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CENTRAL STATION POWER IN COAL MINES

BY W. A. THOMAS

The increased activity of central station operators in develop-
ing markets for power makes this subject of considerable interest
to electrical engineers in general and particularly to the engineers
of this immediate locality. .

The casual observer is doubtless inclined to believe at first
thought that, with cheap fuel—particularly of the lower and
less salable grades—available at a coal mine, it could not be made
an attractive field for the sale of centgal station pbwer, partic-
ularly where the central stations are located in cities where real
estate and taxes are comparatively high. The error in such
judgment lies in the fact that the coal bin and ash pile are not
principal factors in the power problém, but are secondary, even
with transportation added to the fuel, to the items of interest
and depreciation on investment and load factor on the system.

The writer has not had opportunity to make a close study of
load and diversity factors and their relation to power costs, but
herein undoubtedly lies the key to the situation as affecting the
interest of the central station man and the possible purchaser
~f central station power for coal mine operation. It is well,
therefore, toinquire into the problems of the mining man and how
the central station can be of use in their solution.

The principal elements are cost of production, reliability of
operation and decreased investment. The primary operations
involved in the production of coal are undercutting, transport-
ing and hoisting. The secondary operations, as far as power re-
quirements are concerned, are ventilation, drainage or pumping,
operation of tipple and other outside machinery, and a ‘small
amount of lighting. Sometimes, however, the question of hoist-

1
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ing is eliminated where drift entries occur, and on the other hand
the pumping sometimes becomes one of the primary operations.

It is not the intention of this paper to discuss the relative
advantages of electric drive over and above other methods of
* operation, although as regards cutting, it is interesting to note
that the electric coal cutter is estimated as reducing the cost of pro-
duction of coal from 10 to 12 cents per ton. This operation is
one offering a very good load for power as it is fairly continuous
throughout the day hours up to 3 or 4 o’clock in the afternoon,
and very often forms a fairly desirable night load from 6 o’clock
until midnight. It is probable that a more universal electrifica-
tion of mines will show considerable increase in the use of power
for this purpose, as a great many mines which have animal haul-
age at the present time are using hand methods for undercutting
the coal. Statistics show that in one state alone, from 1905 to
1909, there was over 200 per cent increase in the number of
electric cutting machines in service, as against something like
30 per cent increase in the number of air cutting machines.

In connection with cutting operations, there are installations
where compressed air is in use and- will doubtless be perpetuated
owing to local conditions or the cost of the installation. It is
very probable that in installations of this kind low central station
rates for the supply of power will show economy in driving the
air compressors with electric motors. This is the practise of the
Berwind-White Coal Mining Company, which generates its own
power in a central stations

As regards the haulage problem, it is too well known that
electricity is superior to any other form of haulage for a discussion
of its merits in a paper of this kind. It is recognized that in
certain mines the danger of gas explosions is too great to intro-
duce an electric locomotive using trolley for collecting the current.
In this case, probably the safest form of mechanical haulage is
the compressed air locomotive and the compressor drive again
forms a possible market for electric power and makes an ex-
tremely desirable load.

The combined problems of cutting and hauling form the nu-
cleus around which an electric installation can be made, and while
it is proposed to discuss the question of installation costs a little
later, it should be noted that these two problems are usually
considered at one time in determining upon such improvements.
A number of factors enter into the question of such improvements
and where the older mines are not equipped with mechanical
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haulage, it is necessary in most cases to relay the track with
heavier rails to stand the weight of the locomotive, which must
necessarily be heavier than the cars in order to offer sufficient
drawbar pull to permit of bunching cars into trains and cut down
the labor attendant upon the old system.

The original installation for animal haulage in the older mines
is usually of narrow gage to permit of easier handling of the
cars, and the rails are usually light in weight, as the single
loaded cars were the heaviest burden which the tracks had to
bear. In most cases these older mines cannot be improved by
widening the gage, owing to the haulage roads being ** gobbed "’
up along the sides with waste rock and slate, a certain amount
of which is always present in normal mining operations.

After a mine has assumed commercial proportions with any
considerable development away from the entry or shaft, itis
seldom difficult to demonstrate the possible savings in the use of
electric haulage. In fact, it becomes imperative that some form
of mechanical haulage be employed, as the capacity of a gangway
is limited with animal haulage. In the state of Pennsylvania,
unquestionably 75 per cent of the coal is so handled, although
in some states it is as low as 45 per cent. These figures have ref-
erence to main haulage only and in many cases horses or mules
are used to collect the cars to sidings where electric, steam or
compressed air locomotives haul them to the point of delivery.
There is a large field for gathering locomotives to supplant the
animals for this purpose and considerable progress is being made
in this direction.

The question of pumping or drainage is oftentimes of great
importance, as this load is steady and often heavy. The use of
electricity for this operation in all kinds of mines is most advan-
tageous and in nearly all cases, pumping by electricity is much
more economical, more flexible and more reliable than steam or
compressed air. The use of hot steam pipes in a timbered shaft
or gangway is objectionable on account of the rapidity with which
it hastens the decay of the timbers.

In shaft mines the most serious problem in the application
of electricity is that of hoisting. There seems to be more or less
prejudice among coal mining men in this country against
the electric hoist, whereas in Europe the principal mines are
usually so equipped. Probably one of the most logical reasons
for this is a lack of knowledge of their operation, and back of that
is the fact that the coal in most American mines is so low in its
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commercial value that it is hard to justify the capitalization of
the electric hoist where it involves the building of a plant to sup-
ply power for the hoist, since the combined cost is necessarily more
than that of the boiler plant and steam hoist.

With central station energy available, however, we have a
different set of conditions and it is my belief that its introduction
will open up the hoisting proposition very rapidly. In the past,
one of the chief difficulties has been the necessity of converting to
direct current for hoisting purposes, but this is no longer true,
since the more complete development of the alternating-current
hoist motor with the necessary control. The use of straight al-
ternating-current hoist motors up to 500 h.p. capacity is now an
accomplished fact.

One important feature of the hoisting problem is the extremely
wide variation in the power demand and the influence of the
extreme hoisting peaks upon the transmission line, or the entire
station if it be a relatively small one. With large stations, how-
ever, the influence is relatively less and the use of motors up to
500 h.p. capacity does not prove so objectionable, although
sometimes it is found practical to equalize the load if the condi-
tions are such that peak loads are penalized. Various systems
have been devised to overcome this fluctuation, among which
are the storage battery in the case of the direct-current hoist
and the use of the reversing a-c.-d-c. motor-generator set and
storage battery in the case of the alternating-current hoist.
Investment and maintenance charges are very heavy in both of
these systems.

Another system used in connection with the use of alternating-
current hoist consists of a synchronous converter floating on
the line and connected across the direct-current end of the con-
verter is a shunt-wound motor, on which is mounted a flywheel
which acts in the capacity of a mechanical storage battery, op-
erating normally on weakened field and at maximum speed.
When the demand from the hoist and other loads combined ex-
ceeds a predetermined value, a line relay operates to strengthen
the flywheel motor field, bringing its counter e.m.f. up suffi-
ciently to feed back through the converter to supply the excess
demand for power. After the passing of the peak, the line relay
acts to weaken the motor field and restore energy to the flywheel.
This system is an improvement over the use of storage batteries,
particularly as to maintenance and efficiency. All of these
systems still involve the use of rheostatic control in one of its




1912] THOMAS: POWER IN COAL MINES 5

various forms and the maintenance and repairs of heavy con-
tacts on large hoists.

Probably the most promising equipment,sand the one now
being most universally installed, is known as the flywheel equal-
izer system. A complete equipment of this kind consists of a
direct-current shunt-wound motor driving the hoist and a motor-
generator set, the direct-current generator being connected to
the hoist motor and the alternating-current motor to the supply

[eva— ——
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Pi6. 1.—DI1AGRAM OF CONNECTIONS FOR EQUALIZER SYSTEM FOR
250-u.p. Hoist MoTor
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system. Coupled or connected to the motor-generator set is
a flywheel, the function of which is to give out energy when the
load on the generator exceeds the average value, and to absorb
energy when the load falls below the average.

The hoist motor is separately excited, the excitation not being
varied during the operation. The direct-current generator is
also separately excited, the armature voltage being controlled
by the field strength from full value in one direction down
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through zero to full value in the opposite direction. To reverse
the hoist motor, the field of the generator is reversed, the speed
of the hoist motor being practically in proportion to the direct-
current generator voltage and being controlled by varying the
field strength of the generator, with which any speed desired
may be obtained. If, when the motor is running, the field of the
generator is weakened so that its voltage falls below the counter
e.m.f. of the motor, the latter will act as a generator and return
energy to the motor-generator set which, if below full speed,
stores energy in the flywheel. This is used instead of a mechan-
ical brake to stop the hoist. It is also used in lowering the men
and materials into the mine by pumping back through the motor-
generator set to the line, if the energy so derived is sufficient
to drive the set slightly above synchronous speed.

In order to equalize the input to the equipment, means are
provided for automatically varying the speed of the set. 1In this
connection, a direct-current motor is sometimes used for driving
the set and the speed is then varied by regulating the motor field.
In a majority of cases, however, the alternating-current motor is
used and the speed is varied by regulating the resistance of the
alternating-current motor rotor circuit, wound rotor type of
motors being used for this purpose.

The regulator is arranged so as to introduce resistance into
the circuit when the demand reaches the predetermined value
and to keep on adding it as long as the demand stays above this
value until the flywheel set is slowed down to the practical limit
at which it will pay to use this stored energy, and in reverse
manner the regulator automatically cuts out the resistance when
the load drops and brings the flywheel set back up to normal
speed, restoring energy to the flywheel.

In order to provide for the excitation of the generator and hoist
motor, an exciter is usually coupled to the motor-generator set.
As the speed of the set is continually varying, a voltage regulator
is provided for keeping the voltage of the exciter cosistant.

For controlling the speed of the motor-generator set, an auto-
matic regulator is used and, as offered by at least one manufac-
turer, is of the liquid type. This type of regulator has a number
of advantages over the arrangement using magnetic switches
for cutting the resistance in and out of the rotor circuit, the
principal one being greater simplicity and better regulation.
One of the most notable installations of this type of hoist is now
being installed by the Cleveland Cliffs Iron Company in its
Michigan iron mines.
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This equipment covers two hoists, one of 500 h.p. for hoisting
ore, and one of 200 h.p. for hoisting men and lowering materials.
The operation of the regulator on this installation is very simple,
the three phases of the rotor winding being connected to three
stationary plates in separate earthenware pots. Above these
plates are the movable electrodes which are connected together.
The movement of these electrodes is controlled by an induction
motor, this motor being supplied with current through series
transformers in the line feeding the motor-generator set. The
current flowing in the motor is proportional to that in the main
line and the torque of the regulator motor varies as the square of
this current. The electrodes of the regulator are attached to an
arm coupled to the motor shaft and are counterweighted on the
other end of this arm beyond the motor shaft. Under normal
conditions the counterweight does not quite balance the weight
of the electrodes. At the full load current in the main line, the
torque of the regulator motor, which tends to separate the elec-
trodes, will be sufficient to bring the whole of the moving parts
to a state of equilibrium. Any increase in the current in the
main line will cause the torque on the regulator motor to increase
rapidly and the electrodes will be separated, thereby introducing
resistance into the rotor circuit, thus reducing the speed tendency
of the motor-generator set, with the result that the flywheel gives
up a portion of its stored energy. If the current in the main
line then drops below the value for which the regulator is set,
the electrodes will then come closer together and the speed of
the set will be increased and energy restored to the flywheel.
The regulator in this way tends to maintain the input to the
equipment at a constant value.

The electrodes are made of iron and the tank is filled with a
solution of carbonate of soda (common washing soda). In the
lower portion of the tank, cooling coils can be provided, through
which water can be circulated and excessive evaporation of the
solution is thereby obviated. The value for which the regulator
is set can readily be changed by altering the amount of counter-
weight, the addition of more weight reducing the current at
which the regulator will operate, as the torque required from the
motor will be correspondingly less.

The field controller for the direct-current generator is so ar-
ranged that the field circuit is never open and in this point in
particular the control is ideal. When the controller is in the
““ off ”’ position, the field is connected across the armature ter-
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minals in such a way as to oppose the residual magnetism and
any potential generated due to residual magnetism causes current
to flow in the field winding, which will tend to build up the field
in the opposite direction, thereby killing the residual field. The
advantage of this arrangement is that when the hoist is at rest
there will be no current flowing. Altogether this system prom-
ises much for the solution of the hoisting problem and the equal-
ization of a very intermittent load, so as to make it commercially
desirable for central station power supply.

Additional installations of this type of hoisting equipment
in this country are the Hecla Mining Company at Burke, Idaho;
the Calumet & Arizona Mining Company in Arizona; the Winona
Copper Company in Michigan, and some six or seven similar
installations in Mexico, notably those in the mines of the El Oro
Mining & Railway Co.

It is recognized that this development is most advantageous
where fuel costs are high, and consequently the principal in-
stallations yp to this time have been made in metal mines. This
solution of the heavy hoisting problem is nevertheless one of
promise and worthy of careful study as applied to coal mining.

In the complete electrification of existing mines having boilers
and steam hoists, a suggestion is now being investigated as to
the practicability of making such modifications in the steam
hoist as are necessary to operate it with compressed air, using
one of the boilers as a receiver, and if practical, a re-heater as
well, and installing an electrically driven air compressor of such
capacity as to work practically all of the time when steady hoist-
ing occurs, the boiler being used to store air while the hoist is
out of service, and to supply the excess demand over and above
the capacity of the compressor when hoisting. No definite con-
clusions have been reached as regards either the economy or
practicability of this suggestion but it offers a possible simple
solution of the perplexing question of what to do with a steam
hoist which is sometimes not readily convertible to electric drive.

The ventilation problemis in no way difficult, although we have
met with a great deal of prejudice against the use of motors for
this purpose as well, but convincing trials have brought mining
men to a general use of motors for this application. The Pitts-
burgh Coal Company is quoted as having established records
for continuity of service of electrically driven fans, better than
that obtained with steam engines. The load for this purpose is
an attractive application from a power standpoint, as the fan
is usually required both day and night.
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The other secondary operations are considerably varied but
comparatively simple in point of application, and combine to
make the mine load very attractive to the central station which
is so situated as to be able to serve this field. These problems
are greatly simplified if the installation is a new one, in which
there is no necessity of considering the adaptation of electric
drive to existing machinery, and in which we do not have to~con-
sider converting an old power house into a substation. The
principal market for power, however, for present consideration,
is the electrification of the existing mines, the new installations
being only incidental to the general situation.

