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CENTRAL ELECTRIC LIGHT AND POWER STATIONS.

CHAPTER 1.
SCOPE AND GROUPING OF THE STATISTICS.

Ceniral stations.—The act of Congress approved
June 7, 1906, amending section 7 of the act establish-
ing a permanent Census Office, authorizes the Director
of the Census to collect every five years statistics
relating to street railways, electric light and power,
and the telephone and telegraph business. This
report relates to central electric stations which furnish
electrical energy for lighting and heating and power
for manufacturing and mining purposes, for street
railways and ‘elevators, for charging batteries, etc.
Central stations are classed as “commercial”’ and
*“municipal,”’ the former being those operated by indi-
viduals, companies, and corporations; and the latter
those operated by municipalities. The census takes no
cognizance of electric stations that are operated by
the Federal Government or of those operated prima-
rily for the service of state institutions.

Central stations are further classed as ‘“ purely elec-
tric”’ and “composite.” The central stations devoted
solely to the generation and sale of electrical energy
are designated as “purely electric.”” The majority of
the central stations are of this class. Central stations
engaged ‘in the electric business and also in other
industries, such as the manufacture of gas and the
operation of waterworks, electric railways, ice plants,
mining and other commercial enterprises, are desig-
nated as ‘“‘composite.” There is scarcely a limit to
the variety of industries that are conducted under the
same management with electric plants, such associa-
tion of industries being the result of a belief that econ-
omy of administration is secured thereby. In many
instances only one system of accounts.is kept for all of
the industries conducted under the same ownership,
and this makes it difficult to obtain statistics which
relate exclusively to the central electric light and

- power stations. When it was impossible to secure

from book accounts exact data for the electric plants
as distinet from other business, careful estimates as to
the generation and sale of electric current were
obtained.

No estimate could be made, however, in the case of
the income and expenses that should be credited to the
various phases of the business when steam was fur-
nished for heating, or electric fixtures and supplies

. were sold in connection with the operation of the elec-

tric plant, and consequently the income and expenses
pertaining to these transactions are included in those
shown as incident to the operation of the station.
Furthermore, it was often impracticable to apportion
the capital among the various industries when other
business was conducted in connection with the opera-
tion of the electric plant, and therefore the reported
capital does not represent the amount actually charge~
able to the electrical industry. The difficulty attend-
ing the segregation of capital is more fully explained
in the chapter on capitalization, where an effort is
made to show the capital properly chargeable to the
central stations.

Municipal stations.—As already mdlca.ted electric
light and power plants operated under the ownership
of municipalities and other local governments are con-
sidered as ‘‘ central stations,”” and statistics for them

“are included in this report. These plants, generally

established primarily to furnish current for lighting
the public buildings, streets, and parks, frequently
sell large quantities of electricity for commercial uses.
Their field of operation is similar to that of the com-
mercial stations, and their sources of revenue are much
the same.

Although as a rule no cash income is derived from
the furnishing of current for the use of the munici-
pality, in order that the income shown in this report
may represent the total consumption of electrical
energy, the income for such energy furnished for mu-
nicipal purposes has been estimated on the basis of
what would have been paid for similar service if this
service had been supplied by a commercial company
in the vicinity.

The methods of conducting municipal plants, how-
ever, differ in so many important respects from those

of the commercial plants that the statistics for the

two classes of plants are presented separately.
Electric-railway plants and central electric stations.—
The tendency to sell electricity for general commercial -
use is constantly increasing among electric-railway
companies. It was impossible, however, in some
instances, to obtain statistics concerning the capital,
employees, expenses, etc., relating to the sale of elec-
tricity by railway companies for purposes similar to
those reported by the central stations. As a rule but
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one system of accounts is employed when the gener-
ating apparatus is used for the railway service and
also for commercial light or power service, and is
located in the same building and operated by the
same primary power; in such cases it is impracticable
to obtain separate financial statistics for the two
branches of service. In all cases where separate data
could be obtained, the statistics were included in the
reports for the central stations and for the railways,
respectively. If, however, separate returns could not
be prepared, the statistics for the entire plant and
equipment were included in the report on Street
and Electric Railways, but certain features, such as
the income from the sale of electrical energy, the num-
ber of lamps wired for service, the number of station-
ary motors, and the number of meters on consumption
circuits, were so reported in the schedule as to enable
their separate presentation, which will be found in
Tables 146 to 148.

In 1902 there were 251 railway companies which
furnished electricity for light, power, and other pur-
poses. These companies reported an aggregate in-
come of $7,703,574 from the sale of current. In 1907
there were 330 railway companies in this class, and thein-
come from the sale of current amounted to $20,093,302.
In 1902 the annual output of all electric stations and
electric raillways amounted to 4,768,535,512 kilowatt
hours. In 1907 the output of the two classes of sta-
tions was 10,621,406,837 kilowatt hours, the increase
in that year as compared with 1902 being 5,852,871,325
kilowatt hours, or 122.7 per cent. In 1902 the output
by electric railways formed 47.4 per cent of the total,
but by 1907 the proportion for such railways had de-
creased to 44.9 per cent. Because of consolidations
of the two branches of the industry and the growing
tendency of the railway companies to sell electricity for
commercial purposes, thereports for the railway compa-
nies show an encroachment upon the field of the central
stations, and the separate statistics for these latter
stations are becoming less representative of the elec-
trical energy sold for general commercial purposes.
Nevertheless, the figures indicate that during the five
years ending with 1907 the central stations increased
more rapidly than the electric railways.

Isolated plants.—For the purpose of lighting and
furnishing power for factories, hotels, or other enter-
prises, a large quantity of electricity is generated in
plants which are operated for the exclusive benefit of
theirowners. Someof these plants sell limited amounts
of current, but they were established as adjuncts to
other forms of business, and practically no statistics
concerning them are included in the census reports.
Some of these isolated plants are extensive and have a
much larger capacity than many of the central stations.

At the census of 1902 it was estimated that there were |

50,000 of these isolated electric plants in the United
States.
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plants increased from 3,620 in 1902 to 4,714 in 1907, ‘
the increase amounting to 1,094, or 30.2 per cent.
The application of the same rate of increase to the
estimated number of isolated plants in 1902 gives an
estimate of 65,000 for 1907. To what extent the utili-
zation of surplus power in the operation of private
electric plants to furnish light and power for large
mills, department stores, hotels, and other industrial
enterprises, has stimulated the increase in these ‘plants
it is impossible to state, and the above estimate, there-
fore, may be more or less than the actual number of
isolated plants in existence. :

Power or generating plants.—Census reports are pre-
pared as far as possible in conformity with the systems
of bookkeeping in use in the different-establishments.
Frequently two or more power or generating plants
operated under the same management had but one
system of accounts, and consequently it was necessary
to include the statistics for all classed as a ‘“central
station” on the same census schedule. In the vast
majority of cases only one power plant is operated
under the same ownership, and the term ‘central sta-
tion”’ of the census classification, therefore, generally
represents one plant, but it is evident that the terms
“central station”” and “power or generating plant’
are not synonymous. Although the statistics for a
central station may represent a number of these plants,
every effort was made to obtain separate census re-
ports for the plants located in separate states, even if
they were conducted under the same ownership.

The number of primary-power or generating plants
was not called for in the schedule used for reporting
central stations in 1907, but some idea of their number

“may be had from the fact that the returns showed

4,731 plants equipped with dynamos for the generation
of electricity. Of the 4,714 stations reported in 1907,
227 had no generating equipment, while 113 had more
than one power plant. This latter class reported 357
generating stations.

Period covered.—This census relates to the calendar
year énding December 31, 1907. 'The only other com-
plete enumeration of the central electric stations
covered the twelve months ending June 30, 1902. At
both censuses reports of the establishments were ac-
cepted for the business year which most nearly con-
formed to the census year, and all stations that were in
operation during any portion of the respective census
years were included. Therefore, although most of the
reports were prepared for the census year, they do not
necessarily represent the same period of twelve months,
or even an entire year. In 1902 reports covering a
period of less than a year were furnished by 141 com-
mercial and 38 municipal stations, and in 1907, by
202 commercial and 49 municipal stations. The ma-
jority of the reports covering less than a year were for

; stations that commenced operations during the census

. .« . | . .
The number of commercial and municipal | year. Some reports of this kind, however, were for
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properties that changed ownership during the year,
the new owners being unable to furnish statistics for
the operations conducted under the previous owner-
ship. These variations in the period covered by the
reports necessarily have some influence on certain sta-
tistics, such as the output of stations. As a rule, how-
ever, the reports covering less than a year are for com-
paratively small plants, and the statistics for such
plants have but little effect upon the various totals.
The census takes no cognizance of stations that had
not begun operations prior to the close of the census
year, except that limited statistics are presented in
Chapter VI, pages 74 and 75, for such stations as were
under construction during the year.

Buasis of canvass.—In the endeavor to secure statis-
tics from all central stations lists of the names and
addresses of such concerns were prepared from informa-
tion obtained from the postmasters in the different
cities and towns and from directories and other
sources of information. These lists formed the basis
of the canvass. The United States was divided into
districts and each district given to one or more agents,
who were instructed not only to secure reports from
all stations named on the lists, but to make careful
inquiry for other stations. It is believed that in this
way a thorough canvass was made of the entire country
and reports were secured from all plants that should
be classed as ‘““central stations.”

Grouping of statistics.—Tables 118 to 145 contain all
of the detailed statistics that were collected for 1907
for the central stations in each state and territory.
In other tables and text statements the statistics
have been grouped under appropriate headings, and
comparisons made, when possible, with the data for
1902. The most important classifications of the sta-
tistics are the following:

1. Commercial central stations, or those that were
operated under private ownership, whether by indi-
viduals, companies, or corporations.

2. Municipal central stations, or those that were
operated by state, city, or other local governments,
except those operated specially for institutions.

3. Purely electric central stations, or those that do
a strictly electrical business.

25142—10 2

4. Composite central stations, or those operated in
connection with some other industry.

5. Central stations according to dynamo capacity.

6. Central stations operated by water power ex-
clusively. ‘

7. Central stations operated by steam power ex-
clusively.

8. Central stations operated by both steam and
water power.

9. Central stations in selected cities where all or
practically all of the current is produced and consumed
within the incorporated limits of the cities.

This grouping of the statistics closely follows the
arrangement established at the census of 1902, in
order that comparisons may be made to show the de-
velopment of the industry.

The report of 1902 shows the number of central sta-
tions that commenced operations each year from 1881
to 1902, but this feature was abandoned at the census
of 1907 because changes in ownership are so frequent
that in many instances it is impossible to obtain the
date on which operations were commenced.

The ease and practicability of long-transmission
lines has caused a great extension of the area which
may be covered by lines from a central station, and
therefore it often happens that the generating station
is located at a place which from the standpoint of
population is comparatively insignificant, whereas the
places at which the electrical energy is delivered for
use may be of considerable size. On the other hand,
many stations located in large cities are extending
their service into the surrounding territory. For
these reasons, a classification of central (generating)
stations by the population of the places in which
these stations are located would not convey a correct
idea of the population served, or available for service,
and consequently this presentation also, which was
shown in 1902, has been abandoned.

The meager statistics concerning electric stations
collected at the census of 1890 are not presented in
this report because they are so fragmentary that they
are not fairly comparable with those for subsequent
censuses.



CHAPTER IIL
SUMMARY OF STATISTICS.

The magnitude of the central electric station industry in the census years 1902 and 1907, and the growth
during the five-year period, are shown in Table 1.

TapLe 1.—COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS: 1807 AND 1902,

; TOTAL. !E " COMMERCIAL, ; MUNICIPA L. | PER CENT OF INCREASE.
i F -
i i : i
. 1 - 0 | Com- | Muniei-
[5 1907 1902 | 1907 9021907 1902 ] Total. | mercial. | pal.
i | H i
{ 1 [_ e b B L ———
! | : ar i i o s
. . 5 8151 30,2 23,4 H3. 6
Number ol stations. ...._..................... ‘ 4,714 ‘ 3,020 3,462 2,805 ! 1,252 o o g U, % , 3.4
Cast of construction and equipment [ 81.096,913,622 | $504, 740,352 _P $1, 054, 03«},' 17 8482, 719,879 . $42, 879, 44‘7 lsg’(‘-}, (())[29,11("1%! I1(1}; 3 %(% 3 . 3 11. Z
GToss INCOMe. ve e e evslceanes . . 8175,642,338 $85,700,605 ! © $161,630,339 578,735,500 | 1 814,011,999 | 1 &6, Wi see || 101 5. or
Electric serviee R i $LEY, 614, 691 $84, 186,605 8156, 000, 257 §77,349,749 | ! $13,Gl4,4.§:1 84, = (!v s 2’; 70."‘; 101. 7‘ 8. 1
ighting. .. ... 8125, 755, 114 $70, 138,147 8112, 714,851 903,389,284 | $13, (_)4(}' 2():3 86, 748, § ) 8’]. 5 '(7. 8 .?:'I’. 6
Stationary motors | 528511, 550 $9,910,217 §27,995, 177 80,839,677 | $316,373 $70, (yg.(;) 3 - 184.5 3. 0
Allother..... .. ; 215,348, 027 %4.138, 241 $15.§g, ggg %-i, égg, ;gg 335(5);1, 2‘9?35 ‘;15.1) 4 3 3‘1’;" 23\)&) %(1)% E.li(l). 6
Al other sources. i §6,027, 647 1, 514,000 25,630,082 97, 505 $128, 2t S, . 0.
Total expenses........................_......| $106,205,140 |  $55,457 830 07,037,951 | 850,716,048 | $9,107,188 | 4,741,182 || 015 91.3 03.4
\ s P e 3 -
('Ospg“‘v’efrsggrpgﬁfsf i matma 1._5,. e elm.n.[_)f’ | $21,400,823 811, 280,423 £19, 665,919 $10.808,956 | 1,734,904 8976, 467 || 89,7 90.9 77
Cost of fuel..._...__- 11T COSBOTTS | SILGG00 | MOS0 | $10,180085 | 83,2273 | 81, g2 || 082 1.6 | 123.0
Miscellaneous expenses. $26,326, 257 211,895, 206 825,611,771 811,450,037 $714, 480 430, 1.(;.) 121, 3 123.0 ():- Z
Salaries zmél \\'f%gesi TRt P, l 835,420,324 $20, 646,692 | $31,935, 300 $18, 766,970 $3, 485,015 $1,870, 722 7.6 ! 70.2 RH. 4
Balaried officials, clerks, ete.— ; :
Number ' 12,990 6,996 11,375 6,046 1,615 50 8. 7 88,} 70.0
Salaries ! $11,733,787 $5, 663,580 $10, 738,955 $5,2006,199 $904, 832 $467, 381 107.2 106.3 117.56
Wage-earners— X .
gAvemge number........... PR J 34,042 23,330 30,691 20,803 3.95‘1 ‘,.2‘ f1(|7 ;1_8 5 ﬁ? 1 Q(P). 2
P \Vug!es ............................ 823, (86,537 814,983,112 321,196,354 $13,660, 771 82,490, 183 $1,422, 341 58.1 36,8 7. 1
Timary power: . -
Nulsn er of inachines...................... 10,150 7,485 8,205 6,325 1,045 1.1“{) ?5. fn 20.7 G777
Horsepower capacity.ci .......... b 4,032,365 1,830,504 3,712,518 1,671,401 319,847 150, 103 120.3 12201 1L O
Steam engines and steam turbines— )
Number...........o... . ... 7,206 5,930 5,492 4,870 1,714 1,060 21,5 12.8 61.7
Horsepower....ooooooeiiiia. ... 2,627,450 1,379,941 2,344,032 1,232,923 283,418 147,018 00, 4 0.1 L8
Gas engines— ; ;
Number......c................... 463 165 I 385 147 78 18 180. 6 161.9 333.3
w Horsﬁpo!w .......... 55,828 12,181 J 48, 746 11,224 6,082 957 368.3 343.2 5356. 6
Water wheels— F
Number.........ocooe L 2,481 1,390 2,328 1,308 153 82 8.5 78.0 K. O
a HOSePOWer v e v nneen oo, 1,349, 087 438,472 1,318, 740 427,254 30,347 11,218 || 207.7 208, 7 1705
encrating equipment:
Dynamos—
Number........ 12,173 12,484 9,778 10, 662 2,395 1,822 32.5 38.3 31.4
Ki}oﬁs}atttcapncit Y 2,709,225 1,212,235 2,500,200 1,098, 855 209,016 113,380 123. 5 127.5 R4 3
rect-curren
Number........... 3,680 3,823 3,169 3,405 511 418 83.7 8G.9 22,2
. Ktilowat’c capacity o 406, 460 330,065 379,706 312, 500 26,754 17, 556 23.1 21.5 32, 4
rect - current, constan
age—
Number............ 1,685 3,539 1,246 2,957 439 582 || 852.4 357.0 B 01
Al Kll?.watt.ea;l)amhy ..... N 80,992 145,866 61,753 117,695 19,239 28,171 844.5 847.5 33L.7
ernating single-phasean
phase current— ]
Nnmber.v...... ..... - 6,808 | 5,122 5,303 4,300 1,445 822 32.9 24,7 75.8
. Kilowatt capacity. 2,221,773 736, 304 2,058, 750 668, 651 163,023 (67,653 201.7 207.9 141.0
gutput ot;stﬁt[wns, kilowi{xtt hours... --| 5,862,276,737 | 2,507,051,115 5,572,813,949 | 2,311,146,676 289, 402, 788 195,904, 439 133.8 141.1 47.8
amps wired for service: i
! 555,713 385, 698 472,778 334,903 82,940 50,795 44.1 41.2 63.3
41, 445,997 18,144,044 37,393, 549 16,616,593 4,052, 448 1,577,451 127.8 125.0 156,09
162,338 ; ® :: 153,468 &) 8,870 1O R N .

! Includes the estimated income for eurrent consumed in municipal buildings and in lighting streets, parks, etc.

2 gxclusive of auxiliary engines with a. total capacity of 65,823 horsepower in 1907 and 14,454 horsepower in 1902,
3 Decrease.

¢ Exclusive of 275,079 lamps used by the central stations to light their own eleetrie properties in 1907. These lamps were not reported in 1902.

¢ The number of incandescent lamps was largely an estimate and, although mostly reported on o 18-candlep0\€er basis, emb];a;tes( ieggf;{:}ggafbmgnumber ranging
from 2 to 50 candlepower. >

6 Not reported separately.

As previously explained, the figures for the central
stations do not represent the entire production of elec-
trical energy. To arrive at the aggregate it would be
necessary to consider also the electric railways, tele-

generation or utilization of erectric current in what
may be termed ‘commercial enterprises.”  Thesao
industries represent an outstanding capitalization of

: . 1 56,200,746,753, of which $1,367,338 836 is creditecl i
phone and telegraph lines, electric police-patrol and ! central electric stations, $3,774,772,096 to electric rail-

fire-alarm systems, and the isolated electric plants. ways, $314,616,004 to commereial or mutual telephone
In 1907, exclusive of the isolated electric plants, ' companies, and $253,019,817 to telegraph companies
there were upward of 30,000 individuals, companies, [ the latter item including $32,726 242cthe capital sto{-lé
corporations, and municipalities which reported the | of wireless-telegraph companies, ’ Th,e capitalization (l)f
(16)
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the 17,702 independent farmer or rural telephone lines
and of the 1,157 electric police-patrol and fire-alarm
systems could not be ascertained. In addition, there
were a number of companies organized for the purpose
of acquiring the capital stock or bonds of electric com-
panies, street railways, gas and water systems, and
similar properties, holding the same for investment and
to some extent supervising the operation of the under-
lying companies. To show the capitalization of these
holding companies would be misleading as applied to
central electric stations, since it would be impossible to
determine the extent of its application to the electrical
industry as distinguished from others. In view of this
condition and because of the difficulty of securing the
information, it was deemed advisable to omit the data
as relating to central stations. .

In view of the very large increases shown for the de-
tails of the industry as a whole, it seems necessary to
state that theloss shown in the number and the capacity
of the direct-current machines was due to the fact that
this type of dynamo has been superseded by the alter-
nating single-phase and polyphase current machine.

Although central-station statistics of the compara-
tively few street railways that sold current and that
were able to prepare complete separate reports have
been included with those for central zlectric stations,
in order that that branch of the electrical industry
might be shown as fully as possible, the full measure of
growth of central-station work does not appear in Table
1 because of the fact that this service is also largely car-
ried on by numerous street-railway companies which
combine the central-station business so closely with
other activities as not to permit of complete separate
reports. Detailed statistics for the electric-railway
companies which were unable to make separate reports
will be found in Tables 146, 147, and 148, and a brief
summary of the same is presented in Table 2.

TasLe 2.—Central electric stations operated by street-ratlway com-~
' panies: 1907 and 1902.

{Complete se%a.rate reports for these stations could not be secured, hence the full sta-
tistics for them have been included with those for electrie raifways. This table
does not include central stations operated by street-railway companies which fur-
nished complete separate reports.]

Per cent
1907 1902 of

increase.
Number of stations... .cooocioiiaoiioat. 177 118 50.0
Gross INCOMe. - .o in i aeeeaannn $17,291, 824 $6, 469, 726 167.3
Electric Service. e vemenmaceiaraneaa 816,576, 655 $6,271,815 164.8
Lighting. ..o irumiiai e $13, 273, 205 $5,492, 669 141.7
Stationary motors. cmceeeeeeenana.. $2, 685,013 $768,040 249.6
Allother.. ... i $618, 247 $11,106 5,466.8
All other SOUrees. . . aeemveaneenneennn.. $715, 269 $197,911 261.4
80, 102 33,863 136.5

4,545,839 1,442,685 215.1

28, 641 (€ T PO,
Number. .cooii i 20, 468 10,049 103.7
HOrSePOWR e e e e eemeecmemcmamnannns 158,923 35,688 345.3
Meters on consumption cireuits, number. .. 213, 886 , 601 277.9

1The number of incandescent lamps was largely an estimate and, although mostly
reported on a 16-candlepower basis, embraces & considerable number ranging from 2
to 50 candlepower.

2Not reported separately.
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Table 2 shows that while the number of stations
which were unable to make separate reports is grow-
ing, there is still greater increase in their impor-
tance. The increase in the income for electric service,
$10,822,098, does not fully represent this feature
of the electric service, since, as shown in the report
on street railways, 330 companies reported the sale
of electric current during 1907, and the income
from this source amounted to $20,093,302. Some of
the current was sold to other electric railways, but a
large portion was used for light and power in enter-
prises not connected with the railways. Iowever,
statistics of income and equipment can be shown
separately for only 177 companies. The increases in
number of lamps, number and horsepower of station-
ary motors, and number of meters on consumption
circuits, not only show the rapid growth of central-
station work in connection with the operation of
street railways, but demonstrate the wonderful facility
with which electrical energy may be utilized wherever
there is a demand for light or power.

Ownership of central electric stations.—Table 3 shows
the number of commercial central stations conducted
under the different forms of ownership.

TaBLE 3.—Commercial central electric stations— Number, by char-
acter of ownership : 1907 and 1902.

PER CENT
Per cent DISTRIBUTION.
CHARACTER OF OWNERSHIP, 1907 1902 of
increase.

1907 1902
3,462 2,805 23.4 100.0 100.0
609 528 15.3 17.6 18.8
208 228 30.7 8.6 8.1
12,555 2,049 24.7 73.8 73.1

1Includes 2 stations classed as “Other forms of ownership,” in order that the
operations of individual stations may not be disclosed.

Although the number of stations operated by the-
several forms of ownership can not properly be used
to determine their relative importance, it shows the
character of ownership which predominates and which
seems to be one of the distinctive features of the
industry. Nearly three-fourths of the stations re-
ported at each census were operated by incorporated
companies. Individual ownership was next in im-
portance as to number of stations, with less than
one-fifth of the total at each census. The percentage
which stations under individual ownership represent
of the total number for all classes decreased from 18.8
in 1902 to 17.6 in 1907, a loss of 1.2. Firms showed
but little proportionate change, having less than 9
per cent of the total number at each census. Detailed
statistics for 1907 for the different forms of owner-
ship are presented in Table 4. These statistics are
confined to 1907 because in 1902 data as to character
of ownership were limited to the number of estab-
lishments.
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TasLe 4.—COMMERCIAL CENTRAL ELECTRIC STATIONS, BY CHARACTER OF OWNERSHIP: 1907,
CHARACTER OF OWNERSHIP.
Total || Individual | Firm, | Tocorporated
R 3,462 609 208 | 2, 555
Numberoistutlons.....,............‘....,.................................................‘ ............... o5 0o g $6, 574, 999 84,019,808 | 81,043, 435, a0
Gost of construction und equipment SN " o e G | S | SO an $167, 780, 738
Giross n\c,uft.m feaiesieseciiiiie J R PP S100, 000,207 S5 002100 | 41408 130 315,330, 016
B s s e s | S| Saiw) Swes
Stationary motors. ... ... Lo L0l $27,995, ) b 817,
Statiouary mo $15,200, 220 $60, 752 $37 545 | §15,201 932
All }the?'tsm‘;x:(:e' $5, (130, 082 $109, 365 $69, 995 $5, 450, 722
Total expenses 07,037,061 || $1,615,420 | $1,021,788 $04, 400, 747
O Cost of sunpiies and miater $12, 969,731 $231, 471 $175, 456 $12, 502, 804
ki e w| wps) e
o Doz 20 200,45 o
Eﬁ“{eflggerégﬁeg GHISes o 1 sse 2206, 510 $110, 562 25, 285, 699
Salaries und m};gs. IR B OSSR S 331,635, 300 $558, 835 308, 234 $31, 008,240
S“mg‘i?nﬁiggms’ S O e e 11,375 171 139 11,065
Sadarfes. . L0l $10, 738, 955 $112, 65 889, 614 $10, 536, 670
el 30,691 863 495 20,333
e e e 821,106,350 || S446,170 |  $278,620 | 820,471,504
Primary power: -
juber FILES. 4+ e e e e e e e e e e e e 8,081 847 436 7,608
%‘3?23?&?232%°22%€§'::::::::::::::::::::::::::::::::::.':::.‘ .......................................... 8,770,857 | ans| a5l
Steam engines— -
.................................................. 5,144 520 285 4,339
Homenawer OO O OSSOSO OPNISIOOPIRS 1,546,007 50, G2 30,034 1,465,511
Steam turbines
........ 348 13 ISP 347
ﬁgfs’é}%{v'éi ....... 798, 025 80 |eveeeeoaiiit, 797,995
(ias engines— N
TNUIRDOE. o eeeine et e e e .. 385 83 37 25
ﬁggeblf%mr S R SRSSR SR 49,740 3,577 1,309 44,770
Water wheels— :
.......................................................................... 2,328 200 103 2,016
Hg;"slé);g{\:ie‘l::.:..... .......................................................................... 1,318, 740 18,751 14,057 1,285,032
Auxiliary engines— ~
I DOT . L e i e it e e e e 76 34 11 731
0TS DOW T e e e et ettt et e et e e e et e e e e e 64,319 1,048 635 62,036
Geu%raling equiprrx)lent:
FIRIABEE. .o s oo e ee et 9,778 839 az | 8,527
Kilowatt e0Pacty ... ... ... ... Ll 2,500, 200 44,315 28, 511 9,427, 383
Direct-current, constant-voltage— 5 100 103 10 o 578
Kilowatt capacity . 379, 706 15,365 6,081 357,360
Direl‘\}t-cu{)reut, constan L2 . % i 19
Hlowa & 61,753 1,014 407 40, 332
5,303 397 202 4,764
Kilowatt capacity .. 2,088,750 27,936 21,123 2,000, 601
Output 0[1 stflxtfinns, klllowuttphours ................................... b,572,813,040 || 43,103,403 | 41,357,740 | 5,488 352,710
s W rvice: 2
Lo e for st 472,773 5,758 3,021 463,094
37,303, 640 736, 504 406,110 86,250, 539
153,408 625 355 152, 488

1 Includes 2 stations classed as “ Other forms of ownership” in order

that the operations of individual stations may not be discloserd.

2 Bxelnsive of 275,079 lamps used by the central stations to lght their own electric properties,
3 The number of incandescent lnmps was largely an estimate and , although mostly reported on a 16-candlepower basis, embraces a considerable number ranging from

2 to 50 candlepower.

" The statistics in Table 4 show the great preponder-
ance of corporate ownership. The proportions con-
tributed by the corporations to several of the chief
totals of the table were as follows: Cost of construc-
tion and equipment, 99 per cent; income from sale of
current, 97.6 per cent; primary horsepewer, 96.8 per
cent; kilowatt capacity of dynamos, 97.1 per cent;
output of stations, 98.5 per cent; number of arc
lamps, 98.1 per cent; and number of incandescent
lamps, 96.9 per cent. If the municipal stations were
included, the proportions for incorporated companies
would De less, but they would still represent about 90
per cent of the several totals, while of the Temaining
10 per cent, roughly speaking, about 2 per cent may
be assigned to individuals and firms, with individual
ownership having somewhat the larger share, and 8
per cent to municipalities.

As already stated, central stations may be divided
mto the purely electric, those which were operated
solely as electrical enterprises; and the composite,

those which were operated in connection with some
other industry or service, such as waterworks, gas
plants, etc. Table 5 gives detailed statistics of these
two classes of stations subdivided by character of
ownership. '

A comparison of the totals for the two groups of
stations shows that about three-fifths of the income
and cost of construction and equipment was connected
with the purely electric and two-fifths with the com-
posite stations. Nearly two-thirds of the commercial
central stations were reported as purely electric, and
something more than one-third as composite. This
division of commereial stations may also be accepted
as roughly representing the respective importance of
the purely electric and the composite stations. While
the proportions for the chief items for the commercial
stations are thus decidedly greater in the purely elec-
tric than in the composite class, this does not hold
true for the municipal stations, where such important
totals as income, expenses, horsepower of primary-
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power plant, kilowatt capacity of dynamos, and num-
ber of incandescent lamps are greater for the composite
stations. The fact that such public utilities as water
and gas are so often operated by municipalities which
also operate electric stations explains this condition.
Nearly four-fifths of the purely electric central stations
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and more than three-fifths of those in the composite
group were commercial stations. Exclusive of the
item of arc lamps, about 6 per cent of the income and
equipment of the purely electric group was reported
by the municipal stations, as compared with about 10
per cent for these stations in the composite group.

Tasre 5.—PURELY ELECTRIC AND COMPOSITE CENTRAL ELECTRIC STATIONS, BY CHARACTER OF
OWNERSHIP: 1907.

