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FOREWORD

The foliowing report on the census of Central Electric Light and Power Statlons
for 1927 is one of the series of the Census of Electrical Industries, which also
includes reports on Electric Railways, Telephones, and Telegraphs.

"The eensue of electrical industries has beon taken quinguennially, beginniug
with the inquiry for the year 1002, under provigione of acts of Congress approved
March 6, 1902, and July 7, 19006,

"The ¢ollection of the data, the compilation of the statistics, and the preparation
of the text of this report were done under the supervision of LeVerne Beales, chief
atatistleinn for manufactures, assisted by William W. Sawyer, The chapler on
the teechoical developments of the industry was written by George F. Wittig, of
New York City,
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THE ELECTRICAL INDUSTRIES

INTRODUCTION AND GENERAL EXPLANATIONS

Scope of the census,—The census of clectrical industries, which has been
taken quinquennially since 1902, covers four distinet industries, namely: (1)
Central electric light and power stations; (2) Electrie rallways; (8) Telephones;
(4) Telegraphs. This report presents a summary for all four industries and
detailed statistics for central electrie light and power stations, The reports for
the other three industries are published separately. ’

Capitalization.—The capitalization figures for the electric-railway, telephons,
and telegraph industries represent the book value (in most cnses the par value)
of capital stock, funded debt, and real-estate mortgages, exeept that morfgages
were not included for 1902, For light and power stations, however, the value
of plant and equipment, not the eapitalization, ia shown. The compilation
has been made in thiz manner in order that the statistics for ¢commercial plants
may he presented on the same basis as those for munieipal plants, from which
it is impossible in many cases to obtain accurate data in regard to capitalization.
- Light and power departments operated by electric railways.—The light and
power industry compriges hoth commercial and municipal central eleetric sta<
tions, including light and power plants operated by electric-railway companies,
At earlier censuses it was impossible in some cases to obtain separate and de-
tailed returns for the light and power departments of electric railways (except
in regard to income), and their energy cutput, capitalization, revenues, ex-
penses, ¢be., were, therefore, credited in those reports entirely to electrie rail-
ways, thus to a certain exient overstating the figures for that industry and
underatating them for the electric light and power industry. The revenues of
theae light and power departments were, however, tabulated separately. (See
footnote 12, Table 1, of present report.) At the censusg for 1922 data for the
light departments of 124 railways were included in the eleciric-railway report.
For 1927, however, it was possible to obtain separate data for the light and
power departments of all electrie railway companies except 17 of the less im-
portant ones, which included their light and power data with those for their
railway operations, Light and power departmenfs making separate returns
have heen treated, for the purposes of this report, as independent light and
power cstablishments. ’ :

Operating and lessor eleciric-railway companies.—The electrie-railway
industry embraces both operating and nonoperating, or lessor, companies.
The lessor companies did not report the numbers and the compensation of
employees, zo that the statistics in regard to employees and their salaries and
wages tefer to operating companies only, The employees of the lessor com-

panies (who are principally of the ealaried class) are, however, relafively few. in.

number, All organization and maintenance expenses of the lessor companies
are included under "Iixpenses’” The duplieation in income and expenses
arising from the paymentf, by operating eompanies to legsor companies, of renials
for lensed roads (reported as expenses by operating companies and as income by

lessor companies) has heen eliminated.
1
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GENERAL SUMMARY

Development since 1902.—The 25-year period covered by the statistics
(1902 to 1927) was one of remarkable growth in the group of electrical industries
as a whole and in each individual industry, except electric railways during the
latter part of it. The value of plant and equipment was more than 5 times as
large in 1827 as in 1902, income nearly 9 times, net income more than 6 times,
number of employees about 3% times, and salaries and wages nearly 9 times.
The rates of increase for various periods are given in Table 1.

In the individual industries the greatest growth occurred in electric light
and power, which inereased more than 1,700 per cent in value of plant and equip-
ment, nearly 2,200 per cent in income, 1,680 per cent in salaries and wages,
and nearly 730 per cent in number of employees, In most respects, but not in
the number of employees or in salaries and wages, it has become the largest
industry of the electrical group.

Telephones rank next in rate of growth, with increases of more than 1,000
per cent in income, nearly 800 per cent in value of plant and equipment, more
than 350 per eent in number of employees, and over 1,200 per cent in salaries
and wages. This industry leads the group in respect of the last two items.

Electric railways are second in number of employees, in salaries and wages,
and in value of plant and equipment. A decrease in income during the 5-year
period 1922-1927 caused them to fall to third place as regards income and to
fourth in rate of increase for the 25-year period. This rate was about 90 per
cent .in number of employees, 400 per cent in salaries and wages, 285 per
cent in income, and 86 per cent in value of plant and equipment.

The telegraph industry, fourth in magnitude as measured by number of
employees, annual income, and value of plant and equipment, ranks third as to
rate of increase in each of these items for the 25-year period.

‘Decreases in numbers of companies, establishments, or systems (Table 1).—
The decreases in the number of central electric establishments between 1917
and 1927 and.in the number of electric railways between 1917 and 1922 were
esused prinéipally by consolidations, and in the number of electric railways
between 1922 and 1927 also by changes from railway to motor-bus operation.
The declinés shown in the number of telephone systems for 1907 in comparison
with1902 and for the period 1917-1922 are apparent, not real, the former having
been ‘due to the establishment of the $5,000 minimum-income limit for 1907
.and thelatter to the increase of the limit from $5,000 to $10,000. (See footnote
-1y ‘Table 1.)
w/Ratesof increase in-numbers of employees and in salaries and wages
(Table 1}.—The advances in:wage scales from census to eensus are brought out
‘gtrikingly by the percentages: of increase in Table 1. For every 5-year period
and. for every industry the rate of increase in salaries and wages was higher or
(forelectric railways-between 1922 and 1927) the rate of decrease was lower
than that in number of employeés; and for the periods 1912-1917 and 1917-1922
the differences ate: pronounced: - The ‘combined rate for all industries for the
25-year period as a whole is more than three tinies as large for salaries and wages
a8 for'number: of employees, and that relating to the 10-year period 1917-1927
ig more than four times as large for salaries and wages as for number of employees.

2




CENTRAL ELECTRIC LIGHT AND POWER STATIONS 3

Rate of increase in value of plant and equipment and in revenue (Table 1).—
With some exceptions, the rates of increase in revenue have exceeded those in
value of plant and equipment. In the period 1922-1927, however, the former
were decidedly smaller than the latter for both commereial and municipal electrie
light and power establishments, for telephones, and for telegraphs, and were
somewhat smaller for the group as a whole. TFor railways both decreased, the
revenue less than the value of plant and equipment, there having been a marked
decline in the last-named item. '

Rates of increase in income and expenses (Table 1).—Until 1922, the rates
of inerease in expenses in general exceeded those in ineome, the net income
having incressed, therefore, at a smaller rate than the gross. In the period
from 1022 to 1927, however, a reversal, anticipated during 1917-1922 in the
electrie light and power industry, occurred, and the income incrensed at a greater
rate than the expenses. The telegraph industry did not participate in the
change during the most recent period; and in the ease of electric railways both
decreased, expenses slightly more than revenune. This is the only instanee, in
any industry of the group and in any five-year period, of & recession in revenue,
and it is clearly due to the enormous expansion in the use of automobiles and to
the cstablishing of public motor-bus lines. (The figures for the electric-railway
industry inelude data for bus lines operated directly by electric-railway companies
but not for independent bus lines or for lines operated as subsidiaries or feeders
for electric railways. Xor 1027, 482 bus lines, operating 2,064 buses were
reported as operated divectly by electric-railway companies.)