The power consumption in the electrical operation of coal
mines varies widely with different local conditions and cannot
be accurately predetermined from general data, but requires care-
ful local study, as a wet mine which is not self-draining will re-
quire considerable power for pumping purposes, whereas a self-
draining mine with water level haulage will be relatively light
in its power consumption for both transportation and drainage.
‘The load they get is fairly uniform. In cases of a slope or shaft
hoist, additional power is required as against the drift entry.

A number of tests have been made which show as low as 1.22
kw-hr., and as high as 3} kw-hr. per ton of coal mined with
varying conditions. In some cases the service was mixed, using
both steam and electricity. In others, rope haulage with steam
engines was used. One or two specific cases are illustrated as con-
crete applications, with the corresponding results. As a general
proposition, it is estimated that the power requirements will
vary in plants operated entirely by electricity from 14 to 3}
kw-hr., depending upon the above-mentioned varying conditions,
and in the same mine, the requirements will vary with unusual
characteristics where a considerable amount of pumping is in-
volved.

MINE NO. 3

Slope-capacity—35,000 tons per month.
Output—15,000 * * .

One 10-h.p. fan Four 25-h.p. cutting machines.
Two 20-h.p. fans One 30-h.p. cutting machine.
One 20-h.p. pump One 7§-h.p. hoist

One 23%-h.p. pump One §-h.p. air compressor
Three 10-h.p. pumps One 5-h.p. shop motor.

Two 80-h.p. locomotives
Two 30-h.p. locomotives
Total—1074 h.p. continuous rating
250 h.p. intermittent rating
Mazximum demand =230 h.p.
1.22 kw-hr. per ton of coal
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COMBINED MINING AND COKING PLANT NO. 6
75 Ovens-capacity 5000 tons per month

One 100-kw. motor-generator set
One 100-h.p. alternating-current fan motor
One 15-h.p. direct-current pump motor
One 25-h.p. direct-current coke conveyor and loader
One  5-h.p. direct-current leveler rake
One 25-h.p. direct-current leveler ram
One 40-h.p. direct-current coke pusher
Two 35-h.p. direct-current locomotive motors
One 25-h.p. direct-current larry
Seven months operation 34,000 tons of coke, 110,000 kw-hr. or 3.2 kw-hr. per ton
of coke.

When we consider the vast tonnage of coal in the many local-
ities, we begin to appreciate the possibilities of a power market
for its production. Among the most prominent installations of
the character described are those on the lines of the West Penn
Railways Company in the Connellsville, Pa., district, with
which many of the local engineers are familiar. Thedistrict served
in this case involves some of the worst conditions to be met in the
way of drainage and hoisting. I feel safe in expressing the opin-
ion, however, that the installations have proved both profitable
to the power company and economical to the mining companies.

Considerable activity is evidenced at the present time in other
fields, notably the installation now being made in West Virginia
by the Appalachian Power Company, which is developing a
hydroelectric plant to furnish power in the Pocahontas coal fields.
The Pennsylvania Central Power Company, of Altoona, has re-
cently authorized the construction of something like 75 miles
(120 km.) of transmission line to cover the Cambria County field.

One extremely advantageous factor in considering this propo-
sition is the fact that with central station energy available, the
investment for the small mine is greatly reduced. An isolated
plant costing from $12,000 to $15,000 will in many cases be re-
quired where a $5,000 substation will do the work. In some cases
it has been found advantageous for the central station to put
in the substation machinery and operate it on a rental basis, or
sell power converted to low voltage or direct current at the bus-
bars. This is the extreme proposition where the mining com-
panies are not sufficiently capitalized to make the improvements
and is comparable with the practise of renting simple fixtures
to merchants for their lightning contracts, which has also proved
advantageous in many cases.

The distribution of the mine load is such as to prove most
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desirable, as the principal load comes on at, or slightly before,
7 o'clock in the morning and as a rule falls off to a low value
between 3 and 4 o’clock in the afternoon, at which time the
lighting load picks up during the winter months. It is true that

F1G6. 2—DaAY LoaADp oON 800-AMPERE MINE PLANT

in some cases a comparatively small load comes on again at
6 o’clock and carries through the peak lighting period, but is not
of such proportion as to seriously influence the station capacity.

The accompanying charts show the general character of the
load and while wide fluctuations occur, they will in the main

F1G6. 3.—DAY LoaAp oN 1092-AMPERE MINE PLANT

balance up fairly well where a considerable number of installa-
tions are centralized on one plant.

The question of power contracts calls forth considerable dis-
cussion and it is beginning to be recognized that in handling the
average mine operator, the same methods cannot always be em-
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.ployed as in handling the industrial plant or the local user of a
comparatively small amount of power. The mine operator
figures entirely on results and the mine superintendent has ever
in mind the cost per ton of producing coal. A serious mistake
has been made in one or two cases in putting forth too prom-
inently to the mine operator the value of the central station’s
readiness to serve. A careful analysis and line of reasoning will
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F16. 4.—EVENING LoAD oN 400-AMPERE MINE PLANT

doubtless bring the mine operator and central station man to-
gether, provided the mine operator realizes that he himself is
put to a considerable constant expense if his own plant is shut
down, and is not producing energy. Of this feature, however, he
often loses sight, owing to the fact that he has taken care of the
cost of the plant by an appropriation, and the interest and depreci-
ation are not charged up against the cost of coal.

00— N S S A S A S A 000
I I 1 I | | 1 11 |
FOR NIGHT RUN 1 GENERATOR USED
400 : : CAPACITY OF GENERATOR 848 AMP.
i : MOMENTARY PEAK == 270 AMP.=e 49,5 % OF CONTINUOUS CAP. 100
o ] 8 MINUTE '* 150 27.6% " "
AVERAGE LOAD 5 |7.4’ ' . "
= SRS S S s S S S ] I !
B IS U QR g S ) G d
r;_ i,
1 I 1
7P.M, bP. M.

Fi16. 5.—EVENING LoAD oN 600-AMPERE MINE PLANT

In talking about the readiness to serve, due consideration
should be given to this point and the operator will realize that
a certain amount of income is due the central station for the in-
vestment necessary to supply power at his demand. On the
other hand, the central station solicitor or contract agent should
figure carefully the approximate cost that the mine operator
must sustain in shutting down his own plant, and it can fairly
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easily be shown that the minimum charge involved, be it in the
form of minimum power consumption or a fixed rate per kilo-
watt per year, does not much more than offset the real expense
represented in the customer’s plant when it is standing idle.

A careful analysis of several typical small mining plants shows
the average working days per month to be from 15 to 20. It
shows the average load factor during an eight-hour day to be
slightBy over 50 per cent, based on a ratio of average consumption
to maximum peak of five minutes duration, and does not take
into account the actual capacity of the generators or the mo-
mentary swing of the ammeter as indicated in one of the accom-
panying charts.

Careful tests on four typical plants in Ohio show the following:

Average cost of power ....... 2.485 cents per kw-hr.
Cost for substation equipment,

lesssalvage ............ 0.124 “ wa «
Common cost for either source. . 0.7 “# @ @
Central station rate to balance

against presentcost ...... 1.661 “ @&« @
Average power consumption... 47,700 kw-hr.
Average kw-hr. per ton coal... 2.49

As previously inferred, with reference to the discussion of fixed
charges or minimum demand, the continuity of power service and
its use must be considered. Itisevident, therefore, that some form
of contract must be considered which will protect the central
station against the investment of building the lines and installing
sufficient machinery to take care of the maximum demands, if
the conditions become abnormal as regards shutting down for
a considerable length of time. As regards the relative merits
of a fixed charge per kilowatt per year as against a fixed rate per
kilowatt-hour with a minimum charge, there are points in favor
of both methods. Considering a fixed charge corresponding to
the substation capacity, an analysis shows that the approximate
cost per horse power installed in the case of the isolated station
where it is necessary to keep a fireman at the boiler plant, who
can also run the engines where electrical power is used for pump-
ing and other purposes, is approximately $1 per month, based
on the total horse power installed in the isolated plant. In es-
tablishing a corresponding rate to protect the central station
against shut-down, it therefore seems logical to place this at
approximately $1.25 per month per kilowatt of substation ca-
pacity. This is sometimes reckoned on the total continuous kilo-

’
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watt capacity of the station, but perhaps a more equitable ar-
rangement as compared with the central station demand is that
of taking a maximum five-minute peak or some other form of
record which will show a maximum demand of the substation.

In conjunction with this fixed rate of $1.25 per month per
kilowatt installed, a relatively lower price per kilowatt-hour
is established to protect against the maximum consumption when
power is used steadily. This rate, of course, must necessarily
vary with local conditions, cases having been known as low as
$ cent per kw-hr. in conjunction with the fixed charge of $1.25
per kilowatt installed.

In the case of the four Ohio plants, the average capacity was
250 kilowatts per station. The average cost per month, say at
1.5 cents per kw-hr., would be $715.50. To arrive at the same
result with a fixed charge of $1.25 per kilowatt per month, we
would have a fixed cost of $312.50 and a power rate of 0.846 cent
per kw-hr.

In studying the accompanying curves, it should be noted that
several of these installations served by one power house do not
represent nearly so high a kilowatt capacity installed in the
central station for this service as proves to be the case with the
isolated plant, as, for instance, it is shown that the maximum
demand in one or two of the cases does not reach the total station
capacity installed. AS$ a rough estimate we figure that the cen-
tral station capacity for the mine service will not exceed 45 per
cent of the total aggregate maximum peaks represented in the
various substations served.

A further careful analysis of the character of this load and the
fact that a considerable amount of profitable load can be picked
up in the small towns adjacent to the mining operations, makes
this a particularly attractive field for the supply of central station
power, even on the basis of reduced cost of operation to the mine
manager.

In the matter of reliability of service, the up-to-date central
station has shown results which the isolated station cannot often
meet in the way of continuity of service. A secondary considera-
tion which interests the mine operator is the reduction in the
number of men required with central station service. We feel
safe in predicting that the next five years will see a large per-
centage of our coal mines operated from public service central
station power.
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SOME NOTES ON ISOLATED PLANTS

BY PERCIVAL R. MOSES

It is perhaps necessary to offer some excuse for presenting to
the American Institute of Electrical Engineers some notes on
isolated plant design and operation. The general impression
is that designing an isolated plant is hardly to be dignified by the
term * engineering "’. The central station looms so large and
the cost of the large central plant so greatly surpasses the largest
isolated plant, in the general opinion, as to place questions of
design of such stations in a different class from the questions
entering into the design of an isolated plant.

Few realize that in reality the design of an isolated plant in-
volves the consideration of as many factors as the design of a
central station, and while it is true that there are no isolated
plants as large as the plants of the New York public service
corporations and similar companies, yet these plants are fre-
quently of many thousand horse power. In the aggregate the
isolated plants of a large city far exceed the total horse power
of the public utility companies. An engineering directory of the
isolated plants in the City of New York (Manhattan) lists a total
of 1700 isolated plants. The aggregate boiler horse power of the
isolated plants, according to this directory, amounted to over
929,000 h.p., and the aggregate engine h.p. to 669,855. The
boiler horse power of the largest central station in New York
is listed by the Public Service Commission at 109,000, so
the listed boiler horse power in private plants containing en-
gines is over eight times the horse power of the largest central
station.

If the list given in the engineering directory is substantially
correct, we have nearly a million horse power of boilers in

15
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operation in the isolated plants in the City of New York (Bor-
ough of Manhattan) alone. My estimate is based on the amount.
and cost of fuel used in about 50 buildings in New York City,
and the engineering pay roll in these buildings. I find that the
cost of fuel burned in these buildings varies from $10.00 to
$22.00 per boiler h.p. installed. The lower cost is for low-grade
fuel in a plant operated on a ten-hour basis, and the highest
cost for No. 1 buckwheat coal in an apartment hotel plant of
large size, operated twenty-four hours a day. The pay roll varies
from $9.00 to $16.00 per boiler h.p. installed. A conservative
estimate of the fuel and labor used in the isolated plants in the
Borough of Manhattan would be $28.50 per boiler h.p., and on
the basis of the list in the engineering directory this would indi-
cate a total expenditure for fuel and labor of over $28,000,000
per year, compared with a total of about $5,000,000 paid for fuel
and all the salaries and wages of the largest central station
company.

In 14 states of the Eastern Middle and Central groups there
were 5,923,302 horse power of boilers and 5,544,888 h.p. of en-
gines listed in isolated plants whereas the census reports for the
whole U. S. give 3,712,000 h.p. as the total central station
engine horse power.

In view of the magnitude of these figures, I believe that I am
justified in referring to the isolated plant problem as an ‘' engi-
neering "’ problem and one worth most careful study and con-
sideration.

PRESENT CONDITIONS OF ISOLATED PLANT DESIGN AND
OPERATION

The design of an isolated plant is seldom given the benefit of a
sufficient study of the facts. There has not been the wide inter-
change of data from small isolated plants; operating engineers
are usually too busy or too fearful to publish their results.
They regard central stations as an enemy ready to shut down
their plants, regardless of whether the rate obtained will pay a
profit or not. Whether they are justified in this attitude or not
is immaterial. The result has been to make it difficult to obtain
actual data on the performance of private plants, except in the
large mills and similar industrial establishments. Private plants
located in buildings adjoining each other use fuel of different
grades, one costing perhaps $5 a ton and the other $3. A recent
investigation of department stores revealed the fact that some
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of these stores are burning low-grade fuel costing less than $2
per ton, others are burning No. 2 buckwheat at a cost of $3.25
per ton, and still others are burning pea coal costing $4.10; and
one store is burning egg coal, costing in the neighborhood of $6
per ton. It has been equally difficult to get accurate records of
loads. Few plants keep regular logs; there are many trust-
worthy exceptions; and the lack, until recently, of accurate and
simple means of measuring the feed water supply to the boiler
and the steam delivered, made it practically impossible to obtain
continuous records of boiler performance. These conditions
were recognized many years ago by the author, and in the plants
with which he has had to do, he has endeavored to have regular
logs kept, from which reliable data could be obtained on which
to base design of subsequent similar plants. A number of load
curves from typical buildings derived from such data sheets—
log sheets—will be presented a little later, with the hope
they may be of use to others designing plants for similar
buildings.

