand, the unit prices have 
been increased on account of not assuming the letting of a 
contract, then an allowance for contractor's profit should 
not be made. yhe cost of construction in either case should 
be approximately the same. 

The St. Louis Public Service Commision in a report to 
the municipal Assembly upon a valuation for the purpose for 
determining rates for electric light and power , February 17 
1911, declined to make an allowance for general contractor's 
profit. The commission says (Report. pp45 and 46): 

"The company's claim for a contractor's profit of 10 
per cent to be added to the construction cost of the plant 
under the assumption that in rebuilding the plant new 
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the whole work would he let to a contractor, illustrates 
very clearly the difference in treatment of the whole quest in 
as advanced in their theory of cost of reproduction new and 
the method adopted hy the Commission. 

"The Commission take the position that as a matter of 
fact, there was ao general contractor's profit. Moreover, in 
the creation of such plants as the one under consideration 
as they are generally created there is seldom such an expend
iture. 

vsIt has been argued that if such a plant were to be cre
ated new it would be economy to employ a general contractor, 
but in taking their figures upon which to base their profits 
the company has used approximately the actual construction 
cost of a plant created without such contractor, a.nd therefore 
without suth assumed consequent economy. These facts make 
the company's position inconsistent and would prevent the 
contractor's profit being added to the original cost even if 
the commission admitted the co rrectne.ss of allowing such a 
change to enter into the value of the property." 

On the other hand, the Hew York Public Service Commis
sion of the Pirst District made an allowance for general con
tractor's profit in its valuation of the Tbird Avenue Rail
road for capitalization and reorganization. The Commission 
says (2 P #S. Cist D. Decided July 29, 1910): 

"In this connection, it should be understood that the 
above allowance for contractor's profit is not the profit of 
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the sub-contractors• The unit prices upon which Table III is 
based includes a profit to sub-contractors. The contractor^ 
profit of $2 370 000, allowed in Table IV is a general con
tractor^ profit. It is assumed that the company turns the 
work oyer to a general contractor. He sublets various por
tions to sub-contractors, and everybody takes his profit. 
Mow it is not necessary nor is it customary for companies to 
follow such a practice throughout all their construction work; 
It is customary to do so at the start, but extensions are 
Often made, new power houses built and additional equipment 
purchased without the aid of a general contractor. The comp
any deals directly with the sub-contractors and eliminates 
the general contractor's profit.11 

Interest during construction. In approved systems of 
uniform accounts "interest during construction" is always 
recognized as a proffer capital charge. The Supreme Judicial 
Court of Maine in the case of T-Taine Water Company decided 
December 14, 1904, 99 Me 371, 59 Atl. 537 542 in laying down 
rules to govern appraisers in making a valuation for munic
ipal purchase says: 

"And a fair rate--usually the prevailing rate--of int
erest upon the money invested in the plant during construc
tion and before completion is as much a part of the cost of 
construction as is the money itself which is expended for 
material and labor." 
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The Wisconsin Railroad Commission in its report decided 
March 8, 1910, upon the rate cases of State Journal Printing 
Company v* Madison Gas and Electric Gompany 3ays (4 W. R. C. 
R. 501, 541): 

lfThe cost of interest during construction was the sub
ject of much testimony. The staff of the Commission used 
3 per cent under the assumption of one-year construction but 
changed it to 4 per cent, because it was estimated that the 
construction might require more than one open season. Int
erest at 3 per cent under a one year construction period 
would be at the rate of 6 per cent for the whole amount of 
capital during half of the period of construction. The same 
rule would give 6 per cent under an assumption of a two-year 
construction period.11 

Again the Wisconsin Railroad Commission in its report 
upon the case of the City of Ripon v, Ripon Light and Watei 
Company decided March 2 8 , 1910 gives the following light upon 
the subject of interest during construction: (5 W # R # C .R. 1, 
14) 

"Respondent claimed that interest during construction 
should be computed at the rate of 6 per cent. That inter
est for such purpose is a proper item of value, is indisput
able. Where the plant construction is financed by borrow
ing, the use of such money must be paid for in the form of 
interest where the corporation finances itself and no money 
is borrowed an interest charge is nevertheless incurred for 
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the money thus occupied during construction is entitled to 
the current interest for the period so engaged. The amount 
to he allowed for the purpose of valuation from a theoret
ical standpoint at least, should he at the current rate for 
money from the time when financing must he arranged, directly 
preceding the beginning of construction antil the completion 
of the plant." 

Legal and Organization expenses, taxes and insurance. 
Hardly any public utility of any consequence can be construc
ted without legal advice, rphis advice may be expensive be
cause advice from the competent and the best attorneys only 
is worth while, and yet the saving during construction by the 
use of this advice may be more than enough to offset its 
cost. Courts and commissions are all of the opinion that 
an allowance for these items must be made in all appraisals^ 
The only question is how much shall be allowed. It is of 
course impossible to fix an amount that will be general to 
cover electrical utilities in all towns and cities. In the 
larger cities this legal advice would be more expensive than 
in the smaller towns. The Wisconsin Railroad Commission 
# 
allows 2 to 3 per cent to cover "legal work, organization, 
casuality insurance, ommissions and contingencies." for the 
towns of Wisconsin. In the appraisal of the steam railroads 
of Michigan an allowance of l/2 per cent was made on all 
property except rolling stock, stores and supplies for "leg-

# 5 W. R.C.R. 1, 13, City of Ripon v. Ripon Light and 
Water Co. March 28, 1910. 
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al expenses." Likewise in the appraisal of the Railroads 
of Minnesota an allowance of 4 1/2 per cent was made for 
"Engineering superintendence and Legal Expenses." The Pub
lic Service Commission of St. Louis allowed 1 per cent on 
the net cost of construction, not including real estate, for 
the "Expenses of Organization" which also included legal 
expenses. In general the£ one per cent seems to be a fair 
average allowance for legal and organization expenses. 

Taxes. Taxes is an item of expense which cannot be a-
voided. Real estate must be purchased for a considerable 
period before operation of the electrical utility is begun. 
Likewise considerable personal property is installed some
time before any operating revenues are realized. Luring this 
period taxes must be paid upon this personal and realty prop
erty. Also quite often special taxes must be paid, such 
as franchise, school and improvement taxes. In as much as 
these expenses for taxes are paid out in a period when no 
operating revenues are being realized it seems only fair and 
just that such expenses should be charged to capital account. 
Of course after operation of the utility is begun then taxes 
should be provided for from the gross revenues. Courts and 
commissions all agree that taxes incurred before operation 
are chargeable to capitalization. The amount to be allowed 
for taxes is generally definite and can be determined with 
fair accuracy. 

In the appraisal of the Third Avenue Railroad company 
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for reorganization the New York Public Service Commission for 
the First District quotes Mr. Floy: 

"Mr. Floy estimates taxes at l/z of 1 per cent. This 
amount included apparently every kind of tax from capital 
stock tax to franchise tax. It does not seem to be unreason
able, and except so far as it includes taxes paid in connec
tion with the corporate organization of the old company, it 
should be allowed." 

Knowing the local rate of taxation capital stock tax, 
mortgage tax and others, the percentage allowable for the 
amount of taxes may generally be estimated very closely in 
determining the cost of reproduction. 

Insurance. Insurance, like taxes and interest is right
fully charged to capitalization. It is an essential expense 
in the completing of the construction of a public utility 
property. Of course only expense of insurance chargeable to 
capitalization are only those incurred up to the time of be
ginning operation. The amount to be set aside is rather a 
variable quantity depending upon local conditions. It is 
an item that includes fire, casualty, title to property, 
accident and other insurance. It is usually found to be an 
amount which is an appreciable percentage of the structural 
cost. 

In 1911 an appraisal of the street railways owned by the 
New York, New Haven and Hartford Railroad was made. In his 
report upon the appraisal Mr. Swain made an allowance of 1 
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per cent of the total physical cost for insurance. Accident 
insurance alone protecting a corporation laying tracks in 
the streets of the city of Hew York amounts to 0.75 per cent 
for employees and 0.75 Per cent for the public or a total 
of 1.5 P e r cent of the labor payrolls of the work involved. 
Mr. Floy estimates that expenses for insurance during con
struction run from 0.5 per cent to 1.5 per cent of the total 
cost of the physical property. 

Promotion. The New York and the St. Louis Public Service 
Commissions in making an appraisal consider the item of pro
ration. This factor includes expenses made in such work as 
preliminary surveys prospecting the fields, interesting 
prospective stockholders and promoter's profit. 

The Hew York Public Service Commission of the Second 
District in dealing with the application of the Rochester, 
Corning Traction Company, 1 P. S.C. 2d D. 1T.Y. , decided 
march 30, 1908, lays down the principle that in determining 
the amount of securities that may be issued by a new enter
prise a fair allowance should be rre.de for services in pro
moting the enterprise. A Quotation from Chairman Stevens 
follows: (from page 177) 

"Another subject of great interest and importance is 
the compensation, if any, to which the promoters of the ent
erprise should be entitled for their services. Promotion 
has been so extensively abused and has been so universally 
used as a cover for abuses in capitalization that it has 

http://rre.de
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come to be regarded as a term of reproach and as a device 
to work schemes of robbery upon the investing public. No re
ason is apparent why this should necessarily be so. The hon
est services of a capable promoter are indispensable to the 
flotation of every comprehensive and far-reaching scheme of 
development in the railroad world, or elsewhere. A clear 
vision to see opportunities, ability to demonstrate them to 
others, and energy to push to completion works untried but 
of great moment, are indispensable to material development 
and should be fairly and even liberally rewarded by the pub
lic which receives the benefit of these works. Such rewards 
however, should be put upon a clear basis of business prin
ciple, should be of sufficient magnitude to encourage rather 
than discourage enterprise, and should not be so great as to 
make an exorbitant demand which is perpetual in its nature 
upon the public to be served. They are to be treated simply 
as just payments for services perfoxraed for the corporation, 
which services are valuable and in many cases even indis-
pensible. Such services should be paid for upon the basis 
of what they are fairly worth, having regard to all the cir
cumstances of the case." 

The wew York Public Service Commission in its report 
upon R. I. Metropolitan Street Railway Company Reorganization 
(3 P.S.C. 1st D. (N.Y.) 113, 165 decided February 27, 1912 
relating to capitalization after reorganization, discusses 
promotion and developmental expenses. In this report the 
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Commission asserts that promotion expenses are not always a 
fixed percentage of the total cost of structure. The per
centage is less for a large plant than for a small. A quot
ation from the report will add light to the question: 

"There are certain expenses connected with every under
taking which are not represented hy physical property, hut 
which must be incurred before the undertaking is operated. 
Lawyers and engineers must be consulted. Permits must be 
secured. Interest and taxes during construction must be paid 
and as there are no earnings, they must be included 4a a 
part of the cost of the undertaking. There are also other 
expenses connected with the experimental and trial operation 
of the machinery and adjustments of various parts of the ent
erprise, which antedate operation. 

"Ordinarily one would expect that the company itself 
would have data upon which to base an extimate of a reason
able allowance for these estimates, but no such data have 
been produced. In other cases decided by the Commission, 
when an estimate has been necessary, the amounts allowed for 
promotion of the original scheme, the securing of rights 
and permits, experimental operation, adjustment of system, 
preliminary legal fees and technical advice have varied from 
5 #5 to 8 per cent of the reproduction cost of the plant plus 
the cost of the land. These were small plants compared with 
the metropolitan system and as many expenses are nearly the 
same in amount regardless of the size of the company, a per
centage basis is not the correct standard. Seven per cent of 
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the cost to reproduce the physical property in this case 
would "be nearly $5 000 000." 



Chapter V I • 
Discount on Bonds 

Discount on bonds may be considered to be made up of 
two elements (1) brokerage, and (2) def erred interest. A 
bond is a mortgage note put on sale or issued by a corpora
tion for the purpose of raising funds with which to go on 
and complete the construction of the undertaken enterprise. 
In good financing the amount of money raised by issuance of 
bonds should not exceed 0.33 of the total capital. However, 
many reliable and thrifty corporations are in operation which 
have from 50 to 65 per cent of its capital represented by 
bonds. The usual procedure for a corporation to dispose of 
its bonds is to allow a commission, known as a brokerage, 
to an agent, known as a broker, for selling these bonds. The 
amount of brokerage paid generally runs from 2.5 to 10 per 
cent depending upon the circumstances of the enterprise. In 
nearly all cases the broker will ask the corporation to al
low a discount upon its bonds. In other words the corporat
ion gives a note at full face value but receives only a cert
ain per cent of that face value in real funds. At the expir
ation of that note the corporation is under obligations to 
pay the face value of the note. The face value of the note 
is known as the nar value and the amount of money that the 
corporation realized upon that note through sales by the 
broker is known as the market value. The difference between 
the par value and this first market value is the element of 
ieferred interest. 
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The handling of this brokerage and deferred interest 
in an appraisal has been treated somewhat differently by the 
various Public Service Commissions. All Commissions, in
cluding the Interstate Commerce Commission, with the excep
tion of the Wisconsin Railroad Commission and the Public 
Service Commission of Washington have adopted the practice 
of not charging brokerage and bond discount to capital ac
count. These commissions require that all discounts and com
missions and all expenses connected with the sale of bonds 
shall be charged to a suspense account and shall be amortized 
during the term of the bond. 

In the Report of the Railroad Securities Commission, 
November 1911, page 28, the national commission appointed to 
investigate railroad capitalization recomiends amortization 
of discount on bonds. 

"It seems to be generally agreed that no limitation 
should be placed on the price at which bonds can be sold, 
but any discount should be cancelled or amortized during the 
life of the bonds by the appropriation each year, out of an
nual income or supplus accumulated after the issue of the 
bonds of not less than the proportionate amount of the dis
count. " 

Henry Ploy in the book on the "Valuation of Public Util
ity Properties" page 119 takes the stand that the Wisconsin 

and 

Railroad Commission doesAchargesbond discount to capital. 
The following is a quotation of his argument: 
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"Aside from the argument that capitalization should e-
qual the value of physical property there would seem to 
he no particular or logical reason why the cost of financing 
should he hurriedly amortized. Undoubtedly it is advisable 
and necessary to begin writing off all costs of financing 
promptly and to continue to do so uniformly during the life 
of the bonds, so that similar expenses may be allowed when 
it comes time for new financing, and rates should be made 
high enough to permit this amortization. On the other hand, 
public utility corporations cannot, except in the rarest 
cases of making earnings in the first few years sufficient 
to permit the writing off of these costs as a part of the 
operating expenses without either making such abnormally 
high rates as to retard the growth of business and place an 
unfair burden on the early customers or else deprive the in
vestors of a fair and proper return on their investments." 

The practice of best financing dictates that bond 
discount shall not be charged to capital but shall be amort
ized during the life of the bond. If this amortization fund 
has a tendency to increase rates the rates will have to be 
increased. Such practice is fair to both the corporation and 
the public. What mere would the public want than fairness? 

The amount of discount on bonds is affected by a num
ber of factors. The size of the enterprise and the under
taking or product of the enterprise, the probable earnings, 
the character of the men connected with it, rate of interest 
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that the bonds bear, the state of financial market, all have 
their influence upon the amount of discounting necessary in 
order that the bonds may be sold. The Wisconsin Railroad 
Commission advises that bonds shall not be sold at less than 
75 per cent and the New York Public Service Commission of 
the Second District has usually fixed 85 per cent as the 
minimum price on the sale of bonds. 

Working Capital 
In an appraisal for rate purpose a working capital 

should be included with the fair value of the investment. 
Courts and Commissions have not always included a working 
capital with valuation but no cases are on record where 
Commissions or courts have refused to allow for working cap
ital. Any operating concern must have a working capital in 
order to carry on its business. Loose capital must be a-
vailable in order to provide for repairs, to keep supplies 
and materials on hand. Many operating utilities pay out 
salaries and wages to its officers, clerks and laboring men 
before any realization can be made upon bills receivable. Par 
example a company issues its pay checks to its employees on 
the first of the month but it may not collect any of its 
billsuntil the 10 th of the month. In order then for the 
comoany to pay its employees at the desired time it must 
have a store of funds to draw from and this store represents 
a part of the working capital. If the electric utility is 
a steam operating plant, it may be desirable to lay in a 
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large supply of coal at a time to make sure that enough ooal 
is on hand to tide the plant over during any shortage of 
cars. To provide for this store of ooal calls for investment 
of funds which should he provided from the working capital. 

In the case of the Consolidated Gas Company v. City of 
New York, Judge Hough, Circuit Court of the U.S. Southern 
District of New York, page 13, gives this definition for 
working capital. 

"That phrase 'working capital1 means the amount of cash 
necessary for the safe and convenient transaction of a 
business having regard to the owner1 s ordinary outstandings, 
both payable and receivable, the ordinary condition of his 
stock or supplies in hand, the natural risk of his business, 
and the conditions of his credit, and unless these matters 
and perhaps others, be looked into no comparison can be 
drawn between one business and another, or even between 
those of the same general nature." 

The New York Public Service Commission of the First 
District in the case of Mayhew v. Kings County Lighting 
Company, 2 P.S.C. 1st D. (N.Y.) decided October 20, 1911, 
define working capital as follows: 

"A gas company must purchase materials and supplies, 
must pay its employees and must distribute its commodity to 
consumers in advance of payment for such service. This re
quires a fund ordinarily called working capital. It is re
imbursed from operating receipts from time to time, but orig-
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inally is provided from capital. The amount needed depends 
upon the advances that must he made and the period for which 

it must he carried. " 
In 1909 the Legislature of Massachusetts passed a law 

providing for the issue of stocks and bonds by street rail
way companies for the purpose of maintaining a working cap
ital. The issue of stocks and bonds for this purpose was 
not to exceed 5 per cent of the par value of the total shares 
capital of the company. 

In re application of LaCrosse Gas and Electric Company 
for authority to increase its rates, 8 W. R. C.R. 138, 187, 
decided November 17, 1911, the Commission allows $35 000 for 
working capital and out of this $13 947 represents the al
lowance for stores and supplies on hand. The gross earnings 
of the combined gas and electric plants were $323 000. On 
a percentage basis the Commission allowed about 10 per cent 
of the gross earnings for the year for working capital. 

The New York Public Service Commission in the case of 
Mayhew v. Kings County Lighting Company, 2 P.S.C. 1st D. (N. 
Y.) decided October 20, 1911, allowed $80 000 for working 
capital. This alloy/ance includes $39 643 for materials and 
sullies on hand. In 1910 the company sold 580 678 000 cubic 
feet of gas. The allowance for working capital then is 13.77 
cents per thousand cubic feet of gas sold. Assuming the 
price of gas as 80 c e n t 3 per thousand cubic feet, the work-
ing capital then allow on a "basis of gross revenue vrould be 
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about 1 7 per cent. In the case of State Journal Printing 
Company v4 Madison Gas and Electric Company, 4 W. R. C.R. 
5 0 1 5 5 1 decided March 8 , 1 9 1 0 , the Wisconsin Commission al
lowed 2 0 cents per thousand cubic feet of gas sold for work
ing capital* The average price of gas was about one dollar 
per thousand cubic feet* The allowance then for a working 
capital was about 2 0 per cent of the gross operating reven
ues. Prom the data at hand it appears as if almost twice 
as much is allowed by the Wisconsin Commission for working 
capital in the case of gas plants as is allowed for electric 
plants. This is also true of thellew York Public Service Com
mission. In the case of the Q,ueens Borough Gas and Electric 
Company, the commission allowed 3 . 7 per cent on the present 
value of the complete property of the electric plant and 6.2 
per cent of the present value of the complete gas plant for 
working capital. 
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Chapter VII. 
Going Concern and Franchise Value. 

Going concern value of a public-utility corporation is 
a factor which has been discussed much by courts. In many 
cases it has been confused with the value of "good will". 
Some courts make a clear distinction between "going concern 
value" and "good will value." Other courts define going con
cern value as an intangible value belonging to public-*utility 
corporations which have a monopoly, corresponding to "good 
will" value of competitive corporations. Some courts hold 
that a public-utility corporation has a value aside from that 
of its physical value because it is a going concern with an 
established business. Other courts claim that a corporation 
has a physical value over and above the junk value of its 
dismantled parts only because it is a going concern. In 
other words if a plant was not a going concern it would have 
no physical value greater than scrap value. 

A few definitions of "going concern" value by author
ities upon this question will be given also a few quotations 
from courts and commissions dealing with this subject will 
be cited. 

Henry Floy in his book on the "Valuation of Public 
Utility Properties" makes four interpretations of going value; 

"1. A public-utility property has beside its physical 
or tangible value a legal and economic recognized value re
sulting from the putting of the plant into actual and use-
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ful operation. This value may he based on merely an actual 
expenditure of dollars, or an estimated value indicating 
the worth of the service performed in transforming the "dead11 

property into "live" income producing property. A newly 
constructed plant with its modern equipment has a value as 
a physical property. However, it does not have a value as 
a going concern. Money will have to be spent in advertising 
inefficient operation will have to be performed until time 

A 

and experience can give knowledge to the operating force 
whereby the efficiency of the plant can be increased. Per
haps readjustments of the organization of the management will 
have to be made. All these items 3JL.an honest and unavoid
able expense to the corporation and should be met either in 
operating expenses or capitalization.11 

In the case of the Columbus Railway and Light Company 
v*. City of Columbus No. 1206 in Equity, Circuit Court of U. 
S., S. "D.Ohio. E.D., decided June 8, 1906. Special Master 
T. P. Linn bears upon this question on page 47. 

"Complainant is also entitled to a fair valuation of 
what may be called its going business, or its good will; 
that intangible addition to the assets of every corporation 
which arises out of its management, and is a gradual growth 

of 

from its organization, consisting in this caseAa knowledge 
of the business, a knowledge of the wants and demands of its 
customers, a knowledge of the growth of the city, and the 
tendency of that growth as it has been observed through a 
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period of years; the organization of its office and operat
ing department, and in general, all the experience whidh he-
longs to and is the property of every going concern, and which 
is acquired through a period of years of active operation. 
In one sense of the word, the operating organization of a 
going concern, whether it he a common carrier, a gas company 
or water company, a light company, or a private manufacturirg. 
company, may he said to be of even more value than its phys
ical assets, its brick and mortar. The physical property is 
practically worthless without the management or organization 
the management or organization is powerless without the phys
ical property and an electric plant for the purpose of furn
ishing light and power to the city of Columbus, standard 
built and equipped of the most modern type, with its lines 
extended and connected, its lamps installed in houses and 
business places, its wires connected up to furnish pow 
for machinery without an efficient organization and manage
ment would fail utterly to fulfill the purpose for which it 
was constructed until that organization or management could 
be assembled and acquire a knowledge of the city, the wants 
of its people, and the demands of the business. 

"Granted that with a plant so established there could 
instantly be found skilled, capable and efficient employees 
to occupy every position necessary to operate its business, 
and to deliver its product or service, still this want of 

knowledge on the part of these employees and officials would 
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necessarily hinder and delay the delivery of light and power 
cripple the conduct of the business, and cause great loss 
until that knowledge had been acquired by the only teacher 
sible--time and experience. 

vVThis knowledge possessed by complainant, derived by it 
from its own experience and acquisition and purchase from 
its predecessors, has an indeterminate, but necessarily a 
value, in ascertaining what is the true value of complainants 
property devoted to the public use in any controversy as to 
compensation based upon that value." 

2. Another interpretation of "going concern" value 
is "capitalized losses" or a capitalization of the losses 
incurred during the first few years of operation of a plant. 
Hardly a plant in its beginning of operation has sufficient 
gross earnings to meet all operating expenses, fixed charges 
overhead expenses, taxes and insurance. The deficit has to 
be made up from the profit and loss account. A formative 
period exists with almost every corporation where this prac
tice has to be followed. Such a period may last only for a 
few years or even months, and yet during this period consid
erable expense or loss is incurred to meet all operating ex
penses. This expense, cost or charge has been recognized 
by both commissions and courts, as being as much a part of 
the total value of the plant as the physical value of the 
plant, and is therefore equally proper for capitalization. 
Of course there must be a limit to this practice. It is 
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evident that the more losses a corporation has during this 
formative period or the longer the formative period lasts, 
the larger will he the capitalization of the corporation. If 
the rates of the corporation remains the same then the div
idends must necessarily become very small or perhaps the 
corporation would be unable to meet the interest on its 
bonded debt. This action would result in the corporation^ 
going into the hands of the receivers. A practice then of 
this kind is feasible to a certain limit after that it results 
in bad financing which may bring ruin and bankruptcy to the 
corporation. 

The Wisconsin Railroad Commission has always favored a 
fair allowance for "going concern" value. A quotation from 
that commission in the case of Hill et. al v«. Antigo Water 
Company, decided June 29, 1908, 3 W .R . C. R. 623, 706 bears 
upon the question of capitalized losses: 

"A mere physical plant, no matter how perfect or how 
well it is adapted to the purpose for which it was intended, 
amounts to but little unless it has or Cr.n obtain a paying 
business .Without business it is a dead mass instead of a liv
ing concern earning profits. To have profits it must have 
business or customers who avail themselves of the services it 
renders at rates that yield an adequate income. 

"But new plants are seldom paying at the start. Several 
years are usually required before they obtain a sufficient 
amount of business or earnings to cover operating expensesj 



134 

including depreciation and a reasonable rate of interest 
upon the investment. The amount hy which the earnings fail 
to meet these requirements may thus he regarded as deficits 
from the operation. These deficits constitute the cost of 
building up the business of the plant. They are as much a 
part of the cost of building up the business as loss of int
erest during the construction of the plant is a part of the 
cost of its construction. They are taken into account by 
those who enter upon such undertakings, and if they cannot 
be recovered in some way, the plant fails by that much to 
yield reasonable returns upon the amount that has been ex
pended upon it and its business. Such deficits may be cov
ered either by being regarded as a part of the investment and 
included in the capital upon which interest is allowed, or 
they may be carried until they can be written off ^hen the 
earnings have so grown as to leave a surplus above a reason
able return on the investment that is large enough to permit 
it. When capitalized they become a permanent charge on the 
consumer unless charged off from the surplus, they are grad
ually extinguished. (These facts alone, however, do not 
always burnish the best or most equitable basis for the dis
posal of such deficits) Whether they should go into the cap
ital account, or whether they should be written off, as ind
icated are questions that largely depend on the circumstances 
in each particular case. 
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"The cost of developing a business of water works may 
be made up of many different kinds ofi expenditures. . . It rn^r 
also include losses to the investor because of the fact 
that the plants in their earlier years failed to earn enough 
to meet all the requirements for operating expenses including 
depreciation and a reasonable return upon the investment. If 
the direct outlays for securing business are charged to oper
ating expenses, as they should be, instead of to the capital 
account, then the cost of acquiring a paying business would 
be represented "by the deficits, or by the amounts by which 
the gross earnings fall short of covering the cost of oper
ation, as stated, including fair returns to the investors. 