Statistics for municipal light and power plants and for telephones can not be
jneluded in comparisons of expenses for 1927 with those for earlier years, since
tho schedules used in canvasgsing such establishments for 1927 did not oall for
data on oxpenses,! As a consequence, the expenses given in the table for the
group as o whole (*‘ Aggregate,” Table 1) for 1927 are not comparable with those
for earlier years. The apparent decrease between 1922 and 1927 would be con-
verted into o large increase if data for the omitted industries were included, and
the apparent inerease in net income would be correspondingly diminished.

During the entire 25-year period revenues increased at a greater rate than
expenses in the commoercial eleetric Hght and power industry, while the contrary
i true for the eclectrie~railway and telegraph industries.

Relative importance of industries (Table 1).~It will be seen from the “Pel‘
cent of aggregate’ figures that the relative tmportance of tha light and pofver
industry has inereased and that of the electrie-railway industry has decreased
from census to census, Until and including 1917 the electrio-railway industry
reported more than half the total value of plant and equipment, and for 1022 it
reported a larger value than any other electrical industry. Tor 1927, however,
the lght and power industry was credited with 53.1 per cont of the total
The increases and decreases in the income percentages are especially noteworthy,;
the percentage for the light and power industry being mueh more than twice
a8 large for 1927 as for 1902, while that for the electric-railway industry was
less than half as large for the later year as for the earlier one. The talaphone
industry also has Increased somewhat in relative importance. ‘

Beoause of the omission for 1927 of certain data on expenses included for emlier
years, the percentages of net income for that year would not be compm'nble with

1 Dato on oxpenses wors collootod from munleipal Ught and powor plants in. olt;iaa hrwingzﬁ 000 Inhabit
antg or more, but not from suoh plants In smaller elties. Thoe expense lmms woro omigted in proparing tho
soliodulos for the smaller munioelpal light and powor oompanlos and for tolaphona dompanlios booauso of the
fmpossibility of ebtalning acourate and complote data for such companles,

'
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those for earlier years. (See second paragraph under “Rates of increase in
ineome and expenses.’’)

Cemparison of prime movers jn light and power plants and in electric-railway
plants, 1907-1927 (Table 2j.—During the period from 1907 to 1927 the horse-
power of prime movers used by central electrie light and power establishments
inereased nearly 800 per cemt. The horsepower in electric-railway plants, on
the other hand, after rising to its maximum in 1917, fell off slightly between that
year and 1922, and during the subsequent half decade decreased by more than
50O per cent to an installation approximately 80 per cent as great as that of 1907.
In the earlier year about 38 per cent of the total horsepower was in electric-
railway plants; in 1927 only 5.4 per cent. The decrease during the last half
deeade is undoubtedly the result of two influences: First, a decrease in electrie-
raflway operation due to the competition of the automobile and in particular of
the public-utility motorbus;? second, the increasing tendency to centralize
elpctrie-power production in favorably located plants operated by electric light
and power companies, which are thus in a position to supply energy to electrie
raflways zs well ag to other large eonsurners.

Light and power compared with railway planig (Table 3).—The energy gener-
ated in lght and power establishments increased greatly from 1917 to 1922
and fraem 1922 to 1927 in each of the nine geographic divisions. The maximum
rate of inerease between 1922 and 1927, 214.5 per cent, was recorded for the
West South Central States, The energy generated in electrie-railway plants,
on the contrary, deereazed in the United States as a whole during each half
deeade, snd during the period from 1922 to 1927 decreased in each geographic
divizion exespt the Middle Atlantie States.

Thiz dees not, however, imply a corresponding reduction in electric-railway
operations. A large portion of the decrease is undoubtedly due to an increase
in the tendeney of elecirie rallways and electrically operated sections of steam
airosds to purchase their energy from power companies rather than to generate
B im their own plants. The report for 1922 does not show separately the sales
by eleetric hght and power companies.of margy for railway operations, so that it
et I bie 1o determine the amount by which such: sales inereased
from: 1922 m 1927, ‘'The increass may not hava been equal to the reduction in
wutpat of eleetrie-rallway planti+ahmost preeisely 3,500,000,000 kEilowatt
Wm&whm it probably went far foward counterbalancing that decrease.

Potal generator rating and electrical output (Table 4).—The total genemtor
tating dhivewn by thiz table covers the installation both in public-utility and in
private plawts. - In addition to the generators in use in central electric light
and power slations, electrie rallways, electrified divisions of steam railroads,
and manufaeturing establishments, a considerable nuwmber-are operated by mines
and guarries, hotels, amusement parks, and other enterprises, principally for the
putpose of generating eurrent for their own use. In some cases establishments
of this kind, such as mines, sell eurrent, and where the quantity sold is sufficient
w t:wmag the establishment under the eontro}l of the Public Utilities Commis-

, peeording to the lawe of the Btate In whieh loeated, the data are included
iu ﬁgﬁﬁm fm- gemiral electric Hght and power stations, The statistics for “igo-
lated” plants vefer, therefore, fo generators of ‘100-kilowatt eapacity or more
W%Eh are oot aperated for the eommereial production of eleetrie current.
colm determining the total energy generated, certain estimates had to be made,
The wtures from manufacturing establishments obtained in the 1927 Census
ol Slaimfactures were substantially eompleté in respect of number and capacity

ﬂ@mzmw@w%%hmm@mw&m #f parsgraph sutithed “ Razes of Ineregss in ineome and expenses,”
hd
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of generators, but were incomplete in regard to output. The generator capacity
reported by the establishments whose returns were complete amounted to a
little more than 80 per cent of the generator capacity for all manufacturing
establishments. It became necessary, therefore, to estimate the output for
generators whose combined capacity was nearly 20 per cent of the total for
manufacturing establishments. This was done on the assumption that the
number of kilowatt-hours generated per kilowatt of rated capacity was the same
for the generators for which no output was reported as for thoge for which the
returns were complete. The estimated part of the output of manufacturing
establishments amounts to approximately 4,000,000,000 kilowatt-hours, or only
about 4 per cent of the aggregate for all classes of establishments,

Light and power compared with all electric installations (Table 4).—The
capacity of generators in central electric light and power stations constituted
71.2 per cent of the total rated capacity of 36,275,001 kilowatts, as reported for
all industries covered by Table 4, and they generated 72.7 per cent of the total
of 102,759,753,811 kilowatt-hours.
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GrowrH oF THE BELEcTrIC Lrcer axp Power Inpusrry: 1902-1927

IThis ddisgram shows the relative rutes of Increase or decrease for the leading factors during the period from
1903 to 1427, All increases are shown with reference to 1902 except for number of customers, which item
wis first reported for 1007, For the purpose of ealeulating the rate of increase in total expenses during
the perind from 1922 to 1927 it was necessary to estimate the expenses of municipal establishments for

~ the later year, (See *Commerelal and municipal,” p. 14,3 This estimate was based on the assumption