Isolated plants vary from a simple plant, consisting of a boiler
and an engine, or simpler still, of an oil engine or waterwheel,
to the complex equipment of a modern hotel, department store,
sugar mill or chocolate factory, containing boilers, gas pro-
ducers, engines, dynamos, switchboard, motors, refrigerating
machinery, heating, evaporating and concentrating apparatus,
pumps, elevators, ventilating fans, etc. Perhaps the most per-
fect example of an isolated plant is the modern transatlantic
1000-foot liner with boiler horse power equaling the horse power
of the largest central station, but with the additional complica-
tion of moving the ship and its parts. .

The isolated plant, properly speaking, is a central plant for the
supply of all the heat, light and power requirements of a building,
while the usual central station is a central station for the supply
of an isolated product.

In discussing isolated plant design it is impossible to confine
the investigation to the electric plant alone. It is important to
realize fully that the manufacture of electricity is only a small
part of the work of the isolated plant. It is one of the processes
going on in a building, just the same as refrigeration, heating and
the moving of the passengers. The parts are interlinked and
interdependent, and with the increase in size and complexity of
the modern building and the consolidation of adjoining buildings,
this interdependency and interaction becomes more and more
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important. To emphasize this point, a few of the ways in which
the design of each part affects the other, may be noted:

The heating design affects the structural engineering, power
plant design, character of the electric lighting used, type of
pumps, type of ventilating apparatus.
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D1AGRAMS SHOWING THE EFFECT OF DIFFERENT Basic CONDITIONS ON
ISOLATED PLANT DESIGN

The electric supply affects the power plant design, the heating
system design, the electric lighting design, the refrigeration
plant, pumping apparatus, manufacturing equipment.
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The refrigerating plant affects the design of the water supply,
design of the power plant, both as to size and type of apparatus,
pumping plant and ventilating equipment.

The type and design of elevator machinery affects the struc-
tural design, and the design of engines, dynamos and storage
battery. Although these are not strictly germane to the discus-
sion of the isolated plant, it may be noted that the sprinkler
equipment and the plumbing lay-out are also affected by all the
items above mentioned.

The diagrammatic representations shown herewith indicate
the effects of different basic conditions on plant design.

A fair example of the interdependence and interaction of the
modern plant is a new building on Fifth Avenue. It is dis-
tinctly a typical office and loft building and contains offices
on the upper floors, lofts for show, and sales rooms on the middle
stories; and the first four floors are occupied by the owners as a
retail store for ladies’ wear. The building (173 by 90 ft.,
52.7 by 27.4 m.) is 11 stories high and contains basement and a
partial sub-basement for the plant.

The various factors that enter in the design of this isolated

plant are the following:

(1) Heat must be supplied to keep the building warm and also to warm
the air supplied for ventilation.

(2) Basement, first floor and sub-basement have to be very completely
ventilated, and as no radiators are permitted on the first floor,
the ventilation and heating for this floor are combined. It is
particularly important that the air supplied shall be clean and free
from dust.

() The building must be equipped with sprinklers, and a complete sys-
tem of fire protection provided.

(4) Water must be pumped and supplied to all toilet rooms, offices, to a
number of other locations, as well as to fire standpipes and sprinkler
equipment.

(5) Passengers must be carried to and from the various offices and lofts,
and a special service of a different class must be furnished for the
store’s customers.

(6) A fur storage room, 50 by 60 ft. (15 by 18 m.) and 13 ft. (4 m.) high,
must be kept at from 20 to 26 deg. fahr. by the circulation of dry
refrigerated air. Piltered and refrigerated drinking water is to
be provided at a number of points on each floor.

(7) Electricity must be supplied for lighting large spaces and for localized
illumination. Electricity must also be furnished to a number of fan
and sewing-machine motors, pressing irons and cutters, as well as
to the large motors operating the pumps and elevators.
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(8) Compressed air must be supplied for elevator door operation, and the
air must be exhausted for operating cash system carriers and for
vacuum cleaning.

(9) The space below general sewer level must be drained and the drainage
discharged into the sewers.

The above nine important functions are to be performed in this
modern building. How do they affect each other?

A calculation of the losses through walls, windows and ex-
hausted air shows that the heating of the building does not re-
quire as much steam as the required electric plant will give.
This indicates, if any electric plant is installed, the necessity
of using efficient engines for driving the dynamaos; also the use of
high-efficiency tungsten lighting when not otherwise objection-
able, and the use of electric pumps because of their greater
efficiency.

The excess of exhaust steam available also points to the use of
a vacuum heating system to keep the back pressure on the elec-
tric plant to a minimum.

The effect of the heating design on the ventilating equipment
is self-evident, but it is perhaps well to note that the excess of
exhaust available points to electric drive for the ventilating fans.

The source of electric supply largely determines the character of
the heating system. If the supply of electricity is to be obtained
from a central station, a back pressure on the steam heating
system would not be objectionable, in fact a steam heating
pressure variable at will is advisable; electric pumps and electric-
driven ventilating fans are not advisable during the heating
season, but high-efficiency lighting becomes even more nec-
essary than before. The refrigerating plant should be steam-
driven and probably of the compression type in order to give
exhaust steam, while if electricity is made on the premises,
the exhaust steam available points to an exhaust-steam-
operated absorption refrigerating plant.

Motors will be planned largely for group drive with a plant and
for individual drive with purchased electricity.

The refrigeration design has a most important effect on the
design of the water supply, as on the size and type of the re-
frigerating plant will depend the arrangement of water piping,
the amount of storage capacity, the method of automatic pump
governing and quite possibly the system of water supply risers
throughout the building and the decision as to whether it will
prove advisable or not to install a well.
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The refrigerating design will affect the power plant piping
design because of the use in the retort or generator of steam at a
higher back-pressure than that carried on the main parts of
the plant.

The design of the ventilating equipment will be affected even
if cooling of the rooms is not directly planned, because the water
used on the refrigerating plant will probably be partly used for
air cleansing and cooling in the ventilating plant.

This interdependence of parts could be followed out through
all the list, but sufficient has been given to show its extent.

EFFECT OF INTERDEPENDENCE ON GENERAL DESIGN

The close reaction of one factor on another points to two main
features frequently neglected in design:

1. Compactness.

2. Simplicity.

If posmble, I would place all of the machinery, except the
boilers, in one room.

The cross connections between the component parts of the
plant make it very advisable that they should be close together,
both because of the initial cost and because of the decreased
cost of upkeep due to less lengths of pipe, fewer joints, reduced
condensation, etc.

As the whole equipment is interacting, it should be under
the direct observation of the engineer, and all parts should be
clearly in view and not placed off in separate little spaces where
leaks and bad performance will not be noticed. Separate
pump rooms have been advocated, because pumps always leak.

The unavoidable complexity of the modern heating, lighting,
refrigerating, vacuum pumping and elevator equipment makes
the utmost simplicity in design necessary.

I do not mean to neglect safeguards, but the excessive duphca-
tion of piping and valving to prevent some possible mishap
often results in the trouble it is designed to prevent, as the
valves and the mains begin to leak through cross expansion
strains and neithér line can be shut off. Complication of engine
valves, cylinders and receivers with a view to decreased steam
consumption ofteri wastes more in labor cost than is saved in
steam consumption. The possibilities of steam turbine applica-
tions to isolated plants, notwithstanding a lower steam effi-
ciency, lie wholly in their simplicity of operation.

Compactness and simplicity are of the greatest importance,
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and one might add reliability. I do not minimize the impor-
tance of steam or electrical efficiency.

In this discussion I am treating more of the design of the
whole plant than of any one part. To obtain over-all efficiency
of operation the problem must be considered as a whole. An
efficient and high-grade heating equipment with equally efficient
and high-grade electrical refrigerating and elevator plants may
be put together and form a most inefficient isolated plant; and
vice versa, a poorly planned extravagant electrical system may
not affect the over-all efficiency perceptibly if the heating and
refrigerating plants absorb all the waste energy.

As an example of the first proposition, I will cite an office
building in New York in which every part was of the very highest
standard — high-efficiency elevators, steam appliances in a
restaurant of the best type, a corliss valve steam-driven re-
frigerating and ice-making plant, a most complete and efficient
electrically driven ventilating system, a most modern water-
tube high-pressure boiler and a nearly perfect system of electric
installation, but the cost of heat, light, ventilation, power and
elevator operation was over double the cost in a similar build-
ing, with apparatus much less costly and refined.

The reasons were clear: a high-pressure steam plant with
night and day force was required for the refrigerating plant
and kitchen steam, so that the operation of an electric plant
would have added little to the labor cost, but electricity was
purchased, and as this purchased electricity was used to drive
the fans of the ventilation system, two things resulted. The
electric bill was increased and the steam for heating the air
required for ventilation had to be obtained from the boilers.
If the fans had been steam-driven and the exhaust from the
steam engines been used to heat the air, the electric bill would
have been reduced by several thousand dollars and the cost
of steam would have been no greater during the heating season
when the fans are mainly used.

The water from the refrigerating plant was originally wasted,
because the plumber had nothing to do with'the refrigerating
plant and laid out a perfect system of plumbing, regardless of
the other parts.

The elevators were electric and were operated by purchased
electricity, and live steam direct from the boilers was used for
heating, whereas it might just as well have operated engine and
dynamos first and then made power for the elevators.
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This installation has since been changed by the addition of a
private electric generating plant.. The use of electric-driven
ventilating fans and pumps is now entirely correct, because the
electric plant gives sufficient exhaust steam for all the heating.
The water from the refrigerating plant is saved as far as possible,
and it is the intention to install an air washer, through which
the excess condenser water will be recirculated, cooling the air
and the water at the same time by evaporation. It is of interest
to note, in passing, that a gross saving of over $1,000 a month
has been obtained since the plant installation. This includes
the profit from the sale of steam and electricity to an adjoining
building. Regarding the converse proposition that a ombina-

¢ tion of inefficient apparatus may result in efficiency, it is evident
that if the demand for low-temperature steam (250 deg. or less)
exceeds the supply available from the private generating plant,
even if the electric system is a 240-volt two-wire lighting plant
or some similar electricity waster, this loss of efficiency will not
affect the over-all economy of the plant materially. Such
conditions exist in sugar mills, dye houses, salt blocks, chocolate
factories, harness-blacking factories and the greater number of
those chemical factories that depend upon evaporation for their
product. In city buildings, other than factories, this condition
also frequently exists during a part of the year, but seldom during
the whole period.

FueL Usep FoR HEATING AND OTHER PURPOSES

I would like to give figures of pounds of steam used to heat
buildings of different types and sizes, but my facts come in
dollars and tons; and it is hoped that the discussion will bring
out other data.

I have not attempted to derive any formula from these figures.
The facts and conditions are given, and while each case will differ
from those given, the figures presented should allow an intelligent
engineer or owner to estimate closely the probable cost of supply-
ing steam to a building of one of the types given. I use the
figures myself and find my estimates prove closely correct.

COST OF PUEL AND LABOR POR HEATING IN TYPICAL BUILDINGS WITHOUT
PRIVATE ELECTRIC PLANTS
APARTMENT HoOusEes
No. 1.—100 by 100 ft. (30 by 30 m.) 7 stories and basement—21 apartments—one
elevator.
Steam for heating and hot water and pump. Fuel used, No. 1
buckwheat at $3.25 per ton.................c.uunn Fuel $1150 to $1250
Labor $1200 to $1320
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No. 2.—200 by 100 ft. (61 by 30 m.) irregular—S8 storles and b t—72 apar
two elevators.
Steam for heating and hot water, laundry dryers and pumping. Fuel

used costs $2.050 Per tOD.....cvuiiiiireinietiieraiinereeannn Fuel $2350

Labor $2276

No. 3.—200 by 92 ft. (61 by 28 m.)—11 stories and basement—block front—77 apart-
ments—elevators.

Steam for heating and hot water. Coal for heating. Coal for hot water
amounted to 300 tons in a year. Stoves for dryers. Fuel used, pea

No. 4.—(Corner)—100 by 100 ft. (30 by 30 m.)—12 stories.

Steam for heating, hot water dryers, refrigerating plant and pump.
Used 1050 tons No. 1 buckwheat..............ccccvvivenvnnne, Fuel $3700

I have no figures from hotels without private electric plants
larger than 50 by 100 ft. (15 by 30 m.), 12 stories. Almost all
such hotels in New York have their own plants. Those that
have not do not give out their figures.

HoteLs
No. 5.—Apartment hotel. 50 by 100 ft. (15 by 30 m.) 10 stories...... Fuel $2700

No. 6.—High class apartment hotel. 50 by 100 ft. (15 by 30 m.) and annex 25 by 100 ft.
(7.6 by 30 m.).—4 stories.