• • . . 
"But while such losses will have to be met by the in

vestors, it is not expected that these sacrifices will be 
anything but temporary. The investors fully expect and in 
most cases rightly so, that these losses will be made good 
as soon as warranted by the business of the plant. They us
ually regard such deficits as additional investments upon 
which, unless the whole amount is refunded to them insome 
form, they are entitled to some return as on the rest of 
their capital. Unless they are so compensated, it is mani
festly clear that no money from private sources is likely 
ever to be invested for such purposes, except perhaps, in a 
few rare instances for philanthropic reasons. 

• • . • 
"It thus appears that the cost of building up the bus-
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iness of a plant ife in most cases as unavoidable as the ccst 
of the construction of the plant itself, that when such 
costs are incurred, they must he reimbursed in some form 
"by the customers in order that capital may he secured; that 
such reimbursement is equitable as between investors and 
customers, and that this is a just method of dealing with 
such costs, for other reasons. If this' sound, it also fol-
lows that the cost of the business must also be taken into 
consideration in determining the value of the plants for rate 
fixing purposes. 

"This would seem to apply with special force where by 
law the rates are limited so as not to yield more than reas
onable returns upon the investment, while such legislation 
may not be a guarantee against losses of any kind, it is 
clear that if the rates fixed under these laws shotxld not 
include anything for the cost of building up the business 
there would be no way in which these costs could be made good 
to the investors. In that event these costs would become 
a permanent loss to them; and the consumers, in return, would 
be relieved from paying a reasonable return on a part of 
the investment or on the capital that is devoted to furnishing 
them with the service in question. This is a situation of 
which the investors are taking due notice, and which is en
titled to due consideration. If not taken into account it 
will tend to keep new capital from entering this field as 
well as to prevent exact justiefe to capital which has already 
entered the same. The former would result in hardship or 
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inconveniences to the customers; the latter would apparently 
be unjust to at least many of the present investors in such 
utilities. 

"Just how long it takes a properly adapted and a reason
ably well managed plant to become self-sustaining is not en
tirely clear. Some rach this point within the first few years 
others again require as many as ten or more years before 
they approach it. There are also those which never reach 
this point at all. Much depends on the local conditions by 
which each plant is surrounded, and which vary from one place 
to another. 

. . • • • 

"When all facts are considered however, it will probably 
be found that in most cases it is better to include these 
costs in the capital than to attempt to wipe them out in a 
comparatively brief period through some system of amortiza
tion. These costs as shown, are in the nature of an invest
ment and should therefore it would seem, be treated as such. 

. • . • # 

"They should not include items that have been incurred 
under other than usual conditions or items that could have 
been avoided by the exercise of ordinary care and business 
judgment." 

The Wisconsin Railroad Commission reiterates the rule 
is laid down in this Antigo case again and again in other 
rate cases that have come up under its jurisdiction. It ap-
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plies thfe rule not alone to water supply plants, "but to 
electric plants as well. The rule is dangerous to follow. 
It is somewhat similar to the principle of capitalizing 
costs incurred hy the issuing of dividends; or in other words 
it is similar to the practice of using funds realized from 
the sale of more stock in order to issue dividends upon the 
stock already existing. It is a rule that is not in accord 
with conservative business management. 

The criticisms to this Wisconsin rule as offered by 
Mr. Henry Floy in his "Valuation of Public Utility Properties 
page 151 are as follows: 

(a) The reproduction cost of the physical plant is in
creased by the actual cost in the part of building up the 
present business instead of by an estimated cost of repro
ducing a like business. 

(b) The expenditures made in the past in building up 
the present business are usually assumed to have been prop
erly and advantageously made, which may or may not have been 
the case. 

(c) No scientific or definite rule has been determined 
fixing the period during which the deficits in income shall 
be permitted to be capitalized resulting in inequality as be
tween corporations and nossible encouragement of mismanage
ment or unwise expenditures. 

The New York Public Service Commission recognizes that 
losses incurred during the early periods of operation in 
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building up a "business should he considered in making an ap
praisal for rate purposes. It, however, does not include sufc 
losses in capitalization hut advocates a raise in rates of a 
sufficient amount to offset that loss. This seems to he a 
more conservative method and is more in accord with sound 
financiag. 

3. A third interpretation of "going concern value is 
that of "the value of a created income." This interpretation 
assumes that a public-utility corporation possesses a "good 
will" of the public. Since nearly all public utility corp
orations have a complete monopoly on the business there can 
be no "good will" and so consequently the plant should not 
have a value considered from the point of view of a created 
income. On the other hand, since competition does not exist 
the rates may be unduly high thus creating a large net earn
ing or profit. In other words the income depends on the 
rates. If then an attempt was made to base rates on the val
ue of an income the process would be that of a clear case of 
reasoning in a circle. The value of a'created income" should 
not be included in an appraisal for rate purposes. It may 
however be used in appraisal for other purpose. Bion J. Arn
old in his report of February 3, 1913 upon the Metropolitan 
Street Railway System of Kansas City, Volume I, page 79, 
outlines a method for determining the "present value of fut
ure earnings." The receivers had petition for a valuation 
of the property which would be a fair capitalization to be 
considered in the allowing... of a new franchise. The old 
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franchise would expire in 1925. Mr. Arnold determined what 
would he the value of net earnings in 1925 and added that 
value to the present tangible value. 

4 # Going concern value is also considered in one 
phase to be the "cost of acquiring a given income" The method 
of determining this cost or value is generally complicated. 
In the definition and the determination of this tfalue a hypofc 
thetical or comparative plant is always considered. Alvord 
and Met calf give the following definition for it. 

"The sum of the present worth of the annual excess in 
net earnings, or returns from the existing plant, as compared 
with those of the comparative plant, in the period of years 
from the date of valuation to the time when the earnings of 
the comparative plant can reasonably be assumed to equal 
tRose of the existing plant." 

In other words if the net earnings of the plant is at 
the present time eoual to "a" and the net earnings of the 
comparative riant during its first year of operation is equal 
to "b", then the worth of the excess for this first year is 
"a" minus "b". Similarly if the net earnings of the compar
ative plant in its second year of operation is equal to "c" 
then the present worth of the excess in net earnings for 
that year is equal to "a" minus "c". Suppose that the net 
earnings of the comparative plant in the tenth year of oper
ation was equal to "k" and also equal to the net earnings of 
the existing plant at the present time then "k" minus "a" 
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equals zero. The value then of the "going value" at the 
present time may he represented by the following equation if 
"y" equals this "going value". 

y - (a—b) + (a-c)+•--- (a—k) 
The items to be considered in determining going value 

based on a comparison of an existing and hypothetical plant 
are: 
1. The time required to construct the hypothetical plant. 
2. The time required for the earnings of the hypothetical 
plant to overtake those of the existing plant. 
3. The capacity of the existing plant in relation to pres
ent business. 
4. The depreciation charges of each plant. 
5. The gross income with rate of increasing for each plant, 
6 . The operation, maintenance, depreciation, taxes and 
other similar expenses omitting return on the investment. 

Franchise Value 
The early decisions of courts allowed a franchise value 

in the valuation of public utility plants for the purpose of 
rate making. A franchise is a right or peimiit given to a per
son or corporation to use his or its private property for the 
benefit of the public. Many times in order to stimulate the 
progress of creating an economic enterprise the public will 
grant such right without any consideration of money for the 
value transferred. If the economic Undertaking proves to be 
a success then that franchise is a real value to the corpora
tion but it does not necessarily follow that the corporation 
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should he permitted to realize a rate of return upon that 
value. The value of the franchise depends upon the rate of 
return and the rate of return depends upon the service 
rates charged. The process is another case of reasoning in 
a circle. The Wisconsin Railroad Commission and courts of 
late years have realized this situation and have therefore 
excluded franchise value from the valuation of the plant. 

Quotations upon this subject from courts and commissions 
are interesting. Judge Hough in the case of the Consolidated 
Gas Company v. City of Hew York decided December 20, 1907, 
discussed franchise value at considerable length. 157 Red. &9 
872. He says: 

"The very able counsel who have argued this cause unite 
in declaring that the exact question here presented makes 
this litigation a "pioneer case" and those for the defendant 
have, for reasons as different as counsel were numerous, 
demanded that the matter be disposed of as one of first im
pression. It often occurs, however, that upon the present
ation of a question absolutely novel in its exact form, the 
decision of the trial court is guided, in the absence of di
rectly controlling authority by the trend of decisions, and 
mthods of reasoning pursued in well considered cases dealing 
with kindred topics and even by the dicta of courts of ap
proved authority where such dicta indicates, as they often 
do, a train of thought necessarily suggested by the exact 
matter in hand. It is this course I must pursue in respect 
of the broad question of valuing franchises for purposes of 
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rate regulation. How novel it is, exactly as presented, is 
shown by the silence of most of the text books concerning 
regulatory rates, and the summary and insufficient treatment 
accorded the question in the valuable treatise of Messrs. BeeLe 
and Wyman. 

• • • 

"In this case I am compelled to the conclusion that it 
is necessary to allow the discoverable value of complainants 
franchises as part of that capital upon which a fair return 
must be allowed, because to refuse would disregard views ex
pressed by higher courts regarding the general nature of 
franchises and regulations proceedings. 

"Yet it was said in Smyth v. Ames, 169 U.S. 544, 18 Sup. 
Ck. 433 42 L.ed. 819), that the apparent value of the prop
erty and franchises used by the corporation was inter alia 
to be considered when determining the rates that might reas
onably be charged, and in the same case it was asserted as 
a general proposition that a corporation may not be required 
to use its property for the benefit of the public without re
ceiving just compensation for the services rendered." 

The Wisconsin Railroad Commission in the case Hill v, 
Antigo Water Company, 3 W. R.C R. 623, 723-730, decided Aug. 
3, 1909, allowed the actual money invested in securing the 
franchise but not the apparent value of the franchise in a 
valuation for rate purposes. In the case of the city of Ap-
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pleton v, Appleton Water works Company, 5 W. R. C. R. 215, 281 
decided May 14, 1910, the same Commission excludes franchise 
value entirely from the value of the plant for purposes of 
fixing rates. 

"The contention is often made that the value of fran
chises should he included as an element for consideration in 
determining the present fair value of the active property of 
a public-utility corporation for rate making purposes, thougi 

p 
suported by judicial sanction in certain jurisdictions does 
not appeal to us as either sound or practical. The only 
measure of franchise values recognized by the courts is the 
earning capacity of the property to which the franchise gives 
vitality. Earnings are dependent upon the rates that are 
exacted and hence, the higher the rates the more valuable 
are the franchises and vice versa. Obviously therefore it 
would be futile to attempt to determine the reasonableness 
of a rate by any standard which is at all dependent upon 
franchise values for its dimensions." 

In the appraisal of the Peoples Gas Light and Coke Comp
any of Chicago for rate purposes, April 17, 1911, William J 

Hagenah does not include franchise value in his report. He 
states: 

"In the light of these general considerations no allow
ance is made in this investigation for franchise valued 

In recent years the practice has been to exclude franc hie 
value in the valuation of public-utility properties for the 
purposes of rate making. However the public service corpor-
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ation which has to expend funds in securing a franchise 
whereby it may be permitted to do business, is entitled to 
be reimbursed for this outlay of expense. Under the present 
day financing the best method for doing this is not to charge 
it to capital but to keep it as a separate expense and then 
set aside each year a mortization fund charged to operating 
expenses to apply on this franchise expense. The amortiza
tion fund set aside each year should be sufficient so that 
at a reasonable rate of compound interest it will accume 
ulate and entirely amortize the cost of the franchise at the 
end of the period of the franchise. 

Good Will. 
Good will is the term applied to the kindly attitude 

of the public toward a corporation doing business with the 
public. By virtue of Ibhis good will the corporation holds 
the business with its customers against any other corpora^-
tion in the community doing the same line of business. As pub
lic-utility corporations do non-competitive business or it 
has a monopoly in its business, it does not need to hold the 
good will of the people. The people have no choice of choos
ing a service between two corporations. Its only choice is 
either to use the service at the rates charged or else forego 
the service. Public service corporations, especially elec
trical utilities, spend considerable amount of money in ad
vertising, but this is not done to win exactly the good will 
of the people. On the other hand, it is done to educate the 
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public to see the benefit in using electric service. The 
electrical utility should by right be entitled to use funds 
derived from the gross earnings **e~e for advertising. The 
advertising is done for the benefit of the public in two 
ways; (l) To educate certain classes of people to see the 
benefits and advantages they may have from the use of elec
tricity, and (2) to give the public as a whole the advan
tage of a lower rate which may be brought about by increas
ing the business thereby reducing the ratio of operating ex
penses to gross earnings. 
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Chapter VIII. 
Cost of Service . 

The term cost of service includes a number of factors. 
Many times the term is taken to mean the cost per unit out
put without any allowance for depreciation or return upon 
the investment. To a casual observer the difference between 
cost of service in this sense and the gross receipt per unit 
output may seem to be a large percentage of the gross re
ceipt and would immediately stimulate the observer with the 
suspicion that this large difference indicates graft or con
fiscation on the part of the public-utility corporation. If 
however, a fair allowance be made for depreciation and a 
fair rate of return upon the investment be allowed, then this 
difference between the cost of service and gross receipts 
per unit output may be scaled down to nothing or almost noth
ing. The rate for service then would appear reasonable. In 
the former case it appeared unreasonable. 

The question then arises, shall cost of service include 
depreciation and return upon investment? Public service 
commissions and courts have already decided that depreciation 
shall be considered as an operating expense and as such it 
is certainly included with cost of service. The next point 
to decide is whether returns upon the investment shall be 
included in the term cost of service. If a radical social
istic point of view be taken in which is laid down the |)»tn-
oiple that capital of any kind should not be entitled to a 
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rate of return, Hften return upon investment would not be 
included in cost of service for there would not he anyf In 
other words interest would he an unknown quantity. Perhaps 
such and idea is an ideal principle toward which a common
wealth should strive, for after all, the wealth of a nation 
lies in the productive labor created in it from year to 
year. It imparts the suggestion that every man should earn 
his bread by some form of productive labor and not by the 
interest that he receives upon his potential wealth in the 
form of money, guch a theory would do away with many forms 
ef so-called human parasites. However, such a commonwealth 
in which there are no idle rich is yet to be created. To be
gin the development of such an ideal commonwealth by re
fusing a rate of return upon capital invested in public ut
ilities would be foolish and ridiculous. Capital would im
mediately flow into other channels and the human race would 
be deprived of many conveniences, necessities and benefits 
which it must have for further progress in civilization. 
The movement of refusing an allowance for interest upon 
capital would have to be started in some line other than pub
lic utilities. In fact it could not be started in one line 
alone, it would have to be started in all lines, and not only 
in one commonwealth but in all the nations of the world. 
It would have to be v:a worldwide movement. As all nations 
do not act together now nor will they be likely to for some 
time to come, such a movement is impossible at the present 
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time. A rate of return must consequently be allowed upon 
the investment in a public utility. However such a rate 
should be fair and the investment should be a fair invest
ment as has already been pointed out* The conclusion is 
that cost of service should include all operating expenses 
which includes depreciation, overhead charges, fixed charges 
and a return upon the investment.. 

In almost any industry the price of each unit of out
put can be determined largely by the cost of service. In 
the case of public utilities this rule will not always hold . 
Especially is this true in the case of railroads. The cost 
of transportating a group of commodities might be determined 
but the cost of transporting a particular commodity is not 
so easily determined. The railroad is a utility with pec
uliar circumstances of its own. It is so peculiar that it 
is fortunate that the cost of service on each particular 
commodity can not be determined. If it could and the rates 
were based on the cost of service, the public as a whole 
would be in a sad condition . Many square miles of the midr 
die West would still be untilled and unpopulated, because 
building materials alone would cost so much that the average 
citizen could not afford to build for himself a house in 
which to live. The farmer's implements would cost so much 
that he would have to do without them or else not farm. 
However, in the case of an electric utility the rule of 
charging upon the basis of cost of service is quite adapt
able. The cost of production of a kilowatt hour can neaj|r 
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always "be determined with a fair degree of accuracy. In 
fact it is about the only basis upon which rates for elec
tric energy can be made • Rates in this utility cannot be 
based on the "value of service" theory as railroad rates 
are, because the service ^tendered to different kinds of cus
tomers is of about the same quality and level. "Charging 
what the traffic will bear11 is a legitimate rule to follow in 
a railroad enterprise and more often that statement is an 
excuse for low rates than it is for high rates. If too high 
a rate is placed upon a commodity, it will not move because 
tb^demand for that commodity will not warrant the paying of 
a high rate of transportation. Then railroads have also 
since the passing of the Inter State Commerce Law in 1887, 
been operating under keen competition which would prevent 
them from charging excessive rates and sometimes resulting 
in disaster or ruin to certainroads. However an electric 
utility cannot charge upon that basis for it is or ought to 
be a monopolistic enterprise. The only basis then upon which 
electric rates can be made is "cost of service." 

The cost per unit output for the different kinds of 
service of an electric utility will not be the same. For 
example the cost per unit of energy for the purpose of run
ning a motor 24 hours each day will be much less than the 
cost per unit of energy supplied for the purpose of burning 
an incandescent lamp for only 6 hours each day. The reason 
for this, is that the unit of energy involves not only the 
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factor of power, "but also the factor of timef It is the 
product of power and time and the result in ordinary unit 
is known as the kilowatt-hour• This circumstance suggests 
a term which is called "load factor." In the case of the 
motor which operates 24 hours per day, the load factor is 
24/24 or 100 per cent, in the case of the incandescent lamp, 
which operates only 6 hours per day, it is 6/24 or 25 per 
cent. In any enterprise the cost per unit output varies 
inversely with the efficiency at which that enterprise op
erates. As the energy supplied for the incandescent lamp 
is produced at a lower load factor than that energy is, 
which is supplied to the motor it is apparent that the cost 
of producing a unit of energy for the lamp is greater than 
that of producing a unit of energy for the motor. 

Certain quantities are involved in the term load fac
tor. The investment in apparatus for supplying electrical 
energy for a lamp 6 hours each day must lie idle for 18 hours 
a day and is active only 25 per cent of the time, whereas 
the investment for supplying energy to a motor operating 
24 hours each day, lies idle no time and is therefore active 
100 per cent of the time. The cost of service per unit of 
energy for the lamps hear therefore the "burden of a larger 
expense for rate of return upon the investment than does 
the cost of service for the motor. Interest is as sure as 
time and it is active 365 days 4. year and 24 hours a day. A 
service then which uses an investment only on part time must 
pay interest upon that investment not only the time during 
which the investment is active hut also the time when it is 
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not active. 
Another factor of expense analagous to interest upon 

investment is depreciation. This analogy is especially pres
ent in the case of an electric utility. This utility is com
paratively a new art and the progress of development and im
provement of apparatus used for that purpose has been and is 
very rapid. The result is that very little apparatus used 
for that purpose has been discarded or abandoned on account 
of decrepitude but on account of obsolescence and inadequacy 
which may be called "equivalent deterioration" are active 
like interest 365 days a year and 24 hours a day. They are 
active whether the apparatus is in use or not. As these tw> 
factors make up for the most part the item of depreciation 
it is evident that depreciation upon an electric apparatus 
is a factor which grows with time regardless of whether the 
apparatus is in operation or not. After a certain number of 
years have passed, which is generally in the neighborhood of 
20 years, the apparatus has to be replaced whether it is 
worn out or not. A service then which uses an electric ap
paratus an part time only will approximately have to bear the 
same depreciation expense as one which uses an apparatus 
on full time. 

Interest upon investment and depreciation are the two 
factors which for the most part bring emphasis upon the tem 
"load factor"; or they are the factors which make up most 
of the excess cost of service per unit of energy for that of 
the lamp used only 6 hours a day over that of the motor used 
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24 hours a day. Other factors enter in hut only to a small 
degree. If the plant is a steam operating plant then the 
service operating on a low load factor has to bear a 
greater fuel expense per unit of energy on account of the 
use of fuel in banking fires and keeping up steam for operat
ing boilers when the service comes on. An extra cost of 
labor has to be borne by the service of low load factor 
on account of the irregular hours of labor that are brought 
about by that service. Also extra labor has to be purchased 
to bank fires, and labor cost per unit of energy for readirg 
meters, repairing distribution lines, and expenses of super
intendence are greater for the low load-factor service than 
for a service of high load-factor* 

This theory of variation of cost per unit output for 
different kinds of service may perhaps be made clearer by 
referring to a load curve of a plant in actual operation. 
On the following page in Fig. 3 is given a laad curve for the 
city of Seattle. One curve is given for a summer month and 
another for a winter month showing a difference in the total 
load for the two different times of year. The difference in 
the average load for the two different periods of the year 
is due to the fact that Seattle is a northern town and in 
the winter months many lights in the business and the indus
trial districts of the city are burning all day long. Howeve^ 
since the equipment of a plant to provide this city with e-
lectrical energy must be of sufficient size to provide ser
vice during the largest load and therefore only the winter 
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load curve will be considered. Prom this curve the average 
load from 4:30 to 10:30 P.M. each day is about 6 000 kw. 
The rest of the day the load has sin average value of 3 000 
kw. The difference of 3 000 kw is the capacity of the ex
tra equipment to be installed in the plant to take care of 
the lighting load which comes on at 4:30 and lasts for 6 
hours. This lighting service of 6 hours time will have to 
bear the entire burden of providing a depreciation fund and 
rate of return upon the extra apparatus to produce the 3 000 
kw output besides space in a building and distribution lines. 
This lighting service goes to the residence district, street 
lights and business houses. Por the sake of illustration 
this 3 000 kw may be classed as lighting load and the other 
3 000 kw as power load. The power load is active for 24 
hours and consumes 24 times 3 000 or 72 000 kw-hrs. The 
lighting load is active only 6 hours and consumes 6 times 3 
000 or 18 000 kw-hrs. The ratio of the energy consumed is 
18 to 72 or 25 per cent, but the ratio of the expenses due 
to depreciation and rate of return is unity. In this case 
the expense charged for depreciation and rate of return per 
unit of energy supplied for lighting services Will be four 
times that for power service. This factor takes into ac
count the generating apparatus only, when the depreciation 
and rate of return upon the distribution lines be considered 
the factor would be increased considerably more. Generally 
the investment for distribution is about 70 per cent of thei 
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investment of power-plant equipment. Making this correction 
the factor 4 will he increased by 70 per cent and is then 
equal to 6.8. The ratio of operating expenses per unit of 
energy for lighting service to that of power service will 
be considerably less than 6.8. The ratio of the total cost 
of service for lighting to that of power will be less than 
6.8 but will perhpps be as high as 4 Oa5. The rates charged 
in Seattle range from 6 cents per kw-hr for lighting to 1 
cent per kw-hr for large motor loads. The rates of 6 cents 
is charged for lighting service up to 60 kw-hr per month 
and for all excess above that amount a rate of 4 cents per 
kw-hr is charged. For small motor loads the rate is higher 
than 1 cent per kw-hr. The ratio of the rate for lighting 
to that for power will be about 4 which seems to be in con
formity with the ratio of cost of service. This relation 
between a short period and a long period service will be con
sidered more fully later under the head of "effect of load 
factor upon cost of service. 

Cost of Service in Present Plants. 
The efficiency of thfc best modern plant in transforming 

the heat energy in a lump of coal to delivered light or 
mechanical energy from a motor is arhthe best very low. If 
scientists really could know more about the laws of nature, 
of which the relation between electricity and heat is ohly 
one part, perhaps this efficiency could be greatly increased. 
If the laws governing the relation of heat to electricity 
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were known better, perhaps the medium of coal could he dis
pensed with and the energy from the sum could he utilized 
directly in the production of electricity. However, as 
these laws have not as yet been discovered, managers of 
central stations must give their best energies to the study 
of scientific management of the present method that is used 
for the production of electical energy. 

At present the largest items of cost in producing el
ectrical energy are fuel and labor. Of these two, fufel is 
the larger. The cost of fuel per kilowatt-hour output may 
be reduced appreciably by a little study of the local con
ditions and the operation of different kinds of boiler room 
apparatus in present use. por example the introduction of 
a wafer - softening apparatus may cut the fuel bill down 
by 25 per cent. This is apparent when it is considered 
that a scale of l/l6 of an inch on a boiler shell and tube 
will decrease the efficiency of a boiler by 14 per cent . A 
particular kind of a stoker for use with the kind of coal 
that is most readily available for use in a given power 
plant may give better efficiency than some other stokers. 
The items of labor, cost may be reduced by a study of the 
men employed in the operation of the plant and the method 
used in employing the men. Especially is this so in small 
plants. A little time and energy devoted to the training 
of the employees in their particular jobs may decrease the 
cost per unit output by making the men utilize their ability 
for a greater capacity for productive work. With a little 
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training one man may become capable of watching four boil
er units whereas before :,he was able to care for only two 
units. Hot only that but the fireman may be trained to keep 
the steam pressure more uniform and more nearly up to its 
maximum working pressure thereby reducing the consumption 
of steam per unit output. 

Different classifications of cost have been used by 
different writers. Messrs. E. ¥. Lloyd, G. A.S.Howlett, 
and J. M. S.Waring in a paper on the subject of "Relation of 
Load Factor to Power Costs"use the following classification 
in the Journal of Western Society of Engineers, April 1909: 
A. Fixed charges on equipment including power house appar
atus, transformers, transmission lines, etc., namely, int
erest, depreciation, taxes, insurance, etc. 
B. Operating expenses made up of such items as fuel and 
feed water if it is a steam lant; oil, waste, incidentals, 
repairs and labor, including powerhouse force, linemen, etc. 
G. Organization expenses, including salaries of officials, 
clerks, solicitors, etc., office rents and such expenses. 

Such a classification of cost accounts is of advantage 
in deciding upon a rate for service. However, for a scien
tific study of cost perhaps the expenses had better not be 
oonsidered under these three heads but more in their orig
inally analyzed form. Data for labor cost will first be 
considered. The following table Uo. 7 is taken from the 
Engineering Magazine page 951, Volume 37, from a paper on 
"Labor Costs in the Central Station" by H. I. Khowlton. 
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Table Ho. 7. 
Table of ' Labor Costs in ! Selected Central Stations 

PI ant Appx.fcw Total Kw •-hr Labor Total Total 
rating Station manuf * d cost per Mg cost lo o f 

wages kw-hr per kw-hr Statdt®. 
cents cents 

employ 
ees 

A 6 000 #25 937 8 776 165 0.296 1.21 22 

B 5 000 20 920 6 043 204 0.346 1.23 20 

C 4 000 19 429 5 400 192 0.36 1.24 28 

D 2 000 9 954 3 288 623 0.302 1.42 11 

E 2 000 9 663 4 305 003 0.224 1.27 13 

P 1 250 6 844 1 470 066 0.465 1.56 8 

G 950 8 7 71 1 479 898 0.595 2.05 7 

H 700 6 664 889 760 0.750 2.34 8 

I 630 5 017 730 458 0.685 1.80 6 
The following table Ho. 8 gives the number of operations 

and the equipment of each plant. 
Table Ho. 8. 