PURELY ELECTRIC STATIONS. COMPOSITE STATIONS.
Total. Commerctal. Comumercial,
I ted Municipal. I 1 Municipal.
o3 neorporate: : e ncorporatec
Individual.| TFirm. company.1 Individual.| Firm. cowpany.
Number of stations............... . 4,714 397 175 1, 555 521 212 123 1,000 731
Cost of construction and equipmer .| $1,0006,913,622 || 84,427,517 | $2,201,942 8632,717,815 | $23,489, 640 | $2,147,408 | 81,727,871 $410,721,627 | $19, 389,807
Gross income........... $175,642, 338 || 81,606, 500 3863, 938 $98, 761, 820 86,752, 6564 3704, 967 $614, 106 $59,028,900 | $§7,259,345
Electric service. 8169, 614,601 || §1, 538, 167 $813,222 $95, 705, 459 86,572, 730 $§723,945 $594, 917 856,624,557 | 87,041,008
Ligliting. .. .. /125,756, 114 || $1, 442,855 $751,275 $67, 189, 245 $6, 204, 677 $687, 967 $522, 518 842,120,901 | $6,745, 586
Stationary mo $28, 511, 550 $63,834 $35,121 $17,852, 985 $261, 061 $16, 694 $61, 680 $9, 9G4, 863 255,312
All other. .. 815,348, 027 $31,468 $26,826 - 810,603, 229 816, 998 $19, 284 $10,710 $4, 538, 703 $40,800
All other sources #6,027, 647 $68, 343 850,716 $3, 046, 370 $179, 018 $41,022 $19, 279 $2,404, 352 $217,647
Total expenses. 106, 205, 149 || $1, 078, 567 3580,033 $57, 450, 650 $4,374, 925 $536, 859 $441, 755 $36,044,007 | §4,792,263
Costi of supplies and m: $14, 326, 351 $155,112 396,035 $7,360, 405 3678, 061 $76,350 $79, 421 35,202, 399 $677,659
Cost of fuel. .. $23,057, 746 $374, 037 $185,345 310, 592, 454 $1,824,732 $186, 416 $132, 601 38,354,109 | $1,908,051
Power purchas 37,074,472 $56, 278 ‘827,237 $4, 508, 100 $277, 904 $1,879 $13,353 $1,999, 341 $100,380
Miscellaneous $26, 320, 257 $137,143 365,721 $16,314,907 $331, 600 $69, 367 $53,841 88,970,792 $382,886
Salaries and wages 835,420,324 $3565,997 $205,695 $18, 590, 784 $1,761,728 $202, 838 $162, 539 $12,417,456 | $1,723,287
Salaried oflicials, clerks, e .
umber 12, 990 100 78 6, 469 615 ~ 71 61 4, 596 1,000
- Salaries $11,733,787 865,261 $50,825 $6, 438, 363 $406,875 347,404 $39,289 $4,098,313 $587,057
age-earner: :
Average number. 34,642 555 272 17,494 1,941 308 223 11,839 2,010
Pr Wages......... $23,686, 537 $290, 736 8155,370 $12,152, 421 $1,354,853 $155,434 $123,250 $8,319,143 | $£,135,330
rimary power: .
Number of machines. 10,998 532 242 4,446 819 315 194 3,252 1,198
Horsepower capacity . 4,008,188 48,370 25,440 2,250,483 149,018 26,208 21,585 1,404,661 172,333
Steam engines— .
Number.........ooooiiiiainn 6,829 339 160 2,343 657 181 125 1,996 1,028
Horsepower. .. cooveeinnnnnnnn 1,810,040 34,082 16,820 785,663 113,729 16,580 13,214 679,648 150,804
Steam turbine
Number......ooooiiiiiinniaan 74 | FN R, 181 11 ) PR 166 18
HOrsepoOWer. . .oeveeaieaiennnan 817,410 || e oeececane|iemcacnann 596,712 10,150 (A 201,283 9,235
(Gas engines—
Number.....occoiiiineninnnnns 463 66 30 166 33 17 7 99 45
Horsepower. .. ccocovveennann- 55,828 2,867 1,049 18,736 2,796 710 350 26,034 3,286
Water wheels—
Number....ccooeeeiianannn - 2,481" 104 1,343 84 105 59 673 69
TTOrSEPOWET + - o veecveaannn ann 1,349,087 10,535 7,326 824,211 21,818 8,216 7,631 460,821 8,534
Auxiliary engines— :
NUmMNer . ot ieecaeainceinnanas 848 3 8 413 34 11 3 318 38
Horsepower. .. .evevenannannn- 65,823 886 245 25,161 530 762 390 36,875 974
Generating equipment:
Dynamos—
Number. . ...cieiiiiiaineannnnann 12,173 556 251 4,878 1,064 283 161 3,649 1,331
Kilowatt capacity . .....oocoaini.nn 2,709,225 29,620 16,477 1,528,189 96, 528 14,695 12,034 899,194 112,488
Direct-current, constant-volt-
age—
f::Number ................... 3,680 257 121 1,409 228 146 72 1,164 283
Kilowatt capacity......... 4086, 460 10,357 4,370 196, 380 11,360 5,008 2,611 160, 980 15,394
Direct-current, constant-am-
perage—
Number.........cooonnin 1,685 34 12 732 266 5 5 458 173
Kilowatt capaeity......... 80,992 919 304 38,040 12,241 95 103 22,292 6,998
Alternating, single-phase and
polyphase current—
Number..........coeeuannn 6,808 265 118 2,737 - 570 132 84 2,027 875
Kilowatt capacity......... 2,221,773 18,344 11,803 1,293,769 72,927 9,592 9,320 715,922 90,006
Output of stations, kilowatt hours......... 5,862,276,737 || 27,704,477 | 15,193,414 | 3,692,080,449 | 145,109,547 | 15,399,016 26,164,332 | 1,796,272,201 | 144,353,241
Lamps wired for service: 2
D 555,713 4,056 1,924 280,101 48,206 1,703 1,087 183,803 34,734
Incandescents......... e 41, 445, 997 522,444 245,456 21,852, 656 1,710, 564 214,150 160,660 14,398, 183 2,341,884
Other varieties—Nernst vacuum,
VAPOL, €6C. o vl 162,338 447 262 112,069 5,575 178 93 40,419 3,205

1 Tneludes 2 stations classed as “ Other forms of ownership,” in order that the operations of individual stations may not be disclosed.
2 Bxclusive of 275,079 lamps used by the central stations to light their own electric properties. . .
3 The nuinber of incandescent lamps was largely an estimate and, although mostly reported on a 16-candlepower basis, embraces a considerable number ranging from

2 to 50 candlepower.

Table 6 presents a comparative summary of the
purely electric and the composite plants for 1907 and
1902. .

The percentages of increase for the composite sta-
tions are much greater than for the purely electric,
but the absolute increases show no such excess. On
the contrary, the purely electric stations show a

greater absolute increase for all the leading items. It
is noteworthy that both the commercial and the mu-
nicipal stations share in the uniformly larger percent-
ages of increase for the composite stations, which ap-
pears to indicate that the distinctive characteristics
of the two classes of stations are much less marked
than formerly.
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Tabis 6.—PURELY ELECTRIC AND COMPOSITE CENTRAL ELECTRIC STATIONS—COMMERCIAL AND MUNICIPAL:
1907 AND 1902.

e R e e

E ! PURELY ELECTRIC STATIONS. CoMPOSITIE STATIONS,
Census.| Aggregate. E i e mercial | R
Total. Commiercial. | Municipal. Total. | com fal. ¢+ Munieipal,
[ .
i 21 2,066 1,335 :
Number of Stations. ..o e oeeeennaiiiiiaiaas g,‘é%g g, ({gg %i %g gBO ] 1:)!; 42 B‘l‘
) )y 9 ! 97.6 "
Per cent of increase . 30.2 23.8 20.9 37.1 39.5 68.0
¢ 6 414, 596,901 19, 389, 807
2 i i eeemenaaaea| 1807 , 096, 913, 622 $662, 926, 914 $639, 437,274 | $23,489, 640 $433, 986, 798 35!1_‘ * v L 3 9, 807
Cost of construction and equipment . 1o 3135041 Tioaso | saad 151724 $320,580,333 | $13, 571,301 |  $170, 53%5222 F162, 13&1}524;, 8, 449;)()8"4}
Per cent of inerease. .. ....ooooveen.s R S 117.3 98.4 99.5 73.1 . . 129.5
» 3 408, 072 259 947%
.......... 175, 042, 338 107,974, 921 $101, 222, 267 $6,752, 654 867,667, 417 %?Q, Sue, U7 87,259, 345
GroSSIACOME. -+ oo o | Ssmteie | Smtovics | Cseasrar| seumes | s, oT.loy | $24. 270,703 52, 817,33
Percent of INCrease. ... coooveveneeneaeeaaies]oeaann 104.9 . 84.2 85,9 62.8 . - 57,7
N i 57, 943, 419 041,608
o TSR Y 1907 $169, 614, 691 $104,629, 574 $98, 056, 838 $6,572,736 $64 985‘,117 3:5;7 » $7 i
Blectric service 1902 | S84,186,005 | 857,470,507 ||  §53,304,158 | 84,076,439 | 826,716,008}  §23,958,501 £2,760,417
Per cent of increase....oeeieiiin it 101.5 82.1 83.6 61.2 143.2 . 155
2, 464, 653 $217, 647
1 other SoUrces....cvovveerareanannnnns 1907 $6,027, 647 $3,345, 347 $3,165,429 $179,918 $2, 682, 300 $2 a4, 7
All other soarces 1902 81,514, 000 $1,132, 800 $1, 061,579 871,230 §381,191 $-32é657§ $57, 0141
Percentof increase. .. ...l 208.1 195.3 198.2 152.6 603.7 )0, 2817
XPENSES e vinaraiaienaananas et $106, 205,149 $63,490,175 $59, 115, 250 $4,374,925 $42,714, 974 $3'7‘, 922, 7}1 34,792 2[‘,;?
Total expenses ‘ s55,457, 50 || sar,22,i8 || s4,5,512 | 82747060 | 818,185,252 || $16,101,136 $1,904, 116
Per cent of increase 91.5 70.3 71.2 59.3 134.9 - 140,13
Primary power:! )
Nuxyn er of machines.........ocevenveeoeanns 1907 | . 10,150 5,561 4,776 785 4,580 '23,3(‘?;2 1,160
1902 7,485 4,615 4,032 583 2,870 ;1 ).:5 5T
Per cent of INCrease . . ..ooovvevmeannnaai|onannns 35.6 20,5 18.5 34.7 59.9 9. 101.0
Horsepower capacity..........oveuonrmeennns 1907 4,032,365 2,446, 489 2,298, 001 148, 488 1,585, 876 1,414,517 171,360
v pacty 1902 1,830,594 1,942,362 1,151,520 90, 842 ’ 588, 232 519,881 68;35 1
Per cent of inerease . . «....ooeeeeciaeiiei]iiaiaa. 120.3 96.9 99.6 63.5 169.6 172.1 150. 7
Geu]e)rating equipment:
amos— \
T URBRT et ee e 12,178 6,749 5,685 1,064 5,424 4,003 1,31
12,484 7,752 6,783 969 4,732 3,879 853
Per cent of increase 22.5 212.9 216.2 9.8 14.6 5.5 50, 4>
Kilowatt capacity................ 7 9,709,225 1,670,814 || . 1,574,286 96,528 1,088, 411 925,923 112, 484
1,212,235 818, 805 753,021 65,784 393, 430 345, 834 47, F{tl,i
Per cent of increase 123.5 104.1 109.1 46.7 163.9 167.7 136, 2%
Output of stations, kilowatt hours.............. 1907 | 5,862,276,737 || 8,880,087,887 || 3,734,978,340 | 145,109,547 | 1,082,188,850 || 1,837,835, 609 144,353,241
1902 2,507,051,115 1,836,748, 836 1,716,909, 602 | 119,839,234 670, 302, 279 594,237,074 76, 065, AN¥
Per cent of increase. .. ..........oieiidoaai, 133.8 1112 117.5 211 195.7 209, 3 8.4
Lamps wired for service:3
5 1907 555,713 334,286 286, 080 48,206 201, 427 186, 693 34,734
X 1902 385,698 252,407 219, 409 32,998 133,291 115, 494 17,707
Per cent of inerease.......oooeoivniiindiiaii, 44.1 32.4 30.4 46.1 66.1 61.6 905, .2
Tneandeseenté. . .. oveeenerrnennereunanaannss 1907 41,445,997 24,331,120 92,620,556 | 1,710,564 17,114,877 14,772,993 2,341,854
X . 1902 18,194, 044 12,248,918 11,463, 050 . 785,868 5,945, 126 5,153, 543 791,543
Percentofincrease.............ooiiillL 27. 98.6 97.3 117.7 187.9 186.7 105, %
Other varieties—Nernst, vacuum,vapor, etcs.| 1907 162,338 118, 353 112,778 5,575 43,985 40, 690 3,200

1 %xclusive of auxiliary engines with a total capacity of 65,823 horsepower in 1907 and 14,454 horsepower in 1902.
2 Decrease.
3 Exclusive of 275,079 lamps used by the central stations to light their own electric properties in 1907. These lamps were not reported se

3 arately in 1902,
2t Aﬁ"ghe n&llmber of incandescent lamps was largely an estimate and, although mostly reported on a 16-candlepower basis, embraces & cons derablg number ranging fror
0 50 candlepower.

5 Not reported separately in 1902.

Relationship of population and central stations.—As | the proportionate number of central stations and the
a rule, the central electric stations are concentrated in | proportionate population of this group of states weres
the most populous states and at points within these | very nearly the same, or less than one-third of the
states from which the largest percentage of the popu- | total, their proportion of the kilowatt-hour output.
lation can be served economically. From Table 1191t | formed nearly one-half of the total. Imn 1902 the exact.
appears that New York, Pennsylvania, Illinois, and | percentages for these items were as follows: Popula—
Ohio, the 4 states having the largest population, con- | tion, 29.7 per cent; number of establishments, 30.8 per
taining together 29.6 per cent of the total for the | cent; and kilowatt-hour output, 49.1 per cent.
United States, reported 1,296 electric stations, or 27.5 A number of the tables contained in this reports
per cent of the total number in operation during 1907, | present the statistics by the officially adopted geo—
and the annual output of these stations amounted to | graphic divisions. An outline and s list follow,

2,553,745,890 kilowatt hours, or 43.6 per cent of the | showing the states and territories comntained in each.
output of all stations in the United States. While | division:
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Mar 1.—GEOGRAPHIC DIVISIONS.

TEXAS
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North Atlantic division: North Central division — Con-

North Carolina.

Maine. tinued.
New IHampshire. Migsouri.
Vermont. North Dakota.
Massachusetts. South Dakota.
Rhode Island. Nebraska.
Connecticut. Kansas.
New York. South Central division:
New Jersey. Kentucky.
Pennsylvania. Tennessee.
South Atlantic division: Alabama.
Delaware. Mississippi.
Maryland, Louisiana.
District of Columbia. Arkansas.
Virginia. Oklahoma.
West Virginia. Texas.

Western division:

South Carolina. Montana.
Georgia. Idaho.
Florida. Wyoming.
North Central division: Colorado.
Ohio. New Mexico.
Indiana. Arizona.
Illinois. Utah.
Michigan. Nevada.
Wisconsin. ‘Washington.
Minnesota. Oregon.
Towa. California.

The largest proportion of the total population of the
country, 33.9 per cent in 1907 and 34.5 per cent in
1902, was in the North Central states. These states
also contained nearly the same percentage of electric
lamps wired for service, but for the horsepower of
primary-power plants, kilowatt capacity of dynamos,
and output of stations, the percentages were consider-
ably less. The North Atlantic states were next in
the proportion of populamon with 27.8 per cent in
1907 and 27.7 per cent in 1902, but their proportions
for the various items of the central—statlon industry
for both 1907 and 1902 were much larger, as follows:
Horsepower of primary-power plant, 37.4 and 44.2
per cent, respectively; kilowatt capacity of dynamos,

38.9 and 42.7 per cent; output of stations, 42.4 and
50.6 per cent; number of arc lamps, 43.6 and 44 per
cent; and number of incandescent lamps, 41.5 and
47.1 per cent.

The South Atlantic and South Central divisions,
treated as a single group, embraced 32.7 per cent of
the population in 1907 and 32.4 per cent in 1902.

- Although their proportions of the various items of the

central-station industry were larger in 1907 than in
1902, they were the smallest shown for any section of
the country. The exact percentages for each of
these two divisions for 1907 and 1902 were as follows:
South Atlantic, population, 13.5 and 13.7 per cent,
respectively; horsepower of primary-power plant, 7.2
and 5 per cent; kilowatt capacity of dynamos, 7.2
and 5.1 per cent; output of stations, 4.5 and 4.1 per
cent; number of arc lamps, 4.9 and 4.5 per cent; and
number of incandescent lamps, 4.6 and 3.4 per cent.
The South Central, population, 19.1 and 18.6 per cent;
horsepower of primary-power plant, 6 and 6.4 per
cent; kilowatt capacity of dynamos, 6.1 and 6.8 per
cent; output of stations, 4.4 and 6.1 per cent; number
of arc lamps, 7.2 and 6 per cent; and number of incan-
descent lamps, 6.5 and 5.6 per cent. The Western
division was the smallest in population, with 5.6 per
cent of the total in 1907 and 5.5 per cent in 1902. TIts
percentages of the various items for the central-
station industry for 1907 and 1902, respectively,
were as follows: Horsepower of primary power plant,
19.6 and 15.2 per cent; kilowatt capacity of dynamos,
18 and 14.4 per cent; output of stations, 23.8 and 13.4
per cent; number of arc lamps, 7.6 and 7.8 per cent;
and number of incandescent lamps, 13 and 10 per
cent.
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GEOGRAPHIC
masis T.—CENTRAL ELECTRIC STATIONS—RELATION OF LEADING ITEMS TO POPULATION, BY
DIVISIONS: 1907 AND 1902.
LAMPS.3
1101351;1’0\;'1?.1:\I I?F C‘I\{;IA%XQTS Fk OUTPUT OF STATIONS,
8.1 ENGINES A KILOWATT HOURS.
‘ NUMBER OF STATIONS-| ATER WHEELS|  DYNAMOS. w Are. Ineandescent.4
Cen-| Popula- i )
PO sus. | tion! [ Per Per Per Per Per
Com- |y 1rie- 0 1,000 1,000 Num- | 1,000 1,000
Total.|| mer- Miggic Amount. 11);?0‘1_ Amount. | pan, i Amount. apu- e | . | Number. opu-
cial. ’ Jation ation. ation. ation. ation.
e |
T 7 2,7 o | 1,252 || 4,098,188 | 47.91 || 2,700,225 | 81.67 15,862,276, 737 | 6S,538.38 || 565,713 | 6.50 141,445,907 | 484.50
United States. ... 1002 %‘3;2%:;@% g,g% ggg{) L 1,845,048 | 23,48 || 1,212,235 | 15.43 2,507,051, 115 | 31,905.80 || 385,608 | 4.01 (18,104,044 | 23155
nt of in-
R 5.0 80.2)] 23.4] 53.6 1921 {eeennnn 1235 ...on. 133.8 |.oooeenn.. T 1978 |ovon.n ..
7 5 2,48 : ‘ 4 | 722,80
Atlanti 7 D70 || 920 | 150 | 1,534,586 | 6454 || 1,054,528 | 4185 |2,483,100,227 |104,424.28 || 242,320 | 10.19 17,187,474 | 72
North Atlasiic......| 170 Ei%gi%g Lots | Sto| 108 || Sia7es | 8741 1| 507,540 | 2376 1, 209, 331, 00t 68,284.49‘ 169,854 | 7.79 |'8,561,205 | 303.11
Per cent of increase..|...... 0.2 17.2 1 13.6 ] 45.6 88,4 J.anunns 108.8 §....enn 5.6 {eevuiaaans N TN 2> U,
H " - 055
..... g sa,088 || 300 | 232 | 18| 295,265 | 2550 || 195,300 | 16.87 || 200,437,175 | 23,018.35 || 27,103 | 2.34 | 1,915,725 | 165.51
South Atlantic. ....... 10 }%;?—'mjﬁu ThEL|l 176 | 75| 02,841 | 8.60 | 62,301 | 578 102,990;34 9,502.30 || 17,183 | 1 60 | oL 0L | 6.7
Per centof increase. ... 7.5 a4 | a8 | 10T 8.7 | 213.5 .. ke 168.7 [oreenns. 7l 3
: 7 26, 6 511,308 | 727 ([ 1,210,016 | 42.03 | 805,012 | 27.73 |l1, 462,114,001 | 50,371, 44 | 204,248 | 7.04 (14,200, 544 | 49160
North Central......... %ggé %?85?%3 %:(7)86 i:?rs 528 | 530,660 | 10.92 || 375,514 | 13.80 }645,()(32;1‘13 23781427 || 145,520 | 5.37 (”1'&7’;1)18 228, 04
Per cent of increase. .|...... 72l b2 61 817 126.0 |....... a4 167 | 40.3 ... ... 3100700
; 7 68, 5 7 166 || 204,422 | 14.98 || 165,960 | 10.14 || 257,387,610 | 15,724 51 || 39,704 | 2.43 | 2,007,115 | 1064.77
South Central. -----.-- s | 1B Wi B W) Tirie| S| 'sto | 153,905,350 | 10,504, 38 || 23,320 | 1.5 11022‘,_;21»3. 69.77
Per cent of increase. .|...... 1.7 68.1 ] 58.8|104.9 108.6 |....... 101.8 |oooeen [ - PO 70.0 {....... 163.8 [..oee.an
................ 71 4,783, 5 4801 429 | 51| 803,000 1168.08 || 488,407 {10210 |1,803, 231,724 |201,254.34 || 42,248 | 8.83 | 5,376,130 |1,123.88
Western.. iggz 4;%89:83; 385 | 318 | 98| 280818 | 65.47 || 174°612 | 40.71 || 335,762,070 | 78,282, 01 30,132 | 7.02 11822,(;21 T424. 04
Per cent of increase. .|...... 1.5] 38.7) 3.9 | 821 186.3 {....... 179.7 J.....et 315.0 J...oo...... 40.3 |....... 195.0 ...
, j

1 Based upon Bureau of the Census estimates.

2 Includes ca{mcity of auxiliary engines, amounting to 65,823 horsepower in 1907 and 14,454 horsepower in 1902.

31In 1907, exc!

usive of 162,338 lamps of ““Other varieties—Nernst, vacuum, vapor, ete.”’—the revenue for which is included with the income for lighting, and 275,079

lamps used by the central stations to light their own electric properties. These lamps were not reported separately in 1902.
4 The number of incandescent lamps was largely an estimate and, although mostly reported on a 16-candlepower basis, embraces a considerable nuumber ranging from.

2 to 50 candlepower.

The comparison of the population of these geographic
divisions with the several items of Table 7 representing
the equipment and output of the stations may be
roughly summarized as follows: The North Central,
one-third of all items; the North Atlantic, one-fourth
of the population and two-fifths of the other items;
the South Atlantic and South Central combined,
one-third of the population and one-eighth of the
other items; and the Western, one-twentieth of the
population and one-sixth of the other items. Com-
paring the proportion of population with that for
the number of stations, the proportion of stations was
larger than that for population for the North Central
and Western divisions, and smaller for the North
Atlantic, South Atlantic, and South Central divisions.

One of the most pronounced features of the central-
station industry is the large per capita showing for
the Western division, the output of stations and all
the items of equipment, except arc lamps, being the
largest of any group. The Western division, having,
in 1907, less than 5,000,000 population, as compared
with a population of upward of 11,000,000 and
16,000,000 for the South Atlantic and South Central
divisions, respectively, reported a greater primary
horsepower, a larger dynamo capacity, and more
incandescent lamps wired for service than the two
latter divisions combined. In per capita showing,
the North Atlantic division was second in rank, the
North Central third, the South Atlantic fourth, and
the South Central fifth.

Mention has already been made of the fact that
numerous tables in the report for 1902 contained
statistics for the central stations, grouped according

to the population of the places in which the stations
were located. Such a presentation of the statistics
is interesting, but the following points should be con-
sidered in connection with the results:

1. The reports for the central stations are assigned
to the places in which the plants are located.

2. The development of the alternating current by
means of the single-phase or polyphase dynamo,
referred to in the report of 1902, has continued since
that census, until at the census of 1907 the kilowatt
capacity of this class of machines represented 82 per
cent of the total dynamo capacity of all central stations.
In many instances large plants are now located at places
where water power is available for the generation of
the current, but at great distances from the places
where the current is used. It is evident that any
attempt to arrive at the true per capita consumption
of current, and other features based on population
by localities, should include the statistics for these
generating plants, but this is impossible, since they
frequently furnish current to two or more widely
separated cities, mills, or factories. The following are
among the most notable examples of this phase of the
development and use of electrical energy: In Califor-
nia two companies have plants located in several
small places where water power is available for the.
generation of electricity, which is not unly transmitted
to the largest cities in the state but is used in
numerous smaller places in the course of its transit.
In New York the electrical energy generated at
Niagara Falls is distributed to various cities and towns
in the state. In South Carolina there is one large
company with generating plants at places where there
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is water power, from which places the electrical
energy is transmitted to various sections of that state.
If necessary, many other instances of this character
of electric service might be given, but these are deemed
sufficient for the purpose.

3. Some electric companies, though owning two or
more central stations situated in widely separated
places, made but one report covering all of their
properties. As a rule, such reports are assigned to
the place in which the principal plant is located. In
some instances these plants are in two or more of the
groups of cities for which separate statistics were
shown in 1902, and the assignment of all of them to
a certain city or group of cities would detract from
the value of conclusions based upon population.

A majority of the central stations, however, are
located in the cities to which they are assigned and
where all of their output, or the major portion, is
consumed. While, therefore, this grouping of the
stations in 1902 by population may have been instruct-
ive to some extent, the defects are too great, so far
as relates to the commercial stations, to warrant such
an analysis at the census of 1907. Statistics are pre-
sented, however, for the following 34 selected cities,
grouped in four classes according to size:

23

Thirty-four selected citics grouped in four classes according to their
estimated population in 1902,

500,000 and over.

100,000 but nnder
500,000

25,000 but under
100,000

5,000 but under
25,000.

Chicago, Il
New York, N. Y.
Philadelphia, Pa.
St. Louis, Mo.

Cincinnati, Ohio.
Cleveland, Ohio.
Denver, Colo.
Indianapolis, Ind.
Louisville, Ky.
Minneapolis, Minn,|
New Orleans, La.
§t. Paul, Minn.
Washington, D. C.
Worcester, Mass.

Dayton, Ohio.

Des Moines, Iowa.

Duluth, Minn.
Erie, Pa.
LEvansville, Ind.
flolyoke, Mass.
Mobile, Ala.
Reading, Pa.

San Antonio, Tex.

Wilmington, Del.

Anderson, Ind.
Cumberland, Md.
TFlint, Mich.
Hannibal, Mo.
Lewiston, Me.
Northampton,

Mass.
Oklahoma City,
Okla.

Paducah, Ky.

" consumption.

Richmond, Ind.
Shreveport, La.

Tn the'selection of these 34 cities, the rule followed
was to limit them to those in which all the electrical
energy used was practically generated within their
respective limits and but little, if any, sold for outside
Although the selection was to some
extent an arbitrary one, the cities are fairly repre-
sentative of the wvarious sections of the country.
These 34 cities contained 75 stations in 1907 and 70
stations in 1902, the character of ownership of which
in 1907 was as follows: Corporate, 61; and municipal,
14. In 1902, 58 were corporate; 11, municipal; and
1, individual.
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Tapre §.—CENTRAL ELECTRIC STATIONS IN 34 SELECTED CITIES, BY GROUPS, ACCORDING TO POPULATION:
1907 AND 1902.

a

[The cities are grouped according to their estimated populsation in 1902, in order that the groups for the two census years may be identical.]

Y - TOUR CITIES, EACH HAVING A POPULA-
b THIRTY-FOUR CITIES. TION OF 500,000 AND OVER. .
Per cent Per cent
1907 1902 o 1907 1902 of
increase. increase.
PopUlation L. e e ae it ni e 12,088,994 10, 546, 858 14.6 8,461,375 7,381,580 14.6
Numberof stations........coooveeiiiiiia. Ceeveerneiieieaaann 75 70 7.1 24 22 9.1
Btock outstanding. ...l e ran s $186,133,534 $136, 115, 050 36.7 $132, 860, 984 $105, 086, 650 26.4
B0 (4 L T SRS 7,017,001 $1,857, 305 277.8 $5,232, 927 $1,033, 534 406. 3
Bonds outstanding.............ooil e aeaeaeiiaiaan s $181,078, 998 $108,571, 502 66.8 $135, 130, 386 $93, 030, 502 45.3
Cost of construction snd equipment........ evusesaserainaasaens 8338, 870, 083 $133, 825, 427 153.2 $240, 009, 024 $91,212, 353 163.1
Grosg Intome. . .....ooiiiii i vae eena] 53,242, 15 $25, 126, 735 111.9 ' $38, 808, 287 $18, 087, 346 114.9
Electrio service.........oooooiiiiiiiiia. J O P | 552,030,498 $24, 968, 991 108. 4 $37, 922, 680 818,073, 643 109. 8
Lighting. . o.oeovioiiiniii i e aesaeneeaairnaan : $34, 583, 350 $20, 833, 882 . $28, 409, 863 $15,051, 352 88.8
Stationary motors. .. ... ... treineae e, | $9, 397, 206 $3,919, 465 139.8 36,894,775 $2, 958, 604 133.0
F T T P S ! $3, 058, 434 $215,654 | 1,318.4 $2, 618, 042 $63, 687 4,010.8
F N 1A T T 4 PP S $1, 202, 656 $157,744 . $945, 607 $13,703 6,R00. 7
Total expenses............. ... e eeeeaevenerarineinan 20,753, 204 $15,282, 033 94.7 $20, 485, 942 $10, 755,734 90. 5
ost of supplies and materials. et tieeneaeereeareun $3, 784, 641 $2,952, 346 28.2 $2, 337, 200 $2,181,129 7.2
Cost of fuel,..... [ ceenan $5, 527,610 $2, 403, 049 121.7 $3, 047,844 $1, 656, 792 120.2
Power purchased.... . $1,121,079 $213, 920 424,0 $0668, 281 $15, 700 4,150, 6
Miscellaneous expenses. . .. e .. $10, 130, 039 $4,184,971 142,1 $7,240, 844 $2,916, 276 148.5
Salaries and Wages.....c...iiiiiiiiiiiiiii e e eaieeaeaiacaaaaaaan, een $9, 189,935 $5, 438, 638 69.0 $6, 585, 683, $3, 085,837 65.2
Balaried officials, clerks, etc.:
Number..... aae : 2,568 1,219 110.7 1,895 849 123.2
Balaries. . oo e i ieeaaaa—. $2, 851,745 81,291,172 120.9 $2,104, 888 $924,128 127.8
‘Wage-earners:
AVerage BUIBer. .. oe e i et reieieee e riaena, 9,000 5,797 57.2 6,002 4,071 49.6
B T PP P 36,338,190 $4,147, 406 52.8 84,480,795 $3,061,709 46.3
Primeary power:3
Number of machines..........coccoiaiaeiiaily i 585 485 20.6 276 234 17.9
JHorsepOWer CAPACILY -+« v ot e e 908,776 838, 461 168.5 578,120 212,990 171.4
Generating equipment:
Number of dynamos..... e eatenessameasmretatannnn et eterecaaeaiececonainanan 979 1,684 238.2 460 925 250.3
Kilowatt capacit; e 639, 105 218, 688 192.3 415,979 133,247 212.2
Qutput of stations, k 1, 337, 608, 288 479,132, 378 179.2 f 989, 516, 589 303,435,153 226.1
Lamps wired for service: 4 .