Labor $1920
OrrFicE BUILDINGS
No. 7.—100 by 100 ft. (30 by 30 m.)—12 stories—corner building.
Corner heating and some hot water..............cooiiiieininannnnn Fuel 81700
Labor $2500
No. 8.—Corner—offices—11 stories—86 by 1580 ft. (26 by 30 m.).
Heating, steam for kitchen and refrigerating plant. Steam for hot water

(28 hop. and UP)..eiuiieiiiitiniiiiitieatieassotnnasnananns Fuel $3564.65
Labor $3746.25

No. 9.—50 and 30 by 197 ft. (15 and 9 by 60 m.).
12 stories—protected on west........ sessrescsesecaterseranssannn Fuel $1047.50
Labor $2020.00
$30687.80

No. 10.—Offices.
Steam for heating. Plunger elevators. Pumping and hot water....Fuel $4383.35
’ Labor $5798.52

$10,181.87

No. 11.—Offices 45 by 85 ft. (13.7 by 25.9 m.)—16 stories—corner—three electric elevators.
Fuel $1,180

Labor § 810

$1.990
No. 12.—Loft building—50 by 100 ft. (15 by 30 m.)—12 stories, middle of block, protected.
PFuel $800
Labor $420
No. 13.—100 by 100 ft. (30 by 30 m.)—Salesrooms—12 stories. (Corner).
Fuel  $1,580.00
Labor $5.798.00
No. 14.—128 by 90 ft. (39 by 27 m.) and 173 by 90 ft. (52.7 by 27 m.)—Mail order house—
11 stories and basement.
Steam for heating hot water. 4 plunger elevator pumps and house
PUINIDS. .. oo it ttinee et tsnannseenesassstsaseeennaneensanas Fuel $4,621
Labor  $4,100
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No. 15.—75 by 185 ft. (22.8 by 56.3 m.)—12 stories and basement—middle of block but

exposed above lower floors..............ccciiiiiiii il e Fuel $1,280
Labor $713

No. 15 (a).—16 stories—123 by 143 ft. (37.4 by 43.5 m.) (Corner)..... Puel $2700
Labor § 960

DEPARTMENT STORES
No. 16.—207 by 100 ft. (63 by 30 m.) and 25 by 104 ft. (7.6 by 31.7 m.) and 90 by 75 ft.
(27 by 22.8 m.).
Steam for heating, refrigerating and pumps and hot water. Hydraulic

elevators. 7000 kw-hr...........ciiiiiiiiiainnianancnnernnns Puel $6,583

Labor $6,084

No. 17.—92 by 122 ft. (28 by 39 m.) and 253 by 184 ft. (77 by 56 m.)—7 and 10 stories.

yard ( ite) screenings and soft coal..........cvvivinarininns Fuel $5,967

Labor, $5,000

No. 18.—23,000 sq. ft. (2,137 sq. m.)—seven stories—six passenger and three freight

elevators (plunger type) No. 1 buckwheat anthracite............... Puel $4,000

Labor $5,000

No. 19.—200 by 200 ft. (61 by 61 m.)—8 story and basement.

Use No. 2 buckwheat coal.......cociveiiiiiinniiiiiarnronennnanas Fuel $5,231
Labor $4,056

No. 20.—Factory and loft building—two buildings about 12,000 sq. ft. (1,579 sq. m.) per

floor—6 stories and basement..........cccciiiiinniriicineareninans Fuel $1,100

Labor $938

Labor Costs. The figures given opposite labor for each building
are within 10 per cent of the actual pay roll.

Some owners engage. cheap engineers and firemen and take
a chance—others, more careful of their own property and their
tenants’ lives, have good engineers.

Several disastrous fires could not possibly have gotten the
headway they did, nor could such loss of life have occurred, if
an intelligent and highly organized power plant engineering
force had been on the premises.

Electric Loads. The electric load curves, showing the variation
in use of electricity in a number of differing buildings, offer
a fair basis for estimating probable requirements under similar
conditions.

There is a general tendency to overestimate the maximum
electric demand, due in great measure to the possibility of all
the lights being in use at one time or of all the elevators start-
ing at once.

Practically speaking, such conditions are not possible, and
experience enables us to determine in advance within 10 per cent
or 15 per cent what the maximum load will be for a stated size
and type of building.

It is for this purpose that the load curves are particularly
useful. Such load curves also aid in determining the probable
kilowatt-hour use per month or per year, but I find the most
convenient method is to compare buildings of similar size and
character. For this reason I give data on the quantities used
in buildings of various types and sizes.
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KILOWATT-HOUR CONSUMPTION OF ELECTRICITY IN BUILDINGS

LorFrs AND MANUFACTURING BUILDINGS

. 21.—185 by 200 ft. (56 by 61 m.)—12 stories, b and sub-b t, 464,084

kw-hr. All kinds of light manufacturing; 12 elevators; electric heating for manu-
facturing.

. 22.—100 by 100 ft. (30 by 30 m.)—12 stories and basement, 180,910 kw-hr., Corner.

Four elevators. Printers on top three floors. Holiday goods manufactured on
four floors.

. 23.—100 by 100 ft. (30 by 30 m.)—12 stories and basement, ventilating plant, 212,483

kw-hr. PFour elevators. Cloak and suit manufacturing. Middle of block.
24.—100 by 100 ft. (30 by 30 m.). 12 stories. Corner. Textile salesrooms; 180,000
kw-hr.

. 25.—75 by 185 ft. (22.8 by 56.3 m.). 12 stories and basement; 140,000 kw-hr. Four

elevators. Silk salesrooms and cloak manufacturing.

. 26.—44 by 100 ft. (13.4 by 30 m.). 12 stories and basement; 100,000 kw-hr. Two

elevators. Cloak and suit and other manufacturing.
28 (a)—123 by 143 ft. (37.4 by 43.5 m.) 16 stories—corner. No manufac-
turing. 240,000 kw-hr.

OFFICE BUILDINGS

27.—50 by 140 ft. (15 by 42.6 m.). 12 stories and basement; 143,320 kw-hr. Four
electric worm-gear elevators.

. 28.—85 by 150 ft. (26 by 45.7 m.). 11 stories and two basements. Restaurant on

first floor. Stores and sales lofts on three floors. Five elevators. 260,000 kw-hr.

. 29.—100 by 100 ft. (30 by 30 m.) 12 stories; 1 basement corner; 4 elevators; no restau-

rant. Radiator and vacuum cleaner store on first floor. 187,000 kw-hr.

. 30.—55 by 100 ft. (16.7 by 30 m.) 12 stories and newspaper offices; five high-speed

electric elevators. 600,000 kw-hr.

HoTtELs
. 31.—100 by 100 ft. (30 by 30 m.) 12 stories and 2 basements; three electric worm-gear
elevators; one sidewalk lift; 1 dry hinery; transient trade. 325,000 kw-hr.

(from ammeter record).

. 32.—50 by 200 ft. (15 by 60 m.) 12 stories and basement; no laundry; four electric

worm-gear elevators. (ammeter record.) 240,000 kw-hr.

. 33.—50 by 100 ft. (15 by 30 m.) 12 stories and b t; small ] dry; two electric

elevators; absorption ice machine; 100,000 kw-hr. (watt-hour meters).

APARTMENT Housks
34.—PFive houses covering block 500 by 100 ft. (152 by 30 m.); 6 stories and basement;
tenants pay for electricity; five electric elevators; small stores under one building;
moderate priced apartments. 125,000 kw-hr.

. 85.—200 by 100 ft. (60 by 30 m.) irregular; 8 stories and basement; two elevators;

steam pumps; 72 medium priced apartments. 85,000 kw-hr.

. 36.—200 by 92 ft. (60 by 28 m.) 11 stories and basement; four elevators; electric

pumps; 77 apartments; tenants pay for electricity. 100,000 kw-hr.(approx.)

. 37.—100 by 100 ft. (30 by 30 m.) 12 stories; corner; 3 elevators; tenants’ light included

in rent (48 apartments), 114,000 kw-hr.

. 38.-——200 by 100 ft. (60 by 30 m.) 12 stories and two basements, with annex 50 by 100 ft.

(18 by 30 m.) 8 stories and garage; tenants pay for electricity; electric pumps half
year; lavish public lighting. 193,000 kw-hr.

DEPARTMENT STORES

. 39.—230 by 100 ft. (70 by 30 m.) (irregular); 7 stories and two basements; plunger

elevators; arc lighting for selling part; tungsten for other portions; steam-driven cash
blower fans and pumps and elevators. 600,000 kw-hr.

. 40.—92 by 122 ft. (28 by 37 m.) and 184 by 253 ft; 7 stories and 10 stories; tungsten

lighting; electric elevators; absorption ice machine and steam pump. (Lighting in-
adequate) 900,000 kw-hr.
41.—200 by 300 ft. (60 by 91 m.) 8 stories; one and half b ts; plunger ele-

vators; lighting excellent; service of highest grade cash blowers; electrically dnven
conveyers; electrically driven ventilating plant. Approximate kw-hr. 2,300,000.
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Loap Curves

The curves presented herewith are taken from hourly readings,
noted on regular log sheets, of which sample forms are repro-
duced from an office building, an apartment house and an in-
dustrial plant.

The readings are, in all cases, the nearest to the steady load
readable; that is, the engineer waits until the cessation of the
jump caused by an elevator or several elevators starting before
noting the current. Probably the readings usually include some
of the running current, because, while there are many periods
even in a busy building when the elevators are not draweing cur-
rent, these intervals are infrequent and hard to catch.

Discussion of Load Curves. Load curves 1 and 2 show the
variation in electric load in two apartment hotels. No. 1 is a
hotel catering mainly to high-class permanent residents, built
on a plot 50 by 200 ft. (15 by 61 m.)—12 stories and basement—
containing four electric elevators, 10-ton refrigerating and ice-
making plant, the usual kitchen steam-using appliances, but no
laundry. The hotel has 300 guest rooms and 200 baths, hence
the demand for hot water is an important factor. All the water
used is pumped to a tank above the roof. )

There are about 1000 outlets for lights and the total connected
capacity is about 100 kw., excluding elevator motors.

The elevator load, which is extremely variable, is equalized by
astorage battery. The hotel hashad its own plant for over seven
years, abandoning central station supply. The maximum load
occurs from six to eight o’clock p.m. and is about 100 kw. This
includes about 20 kw. charging current. The ratio of maximum
load to connected capacity is therefore 80 per cent.

This ratio is very high because the number of outlets in-
stalled is restricted to the minimum requirement consistent
with sufficient light.

Curve 2 shows the conditions in another hotel, a large, im-
posing structure covering a block front in New York City, which
is 17 stories above ground and two below, built on a plot ap-
proximately 210 by 205 ft. (64 by 62.4 m.). This building con-
tains housekeeping apartments, as well as the ordinary hotel
rooms, restaurant kitchen and laundry.

Refrigeration is supplied to the housekeeping apartments,
as well as to the kitchen and restaurant, and cooled drinking .
water is also circulated throughout the building.

The elevators (about 17) are all of the hydraulic plunger type,
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operated by compound and triple pumps. The ground floor
contains a number of handsome stores, brilliantly illuminated,
while the rest of this floor is given up to public rooms and
restaurant.
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CurveE 1—HoOTEL

The approximate connected capacity of lighting is 750 kw.
and the maximum load is 450 kw. from 6 to 8 p.m.

The ratio of maximum load to connected capacity is therefore
about 60 per cent.
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CURVE 2—APARTMENT HOTEL

In this hotel the electric plant seldom uses over 300 h.p. during
the day and 600 h.p. at night, whereas the boiler horse power
developed frequently exceeds 1000. )

The balance is made up of the steam supplied to elevator
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pumps, half a dozen other steam pumps, laundry, kitchen and
refrigerating plant.

During the cold weather the exhaust steam from all the ap-
paratus does not suffice to heat the building, and additional
boiler steam is needed.

It is not unusual in the building to burn 40 tons of fuelina
day, and 50 tons have been burned in extreme weather. This
latter consumption indicates an average of 1000 h.p. for the
whole 24 hours. During the cold season it is evident that the
electricity is really a by-product of the heating, in so far as the
fuel is concerned. A distributive test showed that the electric
plant used about seven-eighteenths of the total steam
supplied.

Curves 3, 4 and 5 show conditions in high-grade housekeeping
apartment houses. The three curves represent different condi-

tions.
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CURVE 3—APARTMENT HOUSE

Curve 3 is an apartment house in which electricity is supplied
free with rent. The refrigerating plant and pumps are steam-
driven. The building is twelve stories and basement, and the
apartments are large, 34 in all which rent from $3,000 to $4,000
per year. The building has its own electric and refrigerating
plant, electric elevators, but no storage battery.

The curve shows the steady load, and elevator fluctuations
are additional and reach as high as 30 kw. The connected
capacity, excluding elevators, is 100 kw. The ratio of maximum
load to connected capacity is 70 per cent.

Curve 4 is from an apartment house of the highest class, in
which electricity is sold to the tenants at the standard central
station rates, although made on the premises. The building
covers a block 200 by 100 ft. (61 by 30 m.), 12 stories and base-
ment, containing 48 apartments. The different character of
this load curve is largely due to the operating of an electrically
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driven 15-ton refrigerating machine. A large storage battery
acts as auxiliary to the electric plant, and at one o’clock every
morning the engines are stopped and the electricity is supplied
from the battery.
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CURVE 4—APARTMENT HOUSE

Curve 5 is an apartment house, two elevators, with 72 apart-
ments, which rent for about $280 to $300 per room per year.
The building covers a block and has 8 stories and basement.
The maximum load is 38 kw., exclusive of elevators, and the
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CURVE 5—APARTMENTS

connected capacity about 100 kw. The ratio of maximum load
to connected capacity is about 40 per cent.

Curve 6 shows the electric load variations in an apartment
house of the best grade. The apartments are of from five to
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fourteen rooms, renting at from $1,000 to $5,000 per year. They
have artificial cold storage, complete porter service and a vacuum
steam heating system among the ‘‘ modern improvements.”
There are seven electric elevators for eighty-seven apartments.

Electricity is made on the premises, but it is sold to the
tenants at the regular central station rates after being metered.

The connected capacity exclusive of elevators is over 200 kw.
and the maximum load is 75 kw. (The 82-kw. load on Octobet
20, 1908, was due to special decorative lighting.)

As this 75 kw. includes about 12 kw. battery charging current,
the ratio of maximum load to connected load is actually about
30 per cent. The effect of metering is clearly indicated if the
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CURVE 6—APARTMENT HOUSE

ratio of maximum load to connected load in Curve 3, 70 per cent,
is compared with this ratio of 30 per cent.

Curves 7 and 8 are maximum load curves in two department
stores in New York, catering to customers in moderate circum-
stances. The connected capacity was not obtainable, but from
installations in other department stores a ratio of 60 per cent
may be safely assumed as the ratio of maximum lighting load
to connected lighting capacity.

In so far as the power is concerned, the character of the service
is all-important. If the motors are connected to elevators, the
maximum sudden, momentary demand with four or more
elevators will not exceed one-half the sum of the rated starting

£
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currents, and where there is a ia.rge number of elevators, this
ratio will drop to one-third.