Plant Boiler 
room e-
quipment 
h-p boilers 

Engine room 
equipment 

6-125 
2-350 
4-400 

6-400 
B 

1-100 h.p. 
3-900 hp 
2-1500 lew 

1-3000 hp 
1-2250 hp 
2- 750 hp 

Kinds of Engines 
and operation 

Hor. Com.Cond. Belt Drive 
it n ii it « 

Ver. Turb. " 

Ver. Cross. Comp.Cond.BirectDri-ve 
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12-250 

5-258 
D 

1-125 
9-150 

E . 

4-1000 

4-170 

Gr 

H 4-150 

I 3-183 

1-1500 kw 
1- 300 hp 
1- 600 hp 
1-12.00 hp 
1-1800 hp 

1- 600 hp. 
1- 900 hp 
1-1500 hp 

2- 400 hp 
1- 100 hp 
1-1250 hp 
1- 200 hp 
1- 800 hp 

1- 240 hp 
1- 450 hp 
1-1000 hp 

1-175 hp 
1-350 hp 
1-500 kw 

3-250 hp 
1-211 hp 

3-250 hp 
1-125 hp 

Ver. Tub. Cond. 
Gross. Comp. Eor. Cond. 

it II ti II 

n it it it 

u it tt n 

Cross Comp. Ver. Cond. 
it n it it 

II tt II it 

Simple Cond. 
Comp. Cond. 

it ti 

II ti 

it tt 

Cross Comp Hor. Cond 
n ti n ii 

II n ti tt 

Cross Com Hor. Cond. 
tt n n it 

Ver. Turb. Cond. 

Cross Comp Hor. cond 
Simple " " 

Cross Comp. Cond. 
it II it 

C 
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The above tables gives the equipment and the labor cost 
of 9 representative central stations. The number of plants 
listed is too sma.ll for drawing wide conclustions, yet it 
represents in a fair way the magnitude of the labor cost con-
pared with the total manufacturing cost per kw-hr. It 
also shows that as the size of the plant increases the cost 
of labor per unit output decreases. The curve on the fol
lowing pages in Eig. 4 shows approximately how the labor 
cost decreases with increase size in the station. It 
shows also that stations D and E are operating at a very 
low cost for labor. In the case of station D the reason 
for the low labor cost is that the labor force has been 
carefully worked out. It consists of 4 engineers, 3 oilers 
3 firemen, and 1 helper. In the case of plant E, the reascn 
for low labor cost is beca.use it is working on a little 
better loa.d factor than the rest of the plants. The curve 
for the 9 plants is based upon a year's operation and the 
plants are so chosen that they are all operating on nearly 
the same load factor. 

The following table Ho. 9 gives approximately the num
ber of kilowatts station capacity for each station employees 
for the 9 different plants. It also shows the station wages 
per kw station capacity. About three times the listed kil
owatt capacity per station employee is handled on each 
watch. Each day has three shifts. 

http://sma.ll
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Table Ho. 9 
Table of Plant Capacity and Labor Cost* 

Plant Approx. kw. per Station wages 
station employee per kw station 

capacity 
A 272 $4.31 

BB 250 4,18 

C 136 5.10 

DD 182 4.97 

I 154 4,83 

F 157 5.45 

a 136 9,25 

H 875 9.52 
I 105 7.95 
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Mr. H. S. Knowlton in a paper upon the subject of "Rep
resentative data from Electrical Power Plant Operation" in 
the Engineering Magazine, Volume 36, page 833 presents come 
more valuable data taken from 7 representative steam plants 
in Massachusetts. The companies considered are the "Edison 
Electric Illuminating Company of Boston, the Worcester E-
lectric Light Company, the Lowell Electric Light Corpora
tion, the Eall River Electric Light Company, the Maiden E~ 
lectric Company, the Cambridge Electric Light Company, and 
the Lynn Gas and Electric Company. All the figures presented 
are for the year ending June 30, 1908. 

Table Ho. 10 
Table of Total Kilowatt-hours Manufactured and Tons of 

Goal Burned. 
Kw. hr. mfg. Cost Kw. max hp. of 

Coal used fJer ton load engines 
tons 

Boston 88 535 490 102 717 $3.99 35 511 73 500 
Worcester 5 400 192 7 368 4.79 22 212 5 900 
Lowell 9 426 511 14 101 4.75 3 498 7 390 
Fall River 4 061 284 7 630 4.68 1 861 4 433 
Maiden 4 647 453 5 555 4.49 1 575 4 875 

coal 
1 000 

coke M 
"breeze 3.72 

Cambridge 6 043 204 9 377 4.40 22 772 6 750 
Lynn 8 776 166 13 917 Lynn 8 776 166 

coal 3.60 3 700 8 200 
3 364 "bfol tar 

1.50 
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fhe following ta"ble shows distribution of power plant 
expenses. 

Table Ho. 11 
Plant Fuel Oil & Water Station Wages 

cost waste 
Boston $409 841 $7 348.13 $21 667.03 #170 393.66 
fo rc ester 37 970 1 477.31 1 843.79 19 429.59 
Lowell 67 033 846,04 730.04 24 742.81 
Pall River 35 707 1 302.16 465.12 21 884.77 
Maiden 29 480 780.55 1 492.24 15 817.19 
Cambridge 41 546 1 118.05 3 281.28 20 920.49 

Lynn 54 158 1 030.83 3 551.79 25 937.79 

Plant Repairs 
Station Steam Electric Total Cost 

Boston 13 521.01 37 269.72 49 774.01 $729 280.50 

Worcester S90.80 2945.15 ro
 949,49 67 441.19 

Lowell 1 881.90 1 859.69 885.54 100 017,37 

Fall River 466.14 1 491.73 1 168.46 65075. 29 
Maiden 1 640.23 to 325.22 653.24 54 652.5 3 
Cambridge 1 241.31 3 557.91 2 761.12 74 426.58 

Lynn 4 547.00 12 932.54 3 993.03 106 374.03 
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Ta"ble Ho. 12 
Cost in cents per kilowatt-hour manufactured 

Boston Worcester Lowell Fall River 

Fuel .462 .703 .710 .880 

Oil and Waste .008 ,027 .009 .032 

later .024 .034 .008 .012 
Wages .192 .360 .262 .538 

Station repairs .015 .012 .020 .012 
Steam repairs .042 .055 .020 .037 

Electrical repairs .056 .055 .009 .029 

Miscellaneous .023 .000 .022 .080 

Total .822 1.246 1,060 1,620 

Population 703 597 131 549 310 736 105 im. 

Maiden Cambridge 
Fuel .635 .690 .618 
Oil & Waste .017 .019 .012 
later .032 .059 .040 
Wages .342 .347 .296 
Station repairs .035 .021 .052 
Steam repairs .072 .059 .147 

Electrical repairs .014 .046 .045 
Miscellaneous .033 .000 .000 

Total 
Population 

1.180 1.237 
101 129 97 434 

1.210 
89 308 
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Under the term miscellaneous are included rentals, 
tools and repairs on tools. Prom the three tables given for 
these seven plants no general law for the variation of cen
tral station cost per kw-hr is revealed. However, the data 
in the last table is of value in so far as it gives a gen
eral information covering the cost of electrical production. 

Another table showing the energy production cost of 
eight stations is of interest. In this table Ho, 13, plants 
5 and 4 are especially interesting. Plant No. 4 is operat
ing on a load factor of 20 per cent whereas plant No, 3 is 
operating on a load factor of 32 per cent. However, the 
total production cost is about the same for the two plants. 
In as much as plant No. 4 has a capacity less than one half 
the capacity of -olant no 3, the cost of production for plant 
Ho. 4 should be expected to be much, greater than that of No. 
3 in so far as the labor cost should vary inversely with 
the size of the plant. The fuel cost might be expected to 
be a little greater per kw hr output for plant No. 4 than 
for plant ITo. 3. The data then seems to show that plant 
Ho. 3 is not operated as efficiently as plant No. 4. This 
apparent poor efficiency of plant No. 3 is because plant No. 
4 and No. 3 are operated by the same company, and plant No. 
3 is operated only when it can be run at full load. The 
two stations are tied together by transmission lines. 
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Table No, 13. 

Plant Station Fuel Labor Total Yearly Fuel 
No. Rating in load fac per 

tor per 
cent 

1 2 339 0.68 0.39 1.18 23.0 3.90 
2 3 000 0.56 0.29 0,89 33.3 4.27 

3 3 400 0.54 0.25 1.05 32.0 3.99 

4 1 400 0.57 0.30 1.07 20.0 3.87 

5 2 435 0.78 0.22 1.15 26,0 3.55 

6 5 200 0,42 0.30 0.94 27.0 3.57 

7 2 000 0.67 0,29 1.07 31.0 3.91 

8 2 500 0,51 0,25 0.99 28.4 3.33 

All the data given so far show no general law for the 
variation of fuel and labor costs with different size plants 
If all plants were operated alike and on the same load fac
tor, it is quite 'Probable that both of these costs would 
vary inversely with the size of the plant, but on account of 
personal equations and variation in efficiency the same 
size apparatus in different slants and also on account of 
a variation in load factor cost of supplies, etc. a general 
law between size of plant and production cost can hardly 
be established. Yet the curve as given in Fig. 4 nay be a 
fair indication of the variation in production cost with 
the size of plant. 

The total operating expenses of an electric utility 
may be considered as made up of two quantities; one a var-

Energy Production Costs of Eight Stations, 
cost in cts. per kw-hr 

manf f d. 
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iable expense known as output expense and the other a fixed 
expense known as capacity expense. She former includes 
wages at station, station repairs, steam plant repairs, e-
lectric plant repairs, repairs and renewals of lines, re
pairs on meters, distribution, tools and appliances, coal 
and delivery, oil and waste, and water. Fixed expense or 
capacity expenses includes rental for real estate, wages, 
clerical labor commissions, directors allowances, salaries 
of officers, general salaries, general office expenses, 
taxes, insurance, law expense and incidental expenses. 

The following table gives the operating expenses of a 
plant operating 8760 hours a year on a connected load of 772 1 
kw. That is out of two hours average daily use of 7721 kw 
connected load the highest demand upon 4960 kw of installed 
generating machinery has proved to be 3000 kw. The differ
ence between the maximum demand and the capacity of the in
stallation is 1960 kw. At first it may seem that these 
1960 kw. installation represents an idle investment and yet 
that is not necessarily so for in every central station 
there must be a reserve capacity to draw upon in the case 
of emergency. If the 3000 kw demand was taken care of by 
a 2000 kw unit and a 1000 kw unit and the 2000 kw unit 
should become disabled then there should be a reserve capac
ity to take the place of the 2000 kw unit. This reserve 
capacity is absolutely necessary for a public utility must 
not suspend operation. It must, as in this case, operate 
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24 hours a day for 365 days a year. The table which fol
lows covers the operating expenses for the sale of 4,879,973 
kw. hr. in 1909, with installed station capacity of 4960 
&w» 

Table Ho, 14. 
Accounts Totals 
Rental for Real Estate # 225.00 
Wages, clerical labor, corranis-

Per kw.hr. sold 
$.0000 

sions 
Directors allowances 
Salaries of officers 
General salaries 
General office expense 
Taxes 
Insurance 
law expense 
Claims 

Incidental expenses 
Horse keeping 
Rents of poles 
Total capacity or annual 

service charge 

Wages at station 
Station repairs 
Steam plant repairs 
Electric plant repairs 
Repairs and renewals of lines 12 398.61 
Repairs meters lamps and motors 3049.31 

15 265.07 
400.00 

11750 .00 
3 904.47 
1 918.84 
27 697.84 
6 318.98 
703.75 
28.00 
504.22 

5 200.75 
18.95 

#73 935.87 
19 570.91 
2 890.98 
4 159.43 
2 705.68 

.0031 

.0001 

.0024 

.0008 

.0004 

.0057 

.0013 

.0001 

.0000 

.0001 

.0011 

.0000 

.0151 

.0040 

.0006 

.0008 

.0006 
,0025 
.0006 
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Distribution, tools and ap-
plianoes 194.10 .0000 

Coal and delivery- 39 426.36 .0081 
Oil and waste 1 584.83 .0003 
Water 1 639.86 .0003 
Carbons 1 442.09 .0003 
Incandescent lamps 6 178.91 .0013 
Globes 743.39 .0002 
Gvrf^trt bought at 5 / 1 625,35 .0003 

Total variable generat
ing cost #97 613.91 .0200 

Total for all operating ex
penses #171 549,78 .0351 

Annual average depreciation 79 441.67 .0163 
Total annual cost #250 991.45 .0514 
Profit allowed 5 per cent 

#1 472 523.06 73 626.15 .0151 
Estimated proper revenue #324 617.60 .0665 

•Hie 
From the above table it is apparent that proper aver-

A" 

age charge per kilowatt hour to yield a 5 per cent return 
upon the investment is 6.65 cents. This rate of return is 
rather low for the investment under consideration and should 
probably be more nearly 8 per cent. If this rate of return 
be used, the allowance per kilowatt hour to meet this ex
pense is 2;41 cents. This amount added to 5.14 cents gives 
7.55 cents per kilowatt-hour, a price that would have to be 
charged in order to yield an 8 per cent return. This is an 
average price. Such a price cannot be charged for all dif-
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ferent kinds of services to the various consumers. The 
short period consumer would have to he charged no re than 
this and the long period consumer is entitled to a lower 
price. This consideration will he taken up later under the 
term "load factor." 

The. following table is taken from the Wisconsin Rail
road Commission Report, 5 W. R.C. R. 1, 31. It shows the 
division of each item, of expense between capacity and output 
expenses. Capacity expense in this is the same as fixed 
expense, and output expense is a variable expense and varies 
with the output. 

Table No. 15. 
Apportionment of Expenses. Capacity and Output. 

Capacity f Output 
Classification 
Steam power gener
ated, operating 
labor 

Steam generated 
Misc. power plant 

supplies and 
e x p e n s e s 

Maint. power plant 
equipment 

Maint. power plant 
bids. etc. 

Botal 

Total Amount fo Amount 

| 410.86 $ 41.09 10 369.77 90 
2 470.27 247.03 10 2 213.24 90 

167.26 

157.34 

30.22 

83.63 50 

39.33 25 

30.22 100 

83.63 50 

118.01 75 

#3 235.95 1441.30 #2 794.65 

Distribution: 
Dist. system operat 
ing labor 70.30 56.24 80 14.06 20 
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Dist. system sup
plies & expenses 15.45 12.36 80 3.09 20 

Main*. Dist. syst. 100 . 54 80,43 80 20.11 20 
laint. of transformers 2.30 2.30 100 
Maint. of meters 15.32 12.26 80 3,06 20 

Total 203.91 161.29 42.62 

Consumption: 
Incandescent lamp 
renewal 28,76 28.76 100 

Customers premise 
expenses 48.35 48.35 100 

Trimming & Insp. 
Street lamps 214.28 214.28 100 

Maint. Street lamps 66.53 16.63 2.5 49.90 75 
Total 357.92 64.98 292.94 

Commercial 
Collection Expenses 75.22 75.22 100 
Promotion of business 515.12 412.10 80 103.02 20 

Total $ 590.34 $487.32 f 103.02 
Total direct expenses 

$4 388.12 $1 154.89 26,3 #3 233.23 73.7 
General expenses 1 520.27 1 520.27 100 
Undistributed expen 
ses. 220.55 220.55 100 

Taxes 432.41 113.72 26.3 318.69 73,7 
Depreciation 2 124.34 558.70 26.3 1 565.64 73.7 
Interest 1 678.87 441.54 26.3 1 237.33 73.7 

Total Expense 10 364.56 4009.67 6 354.89 
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The Expenses given in table No. 15 apportioned among 
the three separate systems of consumption and given in the 
following table. The total number of kw-hrs of incandescent 
lighting was 40, 327. 

Table Ho. 16. 
Apportionment of Expenses over separate Systems. 

Classification Capacity 
Total Arc Incand. Power 

Steam power generated $153.48 |287.82 
#441.30 

Distribution 
Operating labor 56.24 20.98 35.26 
Supplies and Exoensesl2.36 4.61 7.75 
Maint. System 80.43 30.00 50.43 
Maint. Transformers 
Maint. Meters 12.26 12.26 
Consumption 
Lamp renewals 
Customer's premises 
expenses 48.35 48.35 

Trimming & inspecting 
Maint. Arc. 16.63 16.63 
Commercial 
Collection 75.22 73,62 1.60 
Promotion of business 400.00 12.10 

412.10 
Total Direct #1154.89 225.70 915.49 4$*TO 

General 1520.27 297.06 1205.12 18.09 
Undistributed 220,55 43.10 174.83 2.62 
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Taxes 113.72 40.93 72.22 .57 
Depreciation 558.70 201.13 354.78 2.79 
Interest 441.54 158.95 280.38 2.21 

Total expenses 4009.67 966.87 
Output 

3002.82 39.98 

Steam power gener
ated #2 794.65 1 192.20 1 590.99 11.46 

Distribution 
Operating labor 14.06 5.24 8.82 
Supplies & expenses 3.09 1.15 1.94 
Maint. system 20.11 7.50 12.61 
Maint. Transformers 2.30 2.30 
Maint. meters 3.06 3.06 
Consumption 
Lamp renewals 28.76 28.76 
Customers 1 premises 

expenses 
Trimming & instruct

ing 214.28 214.28 
Maint. Arc. 49.90 49.90 

Commercial 
Collection 
Promotion of business 

103.02 
Total direct 3 233.73 1 470.27 

100.00 
1 748.48 

3.02 
14,48 

General 
Undistributed 
Taxes 318.69 
Depreciation 1 565.64 
Interest 1 237.33 

114.73 
563.63 
445.44 

202.37 
994.18 
785.70 

1.59 
7.83 
6.19 

Total expense #6 354.84 2 594.07 3 730.73 30.09 
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Prom table Ho. 14 the percentage of the output expenses 
based on total expenses was 57 per cent and that of the cap
acity expenses was 43 per cent. Prom the above table per
centages were 61.3 per cent for output and 38.7 for capac
ity expenses. 

The above table is for the electric part of the Ripon 
light and Water Company. Ripon is a town of 3800 population . 
The electric apparatus consists of two reciprocating engines 
with a total rated capacity of 350 hp. connected by belt and 
shafting to a direct current and an alternating-current gen
erators. The plant does not give day service. It is oper
ated only from dark to midnight. The figures are given for 
the fiscal year of 1909. 

Table Ho. 16 shows that of the $4009.67 total capacity 
coat of the plant, $966.87 is charged against arc lighting, 
|3002.82 against incandescent lighting, and $39.98 is charged 
against power. Of the $6354.89 total output cost, $2594.07 
is charged against arc lighting service, $3730.73 against 
incandescent service and $3009 is charged against power 
service. With this division of the cost of operation, the 
cost per unit service in each particular line of service can 
be easily ascertained. The total operating expense for in
candescent service is $6,733.55 which is the sum of $3002.82 
and $3730.73. The total amount of energy consumed by this 
kind of service was, as noted before, 40,327 kw-hr. The 
output charge per kw-hr, of energy delivered is equal to 
$3730.75 divided by 40,327 or 9.2511 cents. 
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The total fixed charges are the same whether the plant 
is operated one hour per day or 10 hours. In other words if 
the plant is operated 10 hours a day the capacity charge 
per hours is only one tenth of what it would he if the 
plant were operated only one hour per day. The total con
nected load for commercial lighting, or incandescent light
ing, is 215.46 kw. If the connected load is considered 50 

per cent active, that is each consumer has only 50 per cent 
of his total number cf connected lamps in service at any one 
time, the fixed expense per year per kilowatt of active 
connected load is 

3002.82 ^ #27.873 
0.5 x 215.46 

If the plant is operated for one hour per day the capacity 
cost per kw. hr. is, 

2 7 . 8 7 3 = 7.636 cents 
365 x 1 

If the plant is operated for only 0.5 hours per day, then 
the capacity cost per kw~hr is, 

27.873 ~ 15.272 cents 
365 x 0.5 

In a similar way the capacity charge perrikw-hr can he 
calculated for other durations of time of operation per day. 
The following table ITo. 17 gives the results of such calc
ulations. In addition to these results the total cost per 
kw^hr, which is the capacity charge per kwr-hr plus the out
put charge of 9 .251 cents per kw-hr, is also tabulated. 
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Table Ho. 17. 
Daily duration of Capacity cost per Total cost per kw hr 
operation hours kw~hr cents cents. 
0.25 30.544 39.795 
0.50 15.272 24.523 
1. 7.636 16.887 
2. 3.818 13.069 
3. 2.545 11.796 
5. 1.527 10.778 
10. 0.763 10.014 

This table If o. 17 gives the exact basis upon which rates 
should be made. To base rates upon this table is not always 
practicable. In the first place, it is difficult to ascer
tain the active connected load of each consumer. The max
imum demand meter, which will be spoken of again later, 
could be used for determining the maximum demand of each 
consumer but the use of such a meter is expensive and so 
expensive is it that the use of it in this particular case is 
almost prohibited. Consequently a customers active connected 
load will have to be estimated and may be assumed for ord
inary purposes to be 50 per cent of the total connected load. 
The second difficulty in basing rates upon this table is to 
determine the duration of time of use of the active connec
ted load by each consumer. Such information is necessary in 
order to fix an equitable rate. For example one customer 
may use his active connected load of ten 16 c-p lamps two 
hours per day whereas another customer uses the same active 
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connected load only one hour per day. It is evident that 
the capacit3/* charge per kw-hr for the former customer should 
he only one half of what it is for the latter. Again, if 
one customer has an active connected load of one kilowatt arid 
uses it one hour per day and another customer has an active 
connected load of one half kilowatt but uses it two hours 
per day, the energy consumption of both customers will be 
the same. However, an equal charge per kw-hr of consump
tion for both customers would be unfair to the latter. The 
former should have a capacity charge per kw-hr four times as 
great as that of the latter. 

The rate schedule should be so adjusted that it will 
follow as far as practicable, the cost of furnishing the 
energy to the soncumers. For this reason primary and 
secondary rates are made. The primary rate is the rate 
charged for the first hours use of the actual connected 
load and the secondary rate is the rate charged for the 
second hours use of active connected load and any addit
ional hours use of the active load. If all consumers 
had the same active connected load then the first hours use 
of active connected load could be changed to the consumption 
of so many kw-hr of energy and the secondary rate could be 
applied to the consumption of the amount in excess of the 
primary amount of energy. Under such circumstances a schedr 
ule of 16 cents per kw-hr for the use, of the first 60 kw-hr 
of consumption and 9 cents per kw-hr for the use of energy 
in excess of 60 kw-hr, would be accurately equitable. How-
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ever all active connected loads of the various customers are 
not equal and so consequently such a schedule would only he 
approximately correct. It would he discrimination against 
the long hour customers with a small active connected load. 

The schedule of rates in effect in the city of Ripon, 
"before it was modified hy the Commission is as follows* 

"The "base rate is reduced from 18 cts. to 16 cts. per 
1000 watt hr. The following discounts from the base rate 
will apply. 
Monthly bills of # 0.00 to $3.00 Ho discount 

» " 11 3.00 to 5.00 10 fo 11 

» " 11 5.00 to 20.00 20 fo " 
» " " 20.00 to 50.00 25 % " 
n " ,f 50.00 and over 30 $ " 
On all bills less than $1.75 25 cents will be added to 

the net amount as meter and service charge. 
Minimum, monthly bill 50 cents. 
Special light and Long Hour Rates. 
For sign and window lighting, etc., where the entire 

number of lamps connected are used every day, we will make 
the following flat rates: 
Time used 1 to 3 4 to 7 8 to 11 12 to 24 25 or more 

lamps lamps lamps lamps each 
each each each each each 

Dark' to , 
9 P. M # #0.75 $0.60 $0.50 $0.30 #0.35 

Dusk to ^ — 
10 P.M. 1.00 .80 0.65 0.55 0.50 

Dusk to 
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Dusk to 
11 P.M. 1.15 1.00 0.80 0.70 0.60 
Dusk to 
12 P.M. 1.25 1.10 0.90 0.80 0.65 
The above is rated for each 16 c.p. incandescent lamp and 
equivalents.11 

Table 18 is a classification of the more important con
sumers showing the range of the average installation for 
each class, the average consumption per customer and per 
lamp installed, and the average yearly revenue per unit of 
installation based upon the above rate shedule. 

Table 18. 
Ripon Electrical Commercial Consumers Data. Approx

imate Averages For Twelve Month Consumers. 
Classifi- Lamps Kw-hr Kw-hr Average Average Average 
ification per per per yearly yearly yearly 

con- consum lamp revenue revenue revenue 
sumer er per con per lamp per kw-hr 

sumer 
Residence 17.3 111.20 6.77 19.01 1.15 0.17 
Stores 19.6 335.50 17.10 46.45 2.36 0.14 
Offices 7.1 87.50 12.30 16.82 2.37 0.19 
Factories 28.2 128.50 4.56 21.30 .76 0.17 
Club rooms 21.0 400.20 19.05 52.86 2.52 0.13 
Churches 47.6 84.20 1.77 16.06 .34 0.19 

This table svows the relatively large installation and 
therefore a possible large denand and yet the low consump
tion of energy per lamp of residences as compared with stores 
offices, and club rooms. 
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Average Hours Daily Use of Pull Connected Load. 
Hours 
daily use 

Con- % 
Burners 

Lamps fo 
16 c.p. 

Kw hr fo 
used 

Total 
receipts i 

0-0.25 45 31.1 1025 38.1 2791 11.4 582.82 15.6 
0.25-0.5 47 32.4 889 33.0 6667 27.3 1090.56 29.0 
0.5-0.75 17 11.7 293 10.9 3214 13.2 488.42 13.0 
0.75-lpO 11 7.6 148 5.5 2439 9.9 362.20 9.6 
1.00-1.60 8 5.5 182 6.8 4436 18.1 581.61 15.5 
1.50-2.00 9 6.2 117 4.3 3285 13.4 449.01 11.9 
2.0-3.0 6 4.1 33 1.2 1457 6.0 185.04 4.9 
3.0-4.0 
Over 4. 2 1.4 4 .2 160 0.7 20,45 0.5 
Total 145 100. 2691 100. 100 3760.12 100. C 

24449 

In the case of factories and churches the connected load is 
large hut the consumption is very low. This is a circum
stance which would cause an equitable rate per kw-hr of con
sumption appear unreasonable. 

Table 19 shows in tabulated form the proportioning of 
consumers, lamps, kw-hr used, and total receipts, according 
to the duration of ti'ne of daily use of the full connected 
load of each consigner. The large number of consumers who 
use their connected load 0.5 hours or less daily should be 
noted. The consumers of electrical energy in Ripon may, as 
the table shows be classified asushort hour asers." 