FCue e emeaa e sannencacsnncnaannanes F DSOS . 183,731 111, 437 64.9 ‘ 120,169 70,376 70.8
Ineandeseentbn. .o ciiinainiraan R 11, 522, 603 5, 484, 938 110.1 7,833,661 4,009,473 92.5
Other varieties—Nernst, vacuum, vapor, ete 506,391 [C T 40,779 [C N PO,

TEN CITIES, EACH HIAVING A POPULA~ | TEN CITIES, EACH HAVING A POPULA- | TEN CITIES, EACH HAVING A POPULA-
TION OF 100,000 pUT UNDER 500,000, TION OF 25,000 BUT UNDER 100,000. TION OF 5,000 BUT UNDER 25,000,
Per cent Per cent Per cent
1907 1902 of 1907 1902 of 1907 1902 of

increase. increase. increase.

PopRIBtONE et 2,603,310 2,354, 704 14. 4 719,613 632, 582 13.8 214, 696 177,992 20.6

Number of stations.................. 23 24 24,2 15 12 25.0 13 12 8.3

Stoek outstending. ...l 837,730,300 1 826,490, 600 42,5 $13, 105, 760 $3, 855, 000 240. 0 $2, 427,400 $683, 700 255.0

Dividends.. ..o oeoioiiiaii, 31, 471, 099 $700, 775 107.3 253, 200 $106, 300 138. 2 $59,775 $7, 696 676.7

Bonds outstanding.................. $27,490,900 | 812, 058, 500 128, 0 $15, 208,712 $2, 884, 000 427.3 33, 249, 000 $608, 500 442.9

Cost of construction and equipment . 569, 750,748 | $34,512, 803 102, 1 $24, 296, 933 $7,007, 488 246.7 $4, 807,378 $1,002, 783 339.9

Gross INCOMe.. .o mveians P $10, 676, 631 85,236, 059 103. 9 $2, 739,816 $1, 4306, 751 90.7 $957,420 $366, 579 161.2

Tlectric service........ e, $10, 520,806 | 85,155, 661 104. 1 $2, 678, 781 $1, 376,328 94,6 $917,531 $303, 359 152.5

Lighting .coooniiiaiiiiiian, 88, 360, 722 84, 236, 520 97. 3 $2, 078, 740 $1,214, 683 71 $734, 034 $331, 327 121.6

Stationary motors........... 81,064,718 §783, 567 150. 7 $417, 766 $151,013 176. 6 $110,946 $20,271 350. 6

Allother...........ooooiai. 3105, 066 $135, 674 438.9 $182,275 810,632 [ 1,614.4 $63, 551 $5, 761 1,000. 3

All other sourees . ....... $156, 125 $80, 398 04,2 $61,035 360, 423 1.0 $39, 889 $3, 220 1,138.8

Total expenses .....c.oooveenaa.... 306, 836, 562 $3,:355, 436 103.7 $1, 820,351 $935, 969 94.5 8610, 349 $235, 795 158. 8

Cost of su{)plies and materials. $1,101,472 $5564, 705 98. b6 $284, 886 $180, 878 57.5 $60, 993 $35, 637 7.2

Costoffuel .........oooviiios $1,237, 747 3027, 804 L2 8447, 154 $141, 820 215.3 $194,765 3066, 633 192.3

Power purchased............ $229, 526 $106, 990 114.5 $219, 525 $01, 239 140. 6 L TAT L

Miscellancous expenses...... $2, 340, 609 $005, 084 135. 8 $378,083 $235, 083 60. 8 8158, 503 $38, 528 311. 4

Sularies and wages ... ...ooiiiiiiiiiiis $1,921,208 | 81,070,852 7. 4 $490, 703 $2806, 952 71.0 $192, 341 $94, 997 102.5
Salaried oflicials, clerks, ete.:

1004131} RO 433 255 69. 8 171 76 125.0 69 39 76.9

SAlarieS .o e i i $523, 893 $252,702 107.3 $160,116 884, 407 89.7 $62, 848 $29, 935 109.9
Wage-carners:

Average NUmber c.o.oiiiiiiiiiiia i 2,163 1,256 72. 4 ) 644 292 86.3 201 109 84.4

WaEES. o e aeei e $1,397,315 $818, 150 70. 8 $330, 587 $202, 545 63.2 $129, 493 865, 062 99.0
Primary power:?

Number of machines..................... 174 153 13.7 94 62 51.6 41 36 13.9

Ilorsepower eapacity . ......ooooiiiiiiea 218,178 91,916 126.5 93,982 24, 650 281.3 18,496 8,905 107.7
‘Generating equipment:

Number of dynamos .. ...ooviverovianaas 292 432 232.4 160 150 6.7 67 77 212.0

Kilowatt capacity - 147,439 64, 147 129. 8 62,603 16,210 286. 2 13,174 5,084 159. 1
Output of stations, kilowatt hours 249,286,502 | 119, 533, 836 108. 5 73,547,640 | 85,156,654 100.2 25,257,567 | 21,006,735 20,2
Lamps wired for serviee: 4

s 47,308 30,792 53.6 11,958 7,431 60. 9 4,296 2,838 51,4

Incandescentd ... o..oeiiiiiiiiiiaiiaainn 2,769, 920 1,112,946 148. 9 708,211 231,114 204.3 215,811 71,405 202.2

Other varieties—Nernst, vacuum, vapor,

<], e reeseraree e 5,083 [C) T OO . 10,211 ‘ [C) R SO, 318 [C) T PO

1Based upon Bureau of the Census estimates.
2 Decrease.

8 Bxclusive of auxiliary engines with a total capaeity of 10,659 horsepower in 1907 and 3,562 horsepower in 1902.
4 Exclusive of 52,020 1lamps used by the central stations to light their own electric properties in 1907. These lamps were not reported separately in 190z.
n o 16-candlepower basis, embraces a considerable number ranging from

5The number of incandescent lamps was largely an estimate and, although mostly reported o

‘2 to 50 candlepower.
8Not reported separately.
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While the principal income of central stations is de-
rived from lighting and stationary-motor service, elec-
tricity is being used for a constantly increasing va-
riety of purposes. The income as reported from these
miscellaneous uses is shown in Table 8 as “All other”’
under “Electric service.”  The several items compos-
ing this total are shown in Table 9.

TapLe 9.—Central electrie stations tn 34 selected cities— Income from
“ALL other electric service:”! 1907 and 1902,

Per cent
1907 1902 of

Increase.
4 $3,058,034 | $215, 654 1,318.4
Electricorallway Serviee. ..o ieeiiiaiviannnnnn 1,960,661 | 138,275 1,317.9
Sales to other electric companies. ... ....o..ooo.e. TT9 728 [eeeenenraafovmanannn
Teating, cooking, welding, ete..........ooooiiis 117, 500 23,451 401. 3
Charging automobiles, ..ol 135, 121 24,775 446, 4
Migeellaneous electrie service. ... oo oveiiaa... 65,974 29,153 126.3

More than nine-tenths of the gain in ‘“Other elec-
tric service”’ was from the sale of current to electric-
railway companies and to other companies engaged in
the sale and distribution of current. The percentages
of increase for the remaining items are large, but the
actual amounts of income involved are comparatively
small. The greater part of the income from ““Miscel-
laneous electric service’’ was derived from the use of
current to operate electric fans.

Although not shown in Table 8, certain facts con-
nected with the generating plants in the 34 cities are
briefly summarized, as follows: In 1907 nearly one-
fourth of the primary power for the 4,714 central sta-
tions in the United States was connected with the 75
stations in these selected cities. The proportion of
steam power in the total primary power in these cities
was 92.5 per cent in 1907 and 98.7 per cent in 1902,
as compared with 65.2 per cent and 75.4 per cent,
respectively, for the United States. As illustrative of
the extensive use of the steam turbine in the more
thickly settled communities, 55.6 per cent of the total
horsepower reported for steam turbines in the central
stations in the United States was reported by the sta-
tions in these 34 selected cities. Chicago claims the.
distinction of having the largest prime mover in the
world, a steam turbine of 22,000 horsepower, several
more of which are about to be installed in the same
station. The gas engine was very little used in these ’
cities, only 4 engines with a total of 60 horsepower
being reported in 1907, all in the group of cities of
over 500,000 population. In 1902 the group of cities
5,000 but under 25,000’ was the only one not report-
ing gas engines, although but 300 horsepower of this
character was reported for the 34 cities, which formed
only one-tenth of 1 per cent of the total for all kinds
of primary power. A considerable increase in water
power is shown, from 1.2 per cent in 1902 to 7.6 per
cent in 1907. No water power was reported in the 4

~ cities of over 500,000 population, but it is shown for
each of the remaining groups. The increase in water
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power was not due to the general adoption of this form
of primary power, as nearly nine-tenths of the total
increase was confined to two companies, one in the
group of cities of 100,000 but under 500,000 population,
where the water power increased from 2,400 horse-
power in 1902 to 19,600 horsepower in 1907, and the
other in the group of cities of 25,000 but under 100,000
population, in which there has been installed since
1902 a plant reporting water wheels of 39,700 horse-
power. Although this latter plant was reported in
1907, it had been in operation but a few months and
at only a fraction of the capacity reported.

Exclusive of the horsepower of the gas engines, which
was comparatively insignificant, the horsepower ca-
pacity reported by all central stations in the United
States in 1907 was about two-thirds steam and one-
third water. In 1902 the proportions were about
three-fourths steam and one-fourth water. TFor the
34 cities in 1907 more than nine-tenths was steam and.
less than one-tenth water, while in 1902 practically all
the primary power was steam.

The generating equipment for the 34 selected cities,
which is reported in bulk in Table 8, is shown in detail
in Table 10.

TABLE 10.—Ceniral electric stations in 84 selected citics—Generating
equipment: 1907 and 1902,

Ten Ten Ten
gﬁt}: cltles, | cities, | cltles,
ench’ hezu;h " eu?h } each

. aving | having | having
Thirty-|; having 2 POPU-| & POPU- & popu-
KIND OF DYNAMO. Census.| four |l a popu-hyo "ot s orliation of
cities. lation 0f'10,000 | 25,000 | 5,000
and but but but
over. | inder | under | under
* 1 500,000.] 100,000.] 25,000.
Number of stations............ 1907 75 24 N 15 13
1002 70 22 24 12 12
Dynamos:
Number. .ovrveeriennnnnas 1907 979 460 202 160 67
1902 1,584 925 432 150 7
Kilowatt capacity......... 1907 630,195 11415,979 147,430 | 62,003 | 13,174
1902 1218, G688 |1133,247 | 64,147 | 16,210 5,084
Direct-current, con-
stant-voltage:
Number........... 1907 312 125 96 70 21
1902 432 192 150 04 26
Kilowatt capacity.| 1907 | 95,956 | 38,084 | 40,275 | 13,798 2,808
1902 | 04,552 || 50,927 | 34,948 | 7,207 1,475
Direct-current, con-
stant-amperage:
Number....o..o.... 1907 385 218 109 41 17
1902 702 401. 210 60 31
Kilowatt capacity.| 1907 | 23,748 || 15,505 | 5,579 | 2,000 595
1902 | 37,222 || 22,287 | 11,214 | - 2,703 | 1,018
Alternatingsingle-phase|
andt polyphase cur-
rent:
Number.....c.c.... 1907 282 117 87 49 29
. 1502 450 332 72 26 20
Kilowatt capacity.| 1907 {519,401 (361,490 101,585 | 46,730 9,080
1902 | 86,914 |j 60,033 | 17,990 [ 6,300 2,501

The kilowatt capacity of the dynamos in the 34
selected cities formed about the same proportion of
the total for the United States, slightly less than one-
fourth, as did the primary power. The percentage
of increase, however, was considerably larger for the
34 cities than for the United States. The kilowatt
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capacity of the direct-current, constant-voltage dy-
namos, which increased 23.1 per cent in the United
States, practically remained stationary in the total
for the 34 cities, the increase being less than 2 per
cent. An actual loss is shown for the 4 cities of
largest, population, which, however, is slightly over-
come by gains in each of the other three groups.
The capacity of the direct-current, constant-amperage
dynamo decreased in each of the several groups of
cities, in harmony with the decrease shown for this
class of dynamo in the total for the United States.
Tho capacity of the alternating single-phase and
polyphase current dynamo increased in each group,
and the percentage of gain for the 34 cities together
was much greater than that for the country as a whole.
' Notwithstanding the gain in kilowatt capacity of
the dynamos there was a general decrease in their
number, which fact harmonizes with the conclusions
in the chapter treating of the generating equipment
of all central stations, where the average capacity of

the dynamos in 1907 is shown to be much larger than
was reported in 1902. .

Large and small stations.—As I)l'l“zl'"}~‘$1.\' explained,
the classification of “central station’’ 18 bused on the
character-of the service and not o1 the size of the
plant. No limit was placed on the size of the plantg
to be enumerated, and although there are some very
large stations, the vast majority arc comparatively
small. The commercial stations range from the one
located at Stanton, Iowa, with gas as tl.m. primary
power and a dynamo of s-kilowatt (,‘rapzyuty , to one
in New York City having steam as the primary power
and a total dynamo capacity of 149,300 kilowatts.
The municipal stations range from the one located
at Bath, I11., also with gas as the primary power and
a dynamo capacity of 6 kilowatts, to 'ttht located
at Chicago, with steam as the primary power
and a total dynamo capacity of 5473 kilowatts.
Table 11 classifies the stations according to dymnamo
capacity.

Tapre 11.—COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—NUMBER, BY DYNAMO CAPACITY OF
STATIONS: 1907 AND 1802,

PER CENT DISIRIBDUTION.
TOTAL. COMMERCIAL. MUNICIPAL. A
DYNAMO CAPACITY OF STATION. Total. E Commereful, Municipal.
1907 | 1902 1907 | 1902 | 1907 | 1902 1907 | 1902 i 1907 1902 1907 1902
b 0372 DRI RPN 4,714 3,020 3,462 | 2,805 | 1,252 815 100.0 | 100.0 ! 100.0 100.0 100.0
Tnder 200 KIOWALES .- «eee e eeveeeesmesenmneeeeeneananaeeezemnnanas 3,008 | 2,587 || 2,11 | Lsw0| 922 097 | Ga4| 7LB ]| || 736 8.5
200 but.under 500 Kilowatts. . ...oovuiinimerii i 821 380 584 497 237 8 17.4 16.2 17.7 18.9 10,9
500 but under 1,000 kilowatts.... 269 172 225 160 44 12 5.7 4.8 57 3.5 1.5
1,000 but under 2,000 kilowatts. .. ... 169 98 159 92 10 6 3.6 2.7 3.3 0.8 0.7
2,000 but under 5,000 kilowabts. ... ..ot 115 66 111 04 4 2 2.4 1.8 2.3 0.3 0.2
5,000 kilowatts and over.......... meovereraeeceseeaesrraaaas 75 33 74 32 1 1 1.6 0.9 1.1 0.1 0.1
Stations having no generating equipment ... 227 78 193 70 34 8 4.8 2,2 2.5 2.7 1.0

The extent of the predominance of the small station
is evident from the fact that 81.8 per cent of all sta-
tions in 1907 and 87.7 per cent in 1902 were under
500-kilowatt capacity, while considerably more than
one-half of all, 64.4 per cent in 1907 and 71.5 per
cent in 1902, were under 200-kilowatt capacity. As
would be expected, the number of stations in the
various classes grows proportionately -less as the
classes increase in dynamo capacity.

Of the commercial stations, 16.4 per cent in 1907
and 12.4 per cent in 1902 were embraced in the classes
which had a kilowatt capacity of 500 horsepower or
over, while of the municipal stations, only 4.7 per
cent in 1907 and 2.5 per cent in 1902 reported this
capacity. Although the percentages of increase are
almost uniformly larger for the municipal stations, in
but one class, that of 200 but under 500 kilowatts,”
was the actual increase the greater. The commercial
stations made the only increase in the class of largest
dynamo ecapacity, there being but one municipal

station of this class both in 1907 and 1902, which was
located in Chicago. Except for a small amount of
current sold to other electric companies, this plant
was engaged exclusively in arc lighting.

The distribution, by dynamo capacity, of the purely
electric and of the composite stations is shown in
Table 12.

For all the stations supplied with dynamos the per-
centages of increase were uniformly greater for the
composite stations. In this group the proportion of
small stations, or those under 500-kilowatt capacity,
was 83.8 per cent in 1907 and 89.8 per cent in 1902 as
compared with 80.4 and 86.2 per cent, respectively,
for the purely electric. Among the purely electric sta-
tions the larger plants are a little more numerous, rel-
atively, than among the composite stations. It ap-
pears, however, that the manufacture of electric current
on a large scale is combined with other lines of work
almost as much as the manufacture of current on &

I small scale. :
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TapLe 12.—PURELY ELECTRIC AND COMPOSITE CENTRAL ELECTRIC STATIONS—NUMBER, BY DYNAMO CAPACITY
OF STATIONS: 1907 AND 1902.

PER CENT DISTRIBUTION.
PURELY !

TOTAL. ELEGTRIC, COMPOSITE,
DYNAMO CAPACITY OF STATION. Total. Purely electric.| Composite.
1907 | 1902 1807 | 1902 | 1907 | 1902 1907 | 1902 1907 | 1902 | 1907 | 1902
i -

TOUBL. o e ettt e e e e et aas 4,714 3,620 2,048 | 2,139 2,066 | 1,481 100.0{ 100.0{ 100.0( 100.0 [ 100.0 100.0
Under 200 kilowatts. . . 3,038 | 2,587 | 1,602 | 1,477 | 1,346| 1,110 64,41 7LD 63.9 69.1 65,2 74,9
200 but under 500 kilowatts..... 821 586 436 366 385 220 17.4 1 16.2 16.5 17.1 18.6 14.9
500 but under 1,000 kilowatts. .. 269 172 140 96 129 76 5.7 4.8 5.3 4.5 6.2 5.1
1,000 but under 2,000 kilowatts. . 169 98 80 69 89 - 29 3.6 2.7 3.0 3.2 4.3 2.0
2,000 but under 5,000 kilowatts. . 115 66 70 48 45 18 2.4 1.8 2.6 2.2 2.2 1.2
5,000 kilowatts and over............. ... 5 33 48, 23 27 10 1.6 0.9 1.8 1.1 1.3 0.7
Stations having no generating equipment 227 78 182 G0 45 18 48 2,2 6.9 2.8 2.2 1.2

The distribution of the stations by dynamo capacity

is shown by geographic divisions in Table 13.

The Western division, although having in 1907 less
than one-hall the population of any of the other divi-
sions, had more stations of 1,000-kilowatt capacity
and over than either the South Atlantic or the South
Central divisions, and in the largest class of 5,000 and
over, nearly double the number for these two divisions
Another noticeable feature connected with
the Western division is the relatively large number of

combined.

stations not equipped with dynamos, being exceeded
in this respect only by the North Atlantic division.
In 1907, although not shown in Table 13, there were

4 states each of which had more than ten stations not
possessing electric generators, as follows: California,
40; New York, 30; Pennsylvania, 30; and Massachu-
setts, 18. In 1902 such stations were reported by
these states as follows: California, 25; New York, 4;
Pennsylvania, 11; and Massachusetts, 5. These fig-
ures show that California had considerably the largest
number of stations dependent upon other plants for
their electrical energy, and this showing may be ex-
plained by the fact that in this state exceptionally
long transmission lines are used, the electricity in one
instance being generated upward of 200 miles from the
places where it is chiefly used.

Tasre 13.—CENTRAL ELECTRIC STATIONS—NUMBER, BY DYNAMO CAPACITY AND BY GEOGRAPHIC DIVISIONS:
1907 AND 1902.

200 200 500 1,000 2,000 5,000 STATIONS
UNDER 20! BUT UNDER | BUT UNDER | BUT UNDER | BUT UNDER HAVING NO
TOTAL. KILOWATTS. 500 \ K X R OWATS. | GENERATING
DIVISION. KILOWATIS. | KILOWATIS. | KILOWATIS, | KILOWATIS. - | EquIPMENT.
1907 1902 1907 1902 1907 1902 1907 1902 1907 1902 1907 1902 1907 1902 1907 1902
N ) B 4,714 | 3,620 3,038 2,587 821 586 269 172 169 98 115 66 75 33 227 78
North Atlantie................... 1,070 913 481 499 224 216 113 86 76 42 50 26 27 15 99 29
South Atlantic .. 251 250 201 90 35 11 4 10 2 8 6 7 1 14 2
North Central . ....... - 0 1,706 1,527 1,347 346 241 95 G0 47 25 27 19 20 [1} 33 8
South Central........ e 67! 404 530 328 98 48 20 11 11 10 12 4 3 1 5 2
C Western. .. ...eciea i 346 250 212 63 46 30 11 25 19 18 1 18 10 76 37

Consolidation of electric stations with other enter-
prises.—In 1907 an effort was made to ascertain the
extent of the association of other industries with central
electric stations, and the results are presented in the
following statement:

Commercial and municipal ceniral electric stations— Number and
kind of associated enterprises: 1907.

Commer-| Munici-
Total. || ™" cil. pal.

United States. ... o i 4,714 3,462 1,252

Purely electric. ..o i i iireiaeaaas 2,648 2,127 521

COMPOSIER. .« e e iaes et i i i ceraaaaaans 2,066 1,335 731
"Total associated enterprises.........oc.ooomieaiaa... 2,306 1,568 738

WaterWorks. oo i 1,036 320 718

Gas plants!. 317 12

Lumber and gris 310 307 3

Ice manufacture 212 212

Steam heating 118 114

Cotton gins... 35 35

Electric railways. . .- 32 32

Miscellaneots. cveecn ot e eeaae et 234 231

1 Manufactured gas.

Of the 4,714 central electric stations, the composite
central stations, or those which were operated in
connection with other industries, numbered 2,066.
These stations were associated with 2,306 industries
of various kinds, the excess of industries being due to
the fact that a single central station may be asso-
ciated with several other industries. The associa-
tion of central stations with waterworks and gas plants
is the most common, and for the municipal plants
there was practically no other. For the commercial
stations there were 995 operated in connection with
such public service as waterworks, gas works, street
railways, steam heating, and the manufacture of ice,
and 573 stations operated in connection with some
other business. The central stations associated with
such industries as sawmills, gristmills, manufactured
ice, and cotton gins, are likely to be of secondary
importance, and owe their existence to the facility
with which surplus primary power, by use of the
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facture of illuminating gas comes into the most direct
competition with the generation of electrical energy,
and a comparative summary of the two industries is
shown in Table 14. :

dynamo, may be converted into electrical energy and
transmitted forservice as light or power to near-by or
remote points.

Of the various industries mentioned, the manu-

TapLE 14.—COMPARATIVE SUMMARY—CENTRAL ELECTRIC STATIONS AND GAS PLANTS.

] PER CENT OF
CENTRAL ELECTRIC STATIONS. GAS PLANTS. INCEBASE.
|
1907 1902 1905 1900 Gontita | _Gas
g electric
stations, | Plants.
ber of establishiments. .. coueve i 4,714 3,620 1,019 877 30.2 16.2
gc?s?oteonstructign and equipment.. I $1,006,013,622 | $504,740,352 | 1$725,035,204 | 18567,000, 506 7.3 27.9
L6510 BTaTdle) i (N $175,642, 338 $85, 700, 605 $125,144, 945 $75,716,693 104.9 65.3
From sale of electric current or gas $168,014, 691 $84, 186, 605 $112, 662, 568 $69,432, 582 10L. 5 62.3
From all other sources............ $6,027, 647 $1, 514, 000 $12,482,377 $6,284,111 208.1 98.6
Cost of sup lief, materials, power purchased, and fuel 344,458, 568 $22,0185, 932 $37,180, 066 $20,605, 356 94.0 80.4
laried officials, etc.: .
o e e 12,990 6, 996 9,406 5,904 85.7 50.3
oA o U SRR PP R DY $11,733,787 35, 663, 580 $8,463, 699 $5,273, 500 107.2 60.5
‘Wage-earners:
agAven'age D110 N10 1 +1<) O PO 34,642 23,330 30, 566 22,459 48.5 36.1
A - $23, 686, 537 314,983, 112 $17,057,917 $12, 436,206 58.1 37.2

1Capital invested—owned and borrowed.

Although the statistics for the two industries in
Table 14 do not cover the same years, they represent
the results of two censuses taken at five-year intervals,
the respective census years being sufficiently near
together for purposes of general comparison. The
respective costs of construction for the two indus-
tries are based upon too widely different constituents
to warrant their use except as they show the compara-
tive growth of each industry. This item for electric
stations represents the total cost of plants and equip-
ment, and that for the gas plants embraces the capital
invested—owned and borrowed. The percentages of
increase for the central stations are uniformly greater
than for the gas plants, although those for the latter
industry are surprisingly large considering the com-
petition of the newer industry.

The item most comparable is that which represents
the income from the sale of electrical energy in one
industry and from the sale of gas in the other. The
income represented by this item not only constitutes
in each industry more than 90 per cent of the total
from all sources, but the chief uses of the electricity
and manufactured gas are for identical purposes. A
comparison of this source of income shows an increase
of 101.5 per cent for the central stations and 62.3 per
cent for the gas plants. It is to be remembered that
the census figures for central stations in Table 14 do
not embrace all that properly belongs to the-central-
station industry, since electric-railway companies sell
electric current, amounting in 1907 to upward of
$20,000,000 worth, and thousands of isolated private
stations exist which were not included in the census.
There are likewise many isolated private gas plants,
but the number is believed to he insignificant com-
pared with the isolated electric plants.

In 1907, 329 stations reported that they also oper-
ated gas plants, but this by no means represents the

extent to which the consolidation of the interests of
the two industries has been carried, since it does not
cover instances wherein the whole, or a controlling
portion, of the stock of one industry has been acquired
by the other, and the companies are operated under
separate management regardless of stock ownership.
There is a growing tendency to merge the two indus-

‘tries partly to avoid the sharp competition whenever

they are common bidders for the same class of business.

MUNICIPAL PLANTS.

A comparison of the number of reports received from
municipal stations in 1907 with the number received
in 1902 shows an increase of 53:6 per cent as compared
with 23.4 per cent for the commercial companies.
The municipal stations are practically exempt from the
consolidations that so frequently occur among com-
mercial companies, and this fact no doubt accounts
in large part for the proportionately greater increase in
the former class of stations. Not only was there a
large increase in the number of municipal stations,
but an analysis of the reports shows that although 33
municipal stations which reported in 1902 had become
commercial stations in 1907, 113 stations which were
reported as commercial in 1902 had become municipal
in 1907. The claim has been made, and sustained
by what appears to be reasonable argument, that the
drift of these public utilities is from municipal to
commercial, but the results of the census do not furnish
corroborative evidence of this. On the contrary there
appears to be a distinct field for municipal electric
stations, not only because of a feeling which may exist
in many localities that these public utilities should be
owned by the cities, but because many of the places in
which municipal plants are located do not present
sufficient inducement for the investment of commercial
capital.
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TABLE 15.— Municipal central electric stations— Number, with addi-
ttons since 1902, by geographic divisions: 1907,

In opera-
Total || Reported| 500" et 11"16)2“%%
[ota) eporte . 9l u
DIVISION. reported || in 1902 stg&%t:d ig&zn*}é‘i‘_l not re-
in 1907. | and 1907. ported
1902. palin | SN0t
1007. census,.

B 77 N 1,252 774 348 113 17
North Atlantic..... 150 100 39 9 2
South Atlantic..... 158 72 66 17 3
North Central... . 727 502 160 57 8
South Central.........co.oont 166 77 63 24 2
Western..o.o.ooovneiniininns 51 23| - 20 6 2

The stability of these plants is exemplified by the
fact that 774 of the 815 municipal plants reported in
1902 also reported in 1907. Of the 41 which failed to
report in 1907, 33 had become commercial stations,
as previously noted; 4 had discontinued operations or
were idle; 2 were connected with public institutions,
the plants of which were excluded from the census
of 1907; 1 was merged with another municipal plant
because of the consolidation of two cities since 1902;
and 1 was destroyed by fire and had not been rebuilt
at the time of taking the census of 1907.

Reasons have already been given for the omission
of the statistics of central stations, classified by the
population of the places in which the plants were
located. The objections, which are pronounced for
the commercial stations, are not, however, deemed
suflicient to warrant the omission of general statistics
for the municipal stations showing distribution by
population grouping. The number of these stations
in each geographic division by population groupings
is presented in Table 16.

TaBLe 16.—Municipal central electric stations—Number, by popu-
lution of cities in which located and by geographic divisions: 1907
and 1902,

[The cities have been grouped according to their population in 1900.]

NUMBER OF STATIONS IN CITIES HAVING
A POPULATION OF—
|
DIVISION. Census.| Total. | 5.000 | 25.000 | 100,000
| Under | But but bitt 5%?15%00
5,000, { under | under | under over
25,000. |100,000. | 500,000. .
Totaleweeenenvnnn 1907 1,252 1,081 142 17 6 6
1902 815 671 121 13 6 4
North Atlantic........ 1907 150 107 38 3 1 1
1902 103 68 31 2 28 PR
South Atlantie........ 1907 158 142 13 2 IO 1
@ 1902 75 62 11 b2 PR P,
North Central......... 1907 727 636 76 6 5 4
1902 528 449 67 4 4 4.
South Central......... 1907 166 152 10
1902 81 68 9
Western..e..ouoeeennon 1907 51 44 [ 5
1902 28 24 3 O R

29

Table 16 shows that most of the municipal stations
are in places of small population, nearly seven-eighths
of the total number being located in places of less taan
5,000 population and less than 3 per cent in places
having a population of 25,000 and over. In the
3 divisions—the South Atlantic, the South Central,
and , the Western—together, only 1 station was
reported in 1907 for cities of over 100,000 population,
but it is to be remembered that in these 3 divisions
together there were only 8 cities of this class according
to the census of 1900. In the North Atlantic division
there were 16 cities of this class, with only 2 municipal
plants in 1907; and in the North Central, 14 cities,
with 9 municipal plants. The 1 station reported
for the South Atlantic division was in Baltimore,
while the 4 stations in the ‘500,000 and over’ class
in 1907 and 1902 in the North Central division were
all located in Chicago.