Curve 9 is a load curve of a large dry goods store, taken on
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CURVE 7—DEPARTMENT STORE

January 26 and May 16. The maximum load in December
reached 10,000 amperes at 110 volts or 1100 kw. The con-
nected capacity, excluding spare apparatus such as a second
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CURVE 8—DEPARTMENT STORE

motor for driving a reserve exhauster for cash system, was over
2000 kw., or omitting the motors, approximately 1600 kw.
The ratio of maximum lighting load to connected lighting
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load is in this store somewhat less than 60 per cent. Curves
11 and 12 are typical of loft buildings devoted to light manu-
facturing, such as shirtwaists, cloaks, suits, lingerie,etc. Curve
10 is from one of the oldest and best known of the modern
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CURVE 9—DEPARTMENT STORE

12-story buildings. It is 185 by 200 ft. (56 by 61 m.) and en-
closed on two sides, having twelve elevators, besides four side-
walk lifts.

The curves show the steady load, the fluctuation due to
elevator load being additional.
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CurvE 10—LorT BUILDING

Curve 11 is from a similar building on a corner 100 by 100 ft.
(30 by 30 m.) 12 stories, with four elevators.

Pour floors and the basement are occupied by the owners
of the building, and are used for the manufacture and display
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of holiday goods, picture postals, etc. The other floors are
leased, three to a printing firm. This firm’s use accounts for the
night load.

The connected capacity in these buildings is 251 kw. motors
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CURrVE 11—MANUFACTURING LoFT BuUILDING

plus 336 kw. elevator motors and 214 kw. plus 100 kw. elevator
motors respectively, and the ratio of maximum load and con-
nected capacity is 36 per cent for building No. 11 and 35 per cent
for building No. 12.

Curves 12 and 13 are from typical office buildings. Curve 12,
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CurveE 12—OFFICE BUILDING

taken January 27 and April 18, includes the electricity supplied
to a 12-story building 50 by 100 ft. (15 by 30 m.), abutting into
the south. (January 5 curve covers the original building only.)

This building contains five elevators and the abutting build-
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ing contains three. These are supplied through a storage battery
and the load curves include about 25 kw. of charging current.
The ground floor basement is occupied mainly by a restaurant
and a store. A very complete electric-driven ventilating
equipment is installed for both of these.
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CurviE 13—OFFICE BUILDING

Curve 13 is from another office building on a corner 100 by 100
ft. (30 by 30 m.) and has four elevators but no storage battery.
This load curve shows steady load as nearly as possible. The
connected capacities are 375 kw. and 212 kw. respectively, and
the ratios of maximum load to connected load are 44 per cent
and 26 per cent.
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CURVE 14—MERCANTILE BUILDING

Curve 14 is a typical load curve of a mail order house. The
elevators are hydraulic plunger type, so the curve shows the
electricity used for lighting and for the operation of sewing
machines, phonograph motors and other small motors.



38 MOSES: ISOLATED PLANTS {Jan. 12

The connected capacity of this installation is approximately
188 kw., and the ratio of maximum load to capacity is 32
per cent.
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CuURrRVE 15—SuGAr MiLL

Curves 15, 16 and 17 are industrial load curves.
No. 15 is from an immense sugar mill. No. 16 is from a
jute mill and No. 17 from a malleable iron foundry. (The last
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CurveE 16—JuTE MILL

represents only the load of a producer gas engine unit and
cannot be taken as the whole shop load. It is given here
merely for illustration.)
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Load Curve Characteristics. The electric load curves of the
hotels show a daily running load from 8 a.m. to 3 p.m. of from
one-quarter to one-third the maximum load, and a peak load
from dusk to midnight or 11 p.m. of from one-half to full maxi-
mum load, depending upon the season.

The apartment houses where electricity is paid for, show a
day load, deducting charging current, of from one-seventh to
one-eighth the maximum load, with the usual peak from dusk
to 11 p.m. of about # maximum load, except in summer when it
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CurveE 17—IroN FOUNDRY

falls to one-half. When light is included in the rent, the day
load varies from one-seventh to one-third the maximum, and
the peak load except in the summer is about three-quarters of
the maximum.

The department store shows a steady day load, from 9 a.m.
until 4 p.m. in the winter, and until closing time in the other
seasons, of about two-fifths the maximum load, and the night
lighting for cleaning, etc., varies from one-fifth to one-tenth
the maximum. :

The office building without restaurant has a day load of from
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one-third to two-fifths the maximum load, and there is no peak
except during the winter and fall months.

The office building with restaurant and ventilating fans has a
day load of about two-thirds the maximum, and the peak load
lasts about two hours.

The manufacturing loft building has a steady load except
during the noon hour of three-quarters to seven-eighths of the
maximum. The lesser load during the summer months in one
case is due to the stopping ‘of the printing plant. The peaks
seldom last longer than one hour.

The industrial plants have similar curves, i.e., steady load
with comparatively small peaks for about an hour.

With these load curves apd others, as a basis for design, the
division of the isolated plant into suitable units is not difficult,
if the probable tendency of the building can be gaged in advance.
In the following discussion, a unit is intended to mean an engine
dynamo, with its switchboard, piping and accessories.

For a hotel or apartment house a three-unit plant, each unit
having a capacity of half the maximum demand, will leave one
unit always in reserve; one will operate the equipment during
the light load periods, and the two during peak load, with good
over-all efficiency and perfect reliability. If electric elevators
are installed, a storage battery to equalize the fluctuations
while the dynamos are operating and to carry the small lighting
load from 1 a.m. until 6 p.m. while the dynamos are shut down
is a valuable and advisable adjunct, not only as an economizer
of fuel, but also to insure freedom from voltage variation.

In large plants like that of the hotel illustrated in Curve 2, it
may be advisable to make the plant a four-unit plant, two of the
units having each one-sixth the capacity required for the maxi-
mum demand. One of these operated after midnight will then
supply all the service. .

In the loft and manufacturing buildings, two large units, each
capable of carrying the full load, and one small. unit for after-
hour service, are advisable, unless the fixed charges on the extra
initial cost of the two large units over a three-unit plant with
each unit equal to one-half the maximum demand, more than
equals the saving obtainable by the operation of one unit
instead of two.

As the cost of the two-unit plant is usually at least one-quarter
more than the three-unit plant, this question requires careful
consideration, but simplification and space conditions point
a priori to the two-unit equipment.
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The same conditions hold with department store equipments,
but another factor of grave importance enters, viz., continuity of
operation.

Darkness in a department store during a busy seaspn might
cause a panic and would almost certainly mean loss, hence it is
advisable to have two units actually operating during all the
selling time, or at least during peak load period, so that if any-
thing should occur to prevent one machine from supplying light,
the other would bé immediately available. Hence it is customary
and advisable to have at least three large units and one small
one for late night service. 4

Office buildings of the ordinary type come under the same
grouping as the hotels and apartments. The peak is of much
shorter duration, and one of the units may be of less efficient
type than the two regularly operated engines, if the size of the
plant makes such a distinction advisable.

A storage battery is particularly advisable in most office
buildings that are equipped with electric elevators, because the
elevator load is a very large and sudden addition to the regular
running load, and even with the perfected modern mechanical
and electrical governors, some fluctuation in the lights is liable
to occur. Of more importance in this connection is the small
but necessary night lighting and the power required for a night
watchman’s elevator service, for both of which the storage
battery is admirably adapted.

For factories occupied by a single owner, a single-unit plant is
adopted in most instances, because of its simplicity and the
usual reliability of the slow-speed engines and dynamos ordi-
narily adopted for such installations. Such an equipment has
its serious drawbacks, particularly in starting a new plant, where
some unforeseen and hidden trouble in manufacture may cause
untold annoyance, if it develops after the regular running is
commenced.

If ample time can be had to test out the apparatus before-
hand, little trouble need be feared with a single unit where the
schedule of 10 or 11 hours a day is adhered to.

Power ProbpucTiON IN ISOLATED PLANTS

I have already pointed out the influence of the different factors
upon each other in the isolated plant. The choice of a prime
mover is necessarily governed by these factors.

If heating is a negligible matter, as it is in tropical countries
and in many manufacturing and industrial establishments, the
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choice of a prime mover is governed by the balance between
investment and efficiency.

The high-efficiency modern producer gas engine and the oil
engine by their simplicity and reliability offer many advantages
over the high-pressure steam plant, and where steam is not
used for other purposes to an extent proportioned to the power
requirements, the tendency is nightly, I think, toward this type
of plant.

Two producer gas engine plants recently installed have given
results fully equal to the guarantees, and a kilowatt-hour can be
and is regularly produced at the switchboard under regular
operating conditions for about two pounds of No. 1 buckwheat
anthracite or pea coal, and this in plants of a few hundred kilo-
watts capacity.

One of these plants, of 175 kw. capacity, of which the load
curve is given, is making current for 1.14 cents per kilowatt-
hour, including fixed charge on a power house, etc., for a
duplicate equipment. These are the owners’ figures and include
all charges.

The other plant, a 600-kw. plant divided into three units, is
using 1.75 pounds of pea coal per kw-hr. under regular working
conditions, including all fuel used for banking.

As the cost of the gas producer plant is no higher than that
of a high-efficiency steam plant, the relative merits under the
conditions outlined hardly need elaboration.

On the other hand, in another plant, belonging to the same
company for which the gas engine plant was installed, the steam
engine offered the correct solution for at least part of the plant,
because the electricity was practically a by-product of the con-
centration and evaporation of the sugar solutions.

In many instances a combined steam engine and producer gas
or oil engine plant offers the best solution, the steam plant being
installed to such extent only that its exhaust may be fully utilized.

With such equipments, with the exhaust gases from the gas
engine used to heat feed water from the boilers, an almost
ideal operating condition exists for at least part of the year.

I have investigated a number of isolated plants operated by
oil engines, and find particularly in the small plants that they
are giving remarkable service. The almost universal testimony
is to the absence of trouble and the reliability of the small sets.
With the larger units the heavy parts and the unfamiliarity of
the operators have given some trouble, but in general the results
are satisfactory.
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The necessity for steam boilers and the space conditions in
city buildings usually preclude any type of plant but steam
unless the building is planned from its inception for the gas
engine or oil engine equipment. As the engineer is frequently
not called in until the general plan is adopted and as space
beyond a certain amount is often extremely precious, the usual
isolated plant in city buildings in the East is a steam plant.

Costs oF MAkKING ELECTRICITY

Some kilowatt-hour costs in buildings follow. These costs
are derived by deducting from the total operating cost of the
building with an electric plant, the cost of operating without
an electric plant. This latter cost is either actual or estimated,
depending upon whether street service had been used prior to the
installation of the private plant or not. In each instance the
fact is stated. I do not go into particulars of each plant because
there have been many such figures printed. They are, however,
as closely correct as I can make them and are taken from the
regularly monthly plant reports.

Where the costs are given for different seasons, the variation
is due of course to the high cost of supplying heat and engineer’s
services, etc., during the winter and the relatively low cost of
these services during the summer.

The kilowatt-hour costs do not include fixed charges unles
otherwise stated. :

My reason for excluding fixed charges is that each case
presents a different condition. Money may be worth 25 per cent
to one man and 3 per cent to another. With the cost of making
electricity before him, each man can then decide if this cost is
sufficiently less than the central station charge to warrant the
investment.

KILOWATT-HOUR COSTS
Loft building.—100 by 100 ft. (30 by 30 m.) 12 stories and basement.

M(g. cost
Month Kw-hr. Total cost Basic cost Mfg. cost per kw-hr.
Aprl..............Ll 15080 756.81 300 456.81 $0.03
Jammary.....o.ol 18450 936.26 470 466.26 $0.0252
October.............ccovvunnn. 17810 884.76 300 484.76 $0.0328
Jyooooo 12060 680.26 200 480.26 $0.04
Cost of plant: $12,000. Pixed charges per kw-hr. approximately ic.
Loft building.—185 by 200 ft. (56 by 61 m.) 12 stories and two basements.
Mfg. cost
Month Kw-hr. Total cost Basic cost Mfg. cost per kw-hr.
1830.25 750 1080.25 $0.029
1841.82 950 891.82 $0.0212
1643.07 750 893.07 $0.0226
1543.04 650 893.04 $0.0281

Pixed charges: § cent per kw-hr. Plant cost, $20,000.
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A partment house: (free light); 36 apartments, high class refrigeration; best service.
. Mfg. cost
Month Kw-hr. Total cost Basic cost Mfg. cost per kw-hr.
April.......coiiiiiiiiiie 17450 1359.86 1016.85 343.01 $0.0197
January........coiiiiiiiinin 21620 1360.84 1052.29 308.55 $0.0142
October........ovovvvennenenns 13500 1208.67 900.75 307.92 $0.0228
July.eo oo 9350 1074.03 709.82 364.21 $0.0389

Apariment house: (Electricity sold to tenants) 87 apartments; high class refrigeration; best
service; large quantity public lighting.

Mfg. cost
Month Kw-hr. Total cost Basic cost Mfg. cost per kw-hr.
April ... ..o
January........oiiiiiiiiiiiaan 18154 2224.50 1749.18 475.29 $0.0261
October. . seessares 14885 1920.56 1507.34 413.22 $0.0278
July.ooooiiiiiiiiiiaa eeees 11254 1731.54 1226.66 504 .88 $0.045

These items are all higher than usual because last year the plant was completely over-
hauled, new plates installed in storage battery, new condenser for refrigerating plant, new
hot water tank, etc., all of which is charged off during ten months from date of expenditure.

Office building: 100 by 100 ft. (30 by 30 m.) 12 stories; tungsten lighting; four elevators.
Mfg. cost
Kw-hr. Total cost Basic cost Mfg. cost per kw-hr.
14600 738.15 365.62 372.53 $0.026
18310 714.39 458 .40 255.99 $0.0142
15060 669.69 355.03 314.66 $0.021
11590 693.17 250.00 443.17 $0.04

Office building: 140 by 70 ft. (42.6 by 21 m.) 10 stories.
Total kw-hr. 340,000 of which 88,817 were used mainly for driving an electric pump for
operating two high-speed plunger elevators. 255,788 kw-hr. for lighting.

TOtAl COBL PEr JEAI......uvurtieinenueroroneeeeisnsnseesansneonnnns $8,070
Basic cost (estimated)............cciiiiiiiiiiii i $3,200
Cost Of electricity. ..vveee v viee it eiiineieeiiiienenninnennen $4,870
Manufacturing cost per kw-hr.............ciiiiiiiiiiiiiieniaieens 1.43 cents

MANUFACTURING PLANTS
Locomotive Works—oil engines.