B g% th;x;nltxo between expsnses and income for rounieipa] establishments remained unchanged from

I Lo 1527
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CENTRAL ELECTRIC LIGHT AND POWER STATIONS
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12 CENSUS OF ELECTRICAL INDUSTRIES: 1927

TapLe 3.—CURRENT (ENERATED, KILOWATT-HOURS, BELECTRIC LIGET_AND
Powgr ESTABLISHMENTS, AND ELECTRIC RAILWAYS, BY GeograrHIC DIvi-
soxs: 1027, 1922, axp 1917

1‘ Light m;dh pow?r
DIVISION ngasgs | Total 3 ?g{ﬂ;};s g{;ﬁ:{‘rii Flectric railways

| and composite)
United SLALES.werm vmmmmenmrrae 1927 77, 662, 241,303 74, 686, 378, 010 9, 975, 863, 203
' s 1022 46, 764, 987, 136 . 40, 291, 536, 435 8,473, 450, 701
1917 32, 678,806, 061 | 25, 438, 303, 272 7, 240, 502, 780
New England . oooomvercemeeen N 1927 5, 228, 269, 050 4,750,193, 832 478, 075, 424
ov EIE 1022 3, 508, 451,245 | 2,969, 971, 441 628, 479, 704
1917 2, 642, 446,330 1, 835, 584, 072 8006, 862, 258
Middle Atlanticecccecmmeemvnmoremonoe 1927 21, 004, 636, 133 19, 281, 644, 834 1,812, 991, 209
1922 12, 459, 7496, 668 10, 765, 515, 044 1,604, 281,624
1017 0, 331, 673, 441 7, 659, 317, 763 1, 672, 355, 678
East North Central...o..oveoremmrars 1927 18, 368, 146, 055 18,211,804, 585 " 154,251,470
1022 10, 781, 058, 214 9, 368, 260, 227 1,412, 797, 987
1917 7, 532, 355, 405 ‘ 5, 757, 150, 135 1,778, 208, 270
West North Central. . ..oueemmmmemme 1927 4,868, 765,906 | 4, 549, 263, 907 319, 501, 990
1422 3, 584, 644,522 2, 968, 756, 855 615, 887, 667
1917 2, 454, 144, 137 } 1,776, 475, 523 677, 668, 614

|

£outh AUSIHC .~ e amreeeceeommecsmenn 1927 8, 486, 453, 712 8, 445, 216, 788 41,236,924
1922 4,928, 310, 894 3, 789, 434, 356 1,036, 876, 538
1017 2, 587, 663, 188 1, 745, 205, 143 842, 208, 045
East Bouth Central o ecemmvereea- 1927 2,839, 442,342 2,777,208, 044 55, 174, 208
1022 1, 545, 083, 014 1,419, 833, 684 125, 260, 230
1017 1, 252, 280, 629 1,048,814, 771 203, 465, 858
‘Weet South Central...oooeecemeemne 1027 3, 348, 057, 716 3,275,021, 117 71, 036, 599
1022 1, 403, 620, 350 1,041, 392, 651 452, 297, 699
1917 788, 185, 132 482, 645, 862 305, 539, 270
Menntain 1027 | 3,433, 146, 636 3,389, 551, 356 43, 595, 280
1922 2,817,937, 714 2,209, 444, 184 © 108,498, 550
1017 2, 135, 049, 160 2,036, 194, 737 99, 754, 432
Pacific 1027 10, 008, 323, 747 10, 008, 323, TAT {vemmmeeczmmcomas
1922 158, 083, 625 5, 758, 928, 013 309, 155, 612
1917 3,054, 108, 830 3,096, 825, 266 857, 283, 364

Tasie 4.—CGENERATORS, NUMBER aND Caraciry, aNp OvurpUT OF ELECTRIC
CURRENT, FOE THE BLECTRICAL INDUSTEIES, MANUFACTURING ESTABLISH-
'ixg*mng‘?fns‘, AND IBoLaTED PLANTS,! BY GEOGRAPHIC DIVIBIONS- AND STATES:

GENERATORS
C&irfent Eg:xﬁerate)d
Rated capacity owatt-nours
Number (kﬂowzlx)tts)

Unrrep Srates, total 1 35,338 | 36, 275, 001 102, 759, 758, 811
,DWEWWde light and power stations. ... . ...nns 11, 3% 2%, 2%1, 205 74, 686, 378, 010
Electrified divistons of siaam rafiFoads. 64 358, 585 844,780, 315
Mannfacturing egtablishments_ ... R 19,028 7, 845, 685 .20, 558, 426,000
Teolated plants ! . 3,860 1, 288, 772 3, 604, 308, 193
&mgmvgm ‘mvdmrms: ’

‘ow Englan 3,880 3,538,788 7,567, 722, 431

Wl}? At}a?gtm-“; ..... 8,799 9, 792, 991 23, 616, 82%: 115
Ea t v.worth e remmacerenranearanaanas 8,355 9,023, 224 28, 234. 130, 767
B&z erth Centra 3,015 2,627,252 8, 107, 567, 671
ey Aﬂa&xgﬂ 8, 294 4,027,014 10, 758, 8689, 050
Es yath Central, 1, 593 1,262, 543 8, 768, 200, 963

ezt South Central.._.. - 2,607 1,442,315 4, 236, 225, 490

¥ Mines spd guarries, hotels, amneement parks, apariment houses, theaters, office buildings, ete., which
operatest generstors of 100-kilowatt capacity or more, S L D. 4. ! & 8L
T Eeinitod e parn. B tort, p, £ 1Y o more.  See fext, -4 '



CENTRAL ELECTRIC LIGHT AND POWER STATIONS

TasLe 4.—GENERATORS, NUMBER
CURRENT, FOR THE ELECTRICAL
MENTS, AND IBOLATED PrLANTS,!

1927-—Continued
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AND Caracrry, AND Ourpur OoF ELECTRIC
INpusTriEs, MANUFACTURING ESTABLISH-
BY GEOGRAPHIC DIVISIONS AND STATES:

GENERATORS
C&Heut gtarﬁemte)d
Rated capacity owatt hours,
Number | iiowatts)
GEOGRAPHIC DIVISIONS—Continued.
Mountain...... e ———— 1,470 1,342,790 4,437, 541,120
Pacifie. - 1,425 8,117,183 10, 983, 174, 204
NEw ENGLAND:
aine. ... ... - 301, 586 078, 843, 766
New Hampshire...... - 412 279,878 679, 847, 082
Vermont. - 258 173, 570 409, 319, 495
Massachusetfs. . 1,691 1,769, 3,313, 270, 365
Rhode Island. —- 312 333, 463 670, 668, 445
Connecticut 763 681, 210 1,515,773, 278
MIDDLE ATLANTIC:
New York.. . 3,344 096, 609 13,852, 004, 969
New Jersey._..—__. 1, 468 1, 137, 560 2,893, 234, 235
Pennsylvania. . _...._.. - 3,989 3,958,822 11, 870, 182, 911
EasT NORTH CENTRAL:
[ 3 2, 001 2,579, 717 7, 244, 404, 108
Indiana 1,058 1,104, 281 3,008, 574, 864
Tlinois_-.-. - - 2, 249 2,813, 631 7, 586, 283, 032
Michigan._ 1, 665 1,838, 939 &, 789, 716, 408
Wisconsin - —— 1,382 880, 656 2, 597, 151,
WesT NoRTH CENTRAL’
inNesota. . .o reesmrc e ceccccman e 704 617, 382 1,341, 119, 448
Towa._. .- 627 601, 128 1,841, 302, 227
Missouri. ———— 865 208 1, 224, 779, 130
North Dakota - 201 40, 492 406, 194
South Dakota. 213 63, 397 143, 936, 715
Nebraska. €08 218,124 491, 447, 070
KANSHS. v ccmommmrm e ammamm e e 697 420, 521 '
S8oUTH ATLANTIC
Delaware 89 58, 098 280,
Maryland, . ____ 301 431, 407 1,012, 870, A32
District of CoUMbIA. —om - oooooooooooemmmemmn 82 179, 202 , 644,
Virginia. oo o 503 036 1,417, 662, 830
West Virginia 576 812,881 2, 525, 069, 517
NOrth Caroling o oo ceecrimecnvrmrmmmncnmm e 498 822 2,233, Ti%, 528
South Carolina..cnw.. - 335 580, 796 1, 204, 584, 057
- 508 46, 978, 583, 125
Florida,... . — 402 345,788 605, 386, 572
Eazr Bourn CENTRAL:
Kentucky. wwm——— 454 390, 744 876, 012, 584
TONNEEBOR. .o eecee s mm e mmmmmm e mm 477 420, 221 1, 189, 585, 502
Alabamsa 284 440,043 1,518, 993, 541
Mississippi 378 110,935 183, 549, 338
WesT SouTH CENTRAL:
Arkansa 331 118, 152 220, 820, 148
TAOUISIATIR e e cm e o 538 208, 989 915, 252, 280
Oklahoma —— 470 281, B47 855, 910, 686
Texas - 1,218 743,327 2, 204, 242, 376
MOUNTAIN:
AMONEANA. e cwn e mm e m e -- 155 277, 048 1,422, 578, 701
Tdaho.____. —— 170 895 753, 500, 710
Wyoming . - - 240 59, 195 131, 946, 610
[ L U 350 281, 187 745, 529,031
New MexXIC0. uuerenr o e crw e wm e e 143 41, 875 67,139, 219
Arizona . 168 03, 338 774, 55T, 166
Utah, - ———— 138 148,727 375,421, 540
Nevada e eamn———— a7 37,525 166, 868, 144
PACIFIC:
Washington 396 768, 370 2, 514, 329, 899
Oregon., 237 275, 068 1, 040, 067, 576
California —— 792 2, 088, 745 7,428, 776, 729

For footnote 1, See p, 12.



CENTRAL ELECTRIC LIGHT AND POWER STATIONS
GENERAL EXPLANATIONS

Definition of establishment.—In this report the term “establishment’ has
been used to signify the plant or plants and equipment operated under a single
ownership. It may comprise one or more generating stations, together with
distributing equipment; or it nitay comprise generating equipment only, in the
cage of establishments which sell their entire output to other establishments for
distribution; or it may consist of distributing equipment only, in the case of
establishments which purchase their entire output. Thus the number of estab-
lishments (4,335 in 1927) differs considerably from the number of separate gener-
ating stations (4,801}, and the latter is more than twice the number of establish-
ments generating all or a part of their current.

Character of establishments canvassed.—The statistics in this report relate
to all commercial or municipal publie-service plants which were engaged during
any portion of the calendar year 1927 in the generation and distribution of electric
current to public or private consumers for light, power, and heat; or in the
generation of current for sale in bulk to electric railways or to other light and
power establishments for distribution; or in the distribution of current generated
by plants under other ownership.

The large group of so-called ‘‘isolated” plants operated in connection with
mines, factories, hotels, amusement parks, etc., or plants operated by the Federal
government or by State governments, or plants which were idle throughout the
year or were in process of eonstruction at the end of the year, were canvassed by
meang of a short and simple schedule. Statistics for this group are presented in
Table 27 but are not included in any of the other tables.

Classification of establishments.—In this report the light and power establish-
ments are clagsified in four ways for the purposes of statistical analyses:

{1} Commercial and municipal.-——This is the most common grouping. Estab-
lishments of the former class are operated by corporations, firms, and individuals;
those of the latier, by munieipalities. It is worthy of mention that municipal
establishments issue no capital stock and rarely pay taxes. The schedules gent
to the smaller municipal establishments did not eall for data on operating expenses
for the reason that, because of disgimilarities in accounting methods, the resulting
statistics would not be comparable with those for commerecial establishments.
The schedule used in the canvass of municipal plants in cities having 25,000 inhab-
itants or more did, however, include this item. (Municipal establishments in
¢ities having 25,000 inhabitants or more were canvassed by the same schedule as
wag used for commercial establishments.) The results are presented in Tables
66 and 69 of this report.

{2y Purely electric.and composile—The purely electric establishments are those
engaged solely in the generation or in the distribution, or in both the generation
and the distribution, of electrical energy. The composite establishments are
those which earry on other industrial activities in connection with electric service,
such ag the operation of waterworks, the manufacture of gas or of ice, the operation
of electrie railways, ete. In some cases an establishment of this character keeps
only‘one system of accounts, and as a result it was impossible to obtain exact data

14



CENTRAL ELECTRIC LIGHT AND POWER STATIONS 15

for the light and power business geparaiely from the other lines of work curried
on. Where the nonelectrical business was merely incidental to the operation of
the light and power plant, the report was accepted, with or without data covering
such business, in accordance with the system of accounting employed by the
reporting company. Where the noneleetrical business was of considerable im-
portance, careful estimates were obtained, if possible, in order that the data
might relate only to the operations of the light and power plant; but in a few
cases of this kind it was found impracticable to make a satisfactory segregation of
the data for the cleetrical business, and in such cases the returns necessarily
covered all the activities of the establishments reporting.

When income was reported from steam heating, usually by surplus steam, no
attempt was made to segregate the data for heating from those relating to electrie
service; and, since the sale of electrical supplies and the wiring of buildings, ete.,
form a part of the business of many light and power companies, the income from
such sources was also included. Plants whose nonelectric income was derived
only from these sources are not regarded as composite, and the income in question
has invariably been tabulated under ¢ All other sources.”

(3) Generating and purchasing.—Generating establishments are those which
produce all or any part (even though a minor part) of their output in their own
generating stations. Purchasing establishments are those which purchased all the
current distributed by them during the census year, even though they may have
maintained generating equipment not in use. For the latter class, as compared
with the former, the investment is normally much smaller in proportion to the
amount of business done, and the statistics are in general much less complex.

(4) Hydroeleciric and other.——No attempt has been made in this report to make
an arbitrary clagsification of establishments into two mutually exclusive groups,
one hydroelectric and one otherwise designated. Instead, in view of the fact that
more than two-thirds of the industry’s water-power development is found in
establishments operating both hydroelectric and fuel-burning plants with widely
varying ratios of rated power, statistics are presented in several groupings. These
groupings are used in order to make possible a variety of comparisons, both
between the groups and with previously published statistics, and therefore in
sormae instances they overlap. The group “ Establishments reporting water power
of 1,000 horsepower or more” is presented for comparison with the “Hydro-
electric establishments’’ for which statistics are given in the report for 1922.
In the census for 1922 the group of establishments not classified as hydroelectric
comprised (@) those which derived their power solely from steam engines or
turbines or internal-combustion engines, (b) those which utilized any of these
classes of primary-power machines and, in addition, water wheels or turbines rated
at less than 1,000 horsepower, and (¢) those which employed water power only
but reported less than 1,000 horsepower.