Table 17 gives detailed statistics of municipal sta-
tions, classified according to population of places in
which located.

Although, as already noticed, the group of smallest.
population embraced seven-eighths of the total num-
ber of municipal stations, their proportion of other

leading items in the table was smaller, varying from

about one-half to two-thirds, except for the number
of arc lamps, for which the proportion was only about.
three-eighths. Nearly one-eighth of the total number
of stations were found in the next higher group, ‘5,000
but under 25,000, and these stations reported about.
one-fourth of the totals for the several chief items.
For the remaining three groups, the various items of
finance, equipment, and output were naturally much
out of proportion to the number of stations. For the
group ‘‘25,000 but under 100,000,” the leading items.
averaged roughly 9 per cent of their several totals, and
for each of the two groups embracing the cities of
largest population, 5 or 6 per cent. In the stations.
of the cities of largest population the high propor-
tion of arc lamps as compared with incandescent
lamps is mnoteworthy, and clearly indicates the
character of the service of the few stations in the
large cities.

The North Central division reported considerably
more than one-half of the total number of municipal
stations and the same proportion of all the other chief
items in Table 17. The North Atlantic division stood
second. The figures for the stations in the South
Central and South Atlantic divisions are about equal
as & whole, and those for the Western division the
smallest in every respect, except for incandescent and
for ““Other varieties’ of lamps.
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TaBLe 17.—MUNICIPAL CENTRAL ELECTRIC STATIONS, BY POPULATION OT CITIES
' [The cities have been grouped
INCOME.
Clost of con-
DIVISION AND POPULATION GROUE. Census. nggl&?l"s"f struction and
* | equipment. Total Eleetric All other
* service. sources.
1 TOBRL e e m et e e e e et 1907 1,252 | 542,879,447 $14,011,900 $13, 614, 434 $307, 565
3 1902 815 22,020, 473 6,965,105 5, 830, 8515 128,249
3 TTIRART By00D. e e e e a e e e e e e mae ean 1907 1,081 21, 476, 667 7,631,842 7,837,260 204, 582
y : 1902 671 11,074,008 3,621,023 3,548, 468 82, 555
5 5,000 DUt UBACT 25,000+« < +emeeeeeeeeeneeeme e e e e e e e neens 1907 142 9,726,310 3, 408,142 3,380,102 706,950
8 1902 121 |- 5,605,178 1,765,000 1,732, 807 32,103
7 25,000 bt under 100,000- ...« venneeennneennnnnnn. e 1907 17 4,823,083 1,414,810 1,408, 521 5,280
8 1902 13 1,553,031 455,204 455,149 55
97/ 100,000 bt under 500,000 .. .c.viiiiin e eeeeaaaaas 1907 6 2,760,732 736,276 716,532 10,744
10 1902 8 1,607,803 441,235 427,699 13, 536
11 500,000 BIG OVOT. .« oottt ittt a et eaee et et aaaanan 1907 6 4,092,705 762,029 2,020 1o
12 : ig02 4 2,179, 553 682,043 682,643 |.LIIIIIIT
13§ NOTE ABIBIEC -+ e e eeeeee e ee e e et et e e e e e e e e anans 1907 150 7,838,995 2,308, 082 2,260, 500 41, 576
14 1002 103 3,942,139 1,080, 531 1,075,253 14, 248
15 UBART 5,000 . e e e e e e e e e 1907 107 3,088, 388 872,150 845,774 26,376
18 1902 68 1,607, 447 302, 586 384, 100 8,477
i 5,000 DU W0Aer 25,0004 ... eeveeneeeeeeeeneeaanns s 1907 38 3,025,195 807, 5t 882, 340 18,200
B . 1902 31 1,510,023 424,883 419,115 5,771
19 25,000 but under 100,000 2. .. .eevnens it ea e aiannns 1007 8 1,725, 412 538, 385 I
- 20 i) 4 733,760 273, 050 o709 2007 RO
21| S0uth AIADHC. oo 1907 158 4,076,042 1,621,306, 1,574,043 47,286
1002 75 1,561,938 543, 162 577,470 | - 5183
23 UBACT 5,000« et e e e e e 1007 142 9,073,002 1,072,023 1,027,220 44,503
24 1902 62 " 920,726 333,335 328,776 4,550
25 5,000 but under 25,000% .............. s 1907 13 478,510 230, 343 207, 88() 3
5 000 8. et ¢ , 30, 34; \ 2,463
26 1002 13 641,212 249, 827 248,703 1124
27 25,000 but under 100,000 4. .........iiiiiiiii e 1907 3 626, 530 818,043 318,943 |...iiiieiill
28 1 North Central .........o...oooooii 1907 727 22,055,162 7,408,015 75 0
....................... ; 055, 403,015 7,142,752 200, 205
29 1002 58| 1387245 4,307,500 4308, 4§79 W
20 | UBART 5,000 - eee e e %38; 233 1, 30, gg? & ggg, ;gg 3 2*})& 505 1§g‘ %(’)(1)
H 2] Y VJUy 3 200 100 L P
32 5,000 but wnder 25,000 .. .......eeeee. oo 1907 78 4,828,705
2 4000+ et g 4,828, 705 1,820,198 1,775,195 54,003
; T 1902 67 3,145,001 1,000, 166 902,917 T, 240
4 5, at under 100,000, ... e 1907 [} 665 2
3 ] 1 5,898 200, 438 a0, 123 315
, 1002 4 302,811 87,817 87,762 55
36 5
L 100,000 but under 500,000 ........eo.. oo 1907 5 2,177,490 472,801 453,057 10,744
, 1002 4 1,002,313 921,055 207,519 13, 536
i 500,000 8D OVET. - ..o oveeeeiie s o 1907 4 3,976,520 721,872 791,872 [....... s
o ' 1002 4 2,179,553 682,643 082,643 |.200ITIIIT
South Central......
40 1 South Central...............oooiiiiii 1907 166 4,250,121 j 3 31,676
@ 50, 1,640,608 1,600,0 :
4 ) 1002 81 1, 582, 386 566, 146 554, i ?% , gzg
DA 5,000 .o 3086, ;
21 URAErS000- %ggg 152 3,088, ﬁéf 1, 1ss. 025 1,104, 549 20,876
4 2 | (34, 251 354, 850 0,
44 5,000 but wnder 25,000.................... ’ ' o .
44 5000 butunder 25,000........oooi %gog 10 705, 552 321, 540 310,349 2,200
' ; 0 9 364,730 142,742 140,705 2,037
46 1 25,000 hut under 100,000.................... 1 ’
461 25,000but under 00,000 107 4 507,325 185,134 185,134 |
48 West : ¢ 283,175 59, 153 B, 158 |0l
L2115 & 7 DA,
A WOSHOIT 1907 51 3,750,127 1,038, 085 22 ]
s N 1902 28 1,061,765 828, 757 1"251'(1»8% g
& Aer 5,000 oo 1907 44 1,062, 474 || 75, 0 a0
1902 24 "B oe | 47508 37, 212 7,820
§‘§’ 5,000 but under 25,0005............... ... s 1997 7 9 (LW! 9 | o028 198,195 828
8 e e, oy , 087, 653 | 063, 947 G54, 889 9,05
> | 1002 4 687,078 | 104,734 187,812 i

! Not reported separately in 1002,

2 Includes 1 station of the * 100 (i
,000 but under 500,000 group and 1 station of the * 500,000 and over” group in 1007, and 2

that the operations of individual stations may not be disclosed. statlons of the former group in 1902, in order
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IN WHICH LOCATED AND BY GEOGRAPHIC DIVISIONS: 1907 AND. 1902. -
according to their population in 1900.]
B KILOWATT CAPACIT.Y OF DYNAMOS. LAMPS WIRED FOR SERVICE.
Primary-power .
Total P Direct current. Qutput of sta-
expenses. gg‘ggﬁ)vg] . Alternating || tions, kilowatt Other varie-
: Total. . Siélgle'l’h%e hours. Are Ttcandescent. | ties—INernst,
Constant Constent | 0d polyphase : ) vacuum,
voltage. amperage. current. vapor, etc.1
80,167,188 321, 351 209, 016 26,754 19,239 163,023 || 289,462,788 82,040 1
4,741,182 160, 028 113,380 17, 556 28,171 67,653 195,904, 439 50,795 ?; gg?rj A 8801 3
5,208, 119 194,172 130, 174 22,179 5,176 102,819 || 146,908,350 30,888 2 270( 8
2,620,107 96, 282 04, 650 13,450 7,229 43,971 || 105,518,203 19, 611 %j &gﬁ 53 0| 4
2,198, 859 75,975 48,107 2,813 4,895 40,399 78,788,110 | 23,08 952,967 1,565 | 5
1,212,636 40,123 28, 966 2,867 7,625 18, 474 56, 286, 059 15,701 301,645 |.eonuennn . T. 8
718,358 25,763 14,812 942 2,465 11,405 29,815, 562 9,549 325,548 3,738 | 17
315,139 7713 5,304 927 1,892 2,575 S, 929, 900 4,800 86,840 .. o..oenen o8
373,750 12,616 8,250 350 1,800 6,010 17,819,478 8,393 42,754 282
255, 606 6, 085 4,263 107 2,762 1,304 9, 543, 807 4544 20620 |.neeeiieeninnns 10
588, 102 12,825 7,073 470 4,813 2,300 16,133,270 11,077 11,930 15 11
337,634 9,825 10,107 205 8,663 1,230 15, 626, 380 6,130 2,400 |.oooeeeeniianns 12
1, 406,815 56, 530 35,325 2,133 3,370 29,822 48,361, 638 12,320 703, 634 1,149 | 13
708, 353 26, 657 17,885 1,334 4,225 12,326 28, 469, 646 7,846 272,212 | ... 14
567,000 24,240 16,103 771 905 14,427 17,742,732 3,548 397,819 446 | 15
204,739 13, 967 ) 528 |- 660 954 6,914 12,624, 636 2,387 151,085 |oemeeeenniinnnnn 16
571,386 21,049 12,802 950 1,247 10,695 19,182, 675 5,345 254,749 590 | 17
318,692 9,615 8,017 551 1, 566 4,800 10,983, 988 3,464 1040902 |oveoeeeenaann.. 18
208, 339 .11, 201 6,330 412 1,218 4,700 11,936, 231 3,429 51,066 13| 19
154,022 3,075 2, 440 123 1,705 612 1,861,022 1,905 15,325 [oeemnaeennnns 20
1,051, 602 36, 542 22,750 2,138 1,482 19,139 30,300, 397 7,520 102,953 63 | 21
385,412 12,410 8, 409 1,171 1,672 5,626 17,072,971 4230 107,764 {oemeeeemeenenns. 2
725, 425 25,119 17,34 1,543 232 15,574 18,283,131 4,650 204, 643 40 | 23
240, 438 8, 070 5,215 798 574 , 10,349, 782 2,010 68,843 | oooeieeinnns 24
137,415 4,950 3,183 [|oeeenenenn 568 2,615 4,563,870 1,715 43,880 23| 25
144,974 4,340 3,254 373 1,008 1,783 6,723, 189 2]920 38,021 |ooemeeeeeiiinn. 26
187,762 6,473 2,227 595 682 950 7,453,396 1,164 64,430 | oo oeeeannnnn. 27
y s J)y 3 g ) ) g y y y 5 199 , 60
5,072,384 176, 221 115,990 19,240 13,477 83,273 || 159,005,189 52,327 2,204,135 3,600 | 28
2,938, 805 102, 895 73,169 12,578 20,704 30,887 || 127,805,521 33,505 1014120 [ooeemeeen . 29
2,000, 451 110,320 73,973 16,885 3,079 53,100 81,202,275 18,351 1,625,908 2,360 | 30
1,736, 342 62,904 42,472 X 5,204 27,438 68, 053, 634 13,314 T70,658 [-e e 31
1,127,782 40,166 26,042 1,705 2,678 21,659 43,628, 06 13,544 521,401 945 | 32
353, 289 24,123 16,843 2,005 4,976 0,862 35,277, 472 9,699 26,772 oo 33
136,985 3,875 2,735 300 1,080 1,355 5,521,786 2,755 16,565 7| 34
61,575 1,778 950 583 182 224 2,545, 510 1,340 1200 |oeeemaaannnens 35
200, 168 9,720 6,037 350 927 4,760 13,487, 582 6,801 32,661 282 | 36
144,965 4175 2,758 45 1,588 1,125 5,732, 525 3,004 FEQT ) RSOT 37
547,997 12,140 N | 4,813 2,300 15,105,460 10, 876 7,600 15| 38
337,034 9,825 10,107 205 8,664 1,238 15,626, 380 6,139 2400 |..oooueill 39
1,070,069 34, 440 25,133 2,997 843 21,293 34,365,978 7,188 353,646 187 | 40
403,246 14, 548 10,393 1,402 1,302 7,620 17,484,135 3,640 108528 |oomenerennnn 4
788,196 27, 510 18,415 2,734 33 15,643 23,272, 38 3,578 256,134 187 | 42
231,938 8,908 5,862 1,186 200 £377 1] - 10,517,220 1,552 8023 [oeeneeeenainns 43
182,060 5,025 " 3,815 158 357 3,300 6,861, 650 1,680 63,388 f.verreieeeanns 44
103, 559 3,320 2,753 82 612 2,089 5,233,720 1,054 27,365 L. LIl 4
99,813 3,305 2,903 105 "ag8 2,350 4,231,000 1,930 4124 oo 45
37,749 2,390 1,748 134 451 1,163 1,733,105 1,034 2,533 L1001 47
566,318 15, 568 9,800 246 67 9,496 15,929, 586 3,576 © 388,080 3,862 | 48
245, 366 3,518 3,434 1,071 208 2185 5,012, 106 1,484 T4 | T 49
216,957 6,953 4,334 248 22 4,066 6,345,853 703 114,745 237 | 50
85! %0 ! 2,573 1,036 108 1,309 3,343, 021 348 241837 |.oieieeeann 51
o1 5,475 || aeeeaness 45 5,430 10,583,733 2,813 273,335 3,625 | 52
%g,gm ?j i R 5 100 785 1,660, 145 | 1,136 49,097 |o\eiennaannns | 5

3 Includes 2 stations of the 25,000 but under 100,000 group in 1902

4 Tncludes 1 station of the ““ 500,000 and ov
5 Includes 2 stations of the ‘25,000 but un

3

er’’ group in 1907. . .
der 100,000’ group in 1907, and 1 station of this group in 1902.
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for which they supply the entire
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CENTRAL ELECTRIC LIGHT AND POWER STATIONS.

stations, by geographic divisions, are presented in
Table 18.

SUPPLY THE ENTIRE ELECTRIC SERVICE IN THE
¢ DIVISIONS: 1907 AND 1902.

Census. Total.
North Atlantic.
) 1,114 123
Number of Stations.cee ceaeeeeniomrmaonamanmirree s e igg% m -
. " ,310,126 85,250, 164
Cost of construction and equipment. .. ccoevranannnmorarnees }ggg gﬂ’ gég, = by 200083
9,762, 111 $1,452,700
(FTOSS INCOMC. e e n e aeaaannannessenssssnsnsmmresvossonssansannss igg; g‘li T 3770: fr
i 419,223 $1,410, 548
EIeCtrIC SEIVICE. ce v ranaaceararaaareanasoranansanatannarens igg; gi: 814; 2 4750, 065
............. 1907 $9,026,172 81, 331,36?
LAEHHDE. ceeeenneenernmennnmasaesenmmnnes 1907 o1 g
372 P P 1907 $6,204,396 $805,934_
Commercial...coeeernancaveacnenn hedd 32: 495,788 £380, 206
.............. 1907 $2,821,776 $526, 429
Pblig. . -oscarararecacacnenennianees 1002 $1,815,947 $352, 296
.......................... 1907 $342, 865 $79,Q34
Stationary motors......caeveees bt 363; 8|l ¢ §12, 638
T 50, 186 $5, 551
PN 5T RPN P RS 188; $$8, = 8,515
............................ ceee-eo) 1907 . $342,888 $36, 152
All other sources...e-en... b 3108; ae 00
............................................ 1907 $6, 573, 242 $030, 274
TO@ CXPENSES oo 1902 $3, 567,352 $505, 580
13 jes and materials lo.ou viianiieiiiiiiiaiias 1907 $3,649, 243 3479, 940
Cost of supplies 1902 $1, 884, 539 1,178
1 BI1SESe s e aeroevasrencevavasnsasensananarnn 1907 8558, 630 $105, 895
Miscellancors exp 1902 §327, 980 79, 340
Salaries and WageS. ..ccveececearmicrnienns RPN 1907 $2, 365, 369 $344, 439
o § 1902 $1, 354, 833 $235, 08
Primary-power plant:
Total horsepower capacity 2. ccvevierereerenienienanens 1907 241,028 37,914
P pacty 1902 124,362 22,317
Generating plant: ~
Kilowatt capacity of AynamoS.ceeesenaranaisencnciecaannss 1907 159,265 25,087
1902 85,122 15,155
Output of stations, kilowatt hours.cccoovveieiiiiiiiiininines 1907 196, 435, 621 27,540, 654
1902 148,913,431 21,820, tid1
Lamps wired for service:
BN T ORISR 1907 40,965 6,001
1902 28, 631 5,126
Tneandeseentd. . oo oe e rieeae i ceeiacreteaee s aas v 1907 3,363,195 580, 424
1902 1,465,582 259, 577
Other varieties—Nernst, vacunm, vapor, eted............. 1907 . 3,753 770

DIVISION.

South Atlantie.| North Central. | South Central, Western,
143 658 152 38
65 46 ) 26
3,602,072 | 814,117,680 $3, 485, 405 $844, 806
81,043, 002 $8, 063, (36 81,203,393 $1,037, 308
1,396,523 $5,273, 908 $1, 360,437 $200, 453
053 $2, 985, 8306 $473, 507 $319, 877
$1,364, 603 $5, 047,744 $1, 338,200 502, 128
$367, 300 2, 9106, 827 N 8312, 127
$1,305,739 84,876, 263 §1,274, 002 $238, 740
$3060, 630 82,880, 183 $450, 177 204,234
006, 681 $3,371, 141 8020, 790 $100, 841
199, 020 81,827, 478 £304, 800 $205, 21
$309, 058 31,505,127 344,203 47,800
$167, 610 $1, 001,705 145,317 $89, 010
$45,128 $151,706 45, 481 $20,016
$061 324, 008 $11, 082 $15,401
$3, 736 $10,770 $18, 657 $2,472
................ $3, 546 $400 $2, 492
$41,020 226, 254 $31,287 7,39
$5, 683 $60, 000 311,048 87,750
$800, 831 £3, 674,883 000, 922 $167,332
$267, 001 $2, 120, 088 $342, 275 242,312
500,973 $2, 062, 699 510,027 $46, 604
8150, 187 §1, 136,970 180,321 $120, 874
50,704 $300,320 $78, 206 $14,355
$16, 550 8179, 925 $25, 053 827, 103
330, 094 $1,302, 864 $321, 500 i3, 373
§100, 345 3803, 184 130, Y01 885, 436
32,087 134, 554 31,270 5,268
8,825 78,124 11, 53 443
20,157 0,558 21,060 3,304
5,747 52,596 8, 204 3,430
95,600,047 | 110,478,858 28,335, (00 4,479,403
11,717,107 95, 812, 332 14,611,775 4 93?, 5
5,588 24,370 4,508 438
2,334 17,570 20501 1, 4‘()0
309, 204 1,987, 470 336, 496 80,641
78,779 047,946 104, 446 74,834
£ 2,570 167 904

1 Includes cost of fuel amounting to $2,517,986 in 1907 and $1,124,403 in 1902,
2 'Includes capacity of auxiliary engines amounting to 1,134 horsepower in 1907 and 525 horsepower in 1902.
3 The number of incandescent lamps was largely an estimate and, although mostly reported on a 1t-candlepower basis, embraces a considerable number ranging from

2 to 50 candlepower.
4 Not reported separately in 1902

Large increases are shown for all but the Western
division. In this division decreases are found for
nearly every item, but these decreases are only appar-
ent and not real. A number of municipal stations
which were included in this class in 1902 could not
properly be included in 1907 because in the latter year
they did not supply the sole electric service to the
places in which they were located. This was particu-
larly the case in the states of California and Wash-
] 1f all the stations in these 2 states which were
mcluded' in 1902 had also been included in 1907, uni-
form gains would have been shown for the Western

ington.

division also.

It is noteworthy that proportionately larger gains

were reported for commercial lighting than for public
lighting, and for incandescent lamps than for are
lamps. This was true for all geographic divisions.
Compared with the increases for most of the items
the output of stations in kilowatt hours shows small
percentages of gain. This is in large part due to the
difference in the stations included at the respective
censuses, previously referred to, and to the fact that
a somewhat larger amount was expended in 1907 than
in 1902 for power purchased, the difference amounting

to upward

of $70,000.

The statistics for municipal stations located in
places where they furnished only a part of the electrie
service are shown, by geographic divisions, in Table 19,



SUMMARY OF STATISTICS.

33

Tasre 19.—MUNICIPAL CENTRAL ELECTRIC STATIONS WHICH DO NOT SUPPLY THE ENTIRE ELECTRIC SERVICE
IN THE CITIES WHERE LOCATED, BY GEOGRAPHIC DIVISIONS: 1907 AND 1902.

DIVISION.
Census. Total. N .
. : orth South North South
- Atlantic. | Atlantic. | Central. | Central. | VYestern.
Number of StRIoNS .« .« oo et critieciei i earaeaeaaaaas - 1907 138 27 15 69 14 13
1902 83 10 10 52 9 2
Cost of construction and eQUIPTIENT. . ..ot et e aneeacecaaanaas 1997 $15,569,321 || $2, 579,831 $473,070 | $8,837,473 $773,626 | 82,905, 321
1902 $6, 651,001 $820, 156 8518, 936 | $4,908, 609 $378,993 $24, 397
GIOSS IICOIIR . - ¢ a e et e ceaaaaacaceeransacseacnsonnsemasscnncsasnssasnovnenanncmsnnens 1907 $4,249, 888 $855, 382 $224,786 | $2,129,017 $271,171 $760, 532
1902 $2,041,909 $318, 628 $210,179 | 81,411,673 392, 549 $8, 880
TR1eCtriC SEIVICE. ¢ o e vs et ieie e ree e cnr e e reeanirreae e ana s 1907 $4,195,211 $849, 958 $219, 440 | $2,095,008 $270, 832 $759,973
1902 $2, 022,288 $318, 628 $210,179 | $1,392,052 $92, 549 $8,880
LAEREINE oot eeeet e e e e ee e e r e n e r e e e mnn e nn e 1907 84,014,001 ! $777,605 | $214,132 | 82,071,438 |  $255,757 $0695, 099
1902 $2,007,128 $309, 618 $204,733 | 81,391,348 $92, 549 $8, 880
COIMIMEICIAL. - - < eeewanmemeenneemransnenenensennesneanssannsnnennnns 1907 | $1,190,591 ||  $230, 530 $78,815 |  $323,702 $38, 758 $518,786
1902 $182, 674 $12, 250 88,901 76,130 85,393 | eeimnnans
3 L R 1807 $2,823, 500 $547,135 $135,317 | $1,747,7306 $216, 998 $176,313
1902 81,824,454 $297, 368 $115,832 | $1,315,218 $87, 156 $8, 880
Stationary MOtoIS. . v ceaeiirevrirneitietnaaeriiiaietiinnsinnoraaaarees 1907 $173, 508 $70,152 $5,284 $20,022 $15,075 $62, 975
1902 $6, 660 -8510 $5, 446 8704 |- e[
B T, R 1907 $7,612 $2,141 $24 83,548 [...iieaaal. $1,899
1902 $8, 500 F2: 101 ARROY IR PSRRI PR,
AL OLher SOUICES. e vrenseremneeraaneeeeeasaseerassnsnanssssensnensnsencenssnnsss 1907 $54, 677 $5,424 $5,346 $34,009 339 39, 559
1902 b3 LN 22 | P SN 819,621 e i
T Ot X DCIISES - o et et e ireaesamaresamacraansescrasanssatonnsenrrannaenmanneanenss 1907 $2, 503,946 $476, 541 $160,771 | $1,397,501 $160, 147 $398, 986
1902 31,173,830 $172,767 $118,321 3818,717 $60,971 33,054
Cost of supplies and materialsl.. ..o .eeieaimraraiiiiaietscennnsoncssaorannanses 1907 81,318,444 $225, 857 295, 899 $725,162 $78,919 $162, 607
1902 537,752 $72,814 859, 811 $374,007 $29, 969 $1, 061
MiSCellane0llS BXDeIISES e e e eres s cnnsrnrcessennsnssnssssncesssarnsesnnvanssonss 1907 $155, 856 $42,217 $7,2065 $70,935 $16, 526 $18, 913
; 1902 $111,189 $23,356 $9,366 | 73,902 $4,412 $153
Salaries and WafeS . e e e iema i e ciieenrareanernasaerssasasaaresanatancns 1907 81,119,646 $208, 467 857,607 $601, 404 $64, 702 $187, 466
1902 524, 889 $76,597 $49,144 $370,718 $26, 590 $1,840
Primary-power plant:
Total horsePOWer CaPACITY 2. e iieinnrecusirnueenaceenirencesesuesseinnseacanans 1907 80,323 18, 666 4, 505 41,667 5,170 10,315
1902 35, 666 4,340 3,585 24,771 2,895 75
Generating plant: .
Kilowatt capacity of dynamos..esveceesesisensceessenmiesnnmasnaeronnsonsaanes 1907 49,751 10,238 2,602 26,432 4,064 8, 415
1902 28,258 2,730 2,722 20, 643 2,129 34
Output of stations, kilowatt hours. .ceveieeeiiiiimeniiaiiiir e eieneaees 1907 93,027,167 || 21,320,984 | 4,699,450 | 48,526,331 | 6,030,279 | 12,450,123
1902 46,991,008 6,649,005 | 5,355,864 | 32,053,189 | 2,872,360 60, 590
Lamps wired for service: .
Lo e e e meme e e s em e e e e e e e e e e e n e aeaseenteaeaesannsaaannenneans 1907 41,975 6,319 1,941 27,957 2,620 3,138
1902 22,164 2,720 1,896 16,025 1,439 84
Ineandescent 8. o oo i iie i iiiitecicrerciesetraretaisneaaaaaa 1907 689,253 123,210 33,689 216, 665 17,150 298, 53¢
1902 111, 869 12,635 28,985 66,174 4,075 |- coeennnnn..
Other varieties—Nernst, vacuum, vapor, €. «...ovoeiuminiiieniiniia, 1907 5,117 379 21 1,039 20 3,658

I Includes cost of fuel amounting to $714,797 in 1907 and $321,421 in 1902.

2 Tneludes capacity of auxiliary engines amounting to 370 horsepower in 1907 and 310 horsepower in 1902,
aThe number of incandescent lamps was largely an estimate and, although mostly reported on a 16-candlepower basis, embraces a considerable number ranging from

2 to 50 candlepower.

4 Not reported separately in 1902.

The number of stations shown in Table 19 is only
about 10 per cent of the total for municipal stations for
both 1907 and 1902, but the proportions of the totals
for several other leading items were much greater.
For 1907 these were as follows: Gross income, 30.3
per cent; sale of current, 30.8 per cent; expenses, 28.3
per cent; primary horsepower, 25 per cent; kilowatt
capacity of dynamos, 23.8 per cent; output of stations,
kilowatt hours, 32.1 per cent; number of arc lamps,
50.6 per cent; and number of incandescent lamps, 17
per cent. The corresponding proportions for 1902
were: Gross income, 29.3 per cent; sale of current, 29.6
per cent; expenses, 24.8 per cent; primary horsepower,
22.3 per cent; kilowatt capacity of dynamos, 24.9 per
cent; output of stations, kilowatt hours, 24 per cent;
number of arc lamps, 43.6 per cent; and number of in-
candescent lamps, 7.1 per cent. A comparison of

Tables 18 and 19 shows that public lighting occupied
a far larger proportionate place in the business of the
municipal stations included in the latter table than in
that of those included in Table 18. In Table 19 the
income from public lighting in 1907 constituted 66.4
per cent of the total income and in Table 18 only 28.9
per cent. This difference between the two classes of
municipal stations is also reflected in their varying
proportions of arc lamps, which find their chief use in
public lighting of streets and parks. In Table 19 the
arc lamps constituted 5.7 per cent of all Jamps and in
Table 18 only 1.2 per cent. As the primary object of
municipal stations in places where they do not supply
the sole electric service is probably in most cases the
lighting of streets and parks, incandescent lighting for
municipal stations would chiefly be confined to places

where there were no commercial stations.
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In the following tabular statement the relative.im-
portance of the two classes of municipal stations in the
various geographic divisions is shown on the basis of
income reported:

5

Municipal central electric stations that render the entire electric
service and those that do mot—Per cent distribution of income, by
geographic divisions: 1907.

Municipal | Municipal

staﬁi,ogs staﬁ!lo;]ls

whic whic

DIVISION. render the | render only
entire | part of the

service, service.
) P RO 100.0 100.0
North Atlantic... 14.9 20.1
South Atlantic.. 14.3 5.3
North Central. 54,0 50.1
South Central. .- 14.0 0.4
R o TR RPN . 2.8 18.1

As indicated by the income, the North Central divi-
sion reported slightly more than half of the municipal
central-station industry for both classes of stations.
The municipal stations which render the entire elec-
trical service were, however, proportionately stronger
here. In the other geographic divisions wide differ-
ences appear in the relative importance of the two
classes of municipal stations. In the South Atlantic
and the South Central, as in the North Central, the mu-
nicipal stations which render the entire service were pro-
portionately stronger—considerably more than twice
as strong. Inthe North Atlantic and the Western divi-
sions, on the other hand, the municipal stations which
render only part of the service were proportionately
stronger, and in the case of the Western division more
than six times as strong.



CHAPTER IIL
POWER EQUIPMENT.

Primary-power equipment of central stations and elec-
tric railways.—The equipment of the primary-power
plants as reported to the Bureau of the Census consists
of the number and horsepower of the steam engines,
steam turbmes, gas engines, water wheels, and aux-
111ary engines. With the exception of the auxiliary
engines, which represent the power used within the
station to operate pumps, etc., these machines are
necessarily closely allied to the equipment of the gen-

erating plant. In a few mstances the primary-power
plant and the electric generators are conducted under
independent ownership, but the two classes of equip- -
ment are so generally interdependent that the statis-
tics for them are associated in various tables through-
out the report. The totals for the primary machines
iIn central stations and electnc-r&llway plants are
given in Table 20.