Total cost per kw-hr. on 225 h.p. set (including 0.223 cent for fixed

ChAIEES) . viiveeniiitinirieeniiineasecansessesanannanns 0.74 cent.
5300 hours a year at full load.
Shop time 6500 hours.
With load factor another year, after panic, of only 24%, cost per

kw-hr. was increased to............cciiiiiiiiiiiiiiinaaes 2 cents.

Malleable Iron Foundry: Producer Gas Plant.
Total cost per kilowatt-hour including fixed charges, approximately..1.71 cents.
Hardware: (S plant densing). These figures include interest and

depreciation and are given through courtesy of Mr. T. Hoops, Jr.,
Supt. of Wilcox Crittenden & Co., Middletown, Connecticut.

Kilowatts Cost

23,970 0.01986
27,760 0.01733
29,600 0.01602
27,530 0.01736
27,830 0.01601
26,180 0.02095
22,360 0.02289

24,960

0.02164
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Silk Mill: Producer Gas Plant. (New York City); 150 by 100 ft. (45.7 by 30 m.) 4 to §
stories high.

In week's run of 56 hours..............c.iiiiiiiiiiiiinnensrernsnes 4208 kw-hr.

2.6 pounds of pea coal per kw-hr. approximate cost including fixed charges. .2} cents.

Depertment Store: 250,000 kilowatt-hours.

Cost per kilowatt-hour........cooviveeiuereerocaonsronsennnss eees..1.84 cents,
Hotd: (based on figures given by chief engineer).

Cost of operation with plant. ... .........coiivievinnerersnneennnnnns $33,285.71

Cost of operation without plant.........c..viiiiiiireienninnnennass

Cost exclusive of electricity purchased..................00vviiiiennnn. 25,779.71

Cost of making electricity.......c.cooiiiiiiiiiniiererenenneneanens $ 7,407.00

Cost per kw-hr........ccoiiiiiiininieinnncnnnnnas between 6/10 and 7/10 cents.
Hotel: 300 rooms; 12 stories; 240,000 kw-hr.

Total operating €ost............coevceuunnvcnencannans ceressereresess.$12,800

Basic cost (based on operation before plant was installed)........... crses..$ 8,600

$4,200
Cost per kw-hr...........civiivennnnn Crheseasaaes Crsstsscesesatens 1.75 cents.

TABLE OF COST PER KILOWATT CAPACITY
(Based on personal experience in New York and vicinity)

Per kw. of

Boilers (erected and set in masonry): plant capacity

Horigontal-tubular. .. ....coviveiinnninniiiiiioerosansnannsonns $14—818

Watertube........coviiiiiiiiieiniiinieannanaaes Ceeriieasaaes 16— 20
Steam engines: .

High-speed, simple direct-connecwd ..... e tiesesesaseasatanerannn 20— 28

Medium-speed, p i direct ted........ 28— 38

Low-speed d densing, belted............coievviinnane 20— 25

Lovupeed dmple. belted..........ooiiiiiiiiiieririercncnannns 25— 30
Gas engines. . ..ottt e et ai e ittt e araneaas 50— 60
Oil engines............. ettt ieiaanaeieiaereseastt et aaaanas 75— 85
Gas DrOBICRTS. ..o ivevreeciieenaeeetantaneaaanrananeentaanaaanaen 15— 20
Dynamos:

Direct-connected to high-speed engine.................. Cereeeaes 13— 16

Belt-connected to engine..... Moo usecnetaaseensatcacntssanansnanse 12— 18

Direct-connected to corliss engine................c.cc0viinneee, 16— 20
SWCBBORI. . oot ettt ittt e aaae s 5— 10
LT T N cese 5— 10
Steamfitting—including auxiliary apparatus—such as feed heater, grease

separator, exhaust head, tanks, covering, etc........... 20— 30

The figures of installation cost have been published by me
before and I use them in estimating and find them to be closely
correct for New York City.

I hope that these figures together with the other data presented
will be of use and will also serve as a basis for discussion and
presentation of other facts and figures.
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DiscussioN oN “ SoME NoTES ON IsoLATED PLANTS ”’ (MoOSES),
New York, JANUARrY 12, 1912.

R. P. Bolton: I will draw attention to some of the features
which the author has introduced as being of an informative
nature and upon which we are invited to base future action
and practise, and of which the diagrams presented purport to be
indexes or guides. A casual observation shows that they omit
consideration of a very important element of variation in output
and demand on the part of these appliances. They seem to be
based upon the sole consideration as to whether electricity be
purchased or be manufactured, in the case of those on the left
side of the page, and on the further consideration, in the case
of the right-hand diagrams, of whether a certain amount of
steam, more or less, would be required and provided by the
apparent electrical output. The isolated plant, however, oper-
ates under summer conditions and under winter conditions,
the demand for steam heat being climatic, intermittent, and
irregular, while the demand for electric lighting is also inter-
mittent and irregular—therefore how can conditions as laid
down in the diagrams be used to determine the relative pro-
portions or even the kind of apparatus to be installed in different
plants? It is an open question whether or not it is desirable
for. steam-driven fans to be installed for indirect heating systems
in connection with purchased electricity. The conditions might
be such that it would be highly undesirable from an economic
standpeint to make such a combination, and more particularly
so if the process involved the employment of extra labor, which
after all is the main element to be considered in connection with
all the items in these diagrams, and one which does not appear
in them at all.

It is a remarkable and interesting fact, which appears very
frequently in connection with isolated plant design and operation,
that low efficiency and wasteful lighting is regarded as an element
which does not disturb the overall efficiency of the isolated plant.

I cannot agree that the building on Fifth Avenue, mentioned
in ‘the paper, is typical of office building conditions, for the
diagram (Curve 12) shows that the load curves of its plant are
not typical of office building duties. One curve illustrated shows
the apparent output used in the building, and another that of
the building combined with the output used in another building,
an interesting combination, to be sure, but one which does not
carry with it conviction. Nor does the information given in
connection with the building allow an analysis which would offer
necessary directions to a designer in planning a new plant upon
similar bases. - .

In regard to office building curves, there is a great deal
omitted from the paper which would have been of value. These
buildings are operated, in this as well as in other cities, on low
factors of load and also on low factors of time, operating the
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plant on a ten or twelve-hour service, on the working days of the
year, which, including the Saturday half-day service, are equiv-
alent to 278 days of 10 or 12 hr. The rest of the year is made
up of lost or idle time on Saturdays, Sundays, and public holi-
days, and the night periods of all, resulting in a combination of
conditions very unfavorable to the operation of steam and other
generating apparatus. In the Trinity building, No. 111 Broad-
way, the maximum peak load in October, which may be taken
as an average of the year’s condition, occurs at 4:30 o’clock, and
has a tendency to shift as the winter proceeds, occurring at an
earlier hour in the afternoon, and then gradually shifting to a
later hour. The building is equipped with the highest class of
machinery to be secured at the time of its installation, and has
units of a sufficient number to divide the load in a reasonable
manner, and with a reasonable expectation of efficiency, yet
on an October day, when the load reached about 3000 amperes,
at 4:30 p.m., the all-day load factors were as follows: of the sets
under steam, 37.6 per cent; of the total installation, 28.22
per cent.

Inasmuch as all classes of small steam engines fall off very
rapidly in efficiency, and increase their steam consumption
very rapidly, as the load factor decreases, the conditions must
be very unfavorable to economical operation. When conditions
occur such as on holidays, summer afternoons and during night
service, poor economy results. A typical Sunday load on Decem-
ber 3 was as follows: the all-day load factor 12.21 per cent of
the sets under steam, and only 3 per cent of the entire installa-
tion. Such conditions are not, therefore, favorable to the opera-
tion of steam engines.

I draw your attention to the fact that some of the diagrams
of load curves presented omit a very essential element, the
variations introduced by elevator service, which constitute a
certain proportion of swinging load aboye the load here recorded.
For the purpose of comparing and deciding upon the proportions
of another plant, under similar circumstances, what information
can be gained from diagrams consisting of observations of a
steady load, irrespective of the surges of elevator service, inas-
much as elevator service constitutes an element of prime im-
portance in all plants of any magnitude to-day?

The author introduces daily log sheets of records in certain
classes of buildings. It is evident upon a glance at these sheets,
that many of the elements which were supposed to be recorded
are omitted, and that they do not afford any definite information,
either by summarization or by note, such as may enable anyone
to derive any determinate conclusions therefrom.

John C. Parker: Iam very glad tosee that Mr. Moses haslaid
stress upon the fact that the isolated plant should be treated as a
whole. I think we too often in our engineering practise are
likely to concentrate attention on details, insisting on perfection
here, perfection there, or perfection in the other place, without
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considering whether the aggregate of perfections constitutes
perfection in the whole. The fact that the isolated plant is to
be handled as an entity rather than as a group of disjunct units,
is one on which stress can very advantageously be laid. This is
so much the case that it becomes very important that the isolated
plant be considered not only as an electrical energy generating
device, but as a heating device as well. This fact makes it
rather regrettable that Mr. Moses has given a good many of the
details of cost of fuel and labor for heating in buildings without
private electric plants, in a general form rather than specifically.
The fuel consumption of a building of a certain size, of certain
superficial area, with a certain number of floors and used for
certain business, is not in itself particularly valuable. The
conditions in different manufacturing plants vary so much that
even had the fuel consumption for heating purposes been given,
that would not in itself have been sufficient evidence, because
climatic conditions in various localities differ, the percentage of
glass in the exposed walls of buildings naturally differs with the
style of architecture, and the character of the construction of the
side walls makes a tremendous amount of real difference in the
fuel consumption for heating.

It is quite unfortunate that Mr. Moses has not reduced the
extensive data in his paper to formulas, so that the members
could have the benefit of his experience in deriving the constants
of various buildings for heating purposes. I think it would
be a considerable contribution to our records if, in his final
summing up of the discussion, Mr. Moses could reduce some of
the data secured in his extensive practise to formulas. Those of
us who have to calculate the heating requirements of buildings
find a tremendous dearth of data giving the building constants.

In regard to the table of costs of plants per kilowatt capacity,
I notice that for a medium speed direct-connected plant we might
expect the investment cost to run between $90 and $125 per
kilowatt. My own experience in investigating something like
500 industrial plant propositions has indicated that these figures
are perhaps a little low for plants of the best type and of medium
size—say up to 500 kw. The discrepancy between my own
observation and that of Mr. Moses may be due, perhaps, to the
fact that these plants have not required a building, and I have
failed to find the stack cost represented in the tables in Mr.
Moses’ paper. Where a plant is put in a basement or sub-base-
ment, no separate building has to be put up for it, but one would
still expect to find some part of the building cost chargeable to
the plant.

I ask if Mr. Moses intended the figures to cover the overhead
costs, which I suppose might add anywhere from $4 to $10 a
kilowatt to the cost of the plant.

I am very much interested in one point brought out in Mr.
Moses’ paper, and that is that the highest efficiency apparatus is
not always to be sought—that there are times when, as Mr.
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Bolton expressed it, the less economical the apparatus, the more
economical it really is in operation. I think the principle can be
pushed a little further than Mr. Moses has done in his paper.
It is not altogether a matter of running a plant to supply exhaust
steam, but we do find differentiating conditions, between pur-
chased power and isolated plant power, if you will, due to still
another cause. We find that the use of highly efficient power-
utilizing apparatus and lamps may be desirable in one isolated
plant and not in another. The reason is this: unless the isolated
plant has approached the limit of its capacity, the installation
of highly efficient lighting units, we will say, will make reduction
in only two places; namely, the fuel and the water cost. I will
roughly indicate this by a diagram, which is not intended to be
quantitative. The aggregate fuel may be plotted as ordinates,
and the kilowatts load as abscissas. The curve then might be
expected to be something in the nature of a straight line inter-
secting the ordinate axis at some distance above the origin.
Now, in cutting the load off from the top, we find that while the
average fuel consumption of the plant-might be something like
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five or six pounds (2.3-2.7 kg.) per kilowatt-hour, the reduction
in fuel consumption by drawing off load would not be in anything
like the ratio of five or six pounds to the kilowatt-hour, but in.a
much smaller ratio, since the reduction in fuel consumption is at
the point where the consumption is the most economical. Fuel
consumed on the light load part of the plant has borne all the
burden and heat of the day, and it therefore follows that the
eleventh-hour consumption follows the biblical analogue and
gets through very easily. Now, from this it follows that, except
in the cost of a plant which is pushed to the limit of its capacity,
one cannot afford to spend a great deal on highly efficient motor
drive, and on efficient lighting units, as could be done where
power is purchased from the outside, since in the former case no
saving is made in plant investment, labor cost, et cetera, and at
the best, an incommensurably small saving of fuel and water;
while in the latter case a reduction in load affects equally the
kilowatt-hour consumption and the kilowatt demand.
Practically all sales rate schemes are based on three charges:



50 ISOLATED PLANTS (Jan. 12

one a customer charge, which is not affected by anything you may
do in the way of efficient operation; another charge based on the
kilowatt demand, which is, of course, affected by efficient
operation; and another charge based on the kilowatt-hours of
energy, a condition which would be similar in a degree to the
condition in the laying out of a contemplated isolated plant.
There, if your lighting load, or the economies you would make by
highly efficient power distributing apparatus, were relatively
small, you might be able to get along with a smaller plant.

However, even in this case, the general principle still obtains,
since plant cost will follow a curve approximately of the same
sort as shown above, and therefore efficient distributing and con-
suming devices will save only a part of the fuel and water, none
of the labor, and only the cheapest part of the apparatus in-
vestment.

The point I wish to make in all this is that what the economists
know as the ‘ law of diminishing returns,”’” otherwise expressed
by the writer in his paper on fixed costs presented before the
Institute March 10, 1911, as the * marginal principle,” must be
applied to all of our studies, without assuming that because
efficiency is to be sought at a price in one case, it may of necessity
be the desideratum in all cases. .