Table Ho. 19. 
*Ripon Electrical Commercial Consumer Data. Showing 
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^Includes only those consumers who received service 
during twelve months of the year ending June 30, 1909. 

The analysis in Table ITo• 19 is carried still further in 
table Ho. 20. In table ITo, 20 the sonsumers are divided in
to the classes of "residences" and "business". 

Table ITo. 20. 
Ripon Electric Consumers Data. Showing Hours Daily 

Use of Pull Connected Load. 
Hours Residences Business Total (from tab, 19) 
daily con- kw-hr con- kw-hr con- kw- hr used 
use sumer used suraer used suraer 
0-0.25 30 2089 15 702 45 2791 
0.25-05 43 5758 4 909 47 6667 
0.5-0.75 14 2004 3 1210 17 3214 
0.75-1,00 7 999 4 1440 11 2439 
1.00-1.50 1 295 7 4141 C

O
 4436 

1.5-2.0 1 171 8 3114 9 3285 
2.0-3.0 1 24 5 1433 6 1451 
3.0-4.0 
Over 4.0 2 160 2 160 

Total 97 11340 48 13109 145 24449 
Table is for consumers using energy for 12 months end

ing June 30, 1909. 
In tables 19 and 20 only the full connected load has 

been considered. As such the tables are of little avail 
for it is seldom that a cusomer uses his entire connected 
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load. In order then that the tables may "be used it will be 
necessary to determine the activeness of the connected loads 
of the different classes of consumers. This was done in 
Ripon by means of a maximum demand meter. The results of 
that investigation are as follows? 

A. Residences, flats, private rooming houses, public 
buildings and Ripon College buildings, 40 per cent active. 

B. Schools, churches and industrial establishments 
which close not later than 6 P. 55 per cent active. 

C. Livery stables, hotels and libraries 60 per cent 
active. 

D. Stores, offices, club rooms, banks theaters, sal
oons, and depots anc1 all dither consumers not herein specif
ically provided for, 75 per cent active. 

E. Signs, hallways and so called street lights 100 
per cent active. 

Prom table ITo. 20 the average use of the full connec
ted load by the 97 residence consumers is found to be 0,525 
hours and that of 48 business consumers is 1.14 hours. These 
quantities will have to be reduced to the basis of the use 
of the active connected load in order to apply table No. 17, 
The percentage to be used to find the active connected load 
of the residence consumers from the full connected load 
has been shown to be 40 per cent. In the case of the busin
ess consumers an average aalue of 70 per cent is assumed. The 
two above quantities of use of full connected load reduce to 
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1.31 hours use per day of the active connected load in the 
case of residence consumers and 1.63 hours in case of bus
iness consumers. These two quantities are equivalent to a 
daily use of 1.42 hours of the active connected load by the 
145 business and residence consumers together. Prom table 
No. 17, the cost per kw-hr on the basis of a daily use of 
1.42 hours of the active connected load is 

16.887 - (1.42 -1) (16.887-13.069) ~ 15.684 cents. 
If 60 hours u®e per month of the active connected load 

be made the dividing line between the primary and the second
ary rates it is evident from table Mb. 20 that 87 out of 
97 residence consumers will pay their bills according to 
the primary rate, and 22 out of 48 business consumers will 
pay their total monthly bill according to primary rates. The 
other 10 of the residence consumers and 26 of the business 
consumers will have a relative reduction in the price per 
kw-hr of their consumption due to the application of the 
secondary rates. In other words 90 per cent of the resi
dence consumers qnd 45.8 per cent of the business consum
ers will have their monthly charge for their use of elec
tricity based upon the primary rate. This practice may at 
first seem discriminatory against the residence consumer but 
a study of table > To. 18 will sho™ that such a method of 
charging for electrical energy is just. Table No. 18 shows 
that the residence consumers have a relatively large instal-
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lation of lamps but a small consumption of energy per lamp 

compared with the business consumer. As 67 per cent of all 

the consumers are residence consumers and 90 per cent of 

those have their charges based upon the primary rates, it 

is quite probable that a rate of 16 cents per kw-hr. for the 

first 60 hours use per month of the active connected load 

will be sufficient for the primary rate. The secondary rate 

may be fixed at 9 cents per kw-hr, for any energy consumption 

in excess of the ubove 60 hours use of the active connected 

load. The probable revenues to be obtained under this pro

posed rate will now be determined and arranged in a table. 

Before this table is produced another table will be given 

showing the number of consumers, the installation, the kw-hr, 

consumed, the amount of revenues, for the different classes 

of consumers. Table ITo. 21 gives these data. 

Table No. 21 

Ripon Electric Commercial Consumer Data For the Year 

Ending June 30, 1909. 

Class ITo. Kw-hr 16 c.p. kw.hr current meter total 
inst- equiva- cons- receipts rent receipts 
ailed lent umed 

Residence 138 120.88 2417.6 14247.2 2185.83 264.44 2450.27 
Ripon Col 4 15.65 313.0 3835.2 479.01 2.07 481.08 

(4 bldgs) 
Stores 22 17.76 355.2 5904.9 803.88 23.48 827.36 
Offices 13 4.48 89.6 964.9 156.86 28.46 185.32 
Industrial 
Establish 
rnents 14 14.85 297.0 1206.5 174.90 37.41 212.31 

http://kw.hr
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Club rooms 4 3.34 66,8 1205,8 157.39 9.51 161.90 
Schools 3 3. 95 79.0 145.9 23.70 7,78 31.48 
Churches 4 10.95 219.0 275.5 43,70 7.77 51.47 
Livery 
stables 2 .55 11.0 296.5 42,09 .25 42,34 

Banks 2 3.70 74.0 170.1 24.80 3.65 28.45 
Signs 2 .10 2.0 263.8 30.00 30.00 
Theaters 2 6.25 125.0 1187.8 150,69 150.69 
Saloons 4 2.10 42.0 749.5 101.98 1.75 103.73 
Hotels 1 1.95 39.0 1234.4 154.72 154.72 
Libraries 1 3.05 61.0 1225.6 154.60 154.60 
Depots 1 .50 10.0 233.6 31.66 1.00 32.66 
Stores 
Lighting 2 5.36 107.2 6691,3 542.33 542,33 
Hallways 2 .04 .8 28.8 3.74 .01 3.75 
Power 
Storage 
Battereis 3 .46 9.3 460.0 46.00 46.00 

Total 224 215.92 4318.5 40327,3 5302.88 387,58 5690.46 

Before Table ITo. 22 is produced showing the probable 
revenues under the proposed rates the subject of municipal 
contract lighting will be considered. There are in active 
service 68 arc lamps ra ed at 2000 c. p. each. , 6,8 amperes. 
These lamps are : operated on three circuits. TiVo of these 
circuits contain a total of 57 lamps and burn on a moonlight mid 
night schedule. The third circuit supplies five lamps in 
the downtown district "«rhich burn from dusk to midnight every 
night. 
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The five lamps operating from dusk till midnight burn 

2000 hours per year. The other 57 lamps burn approximately 

1300 hours per year. Prom table ITo. 16 the output expanse 

for the arc lighting service are $2594.07 per year, and the 

charge then per lamp is $15,595 per year. In order to 

calculate the charge per lamp for i output expenses the total 

number of lamp hours will have to be determined as follows: 

5 x 2000 ~ 10000 

57 x 13000 = 74100 

Total 84100 lamp hours. 

The charge per year per lamp of the five lamps upon 

the dusk to midnight service is calculated as follows: 

$2 594.07 x 10 000 _ ^61.76 
"84 100 X 5 ~" 

The charge for the moonlight-midnight lamp is calcu

lated in a similar way: 

$2 594.07 x 74 100 _ $40.09 

1srT00~x 57 
If the capacity charge and the output charge for each 

la'p be added the total charge per lamp per year is: 

Dusk to midnight lamps $77.35 

Moonlight-midnight lamps 55.68 

The company had. been charging $80 and $70 per year per 

lamp,respectively for the dusk to midnight and moonlight -

midnight lamp. 

Table Ho. 22 will now be given to show the comparison 

of the probable revenue under the proposed rate and the rev-
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anues that the company has heen securing under its old rate. 
Table ITo. 22 

Estimate of Probable Ee^enue. 
Maximum demand schedule 16 cents per kw-hr, for the 

first 60 hours use of the active connected load and 9 cents 
for energy in excess of the above. 

Glass Total total ActivfSnergy ConsumedJProbab Present Dif 
currentconnect con- 1st 60 Addittion able revenue fer-
sold ed load ectedhours al hours rev- (exclud ence. 
kw-hr kw-hr load use of use of enue ing 

per active active under meter 
ceni con- connect prop rent) 

nected ed load osed 
load kw hr rates 
kw hr 

Residences 
an coll- 18082,4 136.33 40 17101.5 980.9 2824.52 2664.84 159.68 
eges bldgs 
Indus-
Estab-
lishments 
schools 
churches 1627.9 29.75 55 1627.9 260.43 242.30 18.13 
livery 
stables 
hotels 
libraries 2756.5 5.55 60 2310.2 446.3 409.80 351.41 58.39 
Stores of 
fices club 
rooms, banks 
theaters 
saloons ' _ 
depot 10416.6 38.13 75 9502.9 913.7 1601.63 1422.26 179.37 
Signs, St. 
lights and ^ 
hallways 6983.9 5.50 100 3 356.8 3637.1 863,51 576.07 287.44 

Power 460 0.46 flat rates 4 6«°° 4 6 ' Q 0
 r 

Total40327.3 215.92™ "~33899.3 5968.0 *60 05.89%302.88 703.01 
Arc lixrhts 3960.00 4390.00 694.00 

Total #9701.89 ̂ 9692.88^9.01 
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According to table ITo. 22 the company with realise und

er the proposed schedule #9.01 in excess of what it did un

der the old schedule of rates. It will be noticed, however 

that arc light charges per Jiear have been reduced by $694.Oa 

On the other hand the yearly charges for signs and hallways 

and festoon street lights have been increased by $287.44. 

This increase is justified because under the old system of 

rates the charge per kw-hr. for this class of .service was 

8.1 cents which, is less than the output expense alone which 

4s 9.25 cents. 

The complete revised shedule prepared by the Commission 

will be given later under the topic of "Schedules of Rates". 

This present case of the Ripon Light and Water Company illus

trates how a rate schedule may be determined from the point 

of view of cost of service, 

Mr. S. E. Doane presented a valuable paper before the 

national Electric Light Association convention in St. Louis 

May 1910 upon the subject of "High Efficiency Lamps". 33 

Convention of IT. E. L. A # Vol. I. 152. In this paper he 

presents a valuable table upon the distribution of cost 

producing electric energy . In this table he has divided 

capacity expenses into two parts; demand and consumers chaig© 

The figures are taken for four different cases- "a" represaife 

a large central station giving free renewals of lamps; 

"b" represents another large central station operating under 

considerable different conditions, but also giving free 
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renewal; ! lo t ! represents the average of about 70 stations 
in the East; ffdfl represents the average of about 40 sta
tions in the west. 

The percentage distribution of the total cost under the 
items "General Expense11 "Distributing Expenses" "Generating 
Expense" etc., is shown separately for each of the four 
cases represented in the column head "Per cent of total 
Station Expense". Each of these items has been further an
alyzed and distributed by percentage under one or more of 
the headings as shown in the last three columns of the fol
lowing table. The portion of each item charged to "Output" 
represents the relative proportion of the cost which depends 
upon the number of kilowatt hours generated. The portion 
charged to "Demand" represents the relative proportion of 
the cost which depends upon the capacity of the station 
which in turn depends upon the "Demand". The portion chargeL 
to "G onsumers" represents the relative proportion of the 
cost which depends upon the number of consumers connected 
and served. The analyses were actually carried out in con
siderably greater detail as to the items of expense consid
ered, but have been grouped under a few general heads in the 
table in order to present the results in a simple form. 

Erom this table presented by Mr, Doane the "Output 
expenses are on an average 30.3 per cent whereas the "cap
acity" expenses are 69.7 per cent of the total operating 
expenses 
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Item 

Table No. 22 

General a 
Exnense 

b 

12.7 
14.5 

75.4 
71.0 

24.6 
29.0 

G 10.2 82.8 17.2 
d 10.9 80.0 20,0 

Weighted 
Average 12.0 76.9 23.1 

Distrfbut- a 
ing expenses 

D 

15.2 
9.7 

50.2 
44.7 

26.4 
21.4 

23.4 
33.0 

c 17.8 50.6 24.7 24.7 
d 12.8 31.8 56.9 11.3 

Weighted 
Av erage 14.4 47.0 28.9 24.1 

Generating a 
expense 

b 
13.4 
17.7 

80.7 
74.6 

19.3 
25.4 

G 32.1 70.3 29.7 
d 32,3 67.9 32.1 

Weighted 
Average 23.9 72.0 28.0 

Taxes and a 
Insurance 

b 
8.1 

10.9 
80.0 
86.2 

20.0 
13.8 

c 6.8 85.9 14.1 

lentral Station Cost Analysis 
Per cent item proportional to 

fo of total output Demand Consumers 
station 
exoenses 
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d 4.4 80.0 20.0 

Weighted 
Average 7,8 84.0 16.0 

Deprecia- a 11.6 80.0 20.0 
tion 

"b 11.5 79.5 20.5 

G 9.0 85.9 14.1 

d 6.0 80.0 20.0 

Weighted 
Average 9.8 81.8 18.2 

Interest a 39.0 13.1 68.1 18.8 
and 
Dividends "b 35.7 27.2 55.1 17.7 

c 24.1 26.4 61.4 12.2 

d 33.6 8.9 73.7 17.4 

Weighted 
Aver-- ge 32.1 19.7 63.7 16.6 

•Total a 100 23.5 58.5 18.0 
Td 100 27.2 55.1 17.7 

c 100 37.9 50.8 11.3 

d 100 28.9 59.5 11 .5 

¥eig> ted 
Average 1000 30.3 55.1 14 .6 

Effect of Load Factor 

The subject of the effect of the load factor upon 
cost of service delivered to a customer has already heen 

touched upon* Load factor is generally defined as the ratio 
of average load to maximum load. This definition is not 
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sufficient for it does not specify the length of the period 

of time over which the average load should he considered. 

The maximum load is generally considered to be the maximum 

power demanded lasting for a period of not less than five 

minutes. The length of time to consider over which the av

erage load is taken depends upon whether cost of supplying 

energy to a particular customer or the cost of energy at 

the bus bars of a plant is to be determined. If it is the 

cost of supplying energy to a particular customer then that 

length of time is taken as 30 days as the customer pays 

his bill once every month. If the cost of energy it the 

station bus bars is considered then a period of one year or 

8760 hours as there are that many hours in a year of 365 
days. The load factor may then be expressed by an equation 

as follows* 

Load fac tor _ Average Load 
Maximum, load 

- Total output for one y e a r — 8 7 6 0 
Xaximum load 

- Total output for one year 
8760 x maximum load 

Prom this 1 ast expression may be drawn another defini

tion of load factor. That is the load factor is the ratio 

of the total output of the plant for one year to the output 

it would have if it were operating on maximum load at all 

time, for 24 hours a day every day in the year. Further it 

follows that if the plant is operating on maximum demand all 

time then the load factor is 100 per cent. 
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For a plant to operate on a 100 per cent load factor 
would be an ideal condition. One way in which this could he 
brought about would be to have a motor load or some other 
load to be in operation all the time when the lamp service 
is not on and. to drop this motor load, from the line feeders 
when the lighting load comes on. However such a method or 
practice is not feasible for labor hours in industrial would 
have to be shifted from season to season in order to accom
modate the change of time at which lights come on and off. 
Another way of bringing about this 100 per cent load factor 
would be to use a storage for electricity. Such a method is 
used in the case of a gas plant as storage in that case is 
very cheap; but such is not the situation with electric en
ergy. To store ftlectric energy is a very expensive process 
and so far engineering practice has not found it desirable 
and. economic to invest in storage batteries rather than ad
ditional equipment in boilers engines and generators to 
take care of the peal: load. However it does pay an elec
tric light and power company to lock i-to the matter of 
increasing the load factor even though that increase may be 
only a few per cent. This could he brought about by solic
iting all-day motor loads and charging of truck and vehicles 
storage batteries from midnight till morning. The effect 
of a change of load factor upon the cost of service may best 
be illustrated by an exam le. 

A central station *»itfc a load factor of 20 per cent 



which is pretty fair in practice will he considered. The 

maximum load then is 5 ti ec tV e average load or the average 

load is only 20 per cent cf •••hat it could he if the station 

were operating on a 100 per cent load factor. The fixed cap

acity expenses will he assumed to he 40 per cent and the 

variable or output charge as 60 per cent of the total oper

ating expenses which sect's to be a fair average. An average 

cost, including both capacity and output expenses, will be 

considered as 10 cents per kilowatt hour. If now the load 

factor should be increased to 100 per cent or 5 times, then 

the capacity expenses will remain the same or 40 per cent 

whereas the outplut expenses will be increased 5 tidies or 

he equal to 300 per cent. The total operating expenses will 

"be 340 per cent or will have been increased 3.4 times what 

they were for a load factor cf 30 per cent, however the 

output is 5 ti"*es as much ami the cost per kilowatt-hour 

will be 3.4 -f- 5 or 68 perecent of what it was before -hicJi. 

would be 6.3 cents per hilowat hour. 

However a, load factor cf 100 per cent is not practic

able and so only an increase to 40 eer cent will be consid

ered. The load factor hafi been doubled and the output of 

the plant has been doubled. The output expenses have also 

"been doubled or are new equal to 120 per cent. The cap

acity expenses are the same. The total operating expenses 

then are 160 per cent . That is tie total cost has increased 

only 1.6 whereas the output has increased 2 times the val-
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ue it was for a load factor of 20 per cent. The cost per 

kilowatt hour with a load factor of 40 per cent is 1.6 -f- 2 at 

80 per cent of 10 cents which is 8 cents. 

If the percentage of output and capacity expenses giwn 

by Mr. Doane be used then the effect of power factor upon 

cost of service is still greater. The percentages given 

by Mr. Doane are 70 per cent of the teal operating expenses 

for capacity or fixed charges and 30 per cent for output or 

variable charges. These percentages will now be considered 

just as 60 per cent for output and 40 per cent for capacity 

expenses were considered in connection with a variation in 

load factor. 

Electrical energy as before is considered to cost 10 

cents per kilowatt-hour at a load factor of 20 per cent. If 

the load factor is increased to 100 per cent the output ex

penses are increased to 150 er cent whereas the capacity 

expenses regain the same at 70 per cent. The total expenses 

are 220 per cent. That is if the load factor is increased 

5 times, the output cf the same equipment is increased 5 

times whereas the tctal expenses have increased only 2.2 

times. The cost per kilowatt-hour output at a load factor 

of 100 per cent is 2.2 x 10 or 4.4 cents. As was expressd 

under the previous illustration a load factor cf 100 per cefe 

is hardly practicable and so a load factor of 40 per cent 

will be considered. In other words a load factor will be 

considered 2 times its former values instead of 5 times. 
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The output expenses will "be increased to 60 per cent. The 
capacity expenses as ^before remain the same as 70 per cent, 
The total operating expenses are 130 per cent. The cost 
per kilowatt hour at a load factor of 40 per cent is 
1.30 x 10= 6.5 cents,. The results of the calculations are 
2 

shown in the following tahle: 
Tal*be No. 24, 

Apportionment of 
operating expenses Per crilet 
Output 
60 

w 

Gapaci ty 
40 

Per cent 
Load Factor 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Gents 
Per Kw hr, 
12.5 
10 
8.7 
8 
7.6 
7.3 
7.1 
7.0 
6.9 
6.8 

30 70 10 
20 
30 
40 
50 
60 
70 

15.4 
10. 
7.7 
6.5 
5.8 
5.33 
5. 
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3 0 7 0 8 0 4 . 7 5 

» « 9 0 4 . 5 5 

» « 100 4 . 4 

From the above table it is seen that the larger per

centage the capacity expenses are of the total operating 

expenses, the greater is the effect of a change in load fac

tor. A designer of a power plant should have in mind the 

load factor at which the proposed plant is going to operate. 

If it is a small plant of 500 JOT. capacity and in operation 

on a loa>d. factor of 40 per cent it might be economical to 

install condensers and stokers. If, however, the same plant 

is going to operate at a load factor of 15 per cent it may 

be more economical not to install condensers and stokers. 

On the other hand, if a plant in operation is considered and 

it is found that its capacity expenses are large compared 

with its out out expenses, then the management of that plant 

should strive to increase the load factor . An increa.se in 

load factor is desirable at any time but it is especially 

desirable when capacity expenses are greater than output 

expenses. This fact is illustrated very clearly with the 

curves on the following page in Fig. 5 . 

Mr.Henry L* Doherty considers all operating expenses to 

be made up of three factors: a fixed charge known as con

sumer's charge and is uniform; another fixed charge known 

as demand charge which is not necessarily uniform but depends 

upon the maximum demand of the consumer, a variable charge 

http://increa.se
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which is like the output charge already spoken of. The div
ision really amounts to two factors, a fixed charge and a 
variable charge. Mr. Doherty charges 45 per cent of all op
erating expenses to output and 55 per cent to capacity or 
fixed charges. If these values were used still another 
table could be calculated from which another curve could be 
drawn showing the relation between total cost and load fac
tor. 

The question of load factor is considered very careful
ly by the Wisconsin Eailroad Commission in acting upon rate 
cases in electric utilities. The following is a quotation 
from that Commission upon its decision of the Oity of Ripon 
v.. Ripon light and Water Company decided March 28, 1910, 
5 W. R. C R. 1,29: 

"In electric utility time is all important and is the 
essence of the service. The service must be responsive not 
only to the instantaneous demand, but to the maximum demand. 
Since the energy cannot be stored economically, t|i follows 
that the utility must have ever ready for service apparatus 
to meet the maximum demand and such a reasonable surplus 
as good judgment deems ddvisable. The same amount of equip
ment must be installed to meet a half hour full load as 
where the load is continuous for ten hours. The same prin
ciples apply to the rate in gas and water but to a less de
gree, since both of these products can be stored for a lim
ited time. 
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"These facts have a vital hearing upon the operating 
expenses and the cost of service. Since the demand for ser
vice is for only a comparatively short period of time, the 
expensive equipment of the plant is operated only a few hours 
each day and during the remainder of the time it is idle. 
The buildings and grounds used for housing the plant, the 
equipment, distribution system and. officie facilities must 
all be maintained, even though the use of the service is on
ly nominal compared to the capacity of the plant which must 
be provided to meet the maximum instantaneous demand. In 
other words, the investment in the business, in terms of 
output or production is higher than in many other fields of 
activity. Such, expenses as interest, taxes, insurance and 
depreciation of property are independent of the operation cf 
the plant and must be met, even though the plant is not in 
operation at all. Where the output of service is small, 
these expenses bear heavily on the cost per unit, which 
could be reduced very rapidly if the output were greater 

"From the foregoing discussion it will be seen that 
the operating expenses of any utility which is subject tw 
these characteristics of operation, naturally fall into two 
well-defined groups, those which are determined by the capac
ity of the plant and are independent of the output, and 
those which vary solely with the output. In accepted term
inology the former are designated the fixed or capacity ex
penses, and include all or a part of such expenses as taxes 
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insurance, return on the investment, physical decay and ob
solescence of plant etc., while the latter are called the 
variable or output expenses, and include such items as fuel 
and other steam supplies, lubricants, maintenance of equip
ment as the result of wear and tear in service, etc. Cer
tain items of expense however, are of such a nature as not 
to be entirely included in either class, but must be divided 
between both. Illustrative of this is the expense for fuel 
where the riant is in operation only a portion of the time 
each day, it being cheaper to bank the fire than to permit 
it to become extinguished. A further example is the expense 
for wages where the employees are actively engaged only a 
portion of the tirne. 

"To determine a schedule of rates which will be just and 
equitable, it is necessary to ascertain the cost of furnish
ing the service at the particular plant, and to this end the 
operating expense must be classified according to their 
nature. Every consumer large or small, occassions certain 
expenses. These are depeiadent upon his own and thf~e\aggre-
gate maximum demand of all consumers, and the amount of cur
rent used. In other words, each consumer must pay his pro
portion of the capacity expenses, and the cost of the cur
rent consumed as shown by the unit variable cost. These a-
mounts can be ascertained only by a separation of the items 
of operating expenses into the fixed or capacity expenses, 
and the variable or output expenses." 



2 0 5 

The division of operating expenses spoken of here is 
shown in table No. 15. 

On the following page, ifi Fig. 6 is shown graphically 
the effect of load factor upon the cost per unit output, 
Curve A represents the fixed charges of a steam plant with 
the exception of interest on investment and depreciation; 
curve B represents the variable expenses which vary but 
very little per unit output as the load factor changes. Curve 
C is a sum of curve A and B. It is to be noted that great 
saving in cost of service is brought about by increasing 
the load factor up to about 4 0 per cent . Above that the 
decrea.se in cost per increase in load factor is not as 
great. The conclusion is that all central station should 
strive to increase its load factor to 4 0 per cent at least, 
for economic operation. A n j r gain in load factor above 4 0 

per cent is to be desired, but its effect upon the cost of 
service is not as noticeable as it is below 4 0 per cent. 

The Commonwealth Edison Company of Chicago has gone to 
considerable expense in determining load factors of its 
various customers. Mr. E. 7J. Loyd presented a paper upon 
the subject "Compilation of Load Factors" before the IJ. E. 
L.A. in its thirty second convention. In this paper he giv® 
these various values of load factors for different custom
ers. These values were determined by peaks as registered 
Toy frights demand meters. 

http://decrea.se
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Table Ho. 25 

Kind of Business No. of 
customers 

Load 
Factor 

Max. De
mand Fac
tor. 