Alocation of establishments to States.—In compiling the statistics for geo-
graphic divisions and for States each establishment which generated all or any
part of its output was allocated to that State in which all or the greater part of
the output-of its generating stations was produced, and each establishment which
purchased its entire output was allocated to that State in which its distributing
station or stations were located, or, if it distributed in more than one State; to
that State in which the greater part of its current was distributed; -Thus it was
sometimes necessary to allocate an establishment as a whole to a.State in which it
generated, or in which it distributed, only a part of its output, Moreover; in
many cases an establishment, even though its entire output was .generated or
distributed in a single State, served customers in one or more adjoining States.
The data for prime movers, generators, transmigsion lines, fuel. consumption,
energy output, energy disposal, customers, and revenue from disposal of energy
were, however, reported separately for each. State. :



16 CENSUS OF ELECTRICAL INDUSTRIES: 1927

Area and period covered.—The censug of electric light and power plants
covered the 48 States and the Distriet of Columbia, no ecanvass of the outlying
possessions having been made. The statistics compiled from the returns of the
recent census relate, as a rule, to the calendar year 1927. 1In some cases, however,
returns were accepted for figeal years ended late in 1927 or early in 1928, when it
did not seem practicable to obtain accurate figures otherwise. Data have also
been ineluded for certain establishments which were in operation during periods
of less than 12 months, namely: (1) New plants which began operations at some
time within the calendar year; (2) plants which suspended operations during a
part of the year because of accidents or for other reasons; (3) those which passed
out of existenee within the yvear; (4) those which were succeeded by other plants
within the year. For the last-mentioned class, bowever, combined returns were
prepared representing the entire vear's operation.

The statisties in regard to equipment and the bhalance sheet relate to December
31, or to the last day of the business vear covered by the report of each establish-
ment. The number of employees was reported as of June 30, or the nearest
representative day.

Earlier censuses.—The census of electric light and power stations has been
taken at quinquennial intervals, beginping with 1902, Prior to that year, how-
ever, two partial canvasses of the industry had been made. The first, which was
made in eonnection with the census of manufactures in 1890, covered only the
State of New York and the city of St. Louis. At the second, which was made by
the Commissioner of Labor in 1898, returns were obtained from 320 of the 460
known munieipal plants and 632 of the 2,572 coramercial plants then in existence.

The schedules used at the six quinquennial ecanvasses were similar in general
seope, but numerous ehanges in detail have been made from census to census.

The most important revisions which appesr in the schedule for 1927 as com-
pared with that for 1922 are: (1) An extension of the provision for engineering
data and (2) the omission of data on substations and on the operating expenses
of municipal establishments in cities having fewer than 25,000 inhabitants.
{Munieipal establishments in cities having 25,000 inhabitants or more were can-
vaggsed by the same schedule as was used for commereial establishments.) The
former change compriges a more detailed classification of prime movers, of gener-
ators, of transmission lines; a more defailed alloeation of the energy output among
the various elasses of consumers; a classifieation by source; and the addition of
statistics on fuel consumption.

Light, heat, and power.—Since in the cases of many customers using current
both for light and for heat and power only one meter is used for measuring the
congutaption, it is impossible to show a complete distribution of current consnmed
In these two classes of service. Domestic service, while consisting largely of
lighting, also includes the operation of small appliances in which current is used
for heat and power. Moreover, there is evidence that this formrof applieation of
electrical energy is inereasing, probably at a more rapid rate than is the use of
energy for lighting in the home,

Commercial service iz divided into two groups, *“Small light and power (retail) "’
and “Large light and power (wholesale}.” On the whole, lighting predominates
in the former whereas it accounts for but a smail percentage of the energy con-
sumed under the latter heading. Energy sales at wholesale to ultimate con-
sumers are almost invariably made for industrial purposes, i. e., the operation of
mills and factories and, in cities, the lighting of large office buildings. They
include electrieal energy used for therinal or electrochemical processes.

Free service.—In earlier eensuses an estimated value was put on free gervice
rendered by establishments in supplying energy for lighting streets, parks, and
public buildings. In the present report the amount of energy used for free
sarvice is stated (Table 23}, but no value has been assigned to it.



Chapter L.—GROWTH OF THE ELECTRIC LIGHT AND
POWER INDUSTRY

The most obvious c¢haracteristic of the electrie light and power industry during
the past 25 years has been its uninterrupted growth in magnitude from census to
census (Table 5). This has been accompanied by a continual increase in mech-
anization and in the size both of the individual plant and of the generating units,
involving a decided decrease in the number of establishments during the last
decade of the period under review and an even more striking decreage in the
number of thoee establishments which generate all or a part of their energy (as
.distinguished from those operated entirely on purchared eénergy). The group of
establishments generating all or a part of their energy decreased from 4,389 to
2,331 during the final 5-year period.

Thus, comparing 1927 with 1902, thé number of kilowatt hours generated was
30 times as large; the kilowatt capacity of generators, 21 times; the horsepower
of prime movers, 19 times; the value of plant and equipment, 18 times; and the
number of persons employed, 8 times. The customers were 11 times as numerous
in 1927 as in 1907. (The number in 1902 was not reported.)

In this remarkable growth both classes of establishments, municipal and com-
mercial, participated at an almost equal rate, so that the proportions between
the two have not changed radieally in 25 years; in the latter part of the period
the rate for commercial has in most respects been somewhat greater than that
for municipal systems. In 1927 the former generated 95.5 per cent of all the
energy, had 90 per cent of the customers, and operated about 94 per cent of the
prime-mover horsepower. Numerically, however, more than half the establish-
ments were municipal, their average size, therefore, being much less than that
of the commercial.

Although the horsepower of prime movers was 19 times as large at the end of
the period as at the beginning, the number of units increased only 61 per cent,
the average rating per unit having been about 12 times as high in 1927 as in 1902.
In the case of generators, the rate of increase in average rating per unit nearly
kept pace with that in the total kilowatt capacity, so that, although the combined
eapacity was multiplied by 21, the number, 12,000 in 1927, did not depart by
more than 12 per cent from this figure at any enumeration within the 25-year
period.