To show just how far the principle brought out by Mr. Moses
does apply, I want to take the very simple case of the carbgn
and the metallic filament lamp. I have assumed the ordinary
16-c.p. carbon lamp, consuming 3.5 watts per candle, and com-
pared it with a 20-watt tungsten lamp, delivering the same
amount of light, 16 c.p. There is a difference of 36 watts in the
consumption of 'the two lamps. Assuming a life of 1000 hours
for the lamp, and assuming that the marginal coal consumption
is 2 1b. (0.9 kg.) (by the marginal coal consumption, I mean the
coal consumption due to the last portion of the load added to
your plant) and figuring the cost of the fuel, and water evaporated
by the fuel, at $3 per ton, we find that the use of the tungsten
instead of the carbon lamp will save 10.8 cents during the life
of the 20-watt tungsten lamp. Now, on the other hand, let us
assume we are purchasing power. Taking figures merely
typical, not pertaining to any particular locality, let us assume
the power is purchased on a demand charge, we will say of $2
per kilowatt per month, and in addition to this, at 1.5 cents per
kilowatt-hour of energy consumption. The saving by the use of
the tungsten lamp over the carbon lamp would be 36 watts,
times the thousand hours of lamp life, divided by 1000 to reduce
to kilowatt-hours, times the 14 cent charge per kilowatt-hour,
or 54 cents, to which is to be added a further reduction of 0.046
kilowatts at $2 for 1000 hours, divided by 200 hours, the assumed
monthly hours of burning, which equals 46 cents. This makes a
total of $1 saving, as against something less than 11 cents in the
case of the isolated plant, where you are not pushing the limit
of plant load.
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This illustration is a simple one that I thought would be
interesting as laying further stress on the fact brought out by
Mr. Moses that the higher efficiency apparatus is not always the
best; that the isolated plant is not able to avail itself of the
efficient devices that can be used with purchased power, where
the consumer is not dependent upon a fixed investment.

Please note that the principle here laid down is not of necessity
always applicable against the isolated plant, but that in general
it does apply when the plant is not being pushed to the limit of
its capacity; and that even in the design of a brand new plant,
one cannot always take advantage of such a principle, unless
the demand load reduction is big enough to make a material
difference in the size of plant installation, and then only to
a partial degree.

It must not be thought, as might superficially be done, that
the greater saving by the use of efficiency apparatus in the case
of purchased power is due to the inherently higher cost thereof,
but rather that this greater saving can be effected through a
flexible rental of the station equipment.

Arthur Williams: I have some reluctance in attempting to
present to you the other side of the question that has been so
carefully and ably presented to you to-night. At the outset
perhaps it is only fair to say that I personally stand on the other
side of the question, partly because of my professional relation-
ship to the industry, and partly because I believe that that is
the side of economy and efficiency, and of the greatest benefit
to those who need modern service in modern buildings.

The author states that the installation of a private plant
in one building last year, or the year before, effected an economy
of $12,000, or approaching $12,000. The admitted figures are
that a gross saving of about $11,500 was effected, of which the
consulting engineer received one-third, between $3,000 and
$4,000, thus reducing the saving to the owners by that amount,
or, let us say, to $7,000. This $7,000 is made up of a number of
economies that the consumer himself might have availed him-
self of. The consumption of current was increased to such an
extent that there would be an estimated saving, at the normal
rate prevalent in New York, of $3,000 a year. I understand
that 1t cost about $30,000 to put the plant in, and allowing as
little as 15 per cent a year to cover interest, depreciation and
repairs, you will see the difference is immediately and auto-
matically wiped out.

It is niot necessary for me to point out that depreciation need
not be the question of the physical life of the plant. It arises
from the supersession element, either from improved machinery,
or from similar service being obtainable from another source.
I do not think the premise can be fairly questioned, that instead
of 15 per cent, the depreciation of the first year was 100 per cent,
and to whatever actual cost is shown by the books of this con-
sumer should be added the cost of installing the plant, in the
neighborhood of $30,000.
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The author makes reference to the fire protection to be
obtained through the presence in the building of a large engineer-
ing force. I regret exceedingly the immediate occurrence of an
illustration which shows how utterly incorrect is any such
conclusion. I have in mind, and perhaps you all have, the fire
which occurred this week, that of the Equitable building, where
the engineers, because they were in the building, spent fourteen
minutes according to some witnesses, according to others,
twenty minutes, trying to extinguish the fire themselves. It is
a well known fact that the first three or four minutes are of
supreme importance in the extinguishing of afire. And I submit
to you that if that building had bad no engineering statf, simply
a janitor on duty at night, or a watchman, the first thing such a
man would have done would have been to send in an alarm to
bring out the fire department. If that had been done—I do not
speak with personal knowledge—bu. if that had been done, our
competent fire department would have extinguished the blaze
before the lapse of twenty minutes, which expired between the
time the fire was discovered and when the alarm was sent in.
I am of the opinion that the building most simply equipped,
with least dependence on its own equipment, from the standpoint
of safety alone, is the best kind of investment, leaving out all
other considerations.

In conclusion, I would like to draw your attention to two
facts. Mr. Parker, I think, will permit me to say that he need
not be surprised that the cost of the stacks is omitted, because
it is the usual practise, and I have yet to find a single instance
where excavation in solid rock many feet down into the ground,
to be replaced with very expensive steel structure, has ever yet
entered into the cost of the power plant in the building in the
figures of the engineers or architects, nor has it been included
in the final cost of the expense of the power plant. When
Mr. Parker understands that is a common practise in New York,
I do not think that he will be surprised that the cost of the stack
has been omitted. In a very recent case we found on an expen-
sive Broadway corner that there was absolutely no difference
in the net income upon $800,000 spent in the erection of a
12-story building, taking street service, with all the economies
that means, and an 18-story building in which the income from
the additional building equipment was required to meet the
enhanced expenses of putting a complicated power plant into
the building. In the last analysis the percentage of the return
on the value of the property was better in the erection of a
12-story building with street supply than an 18-story building
with a private plant.

George W. Martin: Mr. Moses’ paper presents data showing
the cost per kilowatt-hour of generating electric current in a
private plant.

During the last few months two cases have come to the
writer’s knowledge, in which the method of figuring operative
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Costs is open to criticism. In conversation with the superinten-
dent of one of the well known buildings on Broadway, the ques-
tion of the cost per kilowatt-hour came up. As the plant con-
tained hydraulic machinery for elevator operation it was neces-
sary to segregate the elevator operating costs in order to obtain
the cost per kilowatt-hour of electric generation. This was done
by running the electric plant for one Sunday, carrying the same
load as on week days. In this way, as the superintendent naively
stated, the cost per kilowatt-hour was found to be 24 cents, not
counting repairs. The cost per kilowatt-hour including repairs
is left to the imagination.

The item of depreciation is another that is often neglected.
Some of the most difficult facts to impress upon the minds of any
plant owners, and indeed some engineers, are that the plant is
steadily growing older, that repairs are necessary each year, and
that depreciation is as real a charge as the coal bill. The neglect
of the item of depreciation alone has in one case, to the speaker’s
knowledge, well nigh resulted in the total shut-down of one of
our largest office buildings.

For years this plant was operated apparently with the idea
that the machinery would last forever, and as long as a pipe did
not actually burst or a boiler explode, little attention seems to
have been paid to the fact that the apparatus was steadily
growing older. Of course, the small amount spent for repairs
cut down the cost per kilowatt-hour. But not so very long ago
the plant absolutely refused to work under this system of man-
agement, and it was only by the most strenuous efforts that
operation was maintained.

The plant is now being entirely overhauled, and in three
;nﬁnths the items of repairs for running have been about as

ollows:

New steam piping..........ccivvrevininanennnnn, $3,600.00
Repairstoboilers...........ooviineiinennnnnnnn. 2,600.00
Repairs to heating system......................... 2,600.00
Miscellaneous repairs.. ..........ovieinineinnn.., 1,000.00

Additional labor necessary to keep plant in operation
—two men for six months at $18 each per week.... 864.00
$10,464.00

The foregoing items represent actual experience, and demon-
strate the absurdity of trying to keep down plant costs by neg-
lecting the items of repairs and depreciation.

Charles K. Nichols: The author of the paper states that
“if electricity is made on the premises the exhaust steam avail-
able points to an exhaust-steam-operated absorption refrigerating
plant;” on the following page he avers that the ‘‘ refrigerating
design will affect the power plant piping design because of the
use in the retort or generator of steam at a higher pressure than
that carried on the main parts of the plant.” [In other words,
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it is the exhaust from the pumps of the absorption refrigerating
plant, or other auxiliaries, that is used in the generator of the
absorption machine and not the exhaust from the electrical
generating units, as one is given to believe from the paragraph
first quoted. '

While it is unquestionably true that exhaust steam may be
used in the generator of an absorption machine, provided a
sufficiently high back-pressure is carried to meet the conditions
imposed by the temperature of the water that is available for
cooling—which is usually high during the summer months when
the refrigerating load is at its maximum—it is most assuredly
an extremely uneconomical method of attempting to utilize the
exhaust from the generating units of the average isolated plant,
and if the writer of the paper can point out any single instance
where a private electrical generating plant in this city is utilizing
the exhaust from the engines of the generating units in the gen-
erator of a refrigerating or ice-making plant of the absorption
type during any portion of the year, I will be very glad of the
opportunity to become acquainted with such an example of the
‘“ interdependence and interaction” wupon which the author
places such stress in connection with isolated power plant design.

The author states, referring to the subject of isolated plant
design, that ‘‘ compactness and simplicity are of the greatest
importance ”’ and then, as an evident afterthought, he remarks,
‘“one might add reliability.”” The sentence last quoted is
literally true if applied to the operation of the average isolated
plant, and the added reliability is usually obtained in the form
of an adequate break-down connection with the central station.
The owner of an isolated plant, as well as those persons who are
dependent upon one for their supply of light and power, would
be inclined to look upon reliability of operation as being of con-
siderably greater importance than either compactness or sim-
plicity of design.

The figures given on the * cost of fuel and labor for heating
in typical buildings with private electrical plants,” are practic-
ally valueless in so far as they afford a means of estimating these
items of cost for other buildings. In spile of the author’s
assurance that ‘“ the figures presented should allow an intelligent
engineer or owner to estimate closely the probable cost of
supplying steam to a building of one of the types given,” they
actually permit of nothing of the sort, inasmuch as the heating
requirements of different buildings of the same general type of
construction vary in accordance with the amount of wall and
window exposures, and not in accordance with the ground areas
covered and the number of stories. It is not at all unusual to
find two buildings of practically the same size and the same
general character where the heating requirements of one of the
buildings are practically double what they are in the other, due
entirely to a difference in the exposures. When such buildings
are compared on a proper basis, however, these apparent dis-

repancies entirely disappear.
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Even if the heating requirements of these buildings could be
sufficiently determined from the data presented to serve as a
basis for comparison with other buildings, the actual coal re-
quirements, except for buildings 1 and 2, could not be estimated
from the figures of coal cost as given, on account of the omission
of the price of coal per ton.

While the figures are represented, from the heading under
which they appear, as being fuel and labor costs for heating,
they actually cover, in at least fifty per cent of the cases cited,
by the author’s own admission, the cost of producing steam for
other purposes than heating the building. It will be observed
that several of the huildings have steam-driven refrigerating
plants, while a number of them have hydraulic elevators,
operated by steam-driven pumps. It is manifestly useless to
present fuel and labor costs, even if they are correct, for installa-
tions of this character, if the purpose is to present heating cost
figures that may be used for comparative purposes.

The figures presented of kilowatt-hour consumption in various
buildings are of little value in so far as they attempt to furnish
a means of estimating the probable consumption of electrical
energy in a proposed building of known size and tvpe. The
author fails to mention, in connection with fourteen out of
twenty-two buildings, whether the elevators are of the electric
or hydraulic type, a knowledge of which would be quite essential
in order to estimate the consumption of electrical energy. In
practically none of these cases is any information given as to
the character of the lighting or as to the type of electric lamp
that is employed. Moreover, the author fails to mention
whether a private electrical generating plant is operated in the
building or whether electrical energy is purchased from the
central station. When a building secures a supply of electrical
energy from an isolated plant, the consumption is invariably
greater than it is in the case of a similar building which secures
its supply of electrical energy from the central station. Where a
private generating plant is installed, there is little or no incentive
to practise economy in the use of electrical energy, as a result
of which a reasonably low unit cost of generation may actually
mean a relatively high total cost of furnishing the amount of
electrical energy that is actually required.

The method described by the author of obtaining the cost of
generating electrical energy in an isolated plant might be a
proper one where the conditions permit of an actual determina-
tion of the so-called basic cost, but the method becomes a farce
when it is necessary to estimate this basic cost.

The author states that these ‘‘ basic costs ’’ are ‘‘ either actual
or estimated, depending upon whether street service had been
used prior to the installation of the plant or not.” As the num-
ber of cases where central station service has been superseded
by an isolated plant is small, it follows that the ‘‘ basic cost ”’
figures of the author are nearly all * estimated.”
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John W. Lieb, Jr.: If an examination is made of the schemes
of operation of the plant, or diagrams of auxiliary operating
practise, which the author has presented, it will be quite ap-
parent that there has been an endeavor by the use of non-
electric apparatus in one case and electrically driven auxiliaries
in the other, to change what would be the logical selection of
auxiliaries so that it would have a tendency in one case to
elevate abnormally the production of electrical energy for the
sake of getting a larger output over which to distribute unit
charges and fixed costs, and to depress them uneconomically
in the other case.

S. N. Clarkson (by letter): Mr. Moses has presented a most
interesting and instructive paper on a subject which has become
an issue in most of our large cities. The statistics quoted would
indicate that conditions in New York are quite different from
those existing in some other cities—St. Louis, for instance.

Private plants in St. Louis get the benefit of soft 10,000-B.t.u.
coal at $1.40 per ton on the cars, but they have to compete with
central station rates, which are lower than in New York. Under
these conditions the private plant is making but little headway
and those which are already in are gradually being replaced by
outside service. To make my statement more specific, I will
quote the figures which are now available for the year 1911, on
plants of 50 h.p. capacity and over. During that period 24
isolated plants aggregating 5285 engine h.p. were converted to
central station service and six plants aggregating 585 engine
h.p. were put in. Qut of the 585 h.p. installed, 265 h.p. went
into one laundry.