Amusements 245 15.2 56,3 
Banks 100 16.1 66.8 
Barns 542 10,2 68.5 
Baths 17 11.8 66.9 
Contractors 53 22.9 59.8 
Breweries 36 13.2 44.8 
Building owners 147 26.5 50.3 
Buildings (Public) 18 17.6 33.6 
Churches 15 12.4 56.0 
Clubs 65 9.6 28.8 
Commission Houses 238 16.2 68.9 
Express Cos Small 89 21.9 44.3 
Plats 24 177 6.9 54.1 
Foundries and Rolling Mill s 104 8.2 55.1 
Kalis, apartment buildings 2 473 14.2 90.0 

Halls, (Public) 193 6.9 68.6 

Hotels 103 24.4 28.0 

Houses 5 151 7.8 43.0 

Loan Firms 35 13.3 62.8 

Monuments 4 16,4 63.5 

Offices (business) 3 704 9.2 64.2 

Offices (professional) 1 563 6.7 64.0 

Load Factors of Small and Medium Lighting Customers. 
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Photographers 159 5.3 77.6 
Pool and Billiards 97 17.4 64.5 
Printers and Engravers 381 14.7 59.0 
Publishers 94 8,1 60.8 
Bailroad Business 105 17.9 75.0 
Restaurants 550 23.4 52.3 
Saloons 2 060 20.8 62.6 
Shops (bakery) 251 13.1 71.3 
Shops (barber) 443 11.5 70.4 
Shops (bicycle and Electrical 62 7.7 61.9 
Shops (blacksmith) 109 5.0 66.5 
Schools 78 7.2 52.9 
Shops (carpenters) 58 5.8 55.5 
Second hand dealers 47 11.0 44.0 
Shops (machine) 125 8.7 37.2 
Shops (paint) 107 12.1 49.8 
Shops (tailor) 552 8.4 59.3 
Social Settlement 21 10.7 52.5 
Stables (livery) 103 22.2 52.3 
Stores (art) 91 10.2 68.5 
Stores (book and stationary) 80 11.7 66.4 
Stores (cigars) 226 16.8 64.7 
Stores (small) 49 6.8 83.1 
Stores (dry goods) 367 8.2 76.5 

Stores (drugs) 833 19.3 78.8 
Florists 129 10.1 71.8 
Stores (furniture) 225 6.0 69.7 
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Stores (gentlemen's furnish 
ings) 157 11.6 69.3 

Stores (grocery) 434 10.3 7300 
St o re s (h ar dware) 159 10.6 40.0 
Stores ( har) 41 14.5 65.0 
Stores (House furnishings) CO 7.8 52.0 
Stores (Jewelry) 316 15.0 64.1 
Stores (Millinery and dress

making) 280 12.7 69.7 
Stores (music) 41 12.4 S8.8 
Stores (piano) 33 13.0 51.1 
Stores ( 307 9.8 66.5 
Stores (cleaners & dyers) 133 8.0 56.3 
Stores (clothing) 204 6.6 52.9 
Stores (confectionary) 322 12.5 61.5 
Stores (coffee) 127 9.1 74.5 
Supply Houses 372 12.4 58.8 
Shops (piumbing) 39 8.9 46.0 
Small hotels & rooming houses 66 26.0 67.4 
Stores (birds) 2 19.0 78.8 
Stores (c ro ckery) 19 7.2 52.4 
Shops (harness) 5 7.5 67.8 
laundries 42 10.3 67.5 
Meat Markets 325 9.1 73.5 
Undertakers 103 9.3 57.9 
Telephone companies 15 29. 67.0 
Theaters 18 17.2 49.0 
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Tunnel Companies 6 27.0 40.5 

Warehouses 109 72.0 41.4 

Wholesale houses 201 19.4 46.6 

Fines and liquors 45 16.0 65.5 

Manufacturers 1 061 9.5 53.5 

Auto and Garages 204 12.4 60.5 

Wrecking companies 2 21.2 76.8 

Hospitals 34 12.5 42.3 

Milk depots 52 14.9 63.0 

Hay, grain, feed <3c coal 112 6.7 77.6 

Data were also o ollected giving a large amount of 

formation relative to load fac :tors of different kinds < 

manufacturing busines s. These load factors were taken 
plants that operated no rrnal Ij 6 uring a 54 hour week. 
business as department stores, refrigerating plants and 
hotels continue longer hours, and the load factors are based 
on their actual running conditions. The figures include 
both po-̂ er and light and are on the larger class of custom
ers, and in the majority of cases mentioned the power pre
dominates to a larger extent, the light having a comparat
ively small effect on the load factor. Some months the load 
factors are better than in others, but the figures given 
are average 
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Taftle ITo. 26. 

Load Factors of Manufa cturing Business. 

Kind of business load 
tor 

fac- Demand 
tor % 

Butter and creamery- 20 60 
Breweries 45 60 
Brass and Iron beds 20 60 
'Biscuit manufacturers 35 55 
Boots and shoes 25 65 
Bras s Manuf a c t u ri rig 28 50 
Boiler Shops 18 45 
Can Manufacturers 30 70 
Gandy Manufac t urers 18 45 
Clo th i ng manuf a c turers 15 55 
Clubs (large) 40 85 
Department Stores (large) 30 55 
Electrical Manufacturing 25 55 
Express Companies 40 60 
Electro-plating 25 75 
Engraving and Printing 19 60 
Fertilizer Manufacturing 75 40 
Furniture manuf ac taring 28 65 
Foundries 15 75 
Eorge shops 30 49 
Grain Elevators 10 75 
Glove manufacturing 25 55 

Gro c ers (wh o 1 e s al e) 20 55 
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Hotels (small) 35 50 
Hotels (large) 50 40 
Ice-cream manufacturing (large) 45 75 
Jewelry manufacturing 18 50 
laundries 25 70 
Machine shops 26 55 
Newspapers 20 75 
Packing Houses 30 75 
Paint, lead and Ink manufacturers 23 45 
Paper-box manufacturers 25 50 
Plumbing and Pipe fitting 26 55 
Post Offices 50 30 
Power buildings 27 40 
Refrigeration 50 90 
Railroad depots 50 50 
Pneumatic tubes 50 90 
Soap Manufacturers 25 60 
Seed cleaners 25 55 
Screen manufacturers 30 75 
Spice mills 20 55 
Saw Manufacturers 30 55 
Structural Steel 22 40 
Sheet metal manufacturers 18 70 
Stone cutters 17 55 
Twine mills 30 60 
Theatres 16 60 
Large Restaurants 50 60 
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Small Restaurants 50 70 
Woolen Mills 27 80 
Wood-Wo rking 28 6 5 

Textile Mills 20 6 5 

From the above two tables it is evident that manufac
turing businesses have much larger load factor than bus
iness and residences which have a lighting load only. It is 
therefore very apparent that power should be sold much 
cheaper to a business concern carrying on manufacturing than 
to a business or residence having a lighting load only which 
comes on during the peak- load hours of the station and 
at the same time having a very small load factor. It will 
be noticed in the above table that the highest load factor 
is that of "Fertilizer manufacturing". This concern un
doubtedly obtains its power at a very low figure from the 
Commonwealth Company. It most likely operates on the off 
peak period or otherwise its load factor might be 100 per 
cent. This is an enterprise which has to have cheap power 
in order to be in existence. In order to get cheap power it 
operates at a high load factor and during low peak hours. 
So doubt thre are other economic enterprises which might beb 
brought into existence by making use of cheap power during 
the low peak loads. Such business would help carry the op
erating expenses of the central station and at the same tine 
serve the community in a double manner; by decreasing the 
cost of electric energy and permitting the people to benefit 
by its output. 
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Effect of Diversity Factor. 
Up until about seven years ago central station men did 

not give much consideration to such, a quantity as a divers
ity factor. At that time it was often considered that the 
capacity of a central station had to he large enough to tale 
care of the sum of all the maximum demands of all customers. 
However upon a study of the time when the maximum demands 
of the customers occurred it was found that they did not all 
occur at the same instant. That is the maximum demand of one 
customer would occur at a different period of time from 
that of a second customer, and these two maximum demands 
occured still at a different time from that of a third cus
tomer. In other words, there is a diversity of time. This 
diversity of time causes the sum of all the maximum demands 
of all the consumers to he greater than the maximum demand 
upon the station. Central station men then about 1906 found 
that they could build their plants of a smaller capacity and 
yet meet the demands of the same number of customers. Es
pecially is this true in large general central stations with 
a large number of customers and a great variety of customers. 
The diversity factors then is defined as the ratio of all 
the maximum demands of all the customers to the maximum 
demand upon the central station. 

Only very little data have so far been compiled u pon 
demand factors and diversity factors. This situation is 
rather to be regretted because it is impossible to fix an 
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equitable rate for a customer without a definite knowledge 
of these two quantities. As operating expenses are divided 
into fixed and variable expenses and that the fixed expenses 
depend upon the equipment necessary to provide the service. 
then the diversity factor of different classes of consumers 
Should be known in order to fix rates for these various 
classes. Fixed charges of these classes vary from 10 per 

t 
cent to nearly a 100 per cent of the toAal operating expenses 
fhis situation may be made clear by considering one customer 
who uses his demand upon the station only perbp[as once a 
month whereas another consumer may use his demand 8760 hours 
in the year. The former will have a very large fixed charge 
f>er kw-hr consumed whereas the latter will have a rather 
low fixed charge per kw-hr. 

In any case the fixed charge for a consumer is not dir
ectly indicated or proportional to his maximum demand upon 
the station. This condition would be true only in case all 
the maximum demands of 8.11 the consumers occurred at ident
ically the same time. However, as the maximum demands do 
not occur all at the same time, then the fixed charges of 
the consumer will not be in a direct ratio of his maximum 
demand to the maximum demand upon the plant but his fixed 
charges will be determined by the expression: 

Consumer's max, demand x max. demand on plant 
diversity factor 

x the total fixed expenses. 
The consumer's fixed charges will be much less by this 
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latter method than they would he by the former method. That 
Is evident from the fact that the equipment for taking 
care of all the maximum demands of the consumers need not 
be as large when the diversity factor is considered as when 
it is not considered. 

Atmaximum demand meters are expensive to use for gen
eral use, in order then to determine the maximum demand, 
data for various classes consumers are compiled and the 
results of these data may be used by different central sta
tion operators for computing or fixing rates. However each 
central station should choose the data from plants which 
have operating characteristics similar to its own. The Wis
consin Railroad Commission has collected such data. These 
data consist of the ratio of the maximum demand to the total 
connected load of each customer. This ratio is known as 
the "demand factor". The maximum demand is determined by 
Wrights maximum demand meter. To make clear the use of 
these data an illustration will be given. 

Suppose a central station manager has these data avail
able for different plants. He will choose to use the data 
of that plant which is similar in operation to his own. 
Suppose further that the manager is considering the fixing 
of rates for residence service. He knows from the data the 
approximate demand factor for that class of service. He 
then obtains the total connected load of each consumer. By 
applying this demand factor, he then has the maximum demand 
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of each consumer. Knowing the maximum demand and the div
ersity factor of the plant, he can compute the fixed charges 
which that particular consumer should hear. The variable 
charge that the consumer should bear are determined from his 
kw-hr consumption. 

The following tables upon the demand factor are taken 
from the Wisconsin Railroad Commission. 

Table No. 27 
Demand Factors Assumed as Basis of Ripon Rates. 
By Wisconsin Commission in per cent. 

Residences flats and rooming houses 4 0 

Public Buildings 4 0 

Ripon College 2 0 

Schools and churches 5 5 

Factories 5 5 

Hotels 6 0 

livery Stables 6 0 

Libraries 6 0 

Stores 7 5 

Offices 7 5 

Banks 7 5 

Saloons 7 5 

Depots 7 5 

Theatres 7 5 

Club Rooms 7 5 

Electric Signs 1 0 0 
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Hallways 100 
Street Lamps 100 

Table Ho. 28 
Demand Factors Assumed by W.R. C. for Fixing Rates at 

Madison in per cent. 
Residence lighting, first 10 lamps 60 
Residence lighting over 10 lamps or 500 watts 33.3 
Stores and offices 70 
Restaurants and sal&ons 70 
lodge and dance halls 70 
laundries 70 
Depots 70 
Theatres 70 
Hall lamps 55 
Factories 55 
livery Stables 55 
Churches 55 
Hotels and clubs 55 
Schools 55 
County and federal building 5 5 

University of Wisconsin 3 0 

Sign and Outline Lighting 1 0 0 

One motor under 10 hp 9^ 
10 hp installation with more than 1 motor 80 
Motor installation with more than 10 and less 

than 20 hp 7 t 
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Motor installations $0 to 50 hp 60 
Motor installation 50 to 100 hp 55 
Motor installation 100 hp or over 50 

The Wisconsin Commission has also collected data from 
a number of large companies using Wright demand meters by 
which it is possible to know the actual maximum demand of 
each consumer. The demand factors obtained from these 
companies which ase maximum demand meters vary considerably 
as w#ill be seen by Table 29, which gives the highest and 
lowest figures reported for various classes of business. 

Table ITo• 29. 
Demand Factor Compiled hy Wisconsin Commission from 

Companies Using bright Demand Meters (per cent) 
Stores 40 to 100 
Offices 57 to 87 
Saloons 62 to 92 
Restaurants 52 to 62 

Factor!es 53 to 66 

Churches 56 to 85 

Hotels 28 
Clubs 28 

Schools 37 to 52 

Laundries 60 to 75 

Livery Stables 52 to 58 

Lodge & dance halls 68 
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Depots 75 to 95 
Theatres 49 to 89 
Shops 55 
Machine Shops 37 to 54 
Blacksmith Shop 6fi 
County and Federal buildings 33 to 31 

The Commonwealth Edison Company of Chicago has also 
given considerable study to the matter of demand factor and 
the results of its investigation are shown in the following 
tables• 

Table ITo. 30 
Demand Factors. Chicago lighting Customers per cent 

Offices of various kind 72.4 
Residences and barns 60 
Retail stores 66.3 
Wholesale stores 70.1 
Billboards, monuments and de artment stores 85.6 

Average 59.8 

Table Ho. 31 
Demand Factor--Chicago Motor Customers. per cent 

Public Gathering Places and Hotels 28.7 
Offices 65.1 
Residences and Barns 69.3 
Retail Stores 

61.2 
Wholesale houses & Shops 58.2 _ 

Average 59.4 
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Table ITo• 32 

Chicago. 
Residences per cent 

0.3 kw connected load 90 
0.5 " " " 64 
1.0 " " " 48 
2.0 w " H 46 

Application of the Diversity Factor 
In order to study a diversity factor completely and to 

make profitable applications of a diversity factor six facts 
shou Id be known: first, the consumers connected load; sec
ond the maximum demand of the consumer at his service; 
third, the maximum demand which e£i places on the transform
er or direct-current feeder supplying him at the time of the 
maximum demand on that transformer; fourth; the maximum de
mand which he carries on the feeder supplying him at the 
time of the maximum demand on that feeder; fifth, if the 
system is a large one using sub-stations, the maximum demand 
placed by the consumer on the sub-station at the time of 
peak load on the substation; and sixth, the maximum demand 
which the consumer places on the generating station at the 
time of peak load on that station. In order to make this 
study a little more clear the diagram Fig. 7 on the follow
ing page is given. It shows a distribution system of a 

Residence Demand Factor—Average of 30 729 consumers. 
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large generating station. The reason for studying the max
imum demand at the various points named is to determine the 
investment necessary for apparatus at the given points to 
serve a particular consumer, vox example it is the simul
taneous demands of a group of consumers which determines 
the size of transformers necessary to serve that given group 
of consumers. 

Mr. H. B. Gear in his paper upon the subject of "Divers
ity Factors in the Distribution of Electric light and Power" 
has given a table in the proceedings of the American Insti-
ture of Electrical Engineers for Aug., 1910 for the Common
wealth 4 £ Edison Company of Chicago. 

Table ITo. 33 
Table of Diversity Factors 

Residence Commercial Scattered Large 
signs power users 

Substation to feeder 1.15 1.15 1.15 1.15 
Feeders to transformers 1.8 1.25 2.0 1.25 
Transformers to meters 3.0 1.6 1.1 ... 
Total diversity factor 6.20 2.30 2.53 1.44 

From this table it is seen that the total diversity 
factor for residence lighting is 6.20, for commercial light
ing 2.30, for scattered power 2.53, and for large consumers 
using between 100 to 500 kilowatts, 1.44. The combined 
diversity factors of systems grouping all of these kinds of 
service should range from 2.5 to 3.5 depending upon the 
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relative proportion of each kind served. 
Using the data of Table ITo. 32 and the above table upon 

the diversity factor some instructive figures are obtained, 
as follows: 

A connected load in Chicago consisting of 100 kw in 
residence consumers, each of 0.3 kw connected load, will 
cause a maximum demand at consumer's meter of 90 kw, or max
imum demand at the transformer of 30 kw; a maximum demand 
athe feeder panel of 16.6 kw, and a maximum demand at the 
time of the sub-station peak of 14.5 kw. 

For 100 kw connected residence load, consisting of 0.5 
kw consumers, demands at meters would total 64 kw; transf
ormers 21 kw; feeders 11.6 kw and substations 10 kw. 

If a residence load of 100 kw is considered with a 
connected- load of 1 kw for each consumer then the maximum 
demand at the consumer's meters would be 48 kw. and the 
demand at the transfcrmers would be 16 kw, at the feeders 
8.9 kw and at the substation 7.7 kw. 

Using an average demand factor of 59.4 per cent (Table 
ITo. 31) for scattered motor load the demand at the various 
points for a connected los.d of 100 kw would be as follows: 
at the customerfs meters 59.4 kw, at the transformers 37 
kw at the feeders 29.7 kw and at the substation 25.8 kw. 

The following table shows this information in a tab
ulated form for residence consumers. 
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Demand Data 

Total oon Connected Demand Demand Demand Demand at 
nected load of at meters at trans at feed substation 

each con formers ers 
sumer 

100 0.3 90 30 16.6 14.5 
100 0.5 64 21 11.6 10.0 

100 1.0 48 16 8.9 7.7 

100 2.0 46 15 8.3 7.2 

This data show the demand, of the customers with 100 
kilowatt connected load, at each of the four points of the 
system when the maximum demand occurs at those four differ
ent points. The points are as indicated in the data, the 
customer!s meters, transformers, feeders, and substation or 
power plant in case the system is small. In other words for 
a total connected, load, of 100 kw made up of customers of .3 
kilowatts connected loa>d, the capacity of all the meters 
to serve these consumers should be 90 kilowatts; the capac
ity of the transformer 30 kw; the capacity of the feeders 
16.6 kw and that of the substation 14.5 kw. If the custom
ers were all connected up with .5 kilowatts load these cap
acities would be respectively 64, 21, 11.6, and 10 kilowatts/ 

The curves in Fig. 8 on the following page are plat
ted from these data. For a total connected load of 100 *km 

they show the variation in demand on meters, transformers, 
feeders and sub-station or power pla,nt with a variation in 
the connected load for each customer. As the basis is made 
on 100 kw total connected load, the ordinates may be taken 
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to read either as kilowatts or per cent* If the per cent 
are read, then the reading of the ordinates designates the 
percentage demand, at each of the four points considered of 
the customers connected load. For example if a consumer has 
a connected load of 1.0 kw then his demand upon this meter 
at his maximum load is 48 per cent of 1.0 kw or 0.48 kw. 
If these were a 100 consumer like him then the total meter 
demand would he 48 kw as shown by curve (a). In a similar 
way readings can be taken from curves b, c and d for demand 
on the transformers, feeders, and sub-station or power plant 
respectively. 
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Chapter IX, 
Fixing of Rates. 

The question of cost of service has been considered 
from different points of views. The next step is to con
sider the application of this cost of service to the fixing 
of a price or rate for electric energy. In order to apply 
data of cost to the fixing of rates, this data should he 
considered in its various items. For example in fixing 
the rate for a consumer in residence lighting the total cost 
of service per kilowatt hour is of little av8.il. The cost 
data should he divided at least into two quantities: capac
ity charges and output charges. Capacity charges as before 
are understood to be fixed expenses and output charges as 
variable expenses. In order that the rate may be completely 
analyzed, the investment necessary for each kilowatt out
put should be known. For example, the investment in the 
power plant per kilowatt of maximum demand, the investment 
in feeders and- distribution lines, the investment in trans
formers and then also the investment in the customers meters. 
These data should be known in order to apportion capacity 
expenses equitably among the different kind of consumers. 
That isy the short hour consumer should bear a larger capac
ity charge per kilowatt hour than a long hour consumer. 

By the ordinary definition of diversity factor, every 
consumer of electricity would- have his rates effected by 
this factor. However, the factor that is most generally con-

http://av8.il
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sidered is the maximum demand which the consumer draws from 
the power plant during the pAak-load period. The amount of 
that demand is the capacity of power plant and distribution 
system which the corporation must provide for in order to 
accommodate that consumer. According to the best practice 
that consumer is capacity charges are based upon that demand 
at the time of the peak-load on the station. His capacity 
charges are then calculated by the following formula. 

c — mG 
M 

c = capacity charge for the consumer for the month. 
m - maximum demand of consumer upon the plant during 

peak-load period. 
C =r Total capacity charge of the plant during the month. 
M — maxiuxnum demand upon the station. 
The quantity "m" is not always easily determined. The 

most practical way of determining that quantity is by the 
use of the "demand factor" and "diversity factor." If "D" 
is the maximum demand, factor of the customer, "K" his con
nected load, "d" his diversity factor, and "m" the same as 
in the above formula, the customerfs demand upon the station 
during p»ak load, then 

m - KB 
d 

If this value of "m" be substituted in the above formula, 
then the customerfs capacity charge is expressed by the fol
lowing formula: 

c _ GKD 
Md 
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The question new arises hew shall charges he made to 
consumers who contribute no load whatever during the peak-
load period but have their period of consumption during the 
time outside of the peak-load period? Central station man
agers consider the output to that clasps of consumers as a 
by product and. the rate will have to be determined in a sim
ilar way as the price for a by product in an industrial es
tablishment. Such a price depends upon the demand. For ex
ample, oil cake is a by product of a linseed oil plant. The 
price that the manufacturer can get for that oil cake de
pends upon the demand of the consumers or what the consum
er can afford to give and yet earn a fair return upon his 
investment which he has incidentally made in order to use 
this byproduct. The rate charged for off-peak-load service 
may be looked upon in another light. The rate may be deteim-
ined by charging what the service will bear. An analagous ; 
illustration of the system of charging is "charging what 
the traffic ^ill bear" in railroad enterprises. For exampl e 
a railroad may have a lot of empty cars going in a certain 
direction. Any traffic which this a?oad can obtain to haul 
in those empty cars will add to its total operating reven
ues without adding but an appreciably small charge to oper
ation expenses. Such traffic might be pig iron, lumber, 
sand, or cinders. If this traffic would have to be charged 
its full "cost of service" charge it would never move and 
the ' pubf io would be a greater loser than the railroad. 
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The smallest or "minimum charge" that the road could charge 
would be the extra cost of service incurred by handling the 
traffic. Any excess of charge above that minimum charge 
would go to swell the operating revenues. In a similar way 
the minimum charge that can be made for electric service 
used during off-peak-load is the output expenses of the 
plant. The capacity expenses of the plant go on whether the 
plant carries this off-peak-load or not. Then anything that 
the electric corporation can obtain over and above this 
minimum charge goes to swell operating revenues and should 
lighten the capacity expense burden for other customers. 
That procedure may be done by deducting the excess over 
and above the minimum charge from the total capacity ex
penses of the plant. The capacity charge to each customer 
charged on the basis of diversity factor will be decreased 
as shown by the equation page 

Two methods then offer themselves for charging consum
ers of the off-peak-load period. The first one of these is 
"charging what the service will bear" providing this charge 
is at least equal to the output expense charge. An example 
of this is a fertilizer plant using electric energy during 
the off-peak-load period to drive its motors. This fertil
iser is a by product of packing houses. The price that the 
manufacturing concern can afford to pay for the electric 
energy which it uses depends in turn upon the price that it 
can obtain for the fertilizer so as to pay a fair return 
upon the investment. If a fertilizer plant cannot af-
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ford to pay more than just sufficient revenue to meet the 
output expenses of the power plant for that service it would 
be economically wrong for the central station manager to 
try to charge more than that because society as a whole would 
lose by it. 

The other method is to extend the use of the diversity 
factor to this class of consumers which uses electrical en
ergy at a time other than the peal-load period. If this is 
done care and judgment must be exercised to avoid fixing an 
excessive rate. The rate determined with the use of the 
diversity factor as based upon the assumption that the con
sumer uses energy during the time of peak load. If this 
precaution is observed so that the rates are not made ex
cessive this method of levying rates would be correct for 
that class of consumer which can be secured at such a rate. 
However with, this method certain classes of consumers can
not be secured which could be secured by charging what the 
service will bear, and if iheywsr* secured at that rate-they 
would contribute to operating revenues providing the charge 
is above the minimum charge. 