Tasre 20.—CENTRAL ELECTRIC STATIONS AND  ELECTRIC RAILWAYS—NUMBER AND HORSEPOWER OF THE
PRIMARY-POWER MACHINES, BY KIND OF POWER: 1907 AND 1902.

TOTAL. CENTRAL STATIONS. ELECTRIC RAILWAYS. PER CENT OF INCREASE.
KIND OF POWER. c | »
¢ a0 > : entral | Electric
1907 ‘1902 1907 1902 1907 1902 Total. stations. |failways.
Totals .
NUMDET. - e et iee e aaerae e ceaanans 14,635 10,661 10,008 7,850 3,637 2,811 37.3 40.1 20.4
REE) £y Tk R 6,618,011 | 3,204,333 4,008,188 { 1,845,048 | 2,519,823 | 1,359,285 106.5 122.1 85.4
Steam engines:
Number. ..o i [N 9,088 8,266 6,820 5,930 2,259 2,336 9.9 15.2 13.3
J S T e P 3,642,819 | 2,678,074 1,810,040 | 1,379,941 | 1,832,779 | 1,298,133 36.0 3.2 41.2
Steam turbines:
NUIDEL . - s e et ittt e eueae e caaeeaaaaanen 629 (2) 377 (O] 252 (€ NN | RO S A
Horsepower 1,352,814 (2) 817,410 O] 535,404 [ 2NN | PO O RO,
Gas engines: | -
NUIDEL e < - ceeeetiiaee ettt et e e e crce e mceincae e e maaeane 504 180 463 165 41 15 180.0 180.6 173.3
HOTSBDOWET - e e iaeemae et naeeteacanac e aaaacanaaaann 72,163 14,106 55, 828 12,181 16,335 |- 1,925 411.6 358.3 7483
Water wheels:
U DOT . e i ettt et e ee e e cmeceem e aeaaaaaaan 2,709 1,549 2,481 1,390 228 159 74.9 78.5 43.4
S (ST oo a g N 1,441,048 487 625 1,349,087 438,472 91,961 49,153 195.5 207.7 87.1
Auxiliary engines:
0616 R 1,705 666 848 -365 857 301 156.0 132.3 185.4
B2 0] L) o e <) PN 109,167 24,528 65, 823 14, 454 43,344 10,074 345.1 355.4 330.3

1 Decrease.

The combined horsepower of the engines and water
wheels used to operate the electric machines in the
central stations and railway plants more than doubled
during the five years ending with 1907. The power
plants of the central stations show the greater gain,
representing 57.6 per cent of the total horsepower in
1902 and 61.9 per cent in 1907.

While steam is the most important primary power
in both branches of the industry, its lead is greatest in
the railway plants, where at both censuses it formed
about 95 per cent of all the primary power reported.
It was in this kind of primary power that the electric

" railways showed their largest proportion of the total,
namely, 47.4 and 48.5 per cent, respectively, in 1907
and 1902. In respect to steam engines alone the elec-
tric railways showed a marked relative gain over 1902,
but having 81,808 less horsepower than the central sta-
tions in that year as compared with an excess of
22,739 horsepower in 1907. The true measure of
the comparative importance of steam power in the two
branches of the electrical industry, however, is fur-
nished by a comparison of the totals for both steam

2Tn 1902 steam turbines were included with steam engines.

engines and steam turbines, and this shows that, as
compared with electric railways, the central stations
reported an excess of 259,267 steam horsepower in 1907
and 81,808 in 1902.

The horsepower of gas engines, although forming but
a small proportion of the total primary power, showed
a decided increase in both branches of the electrical
industry, but the proportion was greatest for the elec-
tric railways, this particular kind of power having
increased from 13.6 per cent in 1902 to 22.6 per
cent in 1907. Water power has developed more rap-
idly as connected with the central stations than with
the electric railways, the proportion of the total re-
ported by the former having increased from 89.9 per
cent in 1902 to 93.6 per cent.in 1907.

OENTRAL STATIONS.

Engines and water wheels.—Table 21 gives statistics
of the primary-power equipment of commercial and
municipal central stations for 1907 and 1902 and

.shows the percentages of increase.

(35)
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TaBLE 21,—COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—NUMBER AND HORSEPOWER OF THE
PRIMARY-POWER MACHINES, BY KIND OF POWER: 1907 AND 1902.

TOTAL. COMMERCIAL. ’ MUNICIPAL. PER CENT OF INCREASE.
KIND OF POWER. : : Commer-| Munici
. - " . Jomumer- nici-
1907 1902 1907 1902 1907 1902 Total. cial. pal.
Total: ) ‘
NUMDEL. o eevetine it it neeavanaa s 10, 998 7,850 8,081 G, 6564 2,017 1,100 40.1 35.0 68.6
B3 06T o142 R R 4,008,188 | 1,845,048 3,776,837 | 1,685,020 321, 351 160, 028 122.1 124.1 100. 8
i ngines:

Steuknusﬂ Er.b. ................................................ 6,829 5,930 5,144 4,870 1,685 1,060 15.2 5.6 50.0

T OTSEPOWEL - - < e s eeeeemsane s crenansassannnsesaeaanansnnanes 1,810,040 | 1,379,041 || 1,546,007 | 1,232,023 264, 033 147,018 3L.2 25.4 79.6
Steam turbines:

L Y U 377 (1) 348 [0S)] . 20 O]

Horsepower. ... . . e .. 817,410 (O] 798,025 [O) 19, 385 (1)

ngines:

Gaslsiugmfgr ...... 463 165 385 147 78 18 180.6 161. 9 333.3

Horsepower. .. 55,828 12,181 49, 746 11,224 6, 082 957 358.3 343.2 535, 5
Water wheels:

Number.....c.o.uen PN 2,481 1,390 2,328 1,308 153 §2 78.5 78.0 86.6

B8 00 o 1o R 1,349,087 438, 472 1, 318, 740 427,254 30, 347 11,218 207.7 208.7 170.5
Auxiliary engines: ) ) .

L 471 T o 848 365 770 320 72 36 132.3 135.9 100.0

HOTSEDOWET .o s e eiiniavrmesmenreraeenanevennnnaaaanannans 65, 823 14,454 64, 319 13,019 1, 504 835 356. 4 372.3 83.7

1 1n 1902 steam turbines were included with steam engines.

Dragram L.—Ceniral stations and cleciric ratlways, by character of portant factor in the electrical gener&ﬁng equipment.

primary power: 1907 Water is used as the primary power in a constantly
inereasing number of stations, and the power of the
wheels increased by 910,615 horsepower during the
five years ending with 1907. Although the greatest
WATER absolute increase was shown for steam power, in per-
centage of increase, it was surpassed by both gas and
water power. The percentages are: Steam power,
90.4 per cent; water power, 207.7 per ceént; and gas
power, 358.3 per cent.

GAS
AUXILIARY

Disaraym 2.—Central stations, by character of primary power: 1907
and 1902.

N!lLLlONS
Q 1 2 3 4
i o W
STEAM |
WATER |
[_] cENTRAL sTaTIONS ELECTRIC RAILWAYS
AUXILIARY

In 1907 the primary machines of the central sta-
tions averaged 869 horsepower per station as com- ‘ — '
pared with 510 horsepower in 1902, an increase of 359 GAS. ESSsss 1907 LA 1002
horsepower, or 70.4 per cent. The commercial stations
averaged 1,091 horsepower in 1907 and 601 horse-
power in 1902, showing an increase of 490 horsepower,

Of the two classes of stations the commercial shows

! o X by far the greater amount of power and the larger
or 81.5 per cent; while the municipal stations averaged | {pcrease since 1902. In 1907 their equipment repre-

257 horsepower in 1907 and 196 horsepower in 1902, | sented 92.2 per cent of the total primary power, the
showing an increase of 61 horsepower, or 31.1 per cent. proportion having increased from 91.3 per cent in

Steam has contributed more than any other kind of | 1902. Thus, while the municipal electric stations, as
power to the great increase, 1,247,509 horsepower, in | compared with many industries, have a large motive-
the primary power of central stations, and the steam | power equipment, it forms but a small proportion (7.8
turbine, which was first reported separately in this | per cent) of the primary power used for the generation
industry at the census of 1907, has become a very im- | of electricity in central stations.




Diseran 3.—CENTRAL ELECTRIC STATIONS—PRIMARY POWER, BY STATES, ARRANGED IN ORDER OF THEIR
RELATIVE IMPORTANCE: 1907 AND 1902. '

1907 HUNDREDS OF THQUSANDS 1902
o ! 2 3 4 5. -] T [« I 1 2 3

NEW YORK Y
CALIFORNIA : | PENNBYLVANIA
PENNSYLVANIA ' CALIFORNIA
ILLINOIB g : LLNOIS
MABBACHUSETTS : MABBACHUBETTS
MICHIGAN ) ~ owe
OHIo NEW JERSEY
OREGON MICHIOAN
MINNESOTA INDIANA
INDIANA MISSOURI
MIBSOUR) 1oWA
NEW JERBEY COLORADO
BOUTH CAROLINA ) . WIBCONSIN
GOLORADO : TEXAB
TEXAB - ’ MINNESOTA
MONTANA ) " MONTANA
WABHINGTON CONNECTICUT
WISCONSBIN NEW HAMPSHIRE
MAINE MAINE
CONNECTICUT VERMONT
GEORGIA b WASHINGTON
MARYLAND KENTUCKY
KANBAS BOUTH CAROLINA
NEW HAMPBHIRE UTAH
TOWA MARYLAND
KENTUCKY TENNESBEE
VERMONT OREQON
UTAH RHODE 18LAND
NESRABKA LOUISIANA
TENNESSEE KANBAB
RHODE I18LAND QEORGIA
ALABAMA NEBRABKA
DIST, OF COLUMBIA WEBT VIRGINIA
LOUIBIANA i ARKANBAB
ORLAHOMA - MISBISSIPPI
WEST VIRGINIA | ALABAMA
NORTH CAROLINA ' ’ DIST. OF COLUMEIA
MI58ISBIPP) F NORTH CAROLINA
VIRGINIA -] FLORIDA
FLORIDA : ] . IDAHO
ARKANBAS . VIRGINIA
IDAHO ] SOUTH DAKOTA
SOUTH DAKOTA b OKLAHOMA
NORTH DAKOTA MORTH DAKOTA
DELAWARE | WyoMiNG
ARIZONA . DELAWARE
NEVADA I%r—“\‘ { ARIZONA
WYOMING | j NEW MEXICO

\4—::1 . NEVADA.

NEW MEXICO

(37)
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Table 22 shows the per cent distribution, by kind
of power, of the primary-power equipment of commer-
cial and municipal stations for 1907 and 1902.

TasLe 22,—Commercial and municipal central electric stations—

Per cent distribution, by kind of primary-power machmer 1907
and 1908.

TOTAL. COMMERCIAL., | MUNICIPAL.
KIND OF POWER.
1907 | 1902 || 1907 | 1902 | 1007 | 1902
Total:
Number. ... 100.0 } 100.0 §, 100.0 } 100,0 ) 100.0 100.0
Horsepower...... 100.0 § 100.0 §j 100.0 ] 100.0] 100.0 100.0
Steam. enﬁines.
................... 62.1 75.5 57.3 73.2 83.5 88.6
Horse OWET e e e esaanranen 44.2 74.8 40.9 73.21 8.2 01,9
Steam turbines
NUIDET o eeeeenmaannns 3.4 (1g 3.9 () 141
Horsepower. . ceeeenenennnn 10.91 (1 2.1 (M) 6.0 )
Gas engines:
Numbet........... . 4.2 2.1 4.3 2.2 3.9 1.5
. Horsepower 1.4 0.7 1.3 0.7 1.9 0.6
Water wheels:
(3557001 P, 22.6 17.7 25.9 10.7 7.6 6.9
Horsepower...c..oovunanns 32,0 238 3490 254 9.4 7.0
Auxiliary englnes:
NUmber. . v oevreinsennanan 7.7 4.6 8.6 4.9 3.6 3.0
Horsepower...ocuveiiennan 1.6 0.8 L7 0.8 0.5 0.8

1In 19002 steam turbines were included with steam engines.

Steam engines furnished the largest proportion of

CENTRAL ELECTRIC LIGHT AND POWER. STATIONS. :

horsepower for both the commercial and the munici-
pal stations, but for each of the two classes of stations
their relative importance has decreased considerably
since 1902, while that of the water wheels and gas en-
gines has increaged. If a division of the primary
power, including auxﬂmry power, be made into the
three classes—steam, gas, and water—it is found that
of the total power in central stations in 1907, 65.7 per
cent was steam; 1.4 per cent, gas; and 32.9 per cent,
water. The corresponding proportions for 1902 were:
Steam, 75.6 per cent; gas, seven-tenths of 1 per cent;
and water, 23.8 per cent. Of the proportion for steam
in 1907, the commercial stations reported 58.8 per cent
of the total primary, power and the municipal stations
6.9 per cent. The corresponding proportions in 1902
were 67.6 per cent and 8 per cent, respectively.

Steam engines and steam turbines—Inasmuch as
steam turbines were not reported separately in 1902,
they are, for comparative purposes, combined with
steam engines for 1907 in Tables 23 and 24, which give
detailed statistics of the steam-power equipment of
commercial and municipal central stations for 1907
and 1902.

d
TasLe 283.—~COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—STEAM ENGINES AND STEAM TURBINES,

BY HORSEPOWER CAPACITY:

1907 AND 1902.

. TOTAL. COMMERCIAL. MUNICIPAL. PER CENT OF INCREASE.
CLASS OF ENGINES. - —
o . " Com- | Muniei-
1907 1902 1907 1902 1907 1002 Potal || areiar, | pol,
'l‘ot%: . 2
L3040 1T 7,206 5,030 5,492 4,870 1,714 1,060 21,5 12.8 01,7
TTOTSRPOWEE c e« o v e vecmeaveetranaseccnacnneaennnns 2, 627: 450 | 1, 37‘) 041 2, 344, 032 | 1,232,023 283:418 147.()1.8 ‘J().li 40, 1 92.8
6,248 5,451 4, 584 4,407 1,664 1,044 14.6 4.0 50. 4
nompo WET. v omoeaeain s 1,035,583 | 840,336 794, 205 415 041 91,4 . 80,
OVC{JJO() {)ut anider 1,000 Borsapo JASGH ) 05 715,418 41,378 133,018 1.9 1.0 20.2
umber... ..ot 408 278 4060 2066 38 12 70.1 72.9 216, 7
L O SO P OW T e o vt e s i ceeeinamerarranaearasnsannanncannas 345,158 193,570 318, 81 £ 26 8.2 2.6 i
1, ()O%but‘xmdur 5000 Tiorsepower: ” y 8,818 184,670 26,340 &, 400 78.3 72.6 196. 0
L 1T N 9 149 239 145 10 4 67.1 64.8 150.0
TLOTSEDOWOL . « e eeeee e e ae e e e e aeeaneanannnnnanens 316, 588 187,485 306 3, g P IS 3
Wﬂoyvutlllndcr K060 Borsepowes ) 1 » 430 06, 188 183,285 10, 400 4,200 08. 9 67.1 147.8
Nurnher 148 52 146 52 2 P 184.6 180.8 |ooeaiienn
407,695 149, 550 402, 395 149, 550 5,300 |oeviiiiainan 172.6 169.1 |.oenennnns
G3 ) 63 (r
TIorsepPOWer.. coveieiinancaannen e 522, 426 ) 522, 4'):(3 El; e

1 Included in 2,000 but under 5,000 horsepower.” The class ** 5,000 horsepower and over” not called for at the census of 1902,

The figures in Tables 23 and 24 show that the great- |

est increases have taken place in the horsepower
of the largest types of steam engines. Of the total
steam power reported for 1907, 35.4 per cent was
represented by machines with a capacity of 2,000
“horsepower or over, while machines of this type repre-
sented only 10.8 per cent of the steam power reported
for 1902. In 1902, of the total steam power, 61.5 per
cent was in the class of ‘500 horsepower and under,”
and in 1907 the proportion had decreased to 39.4 per

cent. The commercial stations naturally made the most
marked gains in the large units of power, increasing
from 12.1 per cent for the class of 2,000 and over in
1902 to 39.5 per cent in 1907, and decreasing from 58
per cent for the class of 500 or under in 1902 to 33.9
per cent in 1907. The municipal stations, although
showing no marked changes in the relative propor-
tions of the several classes, manifest a tendency toward:
the larger units of steam power. ‘
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Tasre 24.—Commercial and municipal central eleciric stations—
Per cent distribution, by number and horsepower capacity of steam
engines and steam turbines: 1907 and 1902.

N

TOTAL. COMMERCIAL. MUNICIPAL,
CLASS OF ENGINES.
1907 | 1902 1907 | 1902 | 1907 | 1902
Total: .
Number............. 100.0 | 100.0 || 100.0 | 100.0 | 100.0 | 100.0
. Horsepower......... 100.0 | 100.0 100.0 | 100.0 100.0 100.0
500 horsepower and under:
 Number. ...ooeaiiiiii. 806.7 91.9 83.5 90.5| 97.1 98.5
Horsepower. . ... e 39.4 61.5 33.9 58.0| 8.2 91.1
Over 500 but under 1,000 horse-
power: .
Number................ - 6.9 4.7 8.4 5.5 2.2 11
HOrsepower. .. .ocueeuen... 13.1 14.0 13.6 15.0 9.3 6.1
1,000 but under 2,000 horse-
power:
Number 3.5 2.5 4.4 3.0 0.6 0.4
Horsepower.... 12.0 13.6 13.1 14.9 3.7 2.9
2,000 but under 5,00
‘power:
Number.......cociieenno.. 2.1 0.9 2.7 1.1 0.1 f..oeeen.
HOrsepower. .. ....c.eee... 15.5 10.8 17.2 12.1 L9 f........
5,060 horsepower and over:
Number. . coeoieeeanann.. 0.9 ?) 1.1 (6 T P R
Horsepower. . ..cocveeen.... 19.9 1) 22.3 (€5 T PO

! Included in “2,000 but under 5,000 horsepower.” The class ‘5,000 horsepower
and over’’ not called for at the census of 1902.

There were only 3 states—Nevada, South Carolina,
and Utah—for which a smaller amount of primary
steam power was reported in 1907 than in 1902.

While only 9,964 steam horsepower was reported for
these states in 1907 and 12,990 in 1902, it is inter-
esting to note that for each state there was an
increase in water power far greater than the decrease
in steam power. In each of the following states the
steam power reported for 1907 exceeded 100,000
horsepower: New York, 410,007 horsepower; Illinois,
286,958 ; Pennsylvania, 258,163; Ohio, 170,251; Mas-
sachusetts, 169,617; California, 133,299; and Mis-
souri, 102,044. The total for these states amounted
to 1,530,339 horsepower, or 58.2 per cent of the total
steam power for all states.

The increase in the number and importance of the
steam turbines makes it desirable to segregate the
statistics for the two kinds of engines operated by
steam, and Tables 25 and 26 show the totals and per-
centages for engines exclusive of steam turbines. The
statistics for 1902, however, include the figures for a
comparatively small number of steam turbines, be-
cause they were not deemed of sufficient importance
to be reported separately for that year, and to this
extent the comparison of the figures for the two census
years is vitiated.

TasLe 25.—COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—NUMBER AND HORSEPOWER OF STEAM
ENGINES, EXCLUSIVE OF STEAM TURBINES: 1907 AND 1902.

-

TOTAL. COMMERCIAL. MUNICIPAL, PER CENT OF INCREASE.
CLASS OF ENGINES, c | Munics
- “f Commer-| Munici-
1907 1902 1907 190? 1907 1902 Total, cial. pal.
Total: .
NUMDBer. .t 6,829 5,930 5,144 4,870 1,685 1,060 15.2 5.6 59.0
OIS ODOWET e+t e et e e e ot caeec e aeaae e e s 1,810,040 | 1,379,941 1,546,007 | 1,232,923 264,033 147,018 3.2 25.4 79.6
500 horsepower and under: .
Number d 6,183 5,451 4,635 4,407 1,648 1,044 13.4 2.9 57.9
Horsepower 1,018, 566 849,336 781,673 715,418 236, 893 133,918 19.9 9.3 76.9
r 500 but under 1,000 horsepower:
oY R mber oder LOW homsepower: 375 278 342 266 33 12 34.9 98.6 175.0
J2E0 1 oo} o4 259,478 193,570 236,638 184,670 22,840 8,900 34.0 28.1 156.6
0 but under 2,000 horsepower:
O bar L 0 Borsepower: 182 149 178 145 4 4 2.1 22,8 oo
P 230,216 187,485 225,916 183,285 4,300 4,200 22,8 23.3 2.4

70 52
186,280 149, 550

B - 19 m
T OTSBPOWEE « « et e e aae v e et e eeemeeee e e e e e aiene e nnn 115, 500 O]

.

70 52
186,280 149,550 |..eeoiii il e cee-

19 [ O P | PO | NP
115,500 [© JE PO e | | T

4 Included in 2,000 but under 5,000 horsepower.” The class 5,000 horsepower and over ”” not called for at the census of 1902.

While a considerable increase took place in the
horsepower of the smaller engines in both classes of
stations, it has not been sufficient to overcome the
increase in the larger units. Therefore the relative
importance of the engines of ‘500 horsepower and
under” decreased from 61.5 per cent of the total in
1902 to 56.3 per cent in 1907, the greatest relative
decrease, from 58 per cent to 50.6 per cent, occurring
in the commercial stations, which contain all of the
large engines.

As would naturally be expected, the munieipal sta-
tions show no large steam engines. There were no
machines of more than 2,000 horsepower reported for

such stations at either census, and only 4 that had an
indicated horsepower of 1,000 and over. As a rule
the municipal stations are small, and therefore contain
a large proportion of the small machines.

Little change was shown in the proportion of engines
of “Over 500 but under 1,000 horsepower,” 14.3 per
cent in 1907 and 14 per cent in 1902, but there was a
decline in the proportion of engines of 1,000 but under
2,000 horsepower,” from 13.6 per cent in 1902 to 12.7
per cent in 1907. As already indicated, a decided
increase was manifest in the proportion of engines of
over 2,000 horsepower, from 10.8 per cent in 1902 to
16.7 per cent in 1907,



DracraM 4.—CENTRAL ELECTRIC STATIONS—STEAM A.ND WATER POWER, BY STATES, ARRANGED IN ORDER OF

THEIR RELATIVE IMPORTANCE: 1907.
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Tyzw 26.—Commercial and municipal central electric stations—
DPer cent distribution, by number and horsepower capacity of steam
engines, exclusive of steam turbines: 1907 and 1902.

POWER EQUIPMENT. 41

339,800 horsepower. Of the total for all kinds of pri-
mary power, excluding auxiliary engines, the steam
turbine furnished 20.3 per cent as compared with 44.9

- o commmonr. | womome | PET cent for other classes of steam engines and 33.5
CLASS OF ENGINES. - ] per cent for water wheels.
1907 1902 1907 1902 1907 1902 . ‘. . .
TaBLE 27.—Commercial and municipal central electric stations—
Total: Number and horsepower of steam turbines, by horsepower capacity,
Number............. 100.0 [ 100.0 | 100.0 | 100.0 | 100.0] 100.0 with per cent distribution: 1907
Torsepower. ... ..... 0.0 | 10000 {1 100.0 | 100.0 | 100.0| 100.0
800 horsepower and under;
}“{um 153 .- ?83 z;} 9 33.2s 90.5 | 97.8 98.5 PER CENT DISTRIBUTION.
orsepower. ... R 615 50, 6 8.0 89.7 911 \
OV)?)I;;"';(I‘);)'IJut.llxuler1,()0() horse- CLASS OF STEAM TURBINES. | Total. m(éggilél Mgﬁici" ol
PONURDOT oo, ssl 47l 66| 550 20 11 Total. || S0 Moate
Horsepower.. ... .......... 14.3 14,0 15.3 15.0 87 6.1
1,000 but under 2,000 horse-
Ra it 27| 25 51 3.0 0.4 Total:
30575 2. 2.5 3. ] 3. 0.2 3 Number............ 377 348 20 100.0 100. 0 100.0
2“051(1»’?;(51)&;:'35}.-5 R e 1271 1.6 14.6] 14.9 1.6 2.9 Horsepower. ....... 817,410 ||798,025 | 18,385 | 100.0 || 100.0| 100.0
A ] ) i G
nwer: o e
PN mber. .. Lo 00 Lé| LIfe.foeeno. B e o nd under: 65 49 160 17.2] 141 552
Uorsepower., - 00200 10.3 [ 108 1zo g ar I Horsepower., 17,017 (| 12,632 | 4,485 | el 16| 21
5,000 horsepower and over: Over 500 but under 1,0007 ’ ! ' ' ’ )
Number. ... 0.3 () 0.4 (€3 Z0N DN R, horsepower: '
TLOrSBPOWEr . . 0t 6.4 1) 7.5 (45 20 ST P Number. .coeveneeeeaannn. 1239 118 5 32,6 33.9 17.2
R Horsepower. .. ...c....... 85,680 || 82,180 | 3,500 10.5 10.3 18.1
11 Included In 2,000 but under 5,000 horsepower.”  Theclass '*5,000 horsepower 1,%03“12;1_1; under 2,000 horse-
i ' o 37 Aty 3 0 .
and over’' not ealled for at the census of 1002, NORDRL oo - 67 61 6 17,8 17.5 20.7
. . . Lo Horsepower. .. ... . ... 86,372 || 80,272 | 6,100 0.6 101 315
Since all engines with an indicated horsepower of | 240 but under 5,000 horse-
. " . . - Number.................. 78 76 2 20.7 21.8 6.9
2,000 or over were reported as a single group at the porsepovir T 201, d15 |21, 115 | 5,300 || 2711 271 273
vrrarte of ane LA . RPN . . X 5, orsepower and over:
census of 1902, it is impracticable to determine the Niorsepower and over: il al wrll 126l
number and horsepower of the machines of 5,000 and Horsepower. . ... 408, 626|406, 626 1......... R

over in operation in that year to compare with those
reported in 1907. At the latter census these engines
were distributed as follows: New York, 11 engines
with 60,500 horsepower; California, 5 with 34 500;
Pennsylvanih, 1 with 8,000; Maryland, 1 with 7,500;
and Illinois, 1 with 5,000.

Steam turbines.—These engines appear to be admi-
rably adapted to central-station work, and although a
number of engines of this type of small horsepower
capacity were reported, it is evident from the statistics
in Table 27 that the majority were of large horsepower
and especially fitted to meet the requirements of large
conters of distribution. -

The municipal stations contained comparatively
few steam turbines, the majority of which (55.2 per
cent) were of the smaller type. The turbines of less
than 2,000 horsepower, as shown in Table 27, formed
72.7 per cent of the total power of all these engines in
the municipal stations and but 22 per cent of the
power of those in the commercial stations. In com-
mercial stations the large engines, those having over
2,000 horsepower, represented 78.1 per cent of the total
turbine power. Practically one-half of the horse-
power of the steam turbines was in units of 5,000 and
over. The extent to which the steam turbine pre-
dominates among the machines of this largest capacity
is indicated by the fact that in 1907 there were 44
turbines in this class, with a total of 406,926 horse-
power, as compared with 19 steam engines of other
types of 115,500 horsepower and 55 water wheels of

1Comparison with 1902 imprucbibable, sinee in that year steam turbines were
included with steam engines.

Steam turbines were reported as in use in some of
the central stations of all the states and territories,
except Virginia, North Carolina, South Carolina, North
Dakota, Idaho, Utah, Nevada, and New Mexico. In
all these states together only 41,130 steam horsepower
was reported for the stations, and it is evident that
water power, of which 147,979 horsepower was re-
ported, was more economical, or that the business did
not justify or require the installation of turbines.

Nearly one-half (48.2 per cent) of the horsepower
of the steam turbines was contained in 3 states—New
York, Illinois, and Massachusetts. New York alone
reported 24.9 per cent of this class of power, while as
between steam engines and steam turbines in that
state the latter represented 49.7 per cent of their total
horsepower. Of the total steam power in Illinois, 48.3
per cent was reported for steam turbines, while of the
total in Massachusetts, the proportion contributed by
steam turbines was considerably less, 30.3 per cent.
Although steam turbines were in use in 187 stations, in
only 18 were they the sole primary power.

That the steam turbine is specially adapted to large
centers of distribution will be seen from Table 28.

More than three-fifths of the horsepower reported
for steam turbines was found in the 14 cities named,
and their 90 engines showed the enormous average of
5,559 horsepower, as compared with an average of
2,168 for the country as-a whole.
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TaBLE 28,—Ceritral electric stations in selected cities— Number and
horsepower of steam turbines: 1907.

Per cent
Horse- | jictribu.
CITY. Number. power. st ;; >

Total for United States.................. 377 | 817,410 100.0
Total for selected clties........c...o...oooool. 90 | 800,335 61.2
et tieiraaaaaas . 22 | 170,600 20.9
g 10 | 116,500 143
St Loais. ... 10| 38,882 4.8
Boston....... o 3( 30,000 87
Philadelphia...coveeiiiiiiiiiiaiaiiaena., 7 25,468 g !
Los Angeles.. ees g %2 ) 38{0) i1
Cleveland. s 21
‘Washingto! 4 21,000 -6
Baltimore. 6 10,200 } %
Louisville. 2 9,000 5

Denver...... . 4 1,525 1.
Indianapolis. ....cooeeriiiici it ? Z,§8g (1) g
Cincinnati... e »B , §
Hartford....ooooiiiiiiiiiit i 4 7,500 0.9

Gas engines.—The 463 engines denominated as gas
engines in Table 21, with a total of 55,828 horsepower,
are composed of 294 gas engines, with 45,330 horse-
power; 136 gasoline engines, with 4,313 horsepower;
and 33 oil engines, with 6,185 horsepower. These
machines were used in 294 stations, of which 180, with
292 engines and a total of 23,487 horsepower, were
operated wholly by machines of this class. Of these
180 stations, 137, with 19;532 horsepower, were com-
mercial stations, and 43, with 3,955 horsepower,
municipal stations. Although the proportion of .the
total horsepower in central stations which is repre-
sented by the gas engines is comparatively small (1.4
per cent of the total primary power), the number and
importance of the gas engines have nevertheless in-
creased largely since 1902. As a rule these engines
are of a small type and their use has been confined
largely to small plants. Lately, however, a larger
type of machine is coming into use, and one commer-
cial station operated 3 gas engines, with a total of
16,200 horsepower, which furnished motive power to
operate 3 dynamos of slightly less than 4,000 kilo-
watts each. The exact size of each engine was not
reported on the census schedule, but it appears that
the smallest engine in this class shown gs connected
with a generator is one of 6 horsepower, which operated
a 3-kilowatt dynamo. California reported gas engines
with a total of 16,585 horsepower, or 29.7 per cent of
the total of this class of primary power; Pennsylvania,
reported 7,469 horsepower; Ohio, 5,628; New York,
3,315; Texas, 3,058; and Wisconsin, 2,079. The
horsepower of the gas engines of these 6 states
amounted to 38,134 and formed 68.3 per cent of the
total horsepower reported for all gas engines in both
commercial and municipal stations,

Internal-combustion 03] engines.—At the census of
1907, 18 stations reported the use of 0il engines of the
internal—cokmbustion type, similar in character to the
gas engine, with 6,185 horsepower; and 10 stations,

with 18 of these engines, relied upon them entirely for
primary power. The following tabular statement
shows the states in which these stations are located:

Internal-combustion oil engines— Number and horsepower, by states:

1907.
Nmr}lmr
STATE. 5}

stations. Torse-

Number, power.

s e
Total e ! ] {1,185
Jonnecticut. . 4 MW’T;?}T}
liinofs. ...... 1 2 240
Louisiana .. }’ 1 170
Massachusetts. ...... ¢ 3 570
-New Hampshire ..............coo.ooaol. e 2 3 550
New Jersey ....ovveevnniianinninnnnenninin, 1 1 270
NeW YOrK «.cuveeiiinrnninneann i 1 1 170
Ohio ......... Ceeatereveiereeaans, 2 4 400
%;enr(xisyllvlani:l» ....... % i . (1)88

hode Island.