Total revenue and revenue from electric service (Table 5).—Total revenue
includes, in addition to revenue from electric service, the net income from other
than operating sources for purely electrical establishments and, for composite
establishments, the net income from the operation of other utilities. In each
group the revenue has greatly increased during each 5-year interval of the entire
25-year period. For the industry as a whole the growth in energy outpuf has
been even greater, except between 1917 and 1922, when a general rise of ecom-
modity prices occurred. Although the net nonelectric revenue has been incréas-
ing, and although it was nearly three times as great in 1927 as in 1922, it still
constitutes only about 8 per cent of the total. For purely electric commercial
establishments it was less (4.4 per cent). The larger ratio (10.8 per cent) for
composite commercial establishments is accounted for in part by the $85,248,300
(Table 25) net revenue from the operation of other utilities. o7
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For municipal establishments, both purely electric and composite, the same
figures appear in Table 5 for total revenue and for revenue from electric service.
The schedules sent to munieipal establishments in cities having fewer than 25,000
inhabitants did not call for data on nonelectric revenue. From the statistics for
the larger cities (Tables 68 and 69) it appears that their nonelectric revenues
amounted to $1,664,620, which is about 3 per cent of the total revenues for this
group. Of this, by far the larger part came from the operation of other utilities;
the nonoperating revenue was only $202,861. Since the electrical bureaus of
municipalities do not in general engage in the merchaindising of appliances, the
omission of such data for the entire municipal group does not seriously affect the
conclusions to be drawn from the statisties.

Revenue compared with investment (Table 14).—Compared with most other
industries, the value of plant and equipment in the electric light and power
industry per dollar of annual revenue is large. It has varied from census to
census, but except in 1922 more than $5 worth of plant was required to earn a
dollar of revenue. From $5.88 in 1902 the amount rose to $7.31 in 1912, fell to
$4.31 in 1922, then increased again to $5.09 in 1927. An unusually large fraction’
of the earnings is therefore consumed in meeting capital charges.

Steam and water power (Table 7).—The ratio of water power to power in other
forms for the operation of prime movers has not varied greatly since 1907. Horse-
power in hydroturbines constituted about 28 per cent of the total in 1927. This
was the minimum for the 20-year period; the maximum was 33.1 per cent for 1917,
In 1927 more than 68 per cent of the total horsepower was in the form of steam
turbines, The horsepower in steam engines has decreased at each successive
censug sinee 1912. The horsepower in internal-combustion engines has been
increasing rapidly, but still constituted only a very small proportion of the total
in 1927—approximately 1.5 per cent.

Growth in plant and output (Tables 7 and 11).—The installed horsepower in
central electric light and power plants has increased far more rapidly than the
population, having risen from 0.02 horsepower per capita in 1902 to 0.30 in 1927.

The energy generated has also increased at a much more rapid rate than the
population. During each of the first three S-year periods it approximately
dpubled; during the last two it inereased at a somewhat less. rapid rate, but
nevertheless rose in 1927 to 630 kilowatt-hours per capita. It isto be particularly
noted that this figure takes into account epergy generated by central electric
light and power establishments only; it would be considerably larger if data for
the output of the various other producers of electrical energy were included, as .
in Table 4.

The number of kilowatte of capacity per employee inereased from 40 in 1902
0 103 in 1927; the output per employee, from 82,700 to 297,500 kilowatt-hours;
and the number of customers per employee, from 41 in 1907 to 87 in 1927. (See
Table 15.) ‘

Inerease in size of prime movers (Tables 7 and 8).—The average size of prime
movers hag inereased rapidly, particularly during the last five years, when the
eombined average for all prime movers almost doubled. The increase occurred
in all types, but is most noteworthy in the cases of the predominant types, steam
turbines and hydroturbines. Steam engines have in large measure been super-
seded by steam turbines, the former having decreased in both number and horse-
power during each 5-year period since 1912, while the horsepower of the latter
multiplied eightfold and the number nearly trebled between that year and 1927.

Prime movers directly connected (Table 6).—In 1902, when it was still to some
extent the practice to drive several generators by belts and shafting from one
steam engine ar water wheel, the generators outnumbered the prime movers by
nearly 60 per cent. By 1917, direct connection of prime movers to generators
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was the rule, with consequent elimination of mechanical-transmission losses; and
from that time on the number of prime movers at each census has been nearly
the same as the number of generators. .

Power other than from steam (Table 7).—Water power first increased, then
decreased, in relative importance. Hydroturbine horsepower rose from 23.7
per cent of the aggregate in 1902 to 33.1 per cent in 1917, then fell to 27.8 per
cent in 1927. Horsepower in internal-combustion engines constitutes 1.5 per
cent of the aggregate. It rose from 0.7 of 1 per cent in 1902 to 1.4 per cent in
1907, since which year there has been little variation in ifs proportion of the aggre-
gate. In average size, internal-combustion engines are the smallest prime movers.
In the central-station field their most important application is in providing
service in small communities not reached by transmission lines.

Fuel consumption (Table 9).—Bituminous cosal, constituting 84.6 per cent of
the total in 1927, is and always has been the most important fuel. Next in order
come natural gas, anthracite, and fuel oil with its derivatives. The use of the
last-named class of fuels was about 16 per cent greater in 1927 than in 1917, but
muech less than in 1922, whereas the use of gas has been increasing rapidly,
having more than trebled in the final 5-year period. In fact, the increase in the
use of gas much more than counterbalanced the decrease infuel-oil consumption.

Predominance of alternating-current generators (Table 10),—Although the
aggregate generator rating was twenty-one times as great in 1927 as in 1902,
direct-current installations, after increasing slightly between 1902 and 1907, have
since decreased from census to census, until in 1927 they contributed only 1.1 per
cent of the total generator capacity, as against 39 per cent in 1902. The fre-
quency of 60 cycles per second predominates to the extent that the capacity
at that frequency constitutes 84.2 per cent of the total, leaving 10.6 per cent at
25 cycles and the remainder at other frequencies.

Customers and ultimate consumers (Table 12).—The number of ultimate con-
sumers is very nearly equal to the fotal number of customers. In 1927 the dif-
ference between the two was less than 4,000. In earlier years it was undoubt-
edly smaller, because the practice of intercompany sales on the part of generating
companies and of the purchase of energy at wholesale for resale by local private
or municipal establishments iz of comparatively recent growth. The lack of
statistics on the number of ultimate consumers for years prior to 1927 may
therefore be safely ignored.

Sales to ultimate consumers (Table 12),—Sales to ultimate consumers nearly
doubled between 1922 and 1927. An analysis of the increase by classes is imprae-
ticable. The clasgification used for 1927 was much more detailed than those for
earlier census years and differed from them in that it provided not merely for a
subdivision of older groups but in part for a different allocation of energy to
conform to more modern accounting practice.

Reduction in transmission losses (Table 13).—The growing concentration of
power-producing equipment in large plants, some of them at a distance from
centers of consumption, and the increasing interchange of energy between sys-
tems made possible by interconnections, reflected in the large total of enmergy
purchased for resale, might be expected to lead to an increase in transmission
and distribution losses. The contrary is the fact, however. In 1922 losses in
transmission, ete., constituted 17.3 per cent of the energy generated by the
electric light and power industry plus that brought into it from other sources;
but in 1927 the corresponding percentage had fallen to 15.9.

Kilowatt-hour output per kilowatt installed (Table 5).~~During the 25 years
covered by the several censuses the annual output per kilowatt of generator
capacity has risen from 2,070 kilowatt-hours in 1902 to 2,890 kilowatt-hours in
1927. These figures represent 23.6 per cent and 33 per cent, respectively, of the
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possible output if the entire equipment had been operated continuously at full
load throughout the year.

The total installed eapacity on a system is determined by the mazimum load or
demand at any given time plus a suitable allowance for reserve, including reserve
for water-power plants to meet the contingencies of an inadequate water supply.
The output is determined by the total energy taken during the year by all users
plus the inevitable losses. Since the maximum demand continues during only
a small part of each day, it follows that the actual output is in general much less
than that which might be obtained from the generating equipment if it were
operated continuously.