The fixing of rates for two different size towns will 
now be considered. The rates will he fixed from the stand 
point of cost of service and with the use of the diversity 
factor. The first one of these is a city of 132000 inhab
itants. Only the metered consumed energy will be considered 
The total connected load is 7721 kw. The capacity of the 
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plant to take care of this load is 4960 kw with a maximum 
demand of 3000 kw. The total number of kw-hr. consumed dur
ing the year was 4 879 973/: ... The data on page \lo refer 
to this plant. From that tabeg. of data the total capacity 
expenses are seen to be $73 935.87; depreciation charges 
are #79 441.67; profits allowed in $1 472 523.06 at 5 per 
cent are $73 626.15. The rule of the Wisconsin Railroad 
Commission will be applied, namely, that 70 per cent of 
depreciation charges shall go to output expenses and 30 
per cent to capacity expenses. The diversity factors as 
found in the case of the Commonwealth Edison Company of 
Chicago is 6.2 per cent. (Table No. 35) for residence light
ing consumers. Consider a consumer with a total connected 
load of 0.5 kw. His demand factor from Table No. 32 page <2df 
. : is 0;64. His load will be considered as 50 per cent 

active . A winter month will be chosen and the duration 
of active load each evening will be taken to last from 6:00 
to 10:30 P.M. covering a period of 4.5 hours. The month 
will be considered as having 30 days . With, this data the 
calculations are as follows: 

Total number of kw hrs consumed is 
45 x 30 x .50 x 0.5 ~ 33.75 

Maximum demand c .64 x .5=0.32 kw 
Total capacity charges f?3 935.87 
Depreciation 7 9 441.67 
Profit 73 626.15 
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Output charges & 9 7 613.91 
Output charges per kw-hr. .02 

Output charges due to depreciation .7 x 79441.67 - $0.0114 
4879973" " 

Total output charges per kw-hr 0.0314 
Maximum demand 3000 kw 
Capacity chare per kw-hr. .32 

" 6.2 x 3000 x 73955,87 - 0.106 
12 

Iiepreication charge per kw-hs .32 x 0.3 x 79441.67 _ 
6.2 x 3000 12 

0.034-
Return charge per kw-hr. .32 x 73626 - 0* \ o £ 

" 6.2x 3000 12 
Total capacity charge per mo. 0.245 
Output charge per month 33.75 x .0314 1*06 

Total monthly charge $1*30 
Total charge per kw hr $1.30 4- 33.75 = 0.04 
A down-town or business consumer will he considered 

whose connected load is 3 kw. The calculations for this 
consumer is as follows 

Demand factor .70 per cent 
Diversity factor 2.3 
Winter night from 5:30 to 7:00 P.M. 1.5 hrs. 
Assume connected load to he 50 per cent 

active 
Consumption per month 30 x 1.5 x.5 x 3= 67,5 kw-hr 
Maximum demand .7 x 3 = 3.1 kw 
Capacity charge - 2.1 x 73935.87 _ *1,87 

2.3 x 3000 12 
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depreciation charges 2.1 x .03 x 79441.67 _0.60 
2.3 x 3000 12 w 

Returns 2.1 x 73626.15 z 1.87 
2.3 x 3000 12 r ~ 

Total capacity charges for the month 4.34 
Output charges ; 67.5 x .0314 ~ 2.12 

Total charge per month ^6.46 
Total charge per kw-hr #6.46 4- 67.5 - 0.096 

If these charges had been made all together on a kw-hr 
basis these two hills would have been as follows: Therate 
per kw-hr would be 0.0665 
Residence lighting consumer .0665 x 3375 $2.24 
Business ft " .0665 x 67.5 4.49 

Total for both bills A6.73 
Total for both bills before 6.46+ 1.70 * 7.76 
This calculation shows that on a straight kilowatt 

hour basis that the residence lighting consumer Would have 
a monthly charge of $0.94 in excess and the business light
ing consumer would have a monthly charge of $1.97 deficient. 
The sum of both bills on the kw-hr basis is #6.73 and on 
the diversity factor basis is #7.76. At first thought this 
would seem to indicate that the diversity factor system would 
yield the latger revenues. However, such is not the case. 
Both systems should yield the same amount of revenues. The 
reason for the apparaent discrepancy is that there are many 
^ore residence lighting consumers than business lighting 
consumers. 
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She cost per kw-hr seems to he rather low in this il
lustration especially in the case of the residence lighting 
consumer. The price p£r kw-hr for the "business lighting 
consumer is ahout the price which is actullay charged in 
cities of that size. It seems almost excessive compared 
with the residence lighting charge . However, from the 
point of view of equity that rate may prove to be very reas
onable because that class of consumer is really the most 
expensive consumer which an electric Jight plant may provide 
with service. His maximum load comes on during the period 
of peak load and his demand upon the station during other 
periods of the day amounts to nothing. It is very evident 
from this that two classes of rates for lighting customers 
should be in practice. This situation has been noted by 
residence lighting consumers in large cities where the rates 
are the same for residence lighting as it is for business 
lighting. Prom the above calculations it is very evident 
that the rates for business lighting should be much higher 
than for residence lighting. The reason that in some comp
anies these rates are equal is because they have to make 
the same price to the business lighting consumer as to the 
residence lighting consumer in order to get the business. 
However such practice is in error. The gain of such busi
ness at such rates will not add to the net revenues of the 
company. Every kilowatt of business of this kind secured 
adds a kilowatt to the capacity of the power plant and dis-
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tribution lines. It increases the capacity expense per 
kilowatt in the same ratio. The company had rather forego 
that class of business than to cater to it at equal rates 
to residence lighting consumers. If the company did so it 
would be in position to decrease the rate to other consumers 

The fixing of a rate for electric-utility service will 
now be considered for a town of 3800 population. The data 
refers to the Ripon Light and Water Company of Ripon Wison-
sin, in Table lie 16 pagej"]4.A residence lighting consumer 
with a bannected load of 0.5 kw and a business lighting 
consumer with a connected load of 1 kw will he considered. 

The diversity factor in this calculation was assumed. 
It will be noticed that is much less than in the former 
case. The reason for this is that this electric light sys
tem is much smaller than the previous one and so consequent
ly there is not the chance for diversity of time in the 
:use of the electrical energy. 
Maximum demand upon the station 48 kw 
Total kw-hr output for the year 40327 
Output expenses for the year #3730.37 
Connected load for residance lighting consumer 0.5 kw 
Demand factor 
Active load 
Diversity factor 
Hours use per day 
Connected load for business lighting consumer 

Demand factor 11 11 " 11 

0.7 
0.5 
1.3 
4.5 

/-v "I 
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Active load for business lighting consumer 0.5 kw 
Diversity factor " " " 1.1 
Hours use per day " " " 1.5 
Calculations for residence lighting consumer 

kw-hr consumed 30 x 4.5 x .5 x.5.- 33.75 
Capacity charge for mo .32 x 3002*8 _ 1.28 

1.3 x 48 12 
Out out charge per mo 3730.37 x 33,75 r 3.12 

40327 
Total charge for month &4.40 
Total charge per kw hr 4.40/33.75 = 0.13 

Calculations for business lighting consumer. 
kw-hr consumed per month 30 x 1.5 x ,5 x 1= 22.5 

9 0 
Capacity chare "oer mo. 7 x 3002.82_ 3.32 

1.1 x 48 12 
Output charge oer mo. 3730.37 x 27.3 ? 2.08 

40327 
Total charge per month 5.40 
Total charge per kw-hr 5.40/22.5 0.24 
The total cost per kw-hr on the straight kw-hr basis 

is 3002.82 + 3750.73 - $0,167 
4"0T2~7 ~ 

Using this price the total monthly charge of each consumer 
would be as follows? 
Residence lighting 55.75 x 16.7 = #5.62 
Business lighting 22.5x16.7= $3.76 
The values obtained above were for 
Residence lighting $4.40 
Business lighting 5 , 4 0 



259 

The actual rates charged by the company are 16 cents 
per kw~hr and a minimum charge of 50 cents per month. Using 
this rate of 16 cents per kw-hr and the results are as fol
lows: 
Residence lighting 33.75 x 16 - $5.40 
Business lighting 22.5 x 16 z 3.60 

From these data it is evident that the residence light
ing consumer pays an excess monthly charge of $1.00 whereas 
the business lighting consumer pays a deficit charge of 
|l.80. The equitable charge apparently should be 13 cents 
per kw-hr for the residence lighting consumer and 24 cents 
per kw-hr for the business lighting consumer. 

Minimum Rate 
A "minimum charge" has already been referred to in the 

case of charging what the service will bear. This minimum 
charge should not be confused with the "minimum rate" for 
they are two entirely different quantities. A minimum rate 
is the rate or amount per month that each customer other 
than those customers who have no demand upon the station 
during the peak load should be charged in order to cover 
the capacit}^ expenses incurred by his connected load. It 
is really a charge made upon the customer whether he uses 
electric current during the month or not. If he does use 
the current and his total monthly bill amounts to more than 
the minimum rate then this minimum rate is included in the 
monthly bill. In practice this rate varies from 50 cents to 
one dollar per month. In the above illustration this rate 



260 

varied from 25 cents to $3.32 per month. Apparently the 
smaller the electric light system and the shorter the hours 
of use of energy the larger should the minimum rate he. 

On the following page in Fig. 9 are four curves. Curves 
B and D represent the cost of energy and A and C represent 
the price obtained 33or the energy. In one set the cost 
and price is made for the kw-hr. and in the ether for the 
month. It will he noticed that the two curves run close 
together when the number of hours use exceed 2.4 per day. 
Below that value the curves deviate a considerable amount. 
This situation is in conformity with the results obtained 
in the above calculations. In order that 411 expenses shall 
equal all revenues then the area between the two curves a-
bove the point 2.4 hours per day should equal the area be
tween the curves below this point. On the following page 
Pig. 10 is a load factor curve showing the variation in the 
price received per kw-hr. for the electrical energy when the 
rates are ma.de on the basis of 3.00 per kw. for maximum de
mand and 5 cent per tav~hr% for energy consumption. It should 
be noted how close this curve is alike the load factor 
curves for cost of electric energy. 

Graphical Representation of Rates. 
Nearly every rate in electrical utilities is based on 

two charges. One of these charges is proportional to the 
kw-hr. consumed. The other is proportional to the maximum 
demand. The maximum demand may be determined by applying 
the demand factor to the connected load. The kilowatt-hour 

http://ma.de
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consumption of a consumer is measured "by means of an inte
grating watt-hour meter. The maximum demand is determined 
originally "by a maximum demand meter. The maximum demand 
meter is comparatively expensive and so it is not always 
feasible to use it in connection with every consumer. How
ever data may "be accumulated for different classes of con
sumers with maximum demand meters and from this data demand 
factors for these different classes of consumers may be cal
culated. These two elements are known as energy consumption 
and maximum demand and will be represented respectively by 
•e" and "dt!. 

Under this system two customers with the same maximum 
demand will have their total monthly charge proportional 
to the kw-hr consumption. However, the two proportionality 
factors will not be the same. The one with the higher en
ergy consumption will have the smaller proportionality fac
tor whereas the one with the smaller kw-hr consumption will 
have the greater factor. On the other hand, two customers 
with the same kw-hrv consumption will have their total mon
thly charge proportional to their maximum demand. Again, 
if hoth customers have the same maximum demand and kw-hr cent-
sumption, will have the same total charge under the same 
system of rates. 

Pig. 11 shows a plane rectangular system of co-ordinates, 
laximum demand or connected load is laid off as abscissa 
and kw-hr as ordinates. A certain customer's kilowatt de-
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inarid is laid off along the axis OD and his energy consump
tion along OE # Then each customer with a certain kw demand 
and a kw-hr consumption is represented by the point P in 
this horizontal plane and this point is known as the charac
teristic point. If then there are an infinite number of 
customers all with different maximum demand and kw-hr con
sumption, each point on this plane will represent one of 
those infinite number of customers. If the kw-hr consumption 
of this host of consumers were the same and was equal to 
e* then in the locus of the characteristic points of these 
consumers is a straight line parallel to OD. If, on the 
other hand, the maximum demand is the same for all the con
sumers and is equal to d* then the locus of the character
istic points is again a straight line but this time it is 
parallel to OE. Finally if all the consumers had the same 
load factor then the characteristic points of the consum
ers would fall on another straight line which passes through 
the origin and. is inclined to the horizontal axis by an angLe 
"hich depends upon the value of the load factor. As the 
load factor cannot be greater than 100 per cent, there is a 
portion of this plane ^hich is indicated by the shaded area, 
that ca.nnot he used in practice. To determine the angle 
of inclination of the sloping line which bounds this shaded 
area, assume a 100 per cent load factor. Consider a month 
of 30 days and a maximum demand, of 1 kw. The total number <f 
kilowatt hours used will he 30 x 24 x 1* 720. The tangent 



266 

of the angle of inclination '-'ill he 720 . The magnitude of 
1 

the angle will depend upon the scale chosen for co-ordinates 
So far the different classes of consumers have been re

garded without a.ny consideration of rates, if rates are 
considered then each customer has to ray a certain amount 
for maximum demand and a certain amount for kw-hr, consump
tion. The sum of these two will make the total hill for the 
month. This total monthly charge will he used in the graph
ical study of rates. 

The plane in Pig. 11 will now he used as a horizontal 
plane and from the characteristic point P of the consumer a 
distance "a" equal to the consumer's monthly charge is laid 
off vertically and another point is definitely located in 
space. If the process is carried through for every consum
er an infinite number of points in space will be definitely 
located. These points determine a plane and the system of 
plane co-ordinates is transferred into a system of solid 
co-ordinates. That is for a given system of rates a sur
face is determined which intersects the plane of Pig. 11. 
Every system of rates has its own surface and consequently 
for every system of rates a different solid is determined. 

The figures following fig. 11 represent solids with 
kw. demand laid off along OD and kw-hr. consumption along OE 
and total monthly charge along OA in the unit of dollars. 

If the total monthly charge is based on a straight 
kw-hr charge without any charge for maximum demand or a 
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customers charge Airiclined plane passing through the line OD 
results as shown in Fig. 12. All this system amounts to, is 
to let the maximum demand charge equal zero and the co-ord
inates of a solid reduces to co-ordinates of a plane. This 
plane ia Fig. 12 is EOA. The angle depends upon the rate 
charged per kw-hr, for its value. If for example the charts 
is 10 cents per kw—hr. and the total amount of energy con
sumed during the month was 500 kw-hr. then the total charge 
for the month A r 500 x .10.- 5-000 cents or $50. 

If on the other hand, the total monthly charge is made 
on a straight maximum kw. demand, basis then the charge based 
on the kw-hr consumption becomes zero and the solid in Fig. 
12 is turned 90 degrees as shown in Fig. 13. Again the 
system of solid co-ordinates is reduced to a plane of co
ordinates, but in this case the plane is DOA. The angle 
Vdpends for its value upon the rate charged per kw. of max
imum demand. If for example the rate per kw, of maximum de
mand is $10 and the maximum demand of a given customer was 
5 kw, then that customer's total monthly charge would be A~ 
10 x 5 $50. 

If the two .'systems indicated in Figs. 12 and 13 are 
combined the Hopkinson method of charging for electric en
ergy results as is shown in Fig. 14. The plane of total 
charges in this case passes through neither the line 0Dr?or 
OE but makes the angle V with the line OD and the angle "r" 
with the line OE. If three points on this plane can he de-
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termined then the plane is definitely fixed. If for example 
a rate of $3 per kw, of maximum demand and a rate of 5 cents 
per kw-hr, is charged, then these three points may he determ
ined. If the kw hr consumption is zero and the maximum de
mand is zero then the charge is zero an d the plane passes 
through the point 0. Point B is found hy putting the kw-hr. 
charge equal to zero and calculating the maximum demand 
charge for 5 A ^ 5 x 3 -$15. Point C is similarly found 
Toy putting the maximum demand equal to zero and calculating 
the kw hr charge, A - 500 x 5r 2500 cents or $25. The plane 
may then he passed through the points 0y C and B as shown in 
Fig. 14. 

Doherty's system of charging for electric energy is 
based upon three charges instead of just two as in the case 
of HopkinsonTs method. The fixed charge per few, of maximum 
demand in Ilopkinson's system is divided into two charges 
in Dohertyfs system. These two charges are known as "Cus
tomer's charge." and "demand charge". The customer's charge 
is a fixed and constant charge whereas the demand charge is 
a fixed charge per kw, of maximum demand and the demand chaigp 
per month naturally varies as the maximum kw, demand. For 
the sake of illustration, assume a little higher total charge 
per month than that represented in Pig. 14 and that the in
crease in dollars is represented hy the distance x. The 
plane BOG in Fig. 14 will then he moved up parallel to it
self a distance x and the result is as shown in Pig. 15. 
It is evident that the Doherty three charge system is rep-
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resented by a general plane in space whereas the Hopkinson 
method or straight kw-hr, charge system may "be regarded as a 
special case hy putting one or more of the charges of the 
Doherty system equal to zero. 

Illustrations of special cases of the Doherty system 
are shown in Figs. 16 and 17. In nearly all rate systems 
in practice a minimum orate is charged. If the customer^ 
monthly charge on the kw-hr has is does not reach the minimua 
rate then the customer is charged, the minimum rate and 
not tha calculated charge on the kw-hr basis. Such a charge 
is represented in Fig. 16. In some, instances a consumer is 
charged a fixed amount and in addition to that a certain 
amount per kw-hr. of consumption. If for illustration the 
consumerfs fixed charge is $50 and in addition to that he 
is charged 5 cents per kw-hr. for the energy consumed. If 
he uses 500 kw-hr, his total charge will be A -500 x 05 - #75. 
The plane of charges then is as shown in Fig. 17. 

With this method of graphical representation it is pos
sible to compare the different systems of rate schedules in 
actual practice. For example let the Doherty three-charge 
system be compared with the Hopkinson two-charge system wiih 
the following data: 

Kopkinson Doherty 
Customer1s charge 100 cents per month 

Demand charge 300 cents per kw. 200 cents per kw% 

Kw-hr, charge 5 cents per kw-hr- 4 cents per kw-hr* 
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Using this data the Doherty plane P^ and the Iiopkin-
son plane P H are determined as shown in Fig. 18. These two 
planes intersect in a straight line ran . All customers 
who have their characteristic point upon the line nT n\ m n 
projected, will have the same total monthly charge regard
less of whether they were charged hy the Hoplcinson or the 
Doherty system. The line m 1 n divides the bottom plane 
into two parts. All customers who have their characteris
tic points in the surface M% 0 n find that they would pre
fer to have their monthly hill charged on the Hopkinson 
two charge system, The customers who have their character
istic points fall in the reat of the bottom surface would 
prefer to have their bill determined by the Doherty three-
charge system. Similarly any two systems of rates may be 
compared with each ether. 

Many central stations offer different rate schedules to 
their customers and permit them to choose any rate or comb
ination of rates that they prefer. Naturally, each consumer 
will cheese the combination of rates which will in his part
icular case give him the smallest total bill for the month. 
The combination of schedules which he will choose is repre
sented by the lower plane in Pig. 18. This plane is shown 
in heavy outline in Pig. 19. It is the plane which is of 
practical value and may be used in determining a customers 
monthly charge. 

A similar combination of rates is in use in the majorijzy 
of cases. The rates are not always optional. The schedule 
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of rates may not be expressed as simply as this schedule. 
However, it may he a similar schedule hut it is disguised 
under a straight kw-hr. charge. This kw-hr. charge is general
ly a multiple rate system. In a multiple rate system the 
consumer is charged a certain price per kw-hr*until he has 
used a certain number of kw-hr. This rate is known as the 
primary rate. After he has reached that stipulated number 
of kw-hr. he receives the energy that he uses a.bove that a-
mount at a lower rate per kw-*hr. This lower rate is known 
as the secondary rate. An attempt will not be made to an
alyze different multiple rate systems into the Hopkinson 
or Doherty rate system. 

A^primary rates are on the straight kw-hr. basis the 
plane to sta.rt with is that indicated in Fig. 12. In the 
range of the secondary rate, the rate may represent' . a 
system with all three charges made, or one of them suppres
sed and equal to zero. Whether any one of the charges in 
the range of the secondary rate is equal to zero and which 
one it is will depend upon the law which fixes the division 
between the primary and secondary rates. For example let 
it be assumed that a. primary rate of 12 cents per kw-hr. is 
charged until a consumption of 50 kw-hr. is reahhed. This 
limit is indicated by the line m\ n in Fig. 20. Beyond 
this consumption the customer is charged 6 cents per kw-hr. 
The primary and secondary planes take the shape as shown in 
Fig. 21. It will be seen that schedule of rates in the rarg* 
of the secondary rates amounts to a fixed customerfs charge. 
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plus a charge of G cents per kw-hr. No demand charge is 
made because the upper plane is parallel to the demand axis. 
This rate schedule proves to be a combination of two sys
tems, one a, single-charge system and the other a two-charge 
system. The planes of these two systems intersect in the 
line m n« 

If the line of demarcation between primary and secondary 
rates is not determined by the consumption of a stipulated 
number of kw-hr., but by a certain number of hours use of 
the maximum demand, then the system of planes results as 
shown in Fig. 22. The statement of the use of a certain 
number of hours use of the maximum demand amounts to the 
same thing as saying after the load factor has reached a 
certain amount. This is generally known as the Wright sys
tem. The line of demarcation in this case is a straight 
line not running arallel to the kw, demand axis but issues 
from the origin 0 as shown loy the line 0 a! in Fig. 20. If 
the rate scheduled is fixed so that a customer pays 12 
cents per kw-hr, until he has used his maximum demand for 25 
hours and then after that he buys his energy at 6 cents per 
kw-hr., the secondary plane is a surface which has to rise 
at an angle equivalent to a charge of 6 cents per kw-hr, and 
at the same time pass through the line Oa in Fig. 22. This 
plane it will he noticed is the same as the plane in Fig. 14 
representing the Ilopkinson system. The range of the sec
ondary rate of the Wright system is identical to that of the 
Hopkinson system. 
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It is evident then that if the secondary charge is 
made after a consumption of a certain number of kw-hr. the 
result is a constant consumer charge for the range of the 
secondary rate. If, on the other hafld, the secondary rate 
is made after a certain number of hours use of the maximum 
demand, the range of the secondary rate results in a two-
charge system on the hopkinson system. From this it may 
be expected that if these two methods of charging for elec
trical energy were combined a three-charge system would re
sult, and that actually happens. The secondary charge then 
is to be made after the mie of a certain number of hours 
of the maximum demand is reached plus a constant number of 
kw-brs. This is indicated by the line m, n|> in Fig. 20. For 
example, the schedule of rates may be such that the custom
er pays 12 cents per kw-hr, until he has used his maximum 
demand for 20 hours, and has in addition used 15 kw-hr, of 
energy and after that he is to buy his energy for 6 cents 
per kw-hr. The planes of such schedules is shown in Pig. 
23. The shaded area in Pigs. 22 and 23 are the ranges of 
primary rates. The secondary plane in Pig. 23 is seen to 
aepresent truly a three-charge system. 

The graphical representation of rates reveals the fact 
that a rate although explicitly it seems to be a straight 
kw-hr, charge without any regard to maximum demand or cus
tomer's charge, yet when the rate is analyzed, it may be 

found to be based upon a 

tem. Some rates may not be 

two-charge or a three-charge sys-
e reduced so simply to two or three 
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planes "but perhaps to six or more planes. However, each 
plane will indicate that the rate is not necessarily a one-
charge system. The different planes may show that the charge 
per kw, of maximum demand is not the same for all classes of 
customers. Such a situation is only filar as it has been 
found to he in the consideration of load factor and divers
ity factor. 

Effect of high Efficiency Lamps Upon Kates, 
If a schedule has heen determined upon the assumption 

that the total connected lighting load is made up of carbon 
or low efficiency lamp, then the effect upon a customer's 
rate due to a change from low efficiency to high efficiency 
lamps with that customer should bo considered. The assump
tion is that the re:;t of the consumers continue to use low 
efficiency lamps. Suppose that the efficiency of the tung
sten lamp the high efficiency lamp, is twice that of the 
carbon lampf If then one customer changes his lamp from 
carbon to tungsten lamps then he has reduced the output of 
the central station by a certain definite amount. If the 
station was designed with the assumption of a carbon lamp 
load then this customer has not reduced in the same ratio 
the fixed charges of the plant as bA has the output. In 
case of this kind the customer is hardly entitled to the 
reduced charge per month for electric energy which he would 
obtain by the existing rates based upon the original kw, out -
put. If on the other hand, every consumer changes his car-
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bon lamps to tungsten lamps then the total output of the 
plant will he reduced and the fixed charges per kw* demand 
will he increased because the central station now has a cap
acity too large for its demand. In this case each customer 
will be charged the correct fixed charge providing the fixed 
charges have been based on the reduced kw. demand output. 
Each customerfs charge in this latter case will have been 
increased materially on a basis of kw-hr. consumption. This 
fact is evident when it is remembered that the plant now is 
too large for its demand. This change per kw-hr will con
tinue to be in excess of the former charge until the total 
connected load can be increased so that the demand upon the 
central station is enual to that for which it was designed. 

Again suppose that all the rest of the consumers don-
tinue to use carbon lamps, but the one customer who changes 
his carbon lamps to tungsten lamps at the same time induces 
a neighbor to install electric lights to the amount of the 
same connected load as his own. This customer has then not 
reduced the kw, demand upon the station, but he has increased 
the number of customers. The total kw, output of the station 
is the same as before and the fixed charges have therefore 
not been changed. The customer in this case and as well as 
the new customer are each entitled to the reduced total 
monthly charge for their electrical energy. 

The above discussion would seem to indicate that if a 
whole city changed its lighting load from carbon lamps to 
tungsten lamps that the customers at the same time would 
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be charged a higher rate. Such a theory is correct from 
the point of view of the immediate cost of service. A case 
of this kind, which would perhaps never occur, would prob
ably bring about litigation and it would be the duty of the 
courts to decide whether the rise in rates was legitimate . 
If this change of custom could be proved in court to be one 
of the factors included in the term of risk discussed under 
the head of "fair rate of return" then no doubt the light 
and power company would have to stand the loss and the cus
tomers would enjoy the reduced total monthly charge brought 
about by the high efficiency lamp. If on the other hand, it 
was proved, in court that the company had exerted utmost 
care and prudence in determining the size of plant neces
sary for that city and that customers change from carbon to 
tungsten lamps was a radical diversion from the usual cus
tom then most likely the customers would have to bear the 
burden of the loss brought about by the excess fixed charges 
on a plant of too large a capacity. In this case the cus
tomers average rate per kw-hr, used each month would be 
greater than it was before the change in lamp was made. 
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Chapter X. 
Systems of Charging for Electrical Energy. 

In recent years much attention has been given to the 
study of systems of charging for electric current. At pres
ent the principal systems of charging for electrical energy 
are about as follows: 

1. Elat rate 
2. Lleter rate 
3. Classification erf rates 
4. bright maximum-demand system 
5. Doherty rate 
6. Tour 0 system 
7 Double-rate meter 
8 # A charge based on the customer's minimum monthly 

guarantee. 
9. Combinations of the above, 

1, The Flat Hate System. In small towns which own 
their own electric light plant, the flat-rate system has 
proved to be the most convenient and econo-aic system of 
charging for current. Each customer is charged a fixed 
price each month upon each 16 c p . or equivalent lamp that 
he has connected. This system has the advantage of rlisnens-
ing with expense necessary for providing meters and the 
reading of meters; i£ offers an easy system for keeping 
books; it is popular with the customer because he knows 
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each month just what his electric light charge will he for 
that month. On the other hand the system has the disadvan
tage that it discourages a large connected load; each cus
tomer is charged the same charge regardless of whether he 
uses any energy or nut; it stimulates a wasteful use of the 
energy; it is not a fair and equitable rate because the 
charge is the .-.ravie to a resourceful und economic consumer 
as it is to a wasteful consumer. 

2. Meter Rates. In this system of meter rates the 
customer is charged so ;iuch per kw-hr, of energy used regard
less of the hrs. demand upon the station. From the point of 
view of equitable rates this system is as absurd as the 
flat-rate system. In the flat-fate system the customers 
charge per kilowatt hour varied from a comparatively low 
rate in the case of the lony-hour or wasteful consumer t< 
an infinite charge in the case of the customer who used no 
energy at all during the month. In this case the customer's 
charge per kilowatt-hour is a constant quantity but the cost 
of producing each kilowatt-hour used by the consumer varies 
from a reasonable cost to an infinite cost. The consumer 
^ho uses no energy ahd has at the s&me time a connected 
load, bear 5 an expense upon the central station of meter in
vestment, hookkenoinp, denrec iation, ibnterest, taxes, trans
former c^re, loss and other fixed expenses which go on re
gardless of whether any energy is used or not. Even if 
some particular customers were charged at the rate of $1.00 
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per kw-hr. their total charge per month would still he in
sufficient to cover the fixed expenses "because their con
sumption is such a small quantity. 

3 # Classification rates. In the system of classific
ation of rates the consumers are classified according to the 
length of time of the consumption of energy which they use. 
Generally just two classifications are made. 1. The light
ing customer who uses his demand in the evening when ordinar
ily the peak load is on the station. 2. The motive power 
consumer who uses his demand throughout the day. The first 
class of customers are charged a high rate per kilowatt-
hour for reasons that have already been expalined. The 
second class are charged a comparatively low rate. In ad
dition to this, generally a minimum rate is charged. 