Texas........ 3 70 1450
Wisconsin ....ocooiiiiniiiii i 1 1 5

Water power.—The ease with which electrie current
may be transmitted long distances and the economy
connected with its generation by the use of water
power have not only greatly increased the amount of
this kind of power in 1907 us compared with 1902, but
indicate its continued development. The statistics
represent only the central stations that were in actual
operation during the respective census years. The
construction of hydro-electric plants is proceeding
rapidly; a number were under construction during
1907 but had not commenced operntions hefore the
close of the year; and the Bureau of the ( ‘ensus was
advised also that extensive water-power plants were
contemplated in various sections of the country. The
exhaustion of the fuel supply will further stimulatoe
the erection of these plants, hut naturally their in-
crease will be slowest in the states where fuol js most
abundant.

The horsepower of the water wheels in the central
stations during 1907, was more than three times as
great as it was in 1902. Although the actual increase
was less than that for steam power, its proportion of
the total primary power, excluding auxiliary engines,
increased from 24 to 33.5 per cent, while the propor-
tion for steam power shows g nearly corresponding
decrease, from 75.4 per cent in 1902 to 65.2 per cent
In 1907. The greatest increase oceurred in the com-
mercial stations, which contained 97 .4 per cent of the
water power in 1902 and 97.8 per cent in 1907,

As with steam power, the increase in water power
is due primarily to the installation of large units of
2,000 horsepower and over, The increase in the
capacity of these machines represented 61.9 per cent
of the total increase in water power. In other words,
the large water wheels Turnished about three-fifths
and the small wheels two-fifths of the increase.
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Tasre 29.—COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—NUMBER AND HORSEPOWER OF WATER
WHEELS, BY HORSEPOWER CAPACITY: 1907 AND 1902.

TOTAL. COMMERCIAL. MUNICIPAL. PER CENT OF INCREASE.
" CLASS OF ENGINES,
: Commer- | Munici-
1907 1902 1907 1902 1907 190? Total. cial. pal.
Total:
N UMD« e ittt e et caaaraaae 2,481 1,390 2,328 1,308 153 82 78.5 78.0 86.3
h2 00 YT PPN 1,348, 087 438,472 || 1,318,740 497,254 30,347 11,218 207.7 208.7 170.5

500 horsepower and under

N U DL, oot iieiiiinenertearaeeaarainacaaanannesnnanen 1,910 1,192 1,761 1,112 149 80 60.2 58.4 86.2

OB POWEL . « e et e ceeeeeaeacareasansanaesansaanantnenansen 320, 636 174, 569 296, 689 164,981 23,947 9,578 83.7 79.8 150.0
Owver 500 but under 1,000 horsepower: . : .

NNUIMDOL. . oottt eitse it e aaeiarameeaaannnasanaannraaaans 244 85 243 84 1 1 187.1 180.3 |..eevnn.s

Horsepower........ 161,051 57,160 160, 251 56,520 800 640 181.8 183.5 25.0

1,000 but under 2, 000 ho

Number. . 161 81 160 80 1 08.8 1000 |ooiennsnns

Ilorsepower eeereaae 196, 620 99, 453 195, 420 .98, 453 1,200 1,000 97.7 98.5 20.0
2,000 but ander 5,

Number........... cenn ceen .. 111 32 109 321 2| 248.9 240.6 |oeenenanen

T OTSBDOWET . vy e e eeriaennaasnesseanasseensaasannannranns 330, 980 107, 300 326, 580 107, 300 4,400 |..onninnnnns 208.5 2044 [...oiailis
4,000 horsepower and over:

NI DBE . - o eeereeeerrencacaseanscassrcasannanaasancsannnn 55 1) 55 (65 RN PSSO FPURPPTE | IRPUPRRP | IO PR

LOTSBPOWEE . « v eiieeiiiiienreiiiannineeceenaasarananns 339, 800 ) 339, 800 (€5 N FOUUPUUIN SUUTPPPITIN | TP | ISP KN

1 Included in *‘2,000 but under 5,000 horsepower,”’ The class ‘5,000 horsepower and over” not called for at the census of 1902.

The municipal stations contained only 3 of the
water wheels with 1,000 horsepower and over in 1907
and but 1 in 1902. This small number of large wheels
is, however, natural, as municipal plants are generally
constructed for the purpose of supplying current to a
single community and often for a specific purpose, and
the equipment is limited to the probable needs of that
community or purpose. Commercial plants, on the
other hand, are comstructed upon a broader, larger
plan and are therefore more frequently designed to
furnish current to any place to which it can be delivered
at a profit.

Tapre 30.—Commercial and munictpal central electric stations—
Per cent distribution, by number and horsepower capacity of water

wheels: 1907 and 1902.
TOTAL. COMMERCIAL. MUNICIPAL.
CLASS OF WATER WHEELS.
19007 | 1902 1907 | 1902 | 1907 | 1902
Total:
Number............. 100.0 100.0 | 100.0 { 100.0 100. 0
Horsepower. . 100.0 100.¢ | 100.0 | 100.0 100. 0
500 horse] ower ond under:
N Number.......lvaeiieias 77.0 85.8 75.6 85.0 97.4 97.6
IIorsepower ............... 23.81 30.8 22.5 38.61 789 85.4
Qver 500 but under 1,000 horse-
wer:
1)()I:Tumber ................... 9.8 6.1 10.4 6.4 0.7 1.2
500 16 S TUAV /<) RN 11.9 13.0 12.2 13.2). 2.6 5.7
1,000 but under 2,000 lhorse-
pOWer:
b NUMDBEL . cacvinrnas cnnnnns 6.5 5.8 6.9 6.1 0.7 1.2
TIOUSEPOWRL . o« aveniaannann 14.6 22.7 14.8 23.0 4.0 8.9
2,000 but under 5,000 horse-
'Wer:
l)01T~IL11111)c31f ................... 4.5 2.3 4.7 2.4 L8 eeaeos
Tlorsepower. . . Tover T 245 24. 5 24.8 25.1 14.5 [.o.aoles
000 lrorsepower and over:
MR St 22l PN O S O
FLOTSBPOWET .« o\ eeeennnnns 25.2 1) 25.8 03 2 PUUUUR N

1 Ineluded in ""()00 but under 5,000 horsepower.”” The class ‘5,000 horse-

power and over’ " not, called for af the census of 1002.

With the exception of Kentucky and North Dakota,
in which states very little water power is utilized in
electric plants, every state that reported water power
in 1902 showed an increased use of such power in 1907.
Alabama, Arizona, and Delaware had no central sta-
tions operated by water power in 1902, but each con-
tained stations so equipped in 1907. Some of the

most marked gains in water power occurred in the
following states: New York, from 128,785 horsepower
in 1902 to 305,950 in 1907; California, from 78,933 to

208,444; Oregon, 11,195 to 102,052; Michigan, 16,085

to 85,738; Minnesota, 6,040 to 71,656; South Caro--
lina, 10,415 to 75,430; Washington, 17,238 to 56,118;

Montana, 24,000 to 56,987; and Georgia, 6,121 to

36,335. The water power reported by these 9 states

represented 68.1 per cent of the total of this kind of

primary power for all central stations in the United

States in 1902 and 74 per cent in 1907. No water

power was reported by the central stations in Florida,

Louisiana, Mississippi, Oklahoma,, or the District of

Columbia.

For the purpose of comparing the average horse-
power both of the stations as equipped Wlth the
various kinds of primary power and of the different
classes of machines reported in 1907 and in 1902 the
following table is given: :

TaBLE 31.—Commercial and municipal central electric stations—
Average horsepower, per station and per machine, of primary power:
1907 and 1902.

TOTAL. COMMERCIAL, MUNICIPAL.
KIND OF POWER.
1907 | 1902 1907 | 1902 | 1907 | 1902
Total power:
Per station.......... 869 510 1,091 601 257 | . 196
Per machine......... 378 235 421 253 159 134
Steam engines and steami tur-
hines:
Perstation................ 675 445 844 523 254 198
Per machine............ . 366 233 427 253 165 139
Steam engines:
Per station........ 489 445 593 523 240 198
Per machine. .. 265 233 301 253 157 139
Steam turbines:
Per station........ 4,371 1 (1) 4,604 | (1) 1,140 | (1)
Per machine....... 2,168 (1) 2,293 (L) 668 (1)
(Gas engines:
Perstation.....coocooiia.s 190 121 209 131 109 64
Per machine............... 121 74 129 76 78 53
Water wheels: -
Perstation.....cccvaviaaas 1,483 756 1,606 806 341 224
. Per machine.. 544 315 566 327 198 137
Auxiliary engmes
Per station. . 201 72 228 78 33 32
Per machine.. 78 40 83 41 21 23

1 In 1902 steam turbines were included with steam engines.
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Except for the comparatively unimportant a‘xuxﬂiary
engines reported by municipal stations, in which ‘t}%ere
was o small decrease in horsepower per machine,
there was in every instance a pronounced increasg per
station and per machine for the total, for all machines,

~and for each class of machine reported at both cen-
suses. 'The smallest increase in total average capacity
is shown for steam engines which, when compared
with the large average power of the steam turbines,
indicates that when great units of steam power have
been required the steam turbine has been utilized. It
is apparent, however, that since the figures for steam
turbines were combined with those for steam engines
in 1902 a correct understanding of the relative aver-
ages can be obtained only by the addition of the two
sets of figures for 1907. The averages thus secured,
for the totals of this combination, show that the in-
crease in steam power has been on a par with that of
the other kinds of primary power.

As might be expected, every class of machine re-
ported by the commercial stations not only averaged
much larger than those of the municipal stations but
the increase in capacity also was greater.

The averages contained in Table 31 are based upon
the horsepower as shown in Table 21, while the number
of stations reporting the various kinds of power is
shown in the following statément:

.

COENTRAL ELECTRIC LIGHT AND POWER STATIONS.

Commercial and municipal central electric stations—Distribution by
number of stations, and kinds of primury power: 1907 and 1902,

KIND OF POWER. Census, | Tolal. ;(‘ogmx’er- M}}g{“‘
bee 13- R 1007 3,704 | 2, 606 1,008
Steatn englnes 1902 8,100 | 2356 "4
Steam turhbines. - cvovieeeaieiinniiaaenn. 1907 187 |l 170 17

1902 O ? ) o)
Gas enEines. . cee et ieraiace e, 1907 204 238 50
¢ 1902 101 ] 46 15

|

Water wheels...oooivveieiiioiniiiiann... 1907 410 821 89
1902 K0 530 50
Auxiliary engines.....oooviiiiiiiiia.. 1907 328 ; 282 46
1002 201 | 176 26

1In 1902 steam turbines were included with steam engines,

A total of the number of stations in this statement
would be in excess of the actual number reported, since
a station having several kinds of power would be
repeated under each class of power with which it was
equipped.

Dynamos, central stations, and electric railways.—
The electric-generating machines in the central sta-
tions and electric-railway plants represent the ma-
jority of those in use in the United States, and in
order to show statistics for the aggregate the totals
for the two branches of the industry are combined in
Table 32.

Tasre 32.—CENTRAL ELECTRIC STATIONS AND ELECTRIC RAILWAYS—NUMBER AND KILOWATT CAPACITY OTF

DYNAMOS IN GENERATING STATIONS,

BY KIND OF DYNAMO: 1907 AND 1902, ‘

TOTAL CENTRAL STATIONS. ELECTRIC RAILWAYS. PER CENT OF INCRBARE,
: KIND OF DYNA}{O' - e O e | e e ot e e e st
1 2 0 2 Moty Contral | Kleetric
907 1902 1907 1902 1907 190 Totak || Gt | e,
Tot:g: b
Number e . 15,207 15,786 12,173 12, 484 3,124 3,302 13,1 19,5 15,4
Kilowadtt capacity........000 11l 4,432,641 | 2,110,507 || 2,700,225 | 1,212,935 | 1,723,416 | 895 %go 10,0 A5 PR
Dire%t-eull;rent, constant-voltage: )
NUDEL - .« wv e oovvn s eeeeeee e 5,872 6,684 3,680 3,823 2,192 2,861 12 8.7 19
Kilowatt capaeity....... .. .. . I ? 962 X 5 380, (62 1 5 705 G 121 W .
Dimfzt-culx;rent, gonstant-amperage: """""" 1,847,862 | 1,085, 411 406,460 | 330, 065 041, 502 725, 340 27,7 21 2.8
UIDRT .- oo eeee s eeoee e 1,685 3,530 1,685 3,530 () 2 152, 4 2 2
Kilowatt capacity.. ... .. ... 11 " ; o ! oo ! e - S5 e 152.4 )
Mt%migg teapacity nd paipiase G 80,962 | 145,866 || . 80,902 | 145,866 ) ® L5 vns |l )
Number............ 7,740 5,563 6,508 5,122 932 441 w0 8.t 113
Kilowatt capacity 3,003,687 | 909,320 || 2,221,773 | 736,304 |  7SLOLL| 173,006 s sy WL
1 Decrease. 2 Not reported. o

With the exception of the dynamos in the isolated
electric plants and telephone and telegraph offices,
which are comparatively unimportant, the equipment
covered by this table may be accepted as representing
all dynamos used for the generation of electricity for
general commercial and municipal use.

The total dynamo capacity as reported for the
combined industry increased 2,322,044 kilowatts, or
110 per cent, of which increase the central stations
contributed 1,496,990 kilowatts, or 64.5 per cent, and
the electric-railway plants 825,054 kilowatts, or’ 35.5
per cent. It is suggestive of the intimate relation
existing between the eleciric generators and the “pri-

mary power, the force necessary to operate the dyna-
mos, that the percentage of increase of the primary
power, 106.5 per cent, should so closely approximate
that of the dynamos, which was 110 per cent. The
evenness of these gains is somewhat remarkable, be-
cause both for primary power and for the generators
the totals represent the equipment, all of which is not
necessary for present requirements. That is, the pri-
mary power no doubt represents g larger horsepower
than was actually required for electrical purposes ab
the time of the census, as in many instances plants
were equipped to furnish power in connection with
other industries conducted by the companies report-
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ing, as well as with a view to future demands, emer-
gency uses, etc. Similarly the total installation of
dynamos represents not only the dynamos required to
generate the current actually used, but includes those
held in reserve to furnish ad(lltlonal current when
needed and to provide for breakdowns or repairs.

Of the total number of dynamos reported, the pro-
portion in central stations was practically the same
at the two censuses, 1. e.; 79.6 per cent in 1907 and
79.1 per cent in 1902. The proportion of kilowatt
capacity of the dynamos in the central stations in-
creased, however, from 57.4 per cent in 1902 to 61.1
per cent in 1907.

The direct-current, constant-voltage dynamos
showed a total increase in capacity of 292,551 kilo-
watts, or 27.7 per cent, the greater part of which in-
crease, 216,156 kilowatts, or 73.9 per cent, was for
electric railways, while but 76,395, or 26.1 per cent,
was contributed by the central stations. Of the total
kilowatt capacity of these machines, the electric-
railway plants reported nearly seven-tenths in 1907
and a proportion but slightly smaller in 1902.

The direct-current, constant-amperage machine was
not reported by the electric-railway plants, as it is not
adapted to that service, and the uses of the machine
are so restricted that comparatively few companies
doing a general light and power business feel justified
in carrying a class of dynamo only fitted for series arc
lighting. The number of this class of dynamos re-
ported by the central stations in 1907 was less than
one-half the number so reported in 1902, and the de-
crease in their total capacity amounted to 64,874
kilowatts, or 44.5 per cent.

The alternating single-phase and polyphase current
dynamo showed the largest actual and percentage of
gain, due to the fact that it is adapted to almost every
use required of a dynamo. The total capacity of
these machines increased 2,094,367 kilowatts, or 230.3
per cent. Of this gain, 1,485,469 kilowatts, or 70.9
per cent, was represented by the central stations.
Electric-railway plants reported a little more than
one-fourth of the total capacity of these dynamos in
- 1907 and not quite one-fifth in 1902.

Table 33 shows the per cent distribution, by kind,
of the dynamos in the central stations and electric-
railway plants for 1902 and 1907.

Notwithstanding the increase of 27.7 per cent in
the total capacity of the direct-current, constant-
voltage dynamos in 1907, they represented only about
three-tenths of the total capacity of all classes of
dynamos in that year as compared with one-half of
the total in 1902. The capacity of the alternating-
current dynamos, which in 1902 represented ‘but

little more than four-tenths of the total for all classes,
had increased its proportion to more than two-thirds
in 1907. The direct-current, constant-amperage dy-
namos, as already stated, were all reported by the
central stations, and the small proportion which they
supplied of the total kilowatt capacity decreased from
nearly 7 per cent in 1902 to shghtly less than 2 per
cent in 1907. .

TaBLE 833.—Central electric stations and electric railways— Per cent

distribution, by kind and by number and capacity of dynamos: 1907
and 1902.

CENTRAL ELECTRIC
TOTAL. STATIONS. RAILWAYS.
EIND OF DYNAMO.
1907 | 1902 1907 | 1902 | 1907 1902
Total:
Number. .cc..o.eae.. 100.0 | 100.0 100.0 | 100.0 | 100.0 100.0
Kilowatt capacity...| 100.0 | 100.0 100.0 | 100.0 | 100.0 100.0
Direct-current, constant-volt-
age:
Number.......c..coevan.n 38.4 42.3 30.2 30. 6 70.2 86.6
Kilowait capaeity. ........ 30. 4 50.0 15.0 27.2 54.6 80.7
Direct-current, constant-am-
perage:
Number............oooovet 11.0 22.4 13.8 28.3 1) )
Kilowatt capacity . 1.8 6.9 3.0 12.0 M (O]
Alternating emglc-plmse ahd”
polyphase current:
Number................... 50. 6 35.2 55.9 41.0 29.8 13.4
Kilowatt capacity ......... 67.8 43.1 §2.0 60.7 45,4 19.3

1 Not reported by electric railways.

Dynamos in central stations.—As compared with the
total kilowatt capacity of all dynamos reported in
1902 there was an increase in 1907 of 1,496,990 kilo-
watts, or 123.5 per cent. Of this increase, the com-
mercial stations reported 1,401,354 kilowatts, or 93.6
per cent, and the municipal stations only 95,636
kilowatts, or 6.4 per cent. In 1907 the commercial
stations reported 92.3 per cent of the total dynamo
capacity and the municipal stations 7.7 per cent.
When compared with similar proportions for the prior
census it is found that the percentage for the com-
mercial stations was 1.7 per cent greater than in 1902.

The increase in the number and in the capacity of
the dynamos of the different kinds in commercial and
municipal stations is shown by the figures in Table 34,

‘while Table 35 gives the per cent distribution of such

dynamos, by kind, for 1907 and 1902.

The advantages possessed by the alternating-cur-
rent dynamo and its adaptability for general central-
station work is illustrated by the tremendous gain in
its use. Practically the entire increase in dynamo
capacity was due to the gain made by the alternating-
current machine, as the direct-current, constant-amper-
age machines lost 64,874 in kilowatt capacity, which
was but little more than counterbalanced by a gain of
76,395 kilowatts in the capacity of the direct-current,
constant-voltage machines, .
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CENTRAL ELECTRIC LIGHT AND POWER STATIONS.

: ; | S ER AND KILOWATT CAPACITY
.—COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—NUMB
Tusis 34 OF DYNAMOS IN GENERATING STATIONS, BY KIND OF DYNAMO: 1907 AND 1902.

TOTAL. COMMERCIAL. MUNICIFAL, PER CENT OF INUREASE,

KIND OF DYNAMO. Commer- | Muniel-

1907 1902 1907 1902 1907 1902 Total, ey otel-
Total: ' \ 2 12,5 1.4
12,173 12,484 9,778 10, 662 2,306 1,82 12,5 31,
2,700,225 | 1,212,235 || 2,500,200 | 1,008,855 | 200,016 |  113,3H0 15 3
3,680 3,823 3,160 3,405 511 418 13,7 16,9 2.2
Kilowats capaciiy. . 406,400 | 330,005 370,708 | 3125 28,754 17,655 21 2.5 524
Direct-current, constant-amperage: o o , ' 159, 4 7.0 124, 0
.......... 1,685 3,530 1,246 2,057 439 582 52, 57, 24,6
%ﬁ?\r}?&:{i'ﬁaﬂéﬁiii{::::::::::::::::::::::::::::: ........... 80,902 | 145,866 61,763 | 117,605 19, 230 28,171 L4, 5 147.5 37

Alternating single-phase and polyphase current: . . . " - ,

.................. 6,808 5,122 5,303 4, 300 1,445 B2 By 247 75,8
%m&:&’&iﬁa&%&&: RO RSP 2,221,773 | 736,304 || 2,088,750 | o8 661 | 163,023 47, 653 2017 207, 4 141.0

1 Decrense.

Although the kilowatt capacity of the direct-current,
constant-voltage dynamos had increased nearly one-
fourth since 1902, the relative importance of these
machines was considerably less in 1907. The number
and capacity of the direct-current, constant-amperage
dynamos has decreased since 1902, as has their relative
importance.

TasrLe 35.—Commercial and municipal ceniral electric stations—
Per cent distribution, by kind and by number and capacity of dyna-
mos: 1907 and 1902.

TOTAL. " COMMERCIAL, MUNICIPAL.
KIND OF DYNAMO. it !
1907 1902 E 1907 1902 1907 1902
Total: :
Number............. 100.0 | 100.0 100.0 | 100.0 | 100.0 100.0
Kilowsatt capacity. . ! 100.0 | 100.0 [[ *100.0 | 100.0 | 100.0 0.0

Direct-current, constant-volt-
age:

Number........ S | 30.2 30.6 32.4 31.9 21.3 22.9
‘Kilowatt capacity......... . 15.0 27.2 15.2 28. 4 12.8 15.5

Direct-current, constant-smper-|
age:

Number................... 13.8, 28.3 12.7 2.7 18.3 3Ly
. Kilowatt capacity......... 3.0 12.0 2.5 1 10,7 9.2 24,8

Alternating single-phase and

poll\%mhase current: -
umber 556.9 41,0 54.8 40,3 00.8 45,1
Kilowstt capacity 82.0 60.7 82.3 60.8 8.0 50.7

Draaram 5.—Central electric stations—Capacity of dynamos: 1907
and 1902.

HUNOREDS OF THOUBANDS

ALTERNATING CURRENT
BINGLE PHASE AND POLYPHASE

DIRECY CURRENT, CONSTANT VOLTAGE

©

07

1802

DIAECT QURRENT, CONSTANT AMPERAGE

The average capacity of the different types of
dynamos per station and per machine for commereial

and municipal stations, 1907 and 1902, is shown in
Table 36.

TasLe 36.—Commercial and municipal central electric stationg—-
Average Eilowatt capacity of dynamos, by kind, per station, and per
machine: 1907 and 1902.

e e o o R o S e E Goemr

TUTAL. l} COMMERUIAL, ! MUNICIPAL,
1 t
KIND OF DYNAMO. o i ; | -
1907 | 1002 | 1907 | 102 | 1997 l 1902
Total kilowatt capacity: i :
Ver station. w5 a1y j 130
Ler machine. u7 i L. 62
Direct-current, constant-voli- o bi! h ’ t T
age:
Perstation........... ... 256 20N 3’ 20 Rl a5 70
Permaehine............... ! 110 N6 1w 2 62 42
Dircet-enrrent, counstunt-nru- |
perage: J ki
Perstation. ..ol 144 1 181 146 o 1157
Permachine............... i 48 41 5 4 a4 48
Alternating single-phase  and [ K
polyphase ¢orrent: il
Ter statfon 645 N KLG 323 177 120
Per machine, 320 144 I 384 1t 113 §2
i

The average capacity of the several elasses of dyna-

. mos, per station and per machine, was determined

from the number of these machines as shown in Table
34, and the number of stations reporting the different
types of dynamos is shown in the following statement:

Commercinl and municipal central eleetrie stations-— N wmber of sta-
tions, by kind of dynwinn: 1907 and 1902,

KIND OF DYNAMO, i('unsns. Tolal. f("’(‘,’l:if“”" h};}:ll"‘"

o e T ! ‘ s

Direct-current, constant-voliage,.............. I 17 . 1, 58N ‘ 1,278 ¢ 315

W2 1T 1, 1% 252

Direct-current, constant-umperage. .. ... ..... 1T a2 342 200

W2+ L0 ) St 2006

Alternating single-phase and polyphase cur- | 1907 Ul 422

rent. 022 | 2,060 565
- S = - v . i

The increase in the total average ecapaeity of the
dynamos per station and per machine, shown in Table
36, is in keeping with the general tendency toward
larger units of equipment in almost all branches of
central-station work.

For the dircct-current dynamos there was an in-
rease, although not very pronounced, both per station
and per machine. The constant-amperage Jynamos
in the municipal stations form the single exeeption to
an inecrease, the average capacity of these dynamos
showing a decrease per machine from 48 to 44 kilo-
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watts.
ber of this latter class of dynamos and probably but
few new ones installed, and the figures indicate that
those removed have been the machines of the larger
capacity. In harmony with the great increase in the
kilowatt capacity shown for the alternating-current
dynamo in other tables, the table of average capacity
shows an increase in every detail presented.

A better understanding of the dynamo equipment
of central stations may be obtained from a study of
the detailed statistics showing the number and capac-

ity of the different types of machines, grouped accord-

ing to size. The totals for the United States are sum-
marized in Table 37.

—Central electric stations—Kind of dynamos, by class,

TasLeE 37.
number, and kilowatt capacity: 1907.
Alternat-
Direct- | Direct- ln ng sin-
* || ¢urrent, | Current, hase
CLASS OF DYNAMO. Total. constant constant- ol
~| amper- boly-
voltage. afe phase
BC | current.
Total:
Number............. 12,173 3,080 1,685 6, 808
Kilowatt capacity... 2,709, 225 400, 460 80,902 | 2,221,773
Under 200 kilowatt capacity
L2860107C) o 9,491 3,128 1,604 4, 699
Kilowatt capacity................ .. 664, 440 183, 865 71,049 408, 926
Per cent of total kilowatt capacity. . 24,5 45.2 88.5 18.4
200 but under 500 kilowatt capacity:
. Number.....ocooovieania. . 1,547 417 16 1,114
Kilowatt capm,iig ..| 434,586 || 115,155 4, 833 314, 598
Per cent of fotal kilowatt capaeity. . 16.0 28.3 6.0 14.2
500 but under 1,000 kilowatt capacity:
Number....ooueiiiiiiiiiaiiiiaaans 624 102 3 519
Kilowatt capacity ...cocoeoiei oo 390,149 63,890 2,010 324, 249
Per cent of fotal kilowatt capacity. . 14. 4 15.7 2.5 14.6
1,000 but under 2,000 kilowatt capacxty
Number............. . 281 30 2 249
Kilowatt capacit ..] 351,700 36,550 2, 500 312, 650
Per cent of total kilowatt capacit - 13.0 9.0 3.1 14.1
2,000 but under 5,000 kilowatt capacity:
NUDEr . oo e ccieia et eeeaeaas 163 G2 P 160
Kilowatt capacity ... ... 438, 350 7,000 [.......... 431, 350
Per cent of total kilowntt capacity. . 16.2 L7 |eeeeaaan. ©19.4
5,000 kilowatt capacity and over:
Numbe! . 67 67
Kilowatt capacit; .1 430,000 430, 000
Per cent of total kilowatt capa: . 15.9 19.4

Of the direct-current, constant-voltage dynamo
capacity, 73.5 per cent was represented by the ma-
chines of less than 500 kilowatts; 24.7 per cent by
those in the two classes 500 but under 2,000 kilowatt
capacity; only 1.7 per cent by those in the class 2,000
but under 5,000 kilowatt capacity;”’ and none in the
class “5,000 kilowatt capacity and over.”

The direct-current,constant-amperage machinesshow
even a larger proportion in the small classes, the class
of “under 200 kilowatt capacity ” having 88.5 per cent,
with small proportions in the next three classes and no
dynamo of this type of 2,000 kilowatt capacity or over.

The remarkable increase in the use of the alternat-
ing-current dynamo has already been shown, and its
adaptability to the varying requirements as to capacity
are demonstrated by the evenness of its distribution
among the several classes, the variation in the propor-

25142—10—4

There has been a large decrease in the num-

tion of the six classes ranging from only 14.1 per cent
for the class of the lowest total capacity to 19.4 for.
the class of the highest. Beginning with the class with
the smallest kilowatt capacity, the proportions of the
total capacity for all kinds of dynamos contributed by
the alternating-current were as follows: 61.5; 72.4;
83.1; 88.9; 98.4; and 100 per cent, the proportion thus
steadily increasing with the capacity of the dynamo.

In Table 38 the dynamosin commercial and munic-
ipal stations, respectively, have been grouped accord-
ing to the capacity of the separate machines.

TaBLeE 88.—Commercial and municipal central electric stations—
Dynamos, by number and kilowatt capacity: 1907.