Directors of commercial enterprises are beginning to realize
that they are justified in giving the power companies an apparent
bonus over and above their own plant costs because the sim-
plicity, continuity of service and freedom from the effects of
miners’ and engineers’ strikes are worth money to them, and
then again there are many items of plant expense, especially in
a factory, which cannot be separated from the general expense
accounts.

The most representative apartment houses, hotels, office -
buildings, department stores, metal working factories, electro-
typers, chemical works, bakeries, paint manufacturers, stone
and marble works, clothing, coffee and spice houses, some
branches of wood working, printers and many other industries
are buying light, power and in some cases heat from the St.
Louis public utility companies. It will be noted that in this list
are some lines of business which are considered by many en-
gineers to be the exclusive domain of the isolated plant.

It is true, as stated in the paper, that most stationary engineers
believe central stations to be their natural enemy, although if
they looked at the matter in a broad light all their fears would
vanish. Cheap power promotes manufacturing in any locality
and no men are better able to apply themselves in factories than
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the trained stationary engineers. All negotiations, -however,
concerning a plant, are naturally, conducted with the owners or
managers, and as a class they will always be found ready and
willing to furnish whatever data are necessary to arrive at a true
comparison of the costs of operation. As intimated by Mr.
Moses, the public utility companies do not accept unprofitable
business, it being generally conceded that the day of the com-
mercial philanthropist is yet to come.

The design of an economical power plant for a factory is
difficult for the reason that a single unit is in almost every case
insisted upon by the owner and then it must be of sufficient
capacity to take care of a large growth in business, which is
always hoped for, but sometimes does not materialize until the
plant is worn out. In addition to the burden of inefficient
operation the plant has to carry high fixed charges in proportion
to the actual power demands of the factory. When such a plant
is shut down and connection made to the power company’s lines,
and this is no uncommon occurrence, the fixed charges still go
on and are an unnecessary handicap as compared with a com-
petitor’s factory in which central station service was installed
originally.

There is a growing tendency among consulting engineers to
advise their clients to install outside service at the outset, while
at the same time making provision for the installation of a
private plant at the end of a year or more of operation in the
event of central station service not being what was expected.
It is fully realized that in actual practise most isolated plants
become less efficient and more costly to operate as years go by,
while the service of our public utilities is gradually becoming
cheaper. The reasons for the increased costs of private plant
operation, as time goes on, are not far to seek. First, the plant
is given but secondary consideration at the hands of the manage-
ment and is even looked upon as a necessary evil in some cases,
and secondly, it is, in many cases, eventually left to the tender
mercies of cheap, inexperienced help, even if a start has been
made with a good man in charge. After a year or more of
operation with outside service a business man will rarely install
a plant, it being the consensus of opinion that the investment
would earn larger dividends if put into the business. Further-
more, with central station service, the manager is free to devote
his entire time and attention to promoting the business and can
rest assured that his power requirements are being taken care
of by experts in production and supply of that commodity. Even
if conditions should develop during the period of central station
operation that make it desirable to install a plant later, the data
collected during that period would permit of a much more
economically designed plant than would have been possible if
it had been installed in the first instance, and the owner would
reap the benefit as long as the plant was left in.

Internal combustion engines, which are recommended by
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Mr. Moses for industrial plants having no steam requirements,
have not given the expected satisfaction in any installation with
which I am familiar in this country. The cost of fuel is assuredly
low, but it is not sufficient to offset the low maintenance, sim-
plicity and reliability inherent in central station service. Where
attempts have been made to approach the conditions guaranteed
by the public utility companies, the comparision is no longer
favorable to this type of engine.

The requirements of an office building or hotel can be so
closely estimated and vary so little from year to year that an
economical isolated plant can be more readily designed in such
instances than is the case in manufacturing establishments.
In spite of this, however, some of the principal office buildings,
hotels and department stores in St. Louis use central station
service. Onc of the hotels, which has had central station service
from the outset, has a connected load of 400 kw., and the power
plant of one of the department stores, which later changed to
central station service, consisted of one 250-kw. and three 200-
kw. units. I should like to know how the cost of operating the
building mentioned under the heading ‘ Effect of Interde-
pendence on General Design,” would have been affected by the
use of an electrically driven refrigerating and ice-making plant
and a low-pressure boiler. There is no question but that the
cooking can be done successfully with low-pressure steam, 15 1b.
or less, although this has been doubted in some quarters. From
what I can gather of the conditions outlined, the building in
question could be more economically operated in St. Louis by the
central station than would be possible by running an isolated
plant.

A fact that is often lost sight of is that practically every city
taxes the gross revenue of the public utility companies and as a
result is enabled to keep the taxes much lower than would other-
wise be possible. Other things being equal, every public-
spirited citizen should award business to the central station for
this reason, if for no other.

Clarence P. Fowler (by letter): The general superiority of
electrical energy for industrial lighting and power service over all
other forms of illumination and mechanical transmission has
been so thoroughly discussed as not to need further comment
here. Having once settled upon the use of electrical energy for
an industrial establishment, the first question for consideration
is: Shall such electrical energy be of the ‘ home-made ”’ variety
or shall it be furnished from the lines of a central station? In
other words, is the existence of an isolated power plant for indus-
trial uses justifiable, under average conditions, where efficient
central station service is available? I am inclined to think that
a careful consideration of all factors in most instances would
point to a negative answer to this question. There exist several
clear-cut advantages of central station service, which, it would
seem, in the majority of cases entirely preclude the commercial
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a{lavisability of the establishment of a private industrial power
plant.

So far as I am aware, previous discussion concerning this
matter has related chiefly to the cost of manufacturing a kilowatt-
hour-with an isolated plant, as compared with the actual price
per kilowatt-hour as charged by the central station. While in
many instances even so incomplete and inequitable a comparison
between isolated plant and central station service may favor the
use of the latter, it would seem that in order to make a fair com-
parison, additional advantages of central station service, which
are frequently lost sight of, should have consideration. While
some of these advantages of central station service to the power
user are not always apparent and cannot always be exactly
evaluated in dollars and cents, they are, however, none the less
real.

Some of the advantages of central station service which may
have considerable monetary value and which may, therefore,
be properly regarded as effective in reducing the actual charge
made for such service, may be briefly summarized as follows:

The modern progressive central station sells more to its cus-
tomers than raw material, mere kilowatt-hours. In the purchase
price of energy is included the finished product, efficient illum-
ination and power service. In other words, the service of the
up-to-date central station with its corps of trained specialists
does not stop at the consumer’s meter, but extends beyond to the
customer’s side. The central station of to-day solves the cus-
tomer’s illumination problems in the most efficient way and fur-
nishes advice, gratis, as to the most advantageous methods of
grouping his shop equipment and motor applications. The in-
telligent solution of these and other industrial problems is now
well recognized as an important factor in accomplishment of the
maximum output of labor and equipment at a minimum of
operating expense. As the specialized knowledge necessary to
render such advice is not possessed by the average industrial
plant manager or superintendent, it is evident that if he would
arrange his plant for the greatest operating efficiency it would
cost him a certain amount for the engineering supervision,
advice, etc., necessary to bring about such an arrangement,
under isolated plant conditions.

Industrial corporations are primarily interested in the manu-
facture and sale of some particular product of a certain quality,
at a minimum of cost, and with such corporations the question
of power is merely incidental and more or less of a side issue and
it is only natural to expect that the most satisfactory solution of
power and lighting problems can best be left to the management
of the central station, which makes a specialty of the manu-
facture, application and sale of electrical energy, in the same way
that industrial corporations are specialists in the manufacture,
uses and sale of their respective products. By the adoption of
central station service, therefore, all the advantages of specia'i-
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zation are preserved on both sides. The lack of this specialized
knowledge, necessary for the most efficient operation of isolated
plants, is strikingly brought to the front by Mr. Moses in his
reference to the unsatisfactory operating conditions he has
found prevalent in such plants. Taking only one of the different
items which he mentions in this connection, namely, the wide
range of practise which he finds in a matter so important as the
purchase of coal, it is but typical of the usual leaks and lack of
efficient management and system in the operation of isolated
power plants. To properly systematize and continually super-
vise the operating methods of isolated plants may cost an
amount which would be considerably more than the value of the
economies secured thereby, in the case of small isolated plants,
and may also amount to no inconsiderable sum in the case of
larger plants. These added costs, should, of course, be charged
against the cost of power production on the premises.

In passing, it should be noted that the use of central station
service also permits the executive heads of industrial corpora-
tions to be relieved of the effort and annoyance of supervising
the operation of a private power plant. The time and attention
that managers of industrial plants would find it necessary to
devote to the production of ‘ home-made’’ energy could, when
purchasing central station service, be given over, with better
results, to concentrating their energies on increased sales,
cheaper production or increased output.

Another point which may frequently favor the use of purchased .
energy, particularly in the establishing of new industrial enter-
prises, a point which I believe central station sales policies have
not brought sufficiently to the fore, relates to the advantages
to be secured to owners of an industrial undertaking by the
investment of an amount that otherwise would be required for
the construction and equipment of an isolated power plant in
manufacturing plant proper, thereby increasing the output by
obtaining a maximum of productive equipment for a given ex-
penditure of capital. A notable example of this came to my
attention not so long ago. The plant in question was a textile
mill and had available for its construction a certain definite
sum of money, 124 per cent of which would have been necessary
for the establishment of its own power plant. After carefully
considering the power question it was decided to purchase energy
of the central station, with the result that the annual output was
increased by nearly 15 per cent through the investment in
productive manufacturing plant of an amount equivalent to
that which would have been required for the construction of an
isolated power plant.

In order roughly to estimate what advantages might have
resulted, under average conditions, if central station energy had
been adopted instead of isolated plants and if the construction
cost of the latter had been invested in productive manufacturing
plant, in the case of eleven selected industries in the United
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States, the following table has been prepared. The figures given
in this tabulation are for the year 1905 and are either directly
taken or estimated from a combination of statistics found in
Bulletins Nos. 57 and 88 of the U. S. Bureau of Census, relating
respectively to manufactures and to power employed in the same.
Referring to this table, the figures given in columns A4 to E
inclusive are taken directly from the Government records, just
referred to, while the values in columns F to N inclusive are
estimated, from figures given in columns 4 to E inclusive, in
the following manner: column F gives the estimated amount
of capital at present invested in isolated power plants, for the
industries represented, and in order to be conservative was
figured at the average cost of $65 per rated horse power employed,
as found in column D. This figure is considered fair in view of
the mixed character of the motive power used. Having ascer-
tained the estimated capital invested in isolated plants, the
estimated capital employed in productive manufacturing plant
exclusive of power plant is given in column G, and is obtained
by deducting the former quantity given in column F from the
total invested capital as found in column C. Column H gives
the net estimated return on capital invested in manufacturing
plant, exclusive of isolated power plant, and is derived from the
total value of products, and operating expenses, as given in the
census bulletins previously referred to, an allowance being made
for depreciation 1n each case. By dividing the total of the pro-
ducts given in column B by the number of thousands of dollars
of capital invested in productive manufacturing plant proper
as given in column G, the figures in column I are derived, which
show the estimated value of products for each $1,000 invested
in productive manufacturing plant proper. By considering the
amounts in column F (representing isolated plant construction
costs) as invested in productive manufacturing plant proper,
and applying the unit figures given in column I, the various
estimated increases in the value of products, as given in column
J, are obtained. Column K contains the values given in column
7 expressed as percentages of the total value of products given
in column B. By applying the percentages.of net return on
capital invested in productive manufacturing plant, as given in
column H, to the estimated amounts invested in isolated power
plants as given in column F, the net return on such, if employed
in productive manufactunng, is ascertained, and is given in
column L. Column M gives the estimated number of horse
power that may be considered as continuously active throughout
a year of 8760 hours. Finally, column N gives the estimated
maximum average increase in price for each used horse power
per year that various industries could afford to pay for purchased
energy above the cost of isolated plant service, before exceeding
the profit that would result from investing isolated power plant
construction costs in productive manufacturing plant proper.
Se much for the compilation and derivation of the figures used.
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Upon glancing through the table some interesting points develop.
It will be noted from column D that by far the most important
industry of those considered, in the matter of aggregate rated
horse power, is the iron and steel industry, and that this same
industry is second in rated horse power per $1,000 of products,
while the greatest such unit recorded is that for the paper and
wood pulp industry, with nearly six horse power per $1,000 of
products, the silk industry being the lowest in this respect, with
hardly more than one-half horse power per $1,000 of products.
The final values -given in column N, showing the estimated
average margin that industrial plants of various types may allow
between the cost of “ home-made ”’ and purchased energy, may
at first sight seem to show rather erratic tendencies in the wide
numerical range scheduled, but when it is remembered that these
figures are susceptible to a number of modifying factors, peculiar
to each industry, the seeming discrepancy is explained. For
example, let us consider the two extremes shown in column N,
the cotton goods industry, with the lowest margin of $8 per used
horse power per year, and the lumber and timber products
industry, which shows the greatest margin of $93 per used horse-
power per year. Considering the former, it will be seen from the
table that the cotton goods industry shows the least net return
on the invested capital and this, coupled with the fact that the
rated horse power requirements of this industry are not very
large, results in a low earning power of isolated plant cost when
invested in productive manufacturing plant. Reviewing the
conditions responsible for the abnormally high figure of $93
margin in the case of lumber and timber products, from an in-
spection of the table it will be clear that while the rated horse-
power requirement per $1,000 of products is practically the same
for this industry as the figure for the cotton goods industry, the
chief reason for the large margin in the former is found in the
large net return on investment in productive manufacturing
plant, coupled with the relatively small continuous use of rated
horse power employed. In the iron and steel industry, while the
rated horse power per $1,000 of products is second in order of
importance, the low net return on the invested capital militates
against a greater margin between the cost of purchased and
‘“ home-made ”’ energy, the actual figure being $18 per used
horse power per year, as given in column N, and while this figure
is of substantial proportions it is noteworthy that it is next to
the lowest in the list of industries considered. It is further
notable that even the minimum figure given in column N is
quite material and, while only averages are dealt with, the results
arrived at in the table are strongly indicative of the importance,
to those laying out new industrial undertakings, of carefully
considering the imminent possibilities of increased outputs and
resulting profits to be had through the investment of all available
funds in productive manufacturing plant, made possible by the
purchase of all electrical energy required from an outside cen-
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