4. Wright Miaximum Demand System. As has already 
been explained the central station manager must nrovide 
central station capacity to take care of every kw, of con
nected load. If a charge per kw-br„ alone is made, in some 
instances that charge could not be made large enough prac
tically so that the customer1 s total monthly charge would 
be great enough to cover the fixed expenses which that cus
tomer has incurred upon the plant. Mr. Arthur V^ight of 
England, was one of the pioneers to go into the question of 
rates. He divides the cost of electrical energy into (a) 
Preparation costs, (b) production costs. The preparation 
expenses are again subdivided into (l) formation expenses 
(2) Stand-by costs, (3) service costs. 



286 

(a) The formation expenses consist of the expenses in
curred by the necessity of obtaining the initial capital 
or constructing the plant, The !,stand-hy costs" represent 
the maintenance of the plant and the supply mains in a con
dition ready to supply and distribute energy . The "serviee 
costs" represents the maintenance of service wires and 
meters, the incidental disbursements connected with accounts 
for supply, attending to complaints, and. the collection of 
bills. 

(b) The ̂ production costs11 represent the actual expense 
incurred in the production of the energy. This quantity 
varies with the amount of energy generated and distributed* 

On this method the Wrigth maximum demand system assumes 
that each customer should pay the fixed charges or the por
tion of the plant he uses, and in addition to that he should 
pay the running expenses for the amount of energy he has 
actually used. In order to determine the maximum demand 
made by a customer upon the station Mr.Wright devised the 
maximum demand meter which records the maximum current used 
hy a cixstomer between two readings of the meter. This meter 
is read the same time that energy consumption meter is 
read. A charge is then made in accordance with the readings 
of the two meters. 

Three other nethods are used for obtaining the maximum 
demand; 1. By putting the demand equal to the connected 
load. 2. By estimating the demand 3. By limiting the demani 
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so that a customer cannot exceed a certain amount. 
The merits of each one of these systems may he briefly 

stated as follows: 
Connected load: This system requires no maximum de

mand meters. The demand is fixed in advance. It is an a 
inaccurate detcmination as well as an unfair basis. It re
quires notifications and inspections and at the same time 
discourages a large connected load. 

Demand Estimated: This method is similar to that of 
the connected load system only that it has a fair basis 
whereas the former had an unfair basis. 

Demand Limited: This method has a fair basis, notif
ications and inspections are not necessary. It possesses 
accurate determinations. A large connected load is not 
discouraged. In this case instruments are necessary. 

Demand Measured: This method is like that of the "de
mand limited" only it has added that the demand is not fixed 

The kw-hr, used by the customer is read from the kw-h: 
meter and the maximum demand from the maximum demand metej 
or else determined hy one of the other three methods out
lined above. As those two quantities are k~own, the custodi
ers total charge per month may be determined in different 
ways. One method is to charge a definite amount for the 
kw-hr. used and then after the customer has used his maximum 
demand for 2 hours per day he is to have a discount of 10 
per cent o:' what he used above that amount up to 3 hours 
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per day and all energy above that demand he Is to have at 
25 per cent discount. Another method is the one already 
referred to in calculating total monthly charges pa.je^53and 
pages that follow. A third method and the method which is 
the one most generally used and the most adapted to practic -
al use, is to charge say 12 cents per kilowatt-hour for 
the first sixty hours use of the maximum demand and say 
4 cents per kilowatt-hour for the remainder. The maximum 
demand use is based upon a 2 hours use for each day. 

Suppose a customer's kw-hr meter read 100 kw-hr and his 
maximum demand was 10 amoeres on a 110 volt circuit. His 
bill would he calculated as follows: 

110 x 10 x 2 x 30 66 kw-hr. 

100 - 66 ~ 34 kw-hr 
66 x 12 + 34 x .04 s $9.28 

The difficulty with this method is that a customer 
with a low kw-hr. consumption and with a large connected load 
would perhaps not pay his share of fixed charges. 3?or ex
ample if a customers meter read 10 kw-hr. his bill would he 

10 x 0.12 r #1.20 
This amount as shown previously may not be sufficient 

to cover fixed charges. 
5. Doherty rate. According to JJIr.Henry L. Doherty, 

the costs are fixed by four factors: 1. By the number of 
customers 2. By the distance of the customers from that sta-
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tion. 3. By the capac'ty trey demand. 4. By the amount of 

their consumption. 

In most cases tv*e second factor need not be considered 

for only in a very few extreme cases would a customers 

distance from a power plant effect the cost of his service 

in comparison with other customers. The other factors have 

already been defined and so they need not be explained here. 

6. Four C System. This system derives its name from 

the method by which the charges are made. Two charges are 

made: Capacity Charge and Current Charge. — 4 C fs. The 

capacity charge is made according to the formula 

C _ F 
- I? 

F is fixed charges per annum on unit cost of plant. 

II is the number of 50 watt lamps per unit. 

C is average capacity charge per annum per lamp. 

In this ay tern all charges are included in fixed charges 

except production cost. The fixed charges are apportioned 

among the customers in proportion to the time which they use 

their demand. It is apparent that thi^ system then has a 

tendency to stimulate growth of business regardless of load 

factor. The long hour consumer, even though his capacity 

demand is the same as that of a short hour consumer is o-

bliged to stand for a much greater fixed charge than the 

short hour consumer. It is true that the charge per kw-hr. 

will be about the saoie in each case. As it has been pointed 

out before, such a practice is not desirable from the point 
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of view of good management. It tends to stimulate a growth 
of business without any attempt to reduce the unit cost of 
output. 

7 . Double rate meter. The double-rate meter has two 
sets of dials. One set of dials are in mechanical connec
tion with the moving elements of the meter during the off-
peak period upon the power plant and the other set of dials 
are in mechanical connection with the moving element during 
the peak-load period. This shift of mechanical connection 
from one set of dials to another is brought about by a cloak: 
mechanism. The clock is so adjusted that it throws one set 
of dials in mesh with the moving element during off-peak 
load and the other set of dials during the peak load. A 
very high rate is charged for the reading upon the latter 
dial and a low rate for the former. This system is conduc
ive to long hour consumption and to the operation upon a 
High', load factor. It has the disadvantage of using a meter 
which is expensive. 

8. A charge based upon the customer1 s minimum monthly 
guarantee. In a bulletin published by the Union Electric 
Light and Power Company of St. Louis a novel system of 
rates is explained in a manner calculated to be understood 
by the general public. Under this system the customers are 
diviided into a large number of classes and each class is 
supposed to have the same rates. The customer's rate is 
based upon the minimum monthly guarantee that he is willing 
to make per house power or 50 watt lamp connected. The 
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rate is also lower the larger the connected load. '*For exam
ple, a customer with 100 lamps connected gets his service 
for 12 cents per kw-hr if he guarantees 10 cents per month 
per 50 watt lamp. If he should guarantee 65 cents per lamp 
per month then his rate would he 8 cents per kw-hr. If on 
the other hand, a customer has a connected load of 3000 
lamps and guarantees 10 cents per 50 watt lamp equivalent , 
he pays 6 cents per kw-hr, for his energy. If he guarantees 
50 cents per 50 watt lamp equivalent, his rate is 5 cents 
per kw-hr. Between the 10 cent and the 6 5 cent guarantee 
there are 15 steps. Likewise between the 100 and 3000 lamps 
of connected load there are 15 steps. A customer whose 
connected load is less than 100 lamps and guarantees 65 cenfe 
per lamp gets the same rate as the customer who has a con
nected, load between 1000 and 1250 lamps hut guarantees only 
10 cents per lamp. To cover all the rates upon the inter
mediate steps a table of rates have been worked out. These 
rates are further subject to a discount based upon hours 
use and oucintity. 

Po^er rates are worked out in a similar way. A custom
er whose connected load is one bourse power pays 10 cents 
per kw-hr# if he guarantees $1.00 per month per horse power. 
If he should guarantee $7.50 per month per horse power, he 
pays 5 cents per kw-hr. Between these two steps are a num
ber of intermediate steps and the rates at each step depend 
upon the minimum monthly charge. 
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This system has the advantage that one customer can
not openly say that another customer enjoys rates which are 
a discrimination against his. It has a tendency to stimul
ate a large connected load and long hours use of demand. It 
means that customers in order to get low rates will insure 
the company of a large percentage of its gross earnings, 

9. Combinations of the above Systems. Any of the a-
bove systems may not be suitable for a particular central 
station. In order for the manager to work up a suitable 
rate for that particular central station he may have to use 
a combination of the above ay stems. Under the best condi
tions, it is difficult to devise a rate schedule which will 
be equitable and at the same time be understood by the lay
man. 

7/rany forms and kinds of rate schedules are in exist
ence. It would be of little avail to attempt to give an 
illustration of all the various kinds and so just a few il
lustrations of the more generally used schedules will be 
given. The St. Louis rate schedule has already been men
tioned and so it will not be considered further.An attempt 
will be made to give illustrations of schedules of differ
ent size cities. 

Electricity Bates in ITew York City. 
Eive schedules of rates for electricity are in use in 

New York City, one for each borough. Only the schedule for 
the Borough of Manhattan will be given here as all the other 
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schedules are similar. The only difference is the differ
ence in price. The system of charging is the same. The 
names of the companies operating in each borough are also 
given here. 

Borough of Manhattan. 
The new York Edison Company's and the United Electric 

Light & Power Company ?s schedules of rates, as filed with 
the Public Service Commission for the First District, are 
as follows: 

Retail Service--Light--10 4 per k.w.h. 
Retail Po^er.—For the first 200 k.w.h. of monthly con 

sumption, 10 4 P^r k.w.h.; from 200 to 400, 8 /; from 400 
to 3,500, 6 /; from 3,500 to 7,000 5 /; all over 7,000 at 
4 

Intermediate Wholesale Rate—This rate is based upon a 
guaranteed consumption of 2,000 k.w.h. monthly for ten months 
in the year, and that during such months the average use of 
the total ecuipment shall not be less than two hours daily. 
In consideration of the i guarantees, the rates charged are: 
for the first ho; r of average daily use of the entire instal
lation, 10 / per k.w.h.; for the second hour, 9 4 5 for the 
third hour, 8 4\ for the fourth hour 6 4\ for the fifth to 
fourteenth hour, inclusive 5 /; above fourteen hours 4 l/2 / 
If the monthly use should exceed 5,000 k.w.h. a reduction of 
5 fo will he made in the amount of the monthly bill; if it 
should exceed 10,000 k.w.h., a reduction of 10 fo will be 
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made. If the consumer supplies his own incandescent lamps, 
a reduction of l/2 </ per k.w.h. will he made. 

Special Wholesale Rate— This rate is based on a guax*-
anteed consumption of not less than 120,000 k.w.h. yearly, 
and is for current only. In consideration of this guarantee 
the rates charged are: For the first 15,000 k.w.h. monthly 
consumption 5 from 15,000 to 25,000 4 l/2 4\ from 25,000 
to 35,000, 4 from 35,000 to 50,000, 3 1/2 4\ all over 
50,000, 3 Should the bills at the rates specified, ex

ceed #17,500 in any year during the period of the contract, 
there shall be deducted from such bills an amount equal to 
the difference between the face thereof, and the cost of 
the current reckoned at the rate of 3 ^2 / per k.w.h., pro
vided th'.t the total amount of the bills for the year shall 
not be reduced to a sum less than #17,500. Should such 
bills, at the rate of 3 l/2 c/ per k.w.h. exceed #20,000 
in any year, there shall be deducted from such bills an a-
mount equal to the difference between the face thereof and 
the cost cf the current reckoned at the rate of 3.2 / per 
k.w.h. provided that the total amount of the bills for the 
year shall not be reduced to a sum less than #20,000. Shoult 
such bills at the rate of 3.2/ per k.w.h. exceed #25,000 in 
any year, the price of all the current furnished during 
said year shall be reduced to 3 4 P e r k.w.h. provided that 
the total amount of the bills for the year shall not be less 
than #25,000. 
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Breakdown Service Kate.--This rate is based u pon an 
annual guarantee of $30 for each kilowatt of maximum demand 
stated in the service contract. Within this guarantee, cur
rent may he consumed at the best rate of the class to the 
extent of the guarantee, without additional charge. Where 
the demand, contracted for is less than ten kilowatts, the 
consumer pays the cost cf installing the automatic switch, 
not exceeding $75. 

High Tension Service Rate--This rate is based upon an 
agreement on the part of the consumer that the maximum de
mand contracted for shall not be less than 200 kilowatts, 
costing $6,000 yearly. The rate is $30 annually for each 
kilowatt of maximum demand, a charge of 1 l/2 4 Ver k.w.h. 
being made for current consumed. This rate is for current 
only, and is applicable to large structures, important power 
undertakings, elevated, surfs.ce, subway and tunnel railorads 
and all other large installations permitting the use of 25 
cyc<31 alternating current of 6,600 volts. 

in add.iticn the Hew York Edison Company makes the fol
lowing rates: 

Automatic and Storage Battery Kate.—This is based 
upon a monthly minimum guarantee of $50 and an agreement to 
use current within certain hours. In consideration of these 
guarantees the rate is fixed at 6/ per k.wi<b. with discounts 
as follows: for a monthly consumption of 3,000 k.w.h. 1 l/2 
4 per k.w.h.; monthly consumption of 5,000 k.w.h. 1 4\ mon-
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thly consumption of 8,000 k.w.h., 1 l/2 /; monthly consump
tion of 10,000 k.w.h. , 2 /; monthly consumption of 25,000 
k.w.h., 2 l/2 monthly consumption of 50,000 k.w.h. 3 /• 

Tunnel Construction Rate—This rate is based upon an 
agreement on the part of the consumer to use the company's 
service exclusively, and is fot the tunnel, surface and sub
surface construction in connection ^wth rapid transit or 
transportation lines on 'Manhattan Island or in the Bronx, 
or under the East, ilorth or Harlem river. The rate is 4 4 

per k.w.h. and is for current only. 
Under the Retail Lighting agreement the ?yew York Edi

son Company furnishes the first Installation and the renew
al of standard carbon lamps free of charge, except in the 
case of theaters, music halls, new buildings in the course 
of erection and flbreakdown" service. Consumers are also en
titled to f reo la^ps under the Intermediate "Wholesale agree
ment, and, where not supplied a reduction is made in the 
case of the Intermediate Wholesale rate and for the excep
tions noted under the Retail Lighting Rate 

Under the Retail Lighting and Intermediate Wholesale 
agreements the United Electric Light & Power Company furn
ishes the f irst installation and subsequent renewal of stan
dard carbon or metalized filament lamps. The Special Whole
sale rate does not include the supply of incandescent or arc 
lamps or their renewal or trimming. 

The Long Acre Electric Light & Power Company1 s schedule 



of rates is ao follows: 
Retail Rate—8 / k.w.h. 

The company furnishes standard Edison base lamps at 
cost prices for original installati<ns, and furnishes renew
als free of c}arc«* 

Electricity Rates in Lowell iVkssachusetts. 
(From the twenty-sixth annual report of the Board of 

Gas and Electric Li/:ht Commlusioners of the Commonwealth of 
Massachusetts pâ ;e 112} 

Arc lig} tin,-- by contract.—Thirteen cents per kw-hr for 
the first 50 bourn use of connected load, 6 cents for all 
over 50; $1.66 per "lamp per month minimum charge; discount 
of 10 per cent if paid in 10 days. 

Incandescent liglting-~Regular size metalized and car
bon filament lamps free to meter customers and at cost to 
contract customers. Tungsten lamps free only when customers 
pay a rental of 20 cents per lamp per month . For light in 
Lowell, Tewksbury, and No. Chelmsford, 12 cents per kw-hr, 
gross, |12. per year net, minimum for residence lighting; 
demand system for stores and factories, 13 cents f5er kw-hr 
for first 50 hours use of connected load, and 6 cents for 
all additional current used, with a minimum charge based 
on 25 hours use per month of maximum demand of the connected 
load. In Billerica, Dracut and West Chelmsford 14 cents 
per kw -hr gross residence lighting with $12 per year net 
minimum. In Tyngsborough, 20 cents per kw hr of maximum 
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demand of one hour per day; 6.6 cents per kw-hr for all over 
gross with $12 per year net minimum* A\fll bills subject to 
10 per cent discount if paid in ten days. 

Power—For power, 11 cents per kw-hr,, with discounts 
for quantity used ranging from 50 to 56 per cent, with a 
monthly minimum charge of $1.11 up to 0.5 h.p. #1.66 up 
to 1 h.p. #3.33 up to 2 h.p and #5.55 over 2 h.p.; large con
sumers, #2 for first h*p. of maximum demand, and #1.25 for 
each additional h.p. as minimum monthly bill and service 
charge, and 3 cents per kw-hr for current consumed, with 
discounts ranging from 5 to 44 per cent, according to max
imum demand; all bills subject to 10 per cent discount if 
paid in 10 days. 

Rates at Albany Wisconsin. 
Albany Electric Li/;ht & Milling Go. 

Public Service. 1 arc light, 1,000 c.p. dusk to 11 
p.m. moonlight schedule, #42 per lamp per annum. Incandesc-
ents, 60 etc. per c.p. per month on above schedule. 

Commercial Service. Incandescents. Meter rates: 10 cts 
per kw. hr., minimum charge 75 cts. per month; meter rent 
10 cts. per month. Lamp renewals are free. Flat rates: 50 
cts. per 16 c.p. equivalent for business places, 33 l/3 cts. 
per 16 c.p. equivalent for residences.--Arc lamps: flat 
rate, dusk to closing hour, #36 per lamp per annum; discount 
free use of one 16 c.p. incandescent lamp. Ho power serv-
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Eipon Wisconsin. 
Eates for Municipal Contract Lighting. 

Eor all arc limps of 2,000 c.p., 6.8 amperes, operated 
every night from dusk to midnight, #78. per lamp per year. 

Eor all arc lamps of 2,000 c.p. 6.8 amperes, operated 
on the moonlight schedule from dusk to midnight, #58 per 
lamp per year. 

Eates for Commercial Incandescent Lighting. 
Eor all lighting service furnished residences and "bus

iness houses (hereinafter specifically referred to as classes 
A, B, C, D and E) , including such incidental use of applian
ces for heating or power used on lighting circuits and pass
ing through the same meter, and measured hy a meter or met
ers owned and installed hy the company, a charge of 
Primary Rate. 

16 cts. net or 17.75 cts. gross per kw.hr. for current 
used equivalent to or less than the first 60 hours use per 
month of the active connected load. 
Secondary Rate. 

9 cts. net or 10 cts. gross per kw-hr. for all current 
used in excess of the above 60 hours use per month of the 
active connected load. 

Active Connected Load shall in each case be a fixed 
percentage of the total connected load, consisting of lamps, 
appliances, etc., installed at the consumer's premises. 

Class A includes residences, flats, private rooming 
houses, public buildings and Ripon College buildings, for aL 

http://kw.hr
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of which 40 per ;ent of the total connected load shall he 
considered active. 

In class B are included schools, churches, and indust
rial establishments which close not later than 6 p.m., for 
which class 5b per cent of the total connected load shall 
be considered active. 

,Class C includes livery stables, hotels and library 
buildings, in which clar-s 60 per cent of the total connec
ted load is to he considered active. 

In class D are included stores, offices, club rooms, 
banks, theaters, saloons, and depots, and all other consum
ers not herein specifically provided for, for which class 
75 per cent of the total connected load shall be considered 
active. 

In calss E are included sighs, hallways, and festoons 
for street lighting purposes, of which class 100 per cent 
of the total connected load shall be considered active. 

Power Rates. 
For storage batteries connected to direct current 

d 

series arc circuit the following rates will be mae: 
For operating dental engine during regular hours, $1 

per month. 
For operating dental lathe during regular hours $1.50 p 

per month. 
Minimum Bill. 

The minimum bill for lighting and power uses shall be 
75 cts. net per month. 
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Discount 
The company shall hill all consumers of electricity 

for commercial lighting and power purposes at the gross rate 
and shall grant thereon a discount of 10 per cent for prompt 
payment, that is if the hill is paid on or before the tenth 
day of the month following the month during which the hill 
was incurred. 

Madison Wisconsin. 
Madison Gas and Electric Go. 

Public Service. 218 arc lamps, 1,200 c.p., dusk to 
midnight, every night $52 per lamp per annum; 55 arc lamps 
1,200 c.p. dusk to dawn, every night, #72 per lamp per annua. 
Contract period 5 years, Oct. 1, 1903 to Oct. 1, 1908. 

Commercial service. Incandescents. Meter rates? 16 
cts. per kw-rhr. for first 26 kws., to 10 cts. per kw.-hr. 
for over 78 kws.; minimum charge, #1 per month. Doherty 
rate: demand charge, #1.80 per 16 c.p. lamp demanded, plus 
service charge, #12 per annum per customer, plus 6 cts. per 
kw—hr.; discont $0 per cent if paid befor eht elOth. lamp 
renewals furnished free.—Power rates: 8 cts. per kw.-hr. 
for first 12 l/2 kws., to 5 cts. for all over 1,250 kws.; 
minimum bill #1 per month. 

Milwaukee. 
Edwin H. Abbot, (Colby-Abbot Building) 

Public Service. ITone furnished. 
Goinmercial service. Incandescents. Meter rates: slid-
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ing scale, firat 100 kw—} r$. 12 cts. per hw.vhr.; all over 
600 b/r-hrj/. 4 cts, per fcauhr.; minimum charge #1 per month; 
discount 5 per ;ent if paid "before the 10th.--Power service. 
:,/reter rate: sliding scale, first 100 kw^br#. 8 cts. per lew-
hr.; all over 600 kw.-hr^. 3 cts. per kw—hr.; minimum change 
$2 for each motor cf 2 h.p. and less, and. $1 for each addit
ional h.p. Same discount for prompt payment as above. 
Plankington Electric Light and Power Company. 

Public Service. Hone furnished. 
Commercial service. Incandescents. Meter rate: incre

ment rate, first 50 kw—hrjf. 12 cts., all in excess of 1, 
000 kw.—hr#. 4 cts. minimum chare #1. Lamp renewals are 
free--Electrical appliances and commercial arcs are furn
ished under these rates.;;Power service. Peter rates: first 
300 kw.-br^. 6 cts. per kw._hr.; all in excess 4 cts. per 
kw—hr. 
Eailway Exchange Co. 

Public Service. Hone furnished. 
Commercial service, incandescents. Meter rate: 10 cts 

to 5 cts. per kwj-r.; minimum charge 25 cts. per month; dis
count 50 per cent if paid within 10 days. Lamp renewals are 
free.--The same rate applies to arc lamps. --Ho power serv
ice. 
The Milwaukee Electric Eailway & Light Co. 

Public service. 2,066 lamps, 2,000 c.p. dusk to dawn, 
$65 per lamp per annum. Contract period: 5 years, Dec 15, 
1905, to Dec 15, 1910. 
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Commercial service. Lighting* Meter rate: first three 
100 kw.-brjk. 12 eta. , 10 cts. and 8 cts. respectively, per 
kw.-hr. next 300 kw.-*hrrf. 6 cts., all over, 4 cts. per kw.— 
hr.; minimum charge, when current is less than 9 kw.—hr^. 
fl per montht — Additional minimum rates 25 cts. per glower 
per month on ITernst lamps, £l.50 per month for enclosed arc 
lamps; discount 5 per cent if paid before the 10th. Power 
Meter rates: first three 100 kw.-hr£. 8 cts., 6 cts. and 
5 cts., respectively, next 300 kw.—hr^. 4 cts. per kw.-hr., 
all over, 3 cts. per kw._hr.; minimum charge for motors of 
two h.p. or less $2 per month; each additional h.p. or frac
tion thereof, $1 per month; same cash discount as above. 
Wells Power Co. 

Public service. None furnished. 
Commercial service. Incandescents. Meter rates: offices 

above first floor, 10 cts., per kw^hr ; other service, in
crement rate, firs 100 kw^hri., 8 cts. per kwr-hr.; all ov
er 800 kw._hr^f., 4 cts. per kw<rhr.; minimum charge 50 cts. 
and 25 cts. per month, lamp renewals are free, Electrical 
appliances and all other lamp rates same as above—Power 
service. Feter, increment rate: first 200 kWw-hrsf., 6 cts. 
per kw—hr., all over 600 kw._hr#., 3 cts. per kw^hr. min
imum charge 50 cts. per month. 
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Fallacy of Some Rate Schedules. 
Some rate schedules are so made as to create a discrim-

old 

ination among the customers. The schedule of the Ripon 
light and Water Company of Ripon Wisconsin is illustrative, 
consider, for example, a customer whose consumption for one 
month is 30 kw.—hr. His hill at 16 cts. per kw-hr. amounts 
to $4.80. Upon this he has a discount of 10 per cent. This 
deduction leaves a net hill of $4.32. Another consumer 
whose monthly consumption is 33.75 kw-hr has a hill of $5.40 
An allowance of 20 per cent discount reduces this hill to 
a net value of $4.32. These two customers total monthly 
charge is alike even though one uses 3.75 kw-hr$ more energy 
than the other. The Public Service Commission of Wisconsin 
criticises this schedule: 5 W. R. C. R. 1910, 1, 28: "Such 
instances are of frequent occurence in practice and justly 
invite criticism. Discount provisions of this character 
have no place in a correct schedule of rates and must he 
eliminated.11 

Criticism upon such a schedule is no doubt in order 
from the point of view of the uninformed public. To the 
public mind such a discrimination seems entirely wrong, but 
as a matter of fact, if all the circumstances surrounding 
these two customers were known the discrimination might be 
entirely just. However, any electric light company having 
apparent discriminations in its schedules will meet with 
more or less disfavor with its customers and will no doubt 
meet with considerable litigation. As it has been said, 
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the discrimination may be just from the companyfs point of 
view. If the 30 kw.-hr. customer had a higher demand than 
the 33.75 kw hr customer hut used his demand on a shorter 
period of time then, as it has been pointed out before, the 
latter customer should enjoy a smaller price per unit of 
consumption. So the criticism upon this company should not 
be made upon a basis of discrimination for the discrimina
tion may be just. The company should however, be criticized 
on its method of discrimination. With its present method, 
the long-hour consumer may just as easily be discriminated 
against as the short-hour consumer with his large demand. 

Hartford Flat-Rate System. 
In order to facilitate bookkeeping and reduce operat

ing expenses by dispensing with house meters and labor for 
reading the meters, Hartford and a few other cities in Am
erica have adopted a flat-rate system of charge. The Hart
ford Electric Light Company adopted a low voltage system on 
its existing circuit by using a so-called "economy coil2 
with 112 volt primaries and four 28 volt secondaries. This 
voltage was so low as to render a lot of commercial heating 
and cooking apparatus useless. The company ascertained 
that most of the apparatus could be made for 60 volts and 
so a change to 60 volts on the secondaries was made. This 
was done by using a three wire system on the economy coils 
with a voltage of 60-120 volts on the secondary and 120-
240 volts on the primary* 
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For this residential business a flat-rate was made at 
the outset. The original propostion was a charge of 10 
cents per lamp per month for service supplied to 10 cand
le-power low voltage lamps; 15 ceAts per lamp per month fox 
20 candle-power low voltage tungstens and 25 cents per lamp 
per month for 30 candle-power low voltage lamps. The price 
installation of lamps is furnished the customer at 20 cents 
each for all sizes. Renewals of all sizes are charged 10 
cents each. The installation of the economy coil and wir
ing is done free. The customer has the choice of a meter 
service in case he wishes the latter. 