CLASS OF DYNAMO. Total. C°g‘;{m"" Municipal,
Total
bs01o] SRR 12,173 9,778 2,395
Kilowatt capacity. . 2, 709, 225 2,500,209 209, 016
Under 200 kilowatt capacity:
NUMDeTI. .ot iieiiiieiiiiciiineaaans 9, 491 7,283 2,208
Kﬂowatt eapaciby. oo i 664, 440 513,427 151 013
200 but under 500 kilowatt capacity:
L 0010 1, 547 1,375 172
Kilowatt capacity........... 434, 580 389, 833 44,753
500 but under 1,000 kilowatt cap :
Number........cooociiiiiiaianon 624 613 11
Kilowatt capacity 390, 149 388, 699 6,450
1,600 but under 2,000 kilowatt capacity:
Number. ..o iiiiiiiiii i 281 278
Kilowatt capaeity. ... oo il 351, 700 346, 900 4,800
2,000 but under 5,000 kllowa,l,t capacity:
Number....oo. .o i icceiaeaes 163 162 1
Kilowatt capacity......... . 438, 350 4386, 350 2,000
5,000 kilowatt capacity and ove
Number..........co.cooee. 67 {174 D,
Kllowatt capacity. ...l 430, 000 430,000 |..ooeiennnns

This table shows in every class not only the great
preponderance of the dynamo capacity of commercial
over municipal stations, but also the little use of dyna-
mos of large capacity in the municipal stations.

- The increase in dynamo capacity is practically con-
fined to the states for which statistics are given in
Table 39.

The total increase in the dynamo capamty of these
21 states, each of which made a gain of over 20,000
kilowatts, amounted to 1,256,929 kilowatts, or 84 per
cent of the total increase for the entire United States.
To illustrate the extent to which single-phase and poly-
phase dynamos have superseded the other varieties of
machines, the increase in their kilowatt capacity is
shown separately and is found to approximate closely
the total increase for all machines, the difference for
the selected states being but 2,361 kilowatts, or less
than two-tenths of 1 per cent, and that for the entire
United States 11,521 kilowatts, or about eight-tenths
of 1 per cent. In some states the increase in the ca-
pacity of the alternating-current machines exceeds
that for all classes of dynamos; due to the fact that
there was an actual decrease in the capacity of the
direct-current machines in several states.
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POWER EQUIPMENT.

In each of 8 states—California, Illinois, Michigan,
Minnesota, New York, Ohio, Pennsylvania, and Wash-
ington—the increase in the capacity of dynamos ex-
ceeded 50,000 kilowatts. The total increase in these
states amounted to 873,910, or 58.4 per cent of the
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total gain for. the United States. In 3 states—Cali-
fornia, Illinois, and New York—the dynamo capacity
increased more than 100,000 kilowatts each, the total
amounting to 558,349 kilowatts, or 37.3 per cent of
the total gain for all stations.

TasLe 839.—CENTRAL ELECTRIC STATIONS—KILOWATT CAPACITY OF DYNAMOS IN THE STATES WHICH
INCREASED THEIR CAPACITY OVER 20,000 KILOWATTS: 1907 AND 1902.

KILOWATT CAPACITY.
Total. Actual in-
STATE creusﬁ in .
. . | capacity o
iActual IPim cent digﬁlsﬁﬁ‘&n ?1 'elmahng
ncrease. | of increase. single-phase
1907 1902 of increase. } ™, 74 Holy-
phase current
dynamos.
Total for United States. .. .vuo oo it dena s 2,709,225 1,212,235 1,496, 990 123.5 100.0 1, 485, 469
Total for selected states.................... e aei et 2,238, 059 981,130 1,256, 929 128.1 84.0 1,254, 668
[T | 113 g 1§ £ NN . 238, 480 83, 816 154, 664 184.5 10.3 161, 830
COJOTBAO « . - e e nn e eemm e eee e e naeas - .. 53,130 21,808 31,322 143.6 2.1 32,423
Connecticut. 39, 363 15,516 23,847 163.7 1.6 21,221
Georgia. 35, 446 7,620 27,826 305. 2 Ly 27, 595
THinois. 209, 226 100, 320 108,908 108.6 7.3 115,873
0T+ o P 81, 576 38,144 43,432 113.9 2.9 41,104
L TR R 30, 307 8, 596 21,711 252.6 15 18, 320
B oL S J 30,290 15,201 23,999 156.9 1.6 22,158
B g - T W SR 36,223 13,207 23,016 174.3 1.5 24,105
MassaChusetbs. ... .o it 135,924 90,624 45, 300 50.0 3.0 53,993
Michigan.... e e et emme e et taeeeb e raa e maaa e 101,714 44,176 57, 638 130.2 3.8 60, 492
BB LTl 7 78, 516 20,999 57, 517 273.9 3.8 52,406
B 5T 1 0 (R 68, 467 32,100 36, 367 113.3 2.4 30,318
New Jersey 70, 566 46,120 24, 446 53.0 1.6 20, 316
New York 482, 031 187,252 204,779 157. 4 19.7 205, 359
Ohio. .. 126, 533 69,811 56,722 81.3 3.8 88, 060
Oregon. ... 32, 587 11,165 21, 422 101.9 1.4 19,325
Pennsylvania. ....oooooiioiaiiill R 212, 543 121, 388 91, 155 75.1 6.1 82,108
South Carolina 51,271 13,390 37,881 282.9 2.5 38,370
TeXAS -« e eevecnnnnnnnnn 48, 558 26,108 22,450 86. 0 1.5 17,858
AT (heT £« G PP 66, 308 13,679 52,629 384.7 3.5 52,164
All other states 471, 1606 231,105 240,061 103.9 16.0 230, 901

In addition to the dynamos, the number and capacity
of the auxiliary machines used in connection with the
distribution of the electric energy were reported, and
the statistics for them are summarized in Table 40.

TaBLE 40.—Commercial and municipal central electric stations—
Number and kilowatt capacity of miscellaneous main-station equip-
ment: 1907 and 1902

. TOTAL. COMMERGCIAL. | MUNICIPAL.
Cen-~
KIND OF EQUIPMENT.

sus. Kilo- Xilo- Kilo-
: I\{)‘étrn' watt ca- I\]I;é::_n wat ca- | '} 10 |watt ca-

° | pacity. | pacity. * |pacity.
Transformers1.......... 1907 || 1,577 | 592,708 || 1,432 | 587,421 | 145 | 5,287
Rotaries....ccoeevaenn.. 1907 180 | 52,416 175 | 51,703 5 713
1902 132 | 47,608 131 | 47,508 1 100
 BOOStEIS. ... oeeenan..s 1907 127 4,810 106 4,474 | 21 336
1902 193 | 13,361 184 | 13,230 9 131
Storage-battery cells ...| 1907 ! 9.751 |......... 9,255 |......... 496 1........
1902 6,881 ......... 5,081 |......... 900 Joennnn.
Miscellaneous?.......... 1807 |f..-.... 43,209 ||....... 42,256 | ..... 953

1 Not reported as main-station equipment in 1902.
2Includes motor generators, metors, regulators, and other accessories.
ported as main-station equipment in 1902,

Not re-

The transformers in the main station, which are
chiefly those used to raise the voltage generated for
purposes of transmission, and miscellaneous machines
were not called for in 1902 as connected with the
generating plant; hence the extent of their use at

that census can not be determined. The transformers
probably, were reliably reported, but it was apparent
from an examination of the reports that there was
little uniformity among the electric companies in re-
porting their miscellaneous machines. The commer-
cial stations, which reported most of the boosters, show
a decided decrease in these machines in 1907, which
is in harmony with the later dynamo equipment and
more recent methods followed in central-station
management.

The substation equipment, as reported at the two
censuses, is shown in Table 41.
TABLE 41.—Commercial and municipal central electric stations—

Number and kilowatt capacity of substation equipment, by kind:

1907 and 1902.

TOTAL. COMMERCIAL. | MUNICIPAL.
Cen-
KIND OF EQUIPMENT. .
sus. I\]Ioum- Kilowatt || Num- | Kilowatt | Num- w{ftltl%'w_
er. gapacxty. ber. |capacity.| ber. pacity.
Transformers. . ...... 1907 4,211 11,100,824 || 4,047 |1,090, 261 164 | 10,563
1902 || 1,800 | "312848 || 1,765 | 311,879 | 35 ' 969
Rotaries............. 1907 490 | 311,003 490 | 311,008 |ceecuei]evnrnnn.
1902 169 | sL728 | 168| 8l.721 i 7
Storage-battery cells.| 1907 -
1902 .
Miscellaneous!....... 1907 |....... 99,275 |l.ean..s © 98,117 1,158
1902 ... 15,997 ||..20100 15,867 |ouonnil "130

1Includes motor generators, motors, regulators, and other accessories.
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It is evident that the electric service performed by
the municipal stations was of a character which neces-
sitated a very limited use of substations. Of the 1,093
substations reported for all central stations, only 57
were connected with municipal stations, and practi-

- cally their entire equipment was confined to a few
step-down transformers.

OUTPUT OF STATIONS.

The product of central electric stations is electrical
energy or current and the opcmtums of such sta-
tions are measured by this output in kilowatt hours.
Accordingly, as in 1902, an inquiry with respect to the
total output of current for the year in kilowatt hours
was made a part of the schedule. 'With many establish-
ments, the output is a matter of scientific accounting,
being carefully recorded from the actyal watt-hour
or kilowatt-hour readings of dynamo meters. Many
other establishments, however, particularly the smaller
plants, could give no exact data in reply to this inquiry,
but were asked to make careful estimates. There is
thus a considerable element of estimate in the figures,
but it is believed that it is not sufficiently large to
vitiate or to impair seriously their statistical value.
TasLe 42,—Central electric stations and electric reilways—Qutpul

of generating stations: 1907 and 1902.

KILOWATT HOURS. Per cent

of
1907 1902 increase.
B0 T2 ) RO SR 10,621,400,837 | 4,768,535, 512 122.7
Central stations. ... 5,862,276,737 | 2,507,051,115 133.8
Electric railways 4,759,130, 100 2, 201, 484 397 10,4

There were 10,621,406,837 kilowatt hours of current
generated in central stations and electric-railway
plants in 1907 compared with 4,768,535,512 in 1902,
an increase of 122.7 per cent. Central stations re-
ported 55.2 per cent of the total output in 1907 as
compared with 52.6 per cent in 1902.

It is interesting to compare the total kilowatt
capacity of dynamos with the annual output of cur-
rent. Confining this comparison to central stations,
the total kilowatt-hour capacity of such stations in
1907 was reported as 2,709,225, and the annual out-
put was 5,862,276,737 kilowatt hours. Assuming that
the stations could be operated continuously twenty-
four hours a day for 365 days, or one year, at their
maximum capacity, the theoretical annual capacity
would be 23,732,811,000 kilowatt hours; the actual
output, however, was only 24.7 per cent, or less than
one-fourth, of this amount. The corresponding per-
centage at the census of 1902 was 23.6.  As illustrating
the same point, a division of the kilowatt capacity of
the dynamos into the output for the year gives,
theoretically, the number of hours of operation of the
generators on the basis of their maximum capacity.

The figures, thus derived, 2,164 for 1907 and 2,068
for 1902, when compared with the total number of
hours in a year of 365 days, 8,760, show in another
way the difference between the theoretical maximum
capacity and the actual conditions as reported.
There are, however, several circumstances which -
lessen the value of such. comparisons. The indicated
capacity of a dynamo is the theoretical maximum
capacity or greatest load at which it can be operated.
It is mechanically impossible, of course, to operate
dynamos or other machinery at maximum capacity
for any length of time, and the necessity for repairs
frequently puts the generating machinery wholly out
of commission. Many central stations, especially
those of large capacity, have installed duplicate
machines to provide against accident, and thus
throughout the year s considerable part of their
equipment is idle. Again, to render satisfactory
service to the consumers, a station should be equipped
to transmit suflicient current to satisfy the largest
possible demand. Therefore as the consumption
varies from the peak of the load oapacmy to a small
fraction of it the speed of the dynamos is moderated,

or some of them are stopped altogether, in accordsmce
with the requirements. A large proportion of the
smaller plants operate only during the hours of dark-
ness, and many during the few hours from sunset to
mldm(rht These zmd other factors, therefore, com-
bine to explain the difference, prev1ously noted,

between the actual output of the centml—station
dynamos and the output which they are theoretically
capable of generating.

The income received during the year 1907 by
central stations from the sale of current amounted to
$169,614,691; the total output of stations was
5,862,276, 7‘37 kilowatt hours; the average earnings
per kllowutt hour therefore appear to have been
about 2.% cents, compared with 3-N cents in 1902.
Improved methods of transmission in 1907 over 1902,
resulting in a decreased loss of current, the large
increase in the average capacity of the generating
units, and economies in other directions, have no
doubt reduced the cost of production and thus make
possible the delivery of current at a lower figure.

A comparison of the output of commercial and
municipal stations reveals the comparative unim-
portance of the latter in that respect.

TaBLE 43.—Commercial and municipal central electric stations—
Output of generating stations: 1907 and 1902.

KILOWATT HOURS.
Per cent
— of
1907 1902 increase.
Totale e i 5,862,276,737 | 2,507,051,115 133.8
Commereial. ...l 5,572,813,049 | 2,311,146,676 1411
Muniefpal.. oo ooi i 289, 462, 788 195, 904 439 47.8




POWER EQUIPMENT.

From 1902 to 1907 the output of municipal stations
increased only 47.8 per cent, while the output of com-
mercial stations increased 141.1 per cent. The greater
importance of commercial stations is still further
shown in the fact that the percentage which their out-
put formed of the total for all central stations increased
from 92.2 in 1902 to 95.1 in 1907, while as a necessary
sequence the proportion of municipal stations dropped
from 7.8 per cent to 4.9 per cent.

The increase in output of electric current is an
accurate measure of the increase' in importance of
the central stations in other particulars—investment,
equipment, etc. The accompanying diagram shows
the output for each geographic division for 1907 and
1902.

DiacraM T.—Central electric stations—OQutput, by geographic divi-
sions: 1907 and 1902.
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The following table illustrates the differences which
mark the rate of development of the use of electric
current for light and power in the several states. The
output in every state shows an increase in 1907 over
1902. The largest actual increase is shown for New
York, with California, Illinois, Washington, Pennsyl-
vania, Michigan, and Montana following in the order
named, each with an increase of more than 100,000,000
kilowatt hours. On the other hand the states which
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show the largest percentages of increase are Nevada,
Washington, Oklahoma, Georgia, Oregon, Kansas, and
California, in the order given, each with an increase
exceeding 300 per cent. The smallest increase in
both amount and per cent was for Iowa.

TABLE. 44..—Central electric stations—Output of generating stations,

by states and temtomes, with per cent of increase and per cent dzs-
tribution of total i 'mcrease 1907 and 1902.

QUTPUT OF STATIONS (KILOWATT HOURS).
Per
STATE OR TERRITORY. Actual | Pe}i’. doe{ni
ctual fn- | cen istri~
1907 1902 crease. of in- | butlon.
crease, | ofin-
crease.
United States...|5, 862,276,737 2,507,061,115 |3,355,225,622 | 133.8 100. 0+
Alabama............. 30,846, 704 11, 616,707 19,230,057 | 1655 0.6
ATIZONG. . v e aeeenann 9,302, 302 3 662 045 5,730,257 | 156.5 0.2
ATKANSAS - o o ceemae e 11, 519,316 9 965 997 1,553,319 15.6 (lf
Californio. .o ooeeenan 661, 606, 300 152 728 042 | 508,878,267 | 333.2 5.2
Coloyado. ....ouueeen-- 123,275,212 60, 177 084 63,008,128 | 104.8 1.9
ConnecticUt. .. .cueen. 67, 406,232 26, 738 121 40,068,111 | 152.1 1.2:
Delaware and District.
o 30,543,522 17,871,872 12, 671, 650 7.9 0.4
11 705 994 8, Obb 078 3,699,916 45.9 0.1
59 311,202 9,911 243 49, 599 959 | 498.4 1.6
9, a77 588 5,018,149 4, 559, 439 90.9 0.1
467,057,328 1b1 543,646 306 113 682 | 189.5 9.1
1.30, 2(.3, 693 75, 585, 493 54, 678, 200 72.8 1.6-
37,720,072 | 30, 506, 425 1,222, 647 3.3 (O
Kansas. «eeeeaearneens 59,740,179 13,326,518 46,413,601 | 348.3 1.4
Kentucky...... L.l 37,232,023 27,835,614 9, 397,009 33.8 0.3.
Louisiana....... 26,421,316 17,474,261 8,947,055 51.2 0.3
Maine.......... 66,136, 051 21, 987,700 44,148,951 | 200.8 1.3
Maryland....... 47,808,675 22,128,125 25,740,550 | 116.3 0.8-
Massachusetts. 219,425,607 | 125,813,392 93,012,215 74. 4 2.8
Michigan..... 208, 154 199 80,5()4, 630 | 127,589,569 | 158.4 3.8
Minnesota. . 87,579,431 40, 258, 632 47 320 799 | 117.5 1.4
M1851551pp1 15,704, 624 9, 825,926 5 878, 608 50.8 0.2
Missouri. . 147,328, 446 57,450, 731 89, 877, 715 | 156.4 2.7
Montana.. 137,879,261 36,435,760 | 100,943,495 | 277.0 3.0
Nebraska. . . .31,958, 739 12 315 775 19,642,964 | 159.5 0.6
Nevada......... 29,621,730 1,508, 910 28,112,820 [1,863.1 0.8
New Hampshire 55,258,921 27,377,793 27,881,128 | "101.8 0.8
New Jersey. 140, 527, 522 78,739,456 61,788,066 78.5 1.8.
New Mexico 4,614,349 2,637,810 1,976,539 74.9 0.1
New York 1,452,222,471 701 769 716 | 750,452,755 | 106.9 22.4.
North Carolin ,171, 681 8, 351,346 4,820,335 B57.7 0.1.
North Dakota. 8,229,765 5,850,115 2,379,650 40.7 0.1
........ 217 311 924 127 437,383 89 874 541 70.5 2.7
Oklahoma, 24, 985, 903 3,825,763 21 160 140 | 553.1 0.6
Oregon..... 92,807,992 17, 531, 660 75 270, 332 | 429.4 2.2:
Pennsylvania. 416,554,167 | 241,004,328 175, 459,839 72,8 5.2
Rhode Island.. 35,651,323 23,436,435 12, 214, 888 52.1 0.4
South Carolma . 68, 696, 424 8, 426,763 50,200,661 | 272.8 1.5
South Dakota.. . 13,615,015 4, 256,007 9,359,008 | 219.9 0.3
Tennessee. .. 34,847,956 24,472,632 10,875,324 | 42.4 0.3 -
Texas....... 75,829,108 48, 888, 450 26 940, 658 55.1 0.8
Utah..... 61, 672, 661 32,457,003 29, 215, 598 90.0 0.9
Vermont. . 29,923,333 22,374,060 7,549,273 33.7 0.2
Virginia. . 10, 208, 360 6,879,243 3 329 117 48, 4 0.1
Washmgto . 257,785,236 19,722,262 238 062 974 |1,207.1 7.1
West Vlrgmia. 24,871,317 11, 355,905 13, 515, 412 | 119.0 0.4
Wisconsin. ... .l 52,546,210 29, 966, 758 22, 579,452 75.3 0.%
Wyoming............. 5,499, 084 3,883,285 1,615,799 | 4L6 | ()

1 Less than one-tenth of 1 per cent.



CHAPTER IV.
LINE EQUIPMENT.

Oentral stations and electric railways.—The prevalence *
of the lighting and general motor service among the
electric-railway companies makes it necessary to com-
bine their equipment with that of the central stations

in order to show the total number of lamps, meters,
transformers, and stationary motors wired for service.
Such totals are given in Table 45. :

TaBLE 45.—CENTRAL ELECTRIC STATIONS AND ELECTRIC RAILWAYS—LAMPS, METERS, TRANSFORMERS IN CIR-

CUITS, AND STATIONARY

MOTORS: 1907 AND 1902.

TOTAL. CENTRAL STATIONS. ELECTRIC RAILWAYS. PER CENT OF INCREASE.
Y Central | Electric
1907 1902 1907 1902 1907 1902 Total. || oot railwags,
635,815 | 419,561 555,713 | 385,008 80,102 33,803 515 44,1 136.5
318,81 229,403 280,391 | 211,795 20,428 17,678 39,0 36.7 06.5
316,996 | 190,158 260,322 | 173,973 50, 674 16, 185 66. 7 53.1 213.1
45,991,836 | 10,036,720 || 41,445,007 | 18,194,044 | 4,545,830 | 1,442, (5 134.2 127.8 215.1
T e s ), eSSl TAT4086 )| CE08603 | 456600 | 58,358 | 10,000 82,1 7.5 257
Commercial. . -| 46,124,985 | 10,162,043 || 40,037,304 | 17,738,384 | 4,487,681 | 1,423,059 135.5 120.1 915.2
190,979 1 162,338 ? 28, 641 @
6,000 1 5,716 1 374 él
184,889 1) 166, 622 on 28,2067 !
Lamps used by the central stations to light their own electric
%m%erties...}t.........................g. ..................... 1,107, 116 ) 275,079 Q) 832,037 O | RS | TRTOR IO e
Meters on consumption eireuits..........onnoonooer oo 1,897,803 | 639,200 || 1,683,017 | 582 68p 213,886 565, 601 106.9 180.0 217.9
Transformers in circuits for customers:
Number .. .| 200,489 | 207,370 200,480 | 207,370 (2; Ezg 44.4 444 |
XKilowatt capacity..... .. -| 2,058,567 | 687,121 || 2,058,567 | 687,121 16 2 109, 6 0.6 ..
Stationary motors: 8 ‘
NUMDT. ... it ieie e e 187,652 | 111,113 107,184 | 101,004 20,468 10,049 (8.9 65,4 103.7
Horsepower. ............_... ...l 1,807,049 | 473,003 || 1,649,026 | 438005 158, 923 45, (88 281.7 276.5 345.3

1 Not reported separately. 2 Not called for in schedule for electric railways.

The apparatus represented by the statistics in this
table is characteristic of central-station work, and
although a considerable proportion is connected with
railway plants, it all belongs to the same department
of industry. For the two branches of service together
an aggregate of 47,925,746 lamps is shown for 1907 as
compared with 20,056,290 for 1902, the increase
amounting to 27,869,456, or 139 per cent. Of the
total number of lamps, the central stations reported
88.6 per cent in 1907 and 92.6 per cent, in 1902, and the
electric railways, 11.4 per cent in 1907 and 7.4 per cent,
in 1902. In 1902 the railways reported 8.1 per cent of
the arc lamps and 7.3 per cent of the incandescent
lamps; at the census of 1907 these proportions had
increased to 12.6 and 9.9 per cent, respectively.

Large increases are shown for all of the items of
equipment, and in every instance the percentage of
increase was much larger for the electric-railway plants
than for the central stations. Several causes con-
tribute to this condition, among which may be men-
tioned the method of preparing the reports when a
central station and electric-railway plant are united
and keep only one system of accounts. The tendency
toward such combination in the interest: of economy
has been very general, and when separate reports

(52)

3Some fan motors were ineluded in 1902, Hut sueh motors were omitted in 1907,

for the two branches could not be furnished, the
combined industry was returned as an electric railway
rather than as a central station, irrespective of the
relative importance of the two branches.

The electric-railway branch of the characteristic
central-station industry is, however, of very minor
importance, comparatively, and the large percentages
of increase in its apparatus have little effect on the
increases shown for the total apparatus used in furnish-
ing electric light and power.

CENTRAL STATIONS.

Lamps, meters, transformers , and stationary motors.—
The lamps used for lighting streets, parks, public
buildings, and all other public places for the illumina-
tion of which the municipality or other local govern-
ment was responsible, were considered as devoted to
the ““public service,” and were reported separately
from those used in general *‘commercial service” in
lighting residences, places of business, etc., for which
individuals or private enterprises were responsible.
The number of lamps for these two branches of service
are shown in Table 46, which presents also data con-
cerning the meters, transformers, and motors.



LINE EQUIPMENT.
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TasLe 46.—COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—LAMPS, METERS, TRANSFORMERS IN
CIRCUITS, AND STATIONARY MOTORS: 1907 AND 1902.

TOTAL. COMMERCIAL. MUNICIPAL. PER CENT OF INCREASE.
Commer-| Muniel-
1907 1902 1907 1902 1907 1902 Total. cial. pal.
ATCIATIPS ¢ - e v o e ettt e eeeaas enes 555,713 385,698 472,773 334,903 | 82,940 50,795 4.1 41.2 63.3
Public. ... e 289, 391 211,725 216, 309 166,723 73,082 45,002 36,7 20.7 62, 4
Comumercial 266, 322 173,973 256, 464 168,180 9,858 5,793 53.1 52.5 70.2
41,445,997 | 18,194,044 || 37,393,549 | 16,616,593 | 4,052,448 | 1,577,451 127.8 125.0 156.9
808, 693 455, 660 638,456 372,740 170,237 82,920 77.5 7L 3 105.3
40,637,304 | 17,738,384 || 36,755,003 | 16,243,853 | 3,882,211 | 1,494,531 120.1 126. 3 150.8
162, 338 1) 153,468 1) 8,870 1)
. 5,716 1; 4,584 1) 1,132 1)
Commereial.....ooovvuinananeaniaaas 156, 622 1 148,884 1) 7,738 1)
Lamps used by the central stations to light their own electric .
properties 275,079 1) 245, 905 m 29,174 1
ATC....o.... 7, 08 1 6,487 51) 59 1
Incandescent.. .. 266, 242 1 237,729 1) 28,513 1
All other lamps 1,755 1 1,689 (O] 66 1
Meters on consumption cireuits. . oo oo cieiiiiiniienin it 1,683,917 582, 689 1,'9468, 763 526,011 215,154 56, 678 189.0 179.2 279.6
Transformers in circuits for customers: ' )
L5550 H 0T U 299, 489 207,370 255,337 179, 300 44,152 28,070 44. 4 42, 4 57.8
Kilowatt capacity ..« .oouereeii ittt 2,058, 567 687,121 || 1,897,170 612, 442 161, 397 74,679 199.6 209. 8 116.1
Stationary motors: 2
B0 5017 o N 167,184 101,064 162,677 99,102 4,507 1,962 65, 4 064. 2 129.7
HOTSEPOWRT - ¢« o ceecccaeammce e caciaaaaanassaaassaananacns 1,649, 026 438, 005 1,617,337 434, 681 31,689 3,324 276. 5 272.1 853.3

1Not reported separately.

Although every item of equipment specified in the
table shows a large increase in 1907 as compared with
1902, the most notable increases and those indicating
most nearly the progress in the industry are those for
incandescent lamps, stationary motors, meters on con-
sumption circuits, and transformersin circuits for.cus-
tomers. The number of incandescent lamps is neces-
sarily, to some extent, an estimate. Accepting these
estimates, there were 42,439,127 lamps of all varieties

2 Some fan motors were included in 1902, but such motors were omitted in 1907.

connected with the central stations at the close of
1907 and 18,579,742 at the close of 1902, the increase
for the five years amounting to 23,859,385 lamps, or
128.4 per cent. While this increase in the aggregate
number of lamps indicates the development, a clearer
understanding of the conditions will be obtained by
an analysis of the statistics for the different varieties.

Are lamps.—The statistics for the arc lamps are
shown in Table 47.

TapLe 47.—COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—ARC LAMPS, BY KINDS: 1907 AND 1902..

TOTAL. COMMERCIAL. MUNICIPAL. PER CENT OF INCREASE.
o 7 c Munici
ommer-| Munici-
1907 1902 » 1907 1902 1907 1902 Total. cial. pal.
POEAL- e e et eeen e eee e e ee et e n e araeaaean 1555,713 385, 698 472,773 334,903 82,940 50,795 4.1 4.2 63.3
OPDEI ATCS - vneeeaeammmeenens 78,886 181,672 60, 456 149, 704 18, 430 31,968 256. 6 250. 6 242, 3
Public.... 66, 879 138,684 48,875 108,082 18, 004 30, 602 251.8 254. 8 241.2
Direct-c 64,416 134,054 47,207 105,401 17,209 28,653 251.9 255.2 230.9
Alternating-current.. .. 2,463 4,630 1,668 2,681 795 1,949 246. 8 237.8 259.2
(010 4135315 163 ) DRI 12,007 42,988 11,581 41,622 426 1,366 272, 1 272, 2 268.8
Direct-current . 10,050 39,265 9, 696 37,991 354 1,264 274.4 274.5 272.0
Alternating-current. . ... ..o iiaiiiiciiiiiiiiais 1,957 3,733 1,885 3,631 72 102 247. 6 248, 1 299 4
TNCI0SEA A0S - c et e e et e ae e eaee e e nasaienaaiaaaaaaaan 476, 827 204, 026 412,317 185,199 64,510 18, 827 133.7 122.6 242, 6
50000 APPSR 222,512 73,041 167,434 58,641 55,078 14, 400 204. 6 185.5 282.5
Direct-current......... . 68, 500 29, 608 54,066 23,006 14,434 6, 602 131. 4 135.0 118.6
Alternating-current 154,012 43,433 113,368 35,635 40, 644 7,798 254. 6 218.1 421.2
Commercial. .. ...oooiimiii i iiiaiann s 254,315 130, 985 244,883 126, 558 9,432 4,427 94.2 93.5 113.1
Direct-current......... . 126, 251 67,180 125,150 66,104 1,101 1,076 87.9 89.3 2.3
Alternating-current 128, 064 63, 805 119,733 60, 454 8,331 3,351 100.7 98.1 148.6
2 Decrease.

1 Exclusive of 7,082 lamps used by the central stations to light their own electric properties.

Notwithstanding a considerable increase in the total
number of arc lamps—170,015, or 44.1 per cent—the
gain has been at a slower rate than that for incandes-
cent lamps. At the census of 1902 the arc lamp had
reached a higher degree of development than the incan-
descent lamp, since in the early stages of the industry

the demand for electricity was to a considerable extent
influenced by its utility for street lighting, a branch of
service which was at first confined to arc lamps. Now,
however, the incandescent lamp has largely superseded
the arc lamp for street and other lighting purposes,
since it has been found that better service is secured



54

by the distribution of a larger number of compara-
tively small lamps than by the use of a few lamps of
large candlepower. In fact, the relatively small gain
in arc lamps may be accounted for by the much
greater general usefulness of the incandescent lamp.
The percentage of increase in the number of arc lamps
was somewhat larger for the municipal than for the
commercial stations. Inasmuch, however, as the total
number of these lamps in municipal stations formed
less than one-seventh of the total number in both
branches of the service in 1902, and but little more
than one-seventh in 1907, the percentage of gain is not
of so much real significance. In this connection if
may be of interest to note that, although at both
censuses the municipal stations had a larger propor-
_tion of the total number of arc lamps than of the total
number of incandescent lamps, the percentages being
14.9 for the former class and 9.8 for the latter in 1807,
and 13.2 and 8.7 for the two classes, respectively, in
1902, the gains in the percentages were remarkably
close, being 1.7 for the arc lamps and 1.1 for the incan-
descent lamps. :
Since the census of 1902 the change then going on
from the open arc to the inclosed has continued on 2
large scale. At that census the open-arc lamps which
were of very limited length of continuous burning
represented 47.1 per cent of the total number of
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arcs, but in 1907 the proportion had declined to 14.2
per cent. There was an actual decrease in the number
of open-arc lamps of 102,786, or 56.6 per cent, and an
increase in the number of inclosed-arc lamps of 272,801,
or 133.7 per cent. These figures show conclusively that
not only is the inclosed arc demanded in new work, but
that the old equipment of open arcs has largely been
replaced by the inclosed lamp. In 1902 of the open
arcs reported 82.4 per cent were in commercial sta-
tions and 17.6 per cent in municipal stations, while the
corresponding proportions for 1907 were 76.6 per cent
and 23.4 per cent, respectively. The following tabular
statement shows the per cent distribution, by kind, of
arc lamps, for commercial and municipal stations, for
the years 1907 and 1902:

Commercial and municipal central electric stations—DPer cent distribu~
tion of arc lamps, by kind: 1907 and 1902.