The increase in the output per kilowatt of generator capaeity is to be aseribed
mainly to the fact that the use of electric power has increased much more rapidly
than the use of electricity for lighting. This has contribhuted materially to the
reduction in the price at which energy is sold.

Value of plant and equipment compared with rated capacity and revenue
(Table 14).—Notwithstanding the generally higher level of commodity prices in
recent years, the average value of plant and equipment per kilowatt of generator
capacity ($360) was materially less in 1927 than in any census year prior to 1917,
No great variations occurred from 1902 to 1912, in which year the average was
$421. The minimum reported was for 1922, A factor contributing to the sub-
sequent increase may be found in the large amount of transmission-line construe-
tion that has taken place in recent years. This in turn has helped to make
possible the larger output per kilowatt of rated generator capacity.

Employees, salaries, and wages (Table 15).—During the quarter century the
number of employees of commercial stations multiplied ninefold and their salaries
and wages about twentyfold. The change was accompanied by a pronounced
shift from the wage earner to the salaried class; in 1902 the latter constituted
less than 23 per cent of the total number; in 1927, 41 per cent.

As in other industries, the output per employee has been increasing, for eight
times a8 many employees generated thirty times as much energy in 1927 as in
1902. The explanation is, of course, to be found chiefly in the progress of mech-
anization, which has been applied in all departments, whether in the form of
automatic stokers in the boiler room or of office machinery in the accounting
divigion. The rate of inerease during the latest 5-year period fell slightly below
that for 1907-1912, but much exceeded that for any other similar period.

The statistics on employees in the several groups shown in Table 2, purely
electrie and composite, commercial and municipal, do not readily lend themselves
to valid somparisons because of changes $hat may from census to census have
ocourred within and between the groups, as, for instance, the varying proportions
of operations on generated and on purchased energy, which would affect the
number of employees for generation and transmission,
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CENTRAL ELECTRIC LIGHT AND POWER STATIONS 25
TABLE 6.—SUMMARY: 1902 w0 1027
. 1927 1922 1817
umber of establishments. o cceeccrmemmmmcrara e 4,335 £, 355 8, 542
Generating all or part of curren 2,331 4,389 5,124
Purchesing all current...ce-.-- 2,004 1,966 1,418
umber of separate generating stations. ceooeooooooeen 4,801 5,444 5,952
alue of plent and equipment..-. .eo-- 139, 207, 458,356 | $4, 465,015,001 | $3, 000,392,141
stal number of persons employed. 251, 020 150, 762 105, M1
:ime movers;
Number of units 12,030 13,242 13,795
Rated capecity, horsepower- 35, 710, 128 19, 850, 860 12, 936, 758
snaralars: .
Numbero e oceean 11,967 . 12,701 § 13,428
Rated capacity, Kilowatts- - cemomoomcommacmre e 25,811,305 ¢ 14, 313, 438 8, 004, 407
1rrent generated, kilowatt-hours. 74, 686, 378. 010 | 40, 201, 536,435 | 25,438, 303, 272
irrent sold, kilowatt-hours- 79, 011, 210, 618 | 41,964, 785,034 @ 25, 751, 564, 800
amber of CUSIOMETS «omo.- 21, 700, 238 12,709, 868 ‘ 7,178, 7
' 1
1912 1907 1502
1mber of establishments. - ceaverocrmceoocermmramencann 5,221 4,714 3,02
Generating all or part of current. 4,648 4,487 ®
Purchasing all CUIZEDE. < cvarewmemcacme s emaaa 575 227 ®
1mber of separate generating stations. . .oceuo—- ® ) ! &)
\lue of plant and equipment . ... cccrmemimmmmacmaennan $2, 175,678, 208 | $1, 006, 918, 622 $5604, 740, 852
ital number of persons employed - v ooocceereaonnn 79, 385 47,632 30,326
ime movers: '
Number of units. —occcvmmrvaereen mmmm e 11, 902 10, 998 7,850
Rated capaclty, horsepower. - oo cromemeorcaecnn 7, 530, 044 4,098, 188 1,845,048
werators:
NUINDOL . ce oo mmmmmmwmam e se s m i i 12, 610 12,173 12,484
Rated capacity, Kilowatts. -oomeeeecmmmcecnacecomnnn | 5,165,438 2,709, 225 1,212,285
rrrent generated, KloWatt-NOULS o cevc o mmmmeumnnenann i 11, 569,109,885 | 5,862, 276,737 | 2,507, 061,115
irrent sold, kilowatt-hours___... PO * ?’3
mmber of customers 8, 837, 518 1,946,979 T
Includes $902,057,270, value of plant and equipment owned by companies engaged fn the o tion of
ctric Light snd power plants and other public utilities, not distributed among the several utilities.

Not reported.

ABLE T.—PriME MoveErs—NUMBER AND Rarep Homseeower, BY TYPE,
AvL EsTaBrisgMENTS: 1902 To 1927

AGGREGATE STEAM TURBINES % STRAM ENGINES
CENSUS YEAR :

Number | Horsepower | Number | Horsepower | Number ‘Horsapowa

12,030 | 35,710,128 2,864 | 24,323,304 | 2,267 004, 27

13,242 19, 850, 860 2,330 12, 354, 551 4,175 1,871,296
13,795 12, 936, 766 1, 600 6, 747,309 5 788 1, 703,677

11, 80! L 530, 1,084 3,054,306 6,813 1, 805, 382
10, 4,008, 188 377 g17,40| 7,677 1,875,888

7,850 1, 845, 048 O] | O] 6, 206 1,304,305

INTERNAL-COMBUS-
TION ENGINES HYDROTURBINES Horses-
CENSUS YEAR - : Population ? "%::‘
orse- -
Number power Number | Horsepower capita

U, 3,177 548, 288 3,722 9, 844, 263 118, 628,000 0.80
3,268 402, 625 3,481 5 822,018 109, 803, 000 18

2,934 210, 408 3,874 4,277,273 102, 173,000 .13

1,116 111, 0356 2,939 2,408, 281 85, 007,000 .08

463 56,828 2,481 1,342, 087 87, 458, 000 .05

185 12,181 1,39 438, 472 79, 385, 000 02

For 1902, data for steam turbines were included in figures for steam engines.
Burean of the Census estimate as of July 1 for all years.