The company also had a flat rate system for high volt
age lamps. The charge was 35 cents per month per lamp for 
25 candle-power hi/jh voltage lamps. 'Vhen the 40 watt tung
sten lamp came upon the market the customer would buy it 
and screw it in the place of the 25 watt lamp without any 
notification to the company. This practice necessitated an 
adoption on the part of the company of a current-limiting 
controller or excess indicator. 

The company has had great success with this system of 
charging.less• than 5 per cent of the new houses in Hartford 
remain unwired. Under this system the company is insured a 
revenue of $120 ner year per kilowatt of maximum demand at 
the customer's premises. The customer, on the other hand, 
is not restricted as to the kilowatt hours he uses. As he 
is practically obliged to use tengsten lamps in order not 
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to go "beyond the maximum demand controller, he will be care
ful not to waste the use of electricity in order to save the 
life of his lamp. Small consumers will voluntarily sign a 
new form of contract and agree to pay the company as high 
an annual amount which they may refuse todo on a metered 
service basis. The reason for this is due to the eagerness 
of the average person to escape the fear of running up large 
bills on a meter basis, and to his desire to know in cidvance 
exactly what his electric light service will cost. 
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Chapter XI. 
"Public Service Commissions. 

In the present stage of the development of society, 
two kinds of buuinens enterprises are in existence: private 
and public. Some enterprises fall into both of these clas-
es and are known as quasi-public enterprises. The electric 
utility falls under this class. For the most part it is 

e 
privately owned but doing a purly public business or calling, 

A 

Fifty years a^o economists and lawyers of America regarded 
that any re:nun|oration that a public service corporation 
could gain was legitimate regardless of competition or mon
opoly. They considered it an economic undertaking which 
would work its own way according to laws of economics. Eng
land realized as early as in 1844 that public service corp
orations have peculiar distinctions and should be regarded 
differently from ordinary private enterprises or industries. 
James Morrison in a speech to Parliament in 1844 exclaimed 
that railroads would be a quasi-public monoply and that par
allel roads would be a waste and that their rates should be 
managed by government regulation. As a result of this 
speech a commission was appointed in 1846 to consist of five 
members whose duty was to perform a function too complex and 
intricate for five angels to handle. Hot until in 1887 did 
the United States attempt any legislative action of this 
kind. Such action is illustrated in the passage of the 
Interstate Commerce Act. This act has been more or less of 
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an experiment and it may be said that it is still in that 
stage. The act will have to he amended from time to time in 
order to meet the desires of the people as their knowledge of 
economic conditions change with broadened experience. The 
modern conclusion is that freedom can he allowed only where 
conditions of virtual competition prevail, for in conditions 
of virtual monopoly, without stern restriction, there is al
ways great mischief. There is nov/ almost general assent to 
state control of the public service corporations since it 
is recognized that the special situation requires a special 
law. As a result public service commissions are in exist
ence in 42 states in the union. Of these 17 govern not on
ly railroads hut all other public utilities; railroads, gas 
plants, waterworks, electric utility, telephones telegraphs, 
express companies and pipe lines. 

In the remodeling of economic situations, two classes 
of people are discovered: radicals and conservatives. With 
regard to public utilities the radicals advocate government 
ownership and control of public utilities whereas the con-
servatists advocate private ownership but government reg
ulation. The latter method of handling public utilities is 
in operation now. Massachusetts was the first commonwealth 
to establish a public service commission. In 1869 it cre
ated a Railroad Commission which had jurisdiction over rail
roads. Hot until 1907 were any commissions created which 
had jurisdiction over other utilities. 
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In the following table is given the list of public 
service commissions in the United States. These commissions 
having the year in which they were created given have jur
isdiction over other public utilities besides railroads. 
Massachusetts Highway Commission was created in 1893, but it 
supervision over telephone companies dates from 1906. The 
Railroad Commission of Wisconsin was created in 1905, but 
the act giving the commission control over other public ut
ilities was passed in 1907. The Georgia Railroad Commission 
was established in 1879, but the act extending its control 
to other public service corporations was passed in 1907 
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RAILROAD AND PUBLIC SERVICE COMMISSIONS 

The commissions with the "year created" given have juris
diction over other public utilities besides railroads. 

STATE NAME OP COMMISSION ADDRESS 
United States Interstate Commerce Coramission--¥ashington>D.C 
Alabama -Railroad Commission of Alabama--Montgomery 
Arisona Corporation Commission • Phoenix 
Arkansas Railroad Commission of Arkansas-Little Rock 
California Railroad Commission of the San Francisco 

State of California 
Colorado State Railroad Commission ~-—Denver 

of Colorado 
Connecticut-- Public Utility Commission—-- Hartford 
Florida Railroad Commission of the —-Tallahasse 

State of Florida 
Georgia --Railroad Commission of Georgia—Atlanta 
Illinois -Railroad and Warehouse Com Springfield 

mission 
Indiana Railroad Commission of Indiana—Indianapolis 
Iowa Board of Railroad Commission Des Moines 
Kansas Public Utilities Commission Topeka 
Kentucky Railroad Commission Frankfort 
Louisiana Railroad Commission of -Baton Rouge 

Louisiana 
Maine- Board of Railroad Commission Augusta 
Maryland -- -—Public Service Commission Baltimore 
Massachusetts Board of Gas and Electric Boston 

Light Commission 
Board of Railroad Commission Boston 
Massachusetts Highway Boston 
Commission 

Michigan Michigan Railroad Commission- Lansing 
Minnesota Railroad and Warehouse Com St. Paul 

mission 
Mississippi Mississippi Railroad Commission-Jackson 
Missouri- Board of Railroad and Warehouse—Jefferson City 

Commission 
Public Service Commission Jefferson City 
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YEAR NUMBER MA1UIEE OE TERMS OE SALARIES B01ID 
CHEATED OE COMMIS) SELECTION OEEICE III OE OE 

SIONEES YEARS TO/TRERS ICEfflER 
1886 ~ --Seven— —Appointed -Seven— —$10 000 

—Three— —Elected -Eo ur — 3 000.-
3 500' 

«• — «•— — — — — —Three--—Elected -Six • -• — 3 000 
—Three----Elected -Two — 2 500 

1911 -----—Eive --Appointed -Six -- — 6 000 
—Three----Appointed -Six—-• — 4 000 

1911 - — — —Three— --Appointed -Six » 5 000 
—Three— —Elected -Eour— — 2 500 

Aug.22,1907 —Eive --Elected -Six — 2 500. Aug.22,1907 
4 000 

—Three— --Appointed -Two — 4 000 --Appointed 
6 0001—#20 000 

—Three— --Appointed -Eour— — 4 000— 10 000 
—Three----Elected -Three- — 2 200 

1911 —Three— —Appointed -Three- — 4 000-- 10 000 
M B M M M 1 • -— 1 —Three— --Elected •-Eour— -- 3 000 —Three— 

3 600-1 
—Three— --Elected -Six • -- 3 000 

• • - • M O W —Three— —Appointed -Three- _ _ • — 2 000 —Appointed 
2 500' 

1910 —Three— —Appointed -Six 5 000--—Appointed 
6 000' 

1885 —Three— —Appointed •-Three- --- 4 500--—Appointed 
5 000' 

1869 —Three--—Appointed— —Three-5 000-6 00O--
1906 —Three—Appointed— —Three- -• 4 000--—Appointed— 

5 000 
s-Three— —Appointed— •-Six • - • — -3 000 — 

—Three— •—Elected --Six --- 4 500-- 20 000 

—Three— —Elected --Eour— — 2 000 

•—Three— —Elected --Six 3 000— 20 000 

1913 •—Eive---•--Appointed— --Six - — 5 500 
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STATE NAME OE COMMISSION ADDRESS 
Montana Board of Railroad Commissioners Helena 

Of the State of Montana 
Nebraska Nebraska State Railway Commission—Lincoln 
Nevada Railroad Commission of Nevada 

Public Service Commission of Carson City 
Nevada 

New Hampshire—Public Service Commission --Concord 
New Jersey- Board of Public Utility Comrnis Trenton 

sioners 
New Mexico State Corporation Commission Santa Pe 
New York Public Service Commission New York 

First District 
Public Service Commission Albany 
Second District 

North Carolina-Corporation Commission Raleigh 
North Dakota Board of Railroad Commissioners Bismark 

of North Dakota 
Ohio ----Public Service Commission of Ohio—Columbus 
Oklahoma- Corporation Commission Oklahoma City 
Oregon— Railroad Commission of Oregon Salem 
Pennsylvania State Railroad Commission Harrisburg 
Rhode Island Public Utilities Commission Providence 
South Carolina-The Railroad Commission Columbia 
South Dakota Board of Railroad Commissioners of-Pierre 

South Dakota 
Tennessee Railroad Commission of the State 

of Tennessee Nashville 
Texas Railroad Commission of Texas Austin 
Vermont Public Service Commission Newport 
Virginia State Corporation Commission -Richmond 
Washington The Public Service Commission Olympia 

of Washington 
Wisconsin Railroad Commission of Wisconsin Madison 
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— - Three Elected Six #4 OOO 
Three Elected Six 3 000 

2 500*'-
1911 Three Appointed—Three—• 4 000 5 OOO1 

1911 Three Appoint ed—Six 3 000 
3 500' 

1910- Three Appointed--Six 7 500 
Three Elected Six 3 000-

June 6, 1907 Eive Appointed—Eive 15 000-

June 6 ,1907-Eive Appointed--Eive 15 000 
Three Elected Six 3 500 
Three Elected Two 2 000 $10 000 

1911 Three Appointed—Six 6 000 
July 16,1907-Three Elected Six 4 000 

Three Elected Eour 4 000 10 000 
Three Appointed—Eive 8 000— 
Three Appointed—Six 3 500-

4 000' 
Three Elected Six 1 900-

•Three Elected Six 1 500 
-Three Elected Six 2 000 20 000 

Three Elected-—Six 4 000-
Three Appointed—Six 1 700 

2 200' 
Three Appointed—Six 4 OOO4 

1911 Three Appointed—Six 5 000 20 000 
July 9,1907—Three Appointed—Six 5 000 
1. Salary of Chairman, President or Chief Commissioner, 
2. Salary of Second Associate Commissioner 
3. Salary of first Associate Commissioner. 
4. Minimum Authorized hy Constitution. 

YEAR NUMBER MANNER OE TERMS OE SALARIES BOND 
CREATED OE COMMIS- SELEC) OEEIGE IN OE OE 

SIONERS TION YEARS MEMBERS MEMBERS 
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The public service cornmission is to act as a mediator 
between the public and the public service corporation. The 
corporation needs to have its rights protected as well as 
the public. The public is of such a nature that it would 
demand a service at as low a rate as it can possibly obtain 
it regardless of what happens to the utility. The Commis
sion then should look after rates, service, meters, accounts 
competition, consolidation, inspection and valuation and 
periodic reports. 

Fair Rates. The public service commission is to see 
to it that all rates are reasonable. The basis for determ
ining a reasonable rate is the cost of service including a 
return upon the investment. Generally the commission fixed 
a maximum rate for any company to charge. For example the 
commission of the first District of New York specify that 
the maximum charge for electricity in the Borough of Man
hattan and of Bronx shall be 10 cents per kw-hr. The Com
mission further stipulates that no company shall charge more 
for electricity from one customer than it does from another 
under substantially similar circumstances. Also each com
pany must provide the commission with a schedule of its rates 
The company must also notify the commission thirty days in 
advance of any change of rates. 

Service. The commission must see to it that the public 
has reasonable and adequate service. A customer in a town 
of six hundred inhabitants could not expect to have electric 
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is as follows: 
1« Accuracy of meters 
2. Regulation of pressure 
3 . Efficiency of devices for utilizing electrical energy, 

Accuracy of meters. A consumer1 s consumption of en
ergy is measured by means of an electric meter known as a 
watt-hour meter* The consumption of electrical energy can
not "be precisely measured on account of unavoidable inac
curacies in electrical meters. A meter may have a fair de
gree of ac curacy when it is first installed, hut becomes 
inaccurate with use. As it becomes inaccurate it has a tend
ency to read slow. It is a rule rather than an exception 
that a meter reads slow as it becomes old. It is to the 
interest of the company to test its meters often. To do 
this, tJ e company must maintain a testing department equip
ped with standard meters. These standard meters may become 
inaccurate also and should therefore be compared with other 
standard meters provided by the government. A commercial 
meter is considered accurate by the Wisconsin Railroad Com
mission if the meter does not vary more than by 4 per cent 
on any load compared "rith a standard meter. This 4 per 
cent rule is also followed bv the Hew York Public Service 
Commission of the First District of Hew York. 

Electric meters are usually installed at such a capac
ity to meet the measurement of the demand of the customer. 



318 

If the customer should have a large connected load, a large 
meter may he installed, Targe meters may have a ligh degree 
of accuracy at its capacity load hut on small loads he very 
inaccurate. It may even not register at all if only one 
lamp is in use. It might require two or three lamps to 
cause the meter to register, A large amount of energy is 
then used without any registration and the company is the 
loser, ^eters are ordinarily provided with compensating 
coils so that they a»e on the r,oint of moving on no load 
and will therefore register when only one lamp is in use. 
Sometimes this compensation is overestimated and the meter 
registers on no load and the consumer is the loaer. The 
accuracy of a meter is therefore generally expressed at 
full load, half load, and light load. By the term light 
load 10 to 20 per cent of the rated full load capacity of 
the meter is understood. 

Rules for testing meters are given by the Wisconsin 
Railroad Commission. The following rules taken from this 
commission are self explanatory and need no further comment . 

Rule 14. No electric meter which registers upon "no
lo ad11 shall he placed in service or allowed to remain in ser
vice. 

Rule 15.--!ro electric meter shall he Placed in ser
vice or allowed to remain in service which has an error of 
registration in excess of four per cent on light loa,d, half 
load or full load. 
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Rule 16. Each electric service meter shall be tested 
and adjusted for accuracy at the time of its installation. 

Rule. 17. Each electric service neter shall be tested 
at least once each year; the test to be made by comparing 
the meter while connected in its place of service with suii>-
able standards, on light load, half load, and full load 
rate of operation. 

Rule 18. A complete record shall be kept of all tests 
made on electric meters. 

Rule 19. Each company supplying electrical energy 
shall provide itself with suitable equipment for the test
ing of meters, and shall employ such methods as are ap
proved by the Railroad Commission. 

Rule 20. Each corpany supplying electrical energy 
shall make a test of the accuracy of a meter upon request 
of a consumer, provided such consumer does not make reques 
for tests more freouently than once in six months. A re
port giving the results of such tests shall be made to the 
consumer, and a complete record of the same shall be kept 
on file in the office of the company. 

Rule 21. Upon formal application of any consumer to 
the Railroad Commission, a test shall be made upon the con
sumer^ meter by an inspector employed by the Railroad Com
mission, such test to be made as soon as practicable after 
the receipt of the application. Eor such test a fee of two 
dollars (#2.00) shall be paid by the consumer making applic
ation for the test if the meter is found to be slow or cor-



rect within the allowable limit, and by the company owning 
the meter if the meter is found to be fast beyond the allow
able limit. 

2. Regulation of pressure and control of service. The 
efficient use of devices for utilizing electrical energy 
depends to a great extent upon the voltage used. In some 
industries a constant sr.eed is demanded for efficient oper
ation. For example, a motor used for driving a textile mill 
must run at a constant speed if the mill shall do efficient 
and satisfactory work. In order for an incandesdent elec
tric lamp to be efficient and have an efficient life, its 
impressed voltage must not exceed a certain amount. If the 
voltage does become excessive the filament of the lamp att
ains such a temperature as to cause it to oxidize due to 

be 

certain active gases which might unavoidablyApresent in the 
bulb or felse actually evaporate and thereby decrease the 
size of the filament. If the temperature should become very 
excessive the filament may be destroyed due to evaporation 
and is known 4a being "'burnt out". Even if the voltage should 
become only moderately excessive and the occurrence of this 
moderately excessive voltage -should become frequent the fil
ament due to mechanical inaccuracies in construction would 
evaporate, in one place during the first explication of ex
cessive voltage and become thin at that point. When excess 
voltage is again applied the filament will become hotter in 
this place and evaporate more quickly thaizre. The process 
will continue until the lamp is actually destroyed. 
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If a company furnishes the lamps, it should choose a 
type of lamp of a certain voltage and then provide all its 
customers with lamps of that voltage or else some cus
tomers will hi;ve a dim light whereas others will have a 
bright light and a complaint on the part of the customers 
with the dim light will follow. The voltage to "be used upon 
the la.mps will depend upon the voltage of the lamps upon the 
market. Such voltages vary from 100 volts to 125 volts. A 
manufacturer of a lamp cannot predetermine the voltage upon 
his lamp hut determines it "by test after he has constructed 
the lamp. This limit in design of lamps accounts fcr the 
wide range of voltage upon lamps in the market. 

A lamp should not "be left in service until it is entire
ly used, up or destroyed by deterioration. Such a practice 
is inefficient. The Uoual practice is to use a lamp until 
it has 80 per cent of its original efficiency. The prac
tice of replacing lamps varys with different companies. Some 
companies require that a customer bring his worn out lamp to 
the office and exchange it for a new lamp. Other companies 
send out inspectors to the consumers to inspect the lamps 
and replace any that are needed. The usual life of a carbon 
lamp upon its normal voltage is 600 hours. Usually a lamp 
has three rated voltages, for example 106, 108, 110. Such 
rating means that if the rate of charge for energy is very a 

low, it would be good practice to use that lamp upon 106 
volts. The reason for this is that the efficiency of a 



322 

lamp increases "rith the voltage hut its life decreases. In 
the case of the la np it wi^ht he well to sacrifice effic
iency in order to increase the life of the lamp. If rates 
for energy were high then economy of operation may dictate 
that the life of t> e lam ? should he sacrificed for lamp ef
ficiency. This lamp would have a life of 600 hours upon 
108 volts. 

Complaints are generally n&de by the consumer for the 
fo 11 owing errors: 

1. Interruptions 
2. Unsuitable voltage 
3. Fluctuating voltage 
4. Operating lamps beyond their period of useful life 
5. Inadequacy of wiring in buildings. 
The following rules of the Wisconsin Railroad. Commis

sion apply to voltage regulations and. illumination service: 
Rule 22. Each company supplying electrical energy 

shall maintain a record of all interruptions of service up
on the entire system or major divisions of its system, and 
include in such record time, duration, and cause of inter
ruption. 

Rule 23. Each company supplying electrical energy on 
constant potential systems shall adopt ann maintain a stan
dard average value of voltage as measured at any consumer's 
cut-out, which shall remain constant from day to day, and 
vary during any one day by an amount not more than six per 

cent of the minimum value. 
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Rule 24. Each company supplying electrical energy for 
incandescent illumination shall adopt and maintain some 
method of procedure which will insure periodic inspection 
of incandescent lamps to which current is supplied and under 
which the company will render its consumers assistance in 
secureing incandescent lamps "best adapted to the operation 
of the system. Each company shall submit to the railroad 
Commission of Wisconsin the details of such method of pro
cedure as it may adopt. 

Rule 25. Each company supplying electrical energy for 
incandescent illumination shall specifically inform each of 
its consumers as to the conditions under which efficient ilk 
lurnin.ri.tin5 service may he secured from its system. 

Uniform Accounts. 
ITearly every Public Service Corporation has adopted 

systems of uniform accounts for public utilities of the same 
kind. The national Electric light Association created a 
Committee in 1906 for the purpose of investigation of uni
form accounts. This Committee has been doing some excellent 
work and has facilitated the task of keeping accounts for 
electric utilities. The Hew York Public Service Commission 
adopted a system of uniform accounts in 1909. The Inter
state Commerce Commission use the system of uniform accounts 
in the railroad utility. Some cf the reasons for uniform 
accounts are: 

1. That the Commission may be able to produce more 

http://lurnin.ri.tin5
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intelligible annual reports. If all utilities use this 
same system of accounting the work of the commission in col
lecting these accounts of the utilities and classifying 
them is greatly reduced. 

2. The comparison of operation of various utilities 
can he made more intelligently. One company may have a 
large operating expense in one item in which another comp
any has a low expense* A study of these two companies may 
reveal a method whereby the former company may improve its 
operation. 

3. A comparison of total revenues and operating ex
penses may form a basis for deciding upon reasonable rates 
to be charged by the utilities. However, reasonable rates 
should not be based upon such a comparison for one company 
may be operating under very different conditions from an
other. Such a comparison should only serve as an indica
tion of what a reasonable rate should be. 

Competition. 
Competition in commercial business is incentive to ef

ficient operation. Without competition a commercial enter
prise could, charge any price it desires for its output as 
long as there is a demand for that output. If on the other 
hand another like commercial enterprise is started and pro
duces the same output, competition immediately begins in the 
form of reduced prices. As prices are reduced and as own
ers have the desire to maintain their established net profits 



325 

an effort to cut down operating expenses or unit cost is be
gun. This effort results in maximum efficiency of operation 
and a finished product of higher quality. 

As competition has acted, as a stimulus for efficient 
operation in the commercial enterprise so it might he ex
pected to serve the same purpose with public—utility enter
prises. However such an effect of competition upon public 
utilities is disappointing. Competition among public-futil
ities is destructive. It is not only destructive but in
stead of being an economic advantage it proves to be an 
economic burden upon society as a whole. 

In the first place, the very nature of the enterprise 
is such that it will not bear competition. The enterprise 
is taken up with considerable risk from a financial point 
of view. These risks have been referred to under the consid
eration of a "fair return". The investment in a public ut
ility is of a speculative nature and should therefore be en
titled to a speculative return. If these returns were lim
ited by competition then the incentive for initiative in
vestment hy private interests would not be sufficient to 
bring about public utilities and society would be the loser. 
Even under a non-competitive operation, public utilities 
have ha,rdly ever yielded an excessive return . The returns 
ordinarily vary from 0 to 12 per cent. Many private compan
ies pay returns as high as 20 per cent. The attempt of 
some states to limit the returns upon investments in pub-
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lie utilities to 5 or 6 per cent seems to "be a questionable 
step. It is true that some public utilities are well es
tablished and a considerable degree of risk has been re
moved and yet a utility such as the electric one has not 
yet by any means readhed a limit in the way of development 
in the art. If returns upon the investment in a utility of 
that kind should be limited to that extent by legislative 
action, there is a jjossibility that private money, other
wise available for producing electric utilities, will be in
vested in other channels. A 6 per cent investment can be 
found in a much safer enterprise than that of an electric 
utility. 

In the next place, competition in public utilities is 
an economic burden upon society on account of the duplica
tion in investment. Suppose a city had two separate power 
plants represented by two separate and distinct companies. 
Each, of these companies would have distribution lines go
ing through the same streets and both companies would be 
clamoring for the same business. Two separate lines of dis
tribution would be doing the service that could easily be 
met by a single line. Each company would most likely have 
a power plant built of too large a capacity for its demand. 
Without competition it reouires the best human skill and 
effort to predetermine the size of a plant that will give 
adequate service in a given city. If in addition to the 
ordinary problem of design in a non-competitive field the 
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burden of the effect of competion were added, the chances 
are that each power plant would either be inadequate to 
meet the service or else be of a too high rated capacity . 
In the former case the public would be provided with a serv
ice that is inadequate and in the second place the fixed 
feharges would be abnormally high and either the public would 
have to pay unreasonably high rates or else the utility go 
into the hands cf the receivers and perhaps eventually be
come a total loss to the stockholders. In other words the 
stockholders property would be confiscated without a due 
process of law, an act which is contrary to the constitution 
of the United States. 

Consolidation 
Ordinarily the public is opposed to any movement to

ward consolidation. The term consolidation immediately 
calls to mind trusts and combinations in industry of which 
there has been considerable scandal. A combination or trust 
in any enterprise tends toward economic efficiency if only 
it is regulated so that the companies consolidated may not 
have an unregulated monopoly resulting in extortionate prices 
and the accumulation of wealth into the hands of a few. 
With consolidation it is possible to use the highest type of 
specialized labor and skill all of which goes toward effic
iency and economy. The reason for the flourishing progress 
of Egypt, Greece, and Rome in the early periods of history, 
was due to the transportation facilities that were afforded 
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by the Mediter&nean Sea so that the labor of the people as 
a whole could be divided. Instead of the agriculturist div
iding his talent to the efforts of making his shields, cloth 
and tanning his own leather, he devoted most of his talent to 
the production of grain and then traded this grain by means 
of transportation for his other necessities of human life. 
These necessaries of life were produced by other classes of 
men who had talents along that line. Thus this division 
of labor brought about by transportation facilities resulted 
in an economic benefit to society as a whole. 

A consolidation in some public utilities would bring 
about conditions so that a division of labor could, be real
ized and the public would enjoy the benefits brought about 
by specialized labor and skill along definite lines. Eor 
example in the smaller isolated plants or electrical util
ity a manager or superintendent has to look after th* whole 
concern from the ash pile to the switchboard. If on the 
other hand, these isolated plants were consolidated by hold
ing companies, men with specialized skill could be employed 
to look after the different p&rts of the consolidated plants 
such as stokers and ash handling apparatus, boiler opera
tion, feed water purification, feed water heaters and econ
omizers, condensing apparatus, generator operation, distrib
ution, meter testing and inspection, and the securing of new 
business. 

The advantages and disadvantages may be listed as fol-
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lows: 
Advantages* 

1* Division of labor among specialists resulting in 
better engineering, cheaper operation, more detailed account' 
ing and more scientific commercial development. 

2. A uniform policy under one head. 
3. The benefits of comparison and a friendly rivalry 

in the operation of the separate plants. 
4. Better attention to large and corporate affairs 

and the ability to get money for extensions and improve
ments by the sale of a security with a broad and ready mar
ket. 
Pi sadvantages: 

1. Lack of direct personal contact with the public, 
2. The necessity for more red tape. 
3. The natural prejudice of a town against a "For

eign" corporation, 
4. Chance for internal politics. 
5. Delay of getting quick action and. decision on 

matters where oftenjtirne is the deciding element. 
'With the exercise of the public Service Commissions, 

the public may have the benefits derived from non-compet
itive operation and consolidation the public utility need 
not be owned by the government hut can remain in the hands 
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of private ownership where it rightfully "belongs. 
Respectfully submitted ; 

Approved h y / ' / J 

Professor of Electrical Engineering 