TOTAL. COMMERCIAL. MUNICIPAL,
KIND.
1907 | 1002 || 1907 | 1902 | 1907 | 1902
BN)7:) 100.0 ¢ 100.0 100.0 | 100.0 | 100.0 100.0
OO e e 14.2| 4an1]| 12.8| 44.7| 22| 629
THCIOSEA. + oo e 88| s2of 82| s5.3( 78| @71

The change from open to inclosed arc lamps has been
accompanied by a decided change in the kind of current,
used in operating them.

Tasre 48.—~COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—ARC LAMPS, BY KIND OF CURRENT
USED: 1907 AND 1902

TOTAL. COMMERCIAL, MUNICIPAL. TPER CENT OF INCREASE.
EIND.
1907 1902 1907 1902 1007 1902 Total, C‘)gg?“‘ Municipal.
V7 g N 1 555,713 385,608 472,773 334,003 82,940 50,795 44.1 41.2 63.3
Direct Current. « o et i 209,217 270,097 230,119 232,502 33,008 37,505 20.3 1.6 212.0
Alternating current. . c.ooooiviiiiiiiiiii i et 280,496 115,001 236,054 102,401 40,842 13,200 147.8 131. 1 277.6
1 Exclusive of 7,082 lamps used by central stations to light their own properties. 2 Decrease.

Of the total number of arc lamps in 1902, seven-~
tenths were direct-current, but in 1907 the correspond-
ing proportion was less than one-half. The increase
of 170,015 arc lamps between 1902 and 1907 is due
wholly to the gain in the alternating-current lamps,
since there was an actual loss of 880 in the number
of those operated by direct current. The change in
the character of current used has taken place some-
what more rapidly in municipal than in commercial
stations.

TasLe 49.— Commercial and municipal central eleciric stations—

Per cent distributton of arc lamps, by kind of current used: 1907
- and 1902.

TOTAL. COMMERCIAL, MUNICIPAL.
KIND. : -
1907 | 1902 1907 | 1902 | 1907 | 1902
Total.oceeeainiiniiannns 100.0 | 100.0 || 100.0 | 100.0 { 100.0 100. 0
Directeurrent. ... ............ 48. 4 70.0 |}, 49.9 69. 4 39.9 74.0
Alternating current............ 51.6 30.0 50.1 30.6 60.1 26.0

Incandescent lamps.—The incandescent lamps have
become an important adjunct to business, and in some
of its uses may be rightfully classed as necessary to
comfort, although in other cases its use is a luxury.
Spectacular and beautiful effects are produced with
incandescent lamps in outdoor and indoor illumi-
nation, while electric signs in motion effects and in
colors, and window and store decorations of great bril-
liancy are mow common in all large centers. These
features have become so important in central-station
work that a special department devoted to this branch
of the service is considered necessary by many of the
larger companies. The developments along the lines
of incandescent lighting have been wonderful and the
possibilities seem almost limitless.

Various kinds of lamps which in 1902 were in a
semiexperimental stage have since become of demon-
strated merit, while new ones are continually being
invented. In fact, so numerous and so desirable were
many of these lamps that at the census of 1907 it was
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" decided to add an inquiry calling for the number of
such lamps, and, although'it is probable that some
lamps of these classes were erroneously reported as
incandescent lamps, 162,338 lamps of the special va-
rieties were reported separately by the various central

5b

stations. In 1902 these types of lamps were probably
included in the total number of incandescent lamps
reported, and consequently their actual increase as
given in Table 50 is less than it should be.

‘TasLe 50.—COMMERCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—INCANDESCENT LAMPS BY CANDLE-
POWER, AND OTHER VARIETIES OF LAMPS: 1907 AND 1902.

TOTAL. COMMERCIAL MUNICIPAL. PER CENT OF INCREASE.
KIND. : s -
{ ! Commer-| Munici-
1907 1902 1907 1902 1907 1902 Total. cial. pal.

Incandescent lamps ......... e ietiassesreconanavanrioesoaane 141,445,007 | 18,194,044 {| 37,303,549 | 16,616,503 | 4,052,448 1 577,451 127.8 125, 0 156.9
Sixteen-candlepower........ ...l 35,640,612 15, 557,843 || 32,153,240 | 14,126,123 | 3,487,372 43 ,720 129, 1 127.6 143.6
Thirty-two-candlepower. . - 1,408,610 574 667 1,242,415 531,309 166,195 43 35 S 145.1 183.8 283.3

All other candlepower. . cooveieee i iiiiaeieineeennn, 4,396,775 | 2, 061, 534 3,997,804 | 1,959,161 308, 881 102 373 113.3 104. 1 289.6
Other varieties of lamps—Nernst, vacuum, vapor, etc ....... 2162, 338 3) 153,468 ®) 8,870 1 © (8)  MeeeiiiiHeeni e

1 Exclusive of 266,242 lamps used by the central stations to light their own electric properties.
2 Exclusive ol 1, 755 lamps used Ly the central stations to light their own eleetric properties.

8 Not reported separate y.

The total number of incandescent lamps more than
doubled between the censuses of 1902 and 1907, the
increase being 23,251,053 lamps, or 127.8 per cent.
Although this increase was mostly in 16-candlepower
lamps, it also represents lamps varying from street
lumps and those of 32 candlepower to the very small
sign lamps. The increase is exclusive of 162,338
lamps of “other varieties,” chiefly Nernst, and of
266,242 lamps used by the central stations to light
their own properties.

The schedules used at both censuses were prepared
in such a way that the number of incandescent lamps
should be reported as of the following three classes:
16 candlepower, 32 candlepower, and all other candle-
power. The wording of the inquiry was such as to
ascertain the number of these lamps wired for service
on December 31, or the last day of the period covered
by the report, and not the actual number in use at
different times during the year.

The continually decreasing practice of renting incan-
descent lamps for general commercial uses on a flat-
rate basis and, as a consequence, the increasing use of
meters to measure the amount of current consumed,
render it no longer necessary in the majority of cases
for the central stations to know the number of lamps
wired for service or of machines in use, and although
some companies reported the number of incandescent
lamps, in accordance with the requirements of the
schedule, many of the large companies claimed to have
such limited knowledge of the number of these lamps
wired for service that they were reluctant, and in
some instances declined, to give even an estimate of
the several varieties, but confined their answers to
the inquiry to an estimate of the total number of
incandescent lamps on a 16-candlepower basis. In
view of these conditions, the results should be accepted
only as an approximation of the total number of

incandescent lamps wired for service and also of the

classes by ca.ndlepower. The actual number of arc
lamps was reported by practically all companies.

In 1907, 3,136 companies reported lamps of 32
candlepower. There were 956 companies that reported
none of this size, either because they actually had
none of this size or because they prepared their sched-
ule for the estimated number of incandescent lamps
on a 16-candlepower basis. The remaining 504 sta-
tions that had incandescent lamps wired for service,
so far as their equipment in that respect is concerned,
reported 16’s and ‘‘other varieties” or only ‘“other
varieties.” The 956 central stations which reported
no lamps of 32 candlepower reported a total of
13,407,883 lamps of 16 candlepower, or nearly one-
third of the incandescent lamps reported by all sta-
tions. In this connection, however, it should not be
forgotten that many of the companies which reported
lamps of 32 candlepower stated that the number was
estimated. ‘

An attempt was made by correspondence on the
subject with a number of central stations to obtain
the proper ratio by which to reduce the total number
of incandescent lamps shown in Table 50 to lamps of
a uniform 16 candlepower. Applying the same ratio
of reduction to the total number of lamps of all other
varieties, it was found that the total lamps in question
were equivalent to 40,656,220 incandescent lamps of
16 candlepower m 1907, and to 17,737,944 in 1902, an
increase of 22,918,276, or 129.2 per cent. The differ-
ence of increase, as shown in Table 50 and as estimated
on a basis of 16 candlepower, is smaller than might
be expected, 333,677, or but little more than 1 per
cent.

More than nine-tenths of the mcandescent lamps
were reported at each of the two censuses by the com-
mercial stations, the actual proportions contributed
by the municipal stations being 9.8 per cent in 1907
and 8.7 per cent in 1902.
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The following statement shows the number of cen-
tral stations, classified according to the kind of lamps
wired for service, December 31, 1907:

Central electric stations—Number, by lamp equipment: 1907.

I number of Stations. .cccueinnreeanaecases R
TomWIi]th incandescent 1amps .......- 4,596

3,136

h lamps of 32 candlepower ...... i

) }I’vvgh Ia.mgs of 16 candlepower only ! ggg

‘Withouat incandescent Jamps JR O L LI TR TP .

‘With arclamps ...... e eemeiivesesasaeesecmsstsaaieaeauiaens 8700
Without 87C JATADS ceeevanssnnnasamsosnaness s

Withont either incandescent or arc lamps......

1 These 956 stations reported nearly onegthird of the total number of incandescent

1 reported only an estimate of the number of lamps on o
}%-ngtla)tsla?enp%\]v}:zgsgaosist,hﬁen;aus% it was impracticable to answer the Inquirles on the

schedule in detail.

The increase in the use of electric light and the im-
portance of the industry may perhaps be illustrated
most satisfactorily by comparing the number of lamps
with the population. Such a comparison is made in
Table 51 for the 8 states that contained the largest
number of incandescent lamps in 1907 and 1902.

The striking features of this table are the concen-
tration in a comparatively few states of a large pro-
portion of the electric lamps, and the great increase
in the average number of lamps per 1,000 population.
The 8 states here shown contained nearly two-thirds
of the total number of both arc and incandescent
Jamps, the proportions for the two classes being prac-
tically the same, but represented a considerably
smaller proportion of the total population, which fact
merely illustrates the larger general use of the electric
light in the thickly settled communitics. Of the 8
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states, Missouri shows the lowest and California the
highest average number of lamps per 1,000 popula-
tion. The population of Missouri is more than twice
as great as that of California, but it is evident that
the electrical development there has not reached the
importance that it has in California. Both states
contain a considerable proportion of rural popula-
tion, which has been supplied with electricity more
generally in California than in Missouri. In Cali-
fornia a number of hydro-electric plants have been
established throughout the state, primarily to supply
current to large cities locatéd at a distance, but these
plants also supply intervening -smaller places for
which electricity might not otherwise be available.
This condition contributes naturally toward the
more extensive use of the electric light and an in-
crease in the number of lamps. Although California
holds a low comparative rank in population, it being
the twenty-first state, it ranks fourth in the number
of incandescent lamps and ninth in the number of
arc lamps. In 1902 the state ranked fifth in the
number of incandescent lamps and seventh in the
number of arc lamps. Next to California, which has
the smallest population of the 8 states shown in Table
51, New York, which is the most populous state of the
Union, has the greatest average number of arc lamps
per 1,000 inhabitants, and Massachusetts, the third

largest average for arc lamps and the second largest
for incandescent lamps.

. Tapre 51.—CENTRAL ELECTRIC STATIONS—ARC AND INCANDESCENT LAMPS, FOR THE 8 STATES HAVING THE
LARGEST NUMBERS OF INCANDESCENT LAMPS: 1907 AND 1902.

~ sy N AVERAGY NUMBER OF LAMYS PER
PER CENT DISTRIBUTION. 1)000 POPULATION.
ARC LAMPS. INCANDESCENT LAMPS.
STATE, .1 § Incandescent . Incandescent
Are lamps. lamps. Arc lnmps. Jamps.

1907 1902 1907 1002 1907 | 1902 | 1907 | 1902 || 1907 | 1902 1907 | 1902
Total for United States.............._...... 565,713 | 385,698 || 41,445,097 | 18,104,044 |{ 100.0 | 100.0 | 100.0 | 100.0 6.50 | 4.91| 484.57 | 231.55
Total for selected states. ......uu. oo e, 458,114 | 252,316 || 25,817,053 | 11,817,849 44| G54 23] 0660 9.89 | 7.55| 712.99 | 353.46
New York. ...ooooeeeiieaanen, 97,529 | 59,130 || 6,901,406 | 3,705,525 17.6 | 15.3] 16.9| 20.419 11.63| 7.85| 833.63 | 491.90
ﬁfi%ggsylvama--- 66,777 | 47,722 || 3,861,171 | 1783683 || 12.0| 124] ‘0.3 0.8 1| "9.49 | 7.3¢| 549.01 | 274.16
o e 85,300 | 38,215 || 3,582,178 | 1,507,005 10.0 9.9 8.6 8.6 [ 10,02 7.61( 649.16 | 312.31
............................................. 10,691 | 15,764 || 3,007,383 | 1,000,875 3.5 4.1 7.4 5.5 | 11.75 | 10.25 |1,831.04 | 654.73
o 33,800 | 28,700 || 2,650,724 | 1,420,963 6.1 7.5 6.4 7.8 | 10.99 | 0.87| 850.78 | 487.00
Miapsmee= 43,840 | 31,830 || 2,254,407 934, 213 7.9 8.3 5.4 5.1 9.75 | 7.49 | 501.30 § 219.69
Missoi%i - 23,514 | 17,712 || 1,711,689 805, 127 4.2 4,6 4.1 4.4 9.00 | 7.14 | 655.37 | 324.55
LR LT P PPN 17,676 | 13,144 |} 1,098,935 £03, 798 3.2 3.4 4.1 3.3 5.16| 4,12 498.82 | 186.32

&

The largest increases in the number of arc lamps
are shown for New York, Pennsylvania, Illinois,
Ohio, Indiana, New Jersey, Michigan, and Massachu-
setts. For the incandescent lamps large increases
occur 1n so many states that it is difficult to select
any as showing the greatest development, but in the
followipg states the numbers for 1907 are at least
three times as great as for 1902: Alabama, California,
Idaho, Kansas, Kentucky, Maryland, Nebraska, Ne-
vada, North Carolina, Oklahoma, Oregon, South Caro-

lina, and Washington. While these 13 states show
the greatest proportional increases in the number of
lamps, they do not represent the largest absolute
increases, as their combined increase is exceeded by
the gain in the total for the 2 states of New York and
Pennsylvania.

The 162,338 lamps reported as ‘“‘other varieties’ in
1907 include those that were considered by certain
of the establishments reporting as not properly be-
longing to the first group of incandescents. These
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new types of lamps were not reported separately at
the census of 1902, and, as already stated, it is prob-
able that in 1907 lamps that properly should have
been assigned to this group were included by many
stations in the total for incandescent lamps. The
total for 1907, however, included a number of the
new varieties of lamps and, although thought to be
far from complete, they are shown in the following
statement:

Central electric stations—ZLamps other than reqular arc and incan-
descent, by kind: 1907,

KIND OF LAMP, Number,

The central stations were requested to name the
lamps other than the regular arc and incandescent,
but some reported a number without any designation,
and the 24,413 ‘“‘Not designated” no doubt include

some that might properly have been assigned to one or
more of the other groups.

The use of electric lamps for advertising and deco-
rative purposes has resulted in greatly increasing the
varieties in use, and has also added to the difficulty of
ascertaining the actual number wired for service on a
given date. It was impossible, therefore, with a fair
degree of accuracy to show separately the number of
16, 32, and other candlepower incandescent lamps, as
was done at the census of 1902. However, the sched-
ule used at the census of 1907 required that the number
of 32-candlepower lamps wired for service be reported
separately, and 3,136 stations reported 1,408,610,
while the same stations reported a total of 27,248,337
incandescent lamps of all varieties. Using the ratio of
these totals as a basis, the estimated number of
32-candlepower lamps wired for service at the close
of 1907 was about 2,112,915.

Meters on consumption circwits—It was impracti-
cable to obtain statistics concerning the size of the
meters in service, and therefore the extension of the
service can be shown only by the number of meters.
That the number has increased rapidly since 1902 is
shown by Table 52.

TapLe 52.—CENTRAL ELECTRIC STATIONS—METERS ON CONSUMPTION CIRCUITS, FOR THE 8 STATES HAVING
THE GREATEST NUMBERS OF METERS: 1907 AND 1902.

AVERAGE NUMDTR OF | AVIRAGE

CUSTOMERS | NUMBER OF

TOTAL NUMBER~ || o cont N%%ff&i’m FURNISHED | METERS PER

STATE. of . CURRENT.! | CUSTOMER. !

increase.
. 1907 1902 1907 1902 1907 1907

Total for United Stotes. ..ottt ee e 1,683,917 | 582,689 189.0 357.2 | 161.0 1,946,979 0.9
Total for selected SLabeS. . . o oen ettt ettt i e eiaaaans 081,461 | 361,230 171.7 495.9 | 209.5 1,057,853 0.9
New York 217,462 73,789 104.7 692.6 [ 288.2 201,701 11
THNOIS. - e ceececee e 146, 208 59,836 144, 3 381.7| 172.9 167,645 0.9
Californi. eeeeuaenannaeu.... 143,384 | = 34,224 310.0 1,116} 297.6 173,029 0.8
Pennsylvania 142, 186 56,874 150.0 434,8 | 203.8 160, 957 0.9
[0 3 (s U PR 92, 964 31,508 195.0 341.8 | 135.2 100,071 0.9
B T 4 1 T P 87,824 56, 969 54.2 731.9 | 499.7 80,713 1.1
BN b2 s 78,950 29,272 169.7 337.4 | 145.6 87,500 0.9
B8 e N P 72,483 18,758 286. 4 362.4 | 104.2 86,237 0.8

! Information not available for 1502.

The gain of 189 per cent in the number of meters no
doubt indicates fairly well how complete the change
has been from the flat-rate method of charging, so
largely used at the earlier period of electric-station
work, to the use of meters. There have been many
and important changes in central-station practice dur-
ing the short period between the two censuses, but
none is more important, from the commercial point of
view, than the general adoption of meter rates.

To obtain the total number of meters used for the
sale of electricity it is necessary to add to the number
shown in Table 52, the number on the consumers’
circuits of electric-railway companies. There were
213,886 meters reported by such companies in 1907
and 56,601 in 1902, making the aggregates for the two

censuses 1,897,803 and 639,290, respectively, showing
an increase of 1,258,513, or 196.9 per cent.

The 8 states represented in this table are those in
which central stations have had the greatest develop-
ment in the installment of meters, and contained 58.3
per cent of the total number of meters reported for
all central stations in 1907 and 62 per cent of the total
reported for 1902. The percentages of increase and the
average number per customer indicate, however, that
the practice has become very general.

The average number of meters per station is to some
extent misleading because of differences due to peculiar
conditions in certain states. In California,forinstance,
there is one company which generates electric current
at a long distance from the main point of distribution
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and supplies it to towns and cities in 22 counties,
-whereas a service of this sort in other states probably
would be represented by a number of separate stations,
so that the average number of meters per station would
be considerably smaller. Probably the best indication
of the growth in the use of meters may be had from
the fuct that of the 4,714 stations in 1907 only 629, or
13.3 per cent of the total, reported no meters, while
in 1902, of a total of 3,620 stations, 901, or 24.9 per
cent, reported none. The mechanical meter has now
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come into such general use that the number of chemical
and other varieties of meters were not reported sepa-
rately in 1907 as they were in 1902.

Transformers in circuits for customers—The in-
creased use of alternating dynamos has necessarily
been accompanied by an increase in the number
of machines for lowering the pressure of the
circuit. Step-down alternating-current transformers
are in general use where alternating dynamos are
employed.

Tasre 53.—CENTRAL ELECTRIC STATIONS—NUMBER AND KILOWATT CAPACITY OF TRANSFORMERS IN CIRCUITS
FOR CUSTOMERS, FOR THE 8§ STATES HAVING THE GREATEST KILOWATT CAPACITY: 1907 AND 1902.

A

PER CENT OF
1907 1902 ;|| TOTAL KILOWATT AVERAGE
Pf,f o b CAPACITY. CAPAGITY,
STATE. crease in
Kilowatt Kilowatt capati
OWa owa/ capacity.
Number, capacity. Number. capacity. 1907 | 1902 1907 1902
Total for United States. .. .ceueeereenns e 209,480 | 2,088,567 | 207,370 | 687,121 199.6 100.0 | 100.0 6.9 3.3
Total for selected SEAteS. . .o v emeemeeeeee e eaceemeeemeenmanns 109,674 | 1,326,338 || 113,046 | 425,715 || 2116 64.4 62.0 7.8 3.8
NeW V0K enerereernenennnnsns e 99,466 | 496,046 || 18,036 | 142,383 || 248.4 24.1 20.7 15.3 7.9
Callforntae, ..o.L 1 o 21,695 | 213,633 9,480 49,368 || 3327 10,4 7.2 9.9 52
Pennsylvinia 37,578 | 105742 || 29,005 62,258 || 2144 9.5 | 9.1 5.2 21
TUHROIS ¢ veoeo s LI 20,331 99,067 || 15,040 46,515 113.0 48| 6.8 49 31
BES . < e e e e e e ar s 16,165 94,324 || 12,284 41,786 125.7 4.6 6.1 5.8 3.4
lgm?e.}.u.]? etq ........................................................ 18,091 p1,064 || 11,925 34, 600 163.2 4.4 5.0 4.8 2.9
Michigan .. 010,202 2, 663 7,605 26,995 169.2 3.5 3.9 7.1 3.5
TOIT o oo oo 12,200 03,799 9,581 21,810 192.5 3.1 3.2 5.2 2.3

The figures in this table represent only the trans-
formers owned by the central stations. The number
used by electric-railway companies was not reported
at either census. As transformers are sometimes
owned by the customers, the total shown in the table,
299,489, is somewhat less than the actual number
used in connection with central-station service. The
number of machines has, however, increased rapidly
since 1902, but not so fast as their kilowatt capacity.
This condition is due primarily to the fact that the
old-style transformers in use in 1902 have been largely
replaced by machines of much larger capacity, the
average capacity per machine having more than
doubled during the five years ending with 1907.

There were 1,126 stations in 1907 and 967 in 1902
that reported no transformers in use, the proportions
being 23.9 and 26.7 per cent of the total number of
stations at the respective censuses.

Stationary motors.—The schedule used at the census
of 1902 called for the number of all kinds of stationary
motors, including fan motors, while that for 1907 ex-
pressly excluded the latter class. No doubt many
fan motors were reported at the census of 1902, but
to what extent it is impossible to ascertain.

It was often extremely difficult to ascertain the
horsepower capacity of the motors, the current to
operate which was sometimes transmitted long dis-
tances to factories where the interest of the central
station furnishing the electricity was confined to the
amount of current consumed as measured by the

meters. It was necessary, therefore, to obtain esti-
mates of the number and capacity of the motors.
These estimates were included in the totals given in
Table 54, which shows, for the United States and for
the 8 states reporting the greatest horsepower capacity,
the number and capacity of all stationary motors re-
ported at the two censuses.

Next to lighting, stationary-motor service is the
most important source of income for central electric
stations, but the introduction of meters has compli-
cated the difficulties attending the collection of statis-
tics concerning the number and capacity of the motors.
It is probable, therefore, that the totals in Table 54 are
somewhat less than the actual number of motors wired
at the end of the respective census years. Many large
factories have the machinery operated entirely by
electric power and some contain many motors for
which statistics had to be obtained from the manu-
facturers, as the central stations were concerned only
with the quantity of current sold.

As shown by Table 45, there were a number of
stationary motors supplied with current by electric~
railway companies which must be considered in arriv-
ing at the totals for this class of service. The figures
in Table 54 indicate that the average size of the motors
in the central stations has more than doubled since
1902, while the number increased by only 65.4 per cent,
a difference in ratio of increase which is without doubt.
due to the fact that some large central stations reported
the horsepower of the motors for which current was.
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supplied but expressed their inability to give even an |

estimate of the number of machines. This condition
was pronounced in Pennsylvania, where the increase
in the average capacity of the motors was excep-
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tionally large—from 2.16 horsepower in 1902 to 12.17
horsepower in 1907. One large company in this state
reported nearly one-third of its total stationary-motor
power but was unable to state the number of motors.

Tasre 54.—CENTRAL ELECTRIC STATIONS—NUMBER AND HORSEPOWER CAPACITY OF STATIONARY MOTORS,
FOR THE 8 STATES HAVING THE GREATEST HORSEPOWER CAPACITY: 1907 AND 1902.

: PER CENT OF
1907 1902 AVERAGE TOTAL HORSk-
CAPAQITY. Pg}' 1,0;_'1'3 POWEE.
STATE. crease in
a7 - horse-
orse- orse- OWer,
Number. power. Number. power. 1907 1902 D 1907 1902

Total for United States. . ..ot 167,184 | 1,649,026 101,064 | 438,005 9.86 4.33 276.5 100.0 "100.0
Total for selected states.............. e 106,321 1,107,687 67,037 | 309,655 10. 42 4. 62 267.7 67.2 70.7
New York.. 393, 955 13,581 | 109,277 21.82 8.05 200. 5 23.9 24.9
Californin. 1, 56 200, 067 5,190 50,2906 17.31 9.69 207.8 12.1 1.6
Tilinois. .. . 21,075 137, 661 11,838 35,928 6.35 3.03 283.2 8.3 8.2
Pennsylvanmin. .. .ueu i e e e iaiea e 10,063 122,461 14,144 30, 500 12,17 2.16 300.7 7.4 7.0
Massuchusetts .......................................................... 15,877 81,246 9,663 35,749 » 5.12 3.70 127.3 4.9 8.2
. 13, 083 | 64,941 5,704 21,956 4.96 3.85 105.8 3.9 5.0
8,923 54,111 4,640 14, 552 6.06 3.13 271.8 3.3 3.3
Michigan. .. 7,089 53,245 2,271 11 337 7.51 4.99 369.7 3.2 2.6

The state of California, although having a compara-
tively small population, ranks second in the horse-
power of its stationary-motor service, being outranked
only by New York. This high rank is due to the
scarcity of fuel in the state; the ease with which elec-
tric power may be transmitted and made available
in sparsely settled sections; and its adaptability for use
on dredgers and for many other purposes connected
with mining and- irrigation.

Modern centml-statlon companies concern them-

selves little with the various uses made of the current
sold. The quantity is measured, and as a rule the pro-
ducers make no inquiry as to its use. Electricity is
used for a multitude of miscellaneous purposes which
consume, however, but a small proportion of the
amount generated, much the larger portion being used
for light and power. Table 55 shows the number of
stations which sold current for the various purposes
during the years 1907 and 1902.

TaBLE B5 -—LOMMLRCIAL AND MUNICIPAL CENTRAL ELECTRIC STATIONS—NUMBER OF STATIONS BY
CHARACTER OF SERVICE: 1907 AND 1902.
TOTAL. COMMERCIAL. MUNICIPAL. PER CENT OF INCREASE.
CHARACTER OF SERVICE. i l Com Munict
; . ~ unici-
1907 1902 1907 1902 1907 1902 Total. | mercial. pal.
Arc lighting:
(1508 E o T3 i 1Y R 2,381 2,020 1,840 1,667 541 353 17.9 10.4 53.3
B0 U 3,208 2,522 2,206 1,810 1,092 712 30.8 21,9 53.4
Incandescent lighting:
[ 3 e 11 RS LI 4,538 3,484 3,385 2,752 1,153 732 30.3 23.0 57.5
PUBLC . ¢ ae ettt it e e caieieaiiiiracacaceransanaaneaeaaas 3,345 2,491 2,327 1,889 1,018 602 34.3 23.2 69,1
Motor power:
A1) o0 2,000 ‘1,093 1,669 975 350 118 83.8 70,2 196.6
EleCtrierallWay .. oo e iae i e ce et iiieaeaaan et e araaranas 217 159 211 157 6 2 36.5 34.4 200.0
All other eleCtrie SEIVICe. o oottt ii it aieeiiraa et ras it eaicaaannaaas 299 161 831 152 168 9 520.5 446.7 1,766.7

There were only 68 central stations in 1907 which
reported that the entire amount of electricity generated
during the year was sold for motor service, disposed of
in bulk to other electric or railway companies, or sold
for some purpose other than lighting; all the other sta-
tions reported the sale of current for lighting. That
electric lighting is the chief business of the central sta-

tions is shown also by the fact that of the total income,
almost three-fourths was from lighting and about one-
sixth from stationary-motor service.

Average size of station.—The number of lamps, me-
ters, transformers, and motors is an indication of the
size of the central station, and averages based on the
numbers of these machines are given in Table 56.
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TasLe 56.—Commercial and municipal central electric stations—
Average number of lamps, meters, transformers, and motors per
station and average capacity per machine: 1907 and 1902.

TOTAL. COMMERCIAL. MUNICIPAL.
1907 | 1902 || 1907 | 1902 | 1907 | 1902
Arc}&amps: b "
verage number per sta-
iorl?.g ............ p ........ 118 107 137 119 06 62
Incandescent lam%s: .
Average number per sta-
O v 8,792 | 5,026 || 10,801 | 5,924 | 3,237 | 1,936
Meters on consumption eir-
cuits: ,
Average number per sta-
tlom...ooieianlls FUR 357 161 424 188 172 70
Transformers in circuits for cus-
tomers: . *
Average number per sta-
tion...... eeemeraenaanaas 64 57 74 64 35 34
Kilowatt capacity per ma-
chine,.............c... 7 3 7 3 4 3
Kilowatt capacity per ste~
510« DO, 437 190 548 218 129 92
Stationary motors: .
Average number per sta-
L2 10) « DO 35 28 47 35 4
Horsepower per motor..... 10 4 10 4 7 2
Horsepower per station. ... 350 121 467 155 25

|

Although there are conflicting elements entering into
the details from which these totals are obtained, the
figures are of sufficient accuracy to establish the fact
that the averages for 1907 show great increases over
the averages for 1902. .

Line construction.—The rteport on central electric
stations for 1902 presents statistics for 125,144.14
miles of mains and feeders contained in overhead, un-
derground, and submarine construction. Compara-
tively few companies, however, had definite knowledge
of the miles of wire strung, and it was exceedingly diffi-
cult to obtain satisfactory answers to the census in-
quiries on the subject. In 1907, therefore, the inquiry

~ on the subject was confined to the single question as to

the number of miles of street occupied by underground
conduits for mains and feeders, for which a total of
2,509.15 miles was reported. Of this total, 2,268.34
miles were reported by commercial stations and 240.81
miles by municipal stations.
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