2105—30-——3
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Tasre B.—Prime Movers—Averace Size, BY Tves, Avur ESTABLISHMENTS:
1902 ro 1927

]
Internal-
Steam Steam Hydro-
Aggregate - combustion
fEe | obins | epche (fuing”| et
power) power) power) g;%ver)' power)
1927 . ous | 8,493 439 173 2,046
1922 Ti% 5 302 38 93 1,673
938 3,971 204 72 1,208
633 2, 054 278 99 0
373 | 2,168 265 121 544
235 fi 233 “ 315

1 Data for steam turbines were included in figures for steam engines,

TamLe 9.—CoNsumprioN or Fpmn, By Kinp, Aiun EsrasrisEMeNts: 1927,
1922, anp 1917

Unit of measure 1927 } 1922 1817
Anthracita
Ton (2,240 1bs)...| 1,787,003 1, 638, 444 2,180, 183
Bltuminous 008l e eeceravene 'rondg”,ooo hed e es1, e 24, 4§§i a1 19, 35,090
i 0L emmrmns 1, X
glgg} ail, kerozens, or gasoline. . . 7,145,798 | 11, 8585, 969 6, 158, 219
Manufactured
- tﬁﬁx’&c 30018 ) 20,174,385 | 14,109,204
o consiimed, estimal ) 215, ,
ghal oSl ted in equiva- 42,216,242 | 30,200,520 | 24,038,709

t The quantities of the several fuels other than coal have been reduced to their squrivalents in tons (o f
2,000 pounds) of coal by the use of the following ratios supplied by the Burean of Mines: Oil, 4 barrels;
natural gas, 23,000 cubic feet; manufsctured gas, 45,000 cubic feet; coke, 1.15 tons.,

TasLe 10,—GENERATORS—RATED CAPACITY, BY TYPE, ALL ESTABLIBHMENTS:
1902 7o 1927

KILOWATT CAPACITY OF GENERATORS
CENBUS YEAR . ire

Alternating- Dlirect-

Total current current
B S 25,811,305 || 125 537, 726 273, 570
o 14,313, 438 13,972, 505 340, 938
1. T 8,994,407 8, 567, 720 436, 857
xe12 0 5,166,430 || 4 689,190 476, 240
1007 2,700, 225 2,221, 773 487, 452
, RS 1,212,235 736, 304 | 475,981

25-0ycle; 2,743,128; 60-0ycls, 21,744 481; other treqmcies, 1,050;122
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TaBLE 11.—CURRENT GENERATED AND CURRENT REecEIVED F¥ROM OTRER

Sources, AND GENERATED OUuTruT PER CaPira, ALl ESTABLISEMENTS: 1902
TO 1927

OUTPUT (RILOWATT-HOURS) Gener-
ated
output
CENSUS YEAR Populationz | P&
Received from capita
Total { Generated other sources wa?{ait'%-
hours)
96, 828, 633, 719 || ? 74, 686, 378, 010 22, 142, 255, 700 118, 628, 000 630
50, 274, 212, 502 40, 201, 536, 435 9, 982, 676, 157 109, 893, 000 267
"044,040,234 || 25,438,303.272 |  5,005.745,962 || 102 173,000 249
14,182, 612, 480 11, 569, 109, 885 2, 613, 502, 6056 95, 097, 000 122
5, 862, 276, 737 5, 862, 276, 737 ) 87,455, 000 67
2,507,061, 115 1| 2,507, 051,115 )] 79, 365, 000 32

1 Where energy ““received from other sources” is included, duplication is involved us such energy was in

large pari purchased from other electric light and power companies and is therefore included under
“generated.”

2 As estimated for July first of each year.

# Generated by steam, 45,391,190,914 kilowatt-hours; by water, 28,718,138,409; by internal-combustion
engines, 677,048,087,
4 Not reported.

Tasre 12,—CusToMERS PER 1,000 PoruvraTioN, Sanes Per Carrra, axnp Cor-
sUMPTION PErR CusTOMER, ALL EsTABLISEMENTS: 1927, 1922, anp 1017

1927 1922 1917
Number of clStOMerS. .. vmemecnmce e mercarmr e 121,786, 317 212, 704, 868 27,178,208
Kilowatt-hours sold to ultimate consumers_.___.___- 63,612,481, 088 | 32,047, 766,350 | 18, 287, 344,228
Population. —— 118, 628, 600 109, 863, 000 102,173,000
Customers per 1,000 population. . ceoocooomae. 183.7 1156.7 70.3
Kilowatt-hours sold per capita. 536 300 179
Kilowatt-hours consumed per customer. oo - . 2,920 2,502 2, 547

1 Ultimate consumers. In addition, 3,921 customers purchased current for resale.
2 Tota} number of customers. (Schedules for 1922 and 1917 did not call for number of ultirate com-
sumners.

TasLe 18.—O0vurrur or CurRENT, SArEs, CONSUMPTION IN THE INDUBTRY, AND
Losses 1N TransMissioN; 1927 anp 1922

ELOWATI-HOURE
1827 1922

Aggregate output: Current generated by the electric light

and power industry and current purchased from other
sources (including imports from CanAda). . oaceomcaoeo_| 78,457, 778, 214 #1, 257,143, 968
Current sold fo ultimate consumers. 63, 612, 481, 088 ‘82, M7, 716, 250
Current used by the Industry and for free serviee. . oo ocmceoeeeas 2,369, 395, 540 1,174, 660, 764
Current lost in transmission, etc - 12, 475, 901, 586 7,134,766, 794
Per cont lost__ - 159 7.3

;
f
:
£
:
:
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TasrLE 14.—VaLue oF Prant anp EquipMENT, Rarep CapacriTy OF GENER-
ATORS, AND REVENUE FrROM ELECTRIC SERVICE, ALL EsTABLISHMENTS: 1902

To 1927
|
Invest.
! ment in
i Average plantand
Value of plant | ot sora  lorer | & f et
alue of plant | ity of gener- owatt evenue from {ment por
CENSUS YEAR and equipment , ators (kilo- | of gener- | electric service ! | dollar of
| watts) ating ca- Tevenue
| pacity from: elece
! tric serv.®
l ice
|
B L. 77 S, 1 80,207, 458, 350 . 25, 811, 305 $360 | 281,824, 456,912 $5.00
1922_ . ._i 4,485,015, 691 | 14,313,438 312 11,034, 044, 401 4,31
1017__ .- 3,060, 392, 141 ! 8, D94, 407 340 5 518, 018, p43 3,90
1912, . - 2,175, 678, 266 ‘I 5, 166, 439 421 5207, dn1, 040 7.31
1907~ 1,096, 913, A22 2,709, 225 : 405 5175, 642, 338 . 24
1902 . e e an 804, 740, 352 . 1,212,235 . 416 § 85, 700, 605 5.88

1 Includes revenue from sales of electrie current to ultimate consumers, sales for rasale, and miscellanaous
electric revenue (sales of electric merchandise, ete.) .
! Tneludes $902,057,279, value of plant and o(&uipment owned by companies engaged in the operption of

electric light and power plants and other publ

¢ utilities, not distributed amony the several utilities,

? Figurs for 1927 includes $135,00,522 for revenue from * Sales for resale’ and also includes * Miscalla-
neous electric revenue’’ from commercial establishments only. .
¢ Figure for 1822 includes $75,010,968 for revenue from ** Sales for resale’’; no corresponding figures for ear-

lier years.

# Includes estimated value of free service.

Estimated value of free service is also included.

TasLe 15.—SAvAniEp EMrLoYEEs, WaceE EarNers, SALARIES, AND WAGES,
CoMMERCIAL EsraBLISERMENTS: 1902 TO 1927

ALL EMFPLOYEES l SALARIED EMPLOYEES WAGE EARNERS
CENBUS YEAR Salarl 4 .
slaries and
Number wages i Numbher Salaries Numbaer Wagea
234, 747 $367, 831, 758 ], 05,951 | $166,340,046 | 1138,700 | $20L, 200,810
136,105 ¢ - 184,148,121 ' 50, 867 81,338,448 186, 438 112, 809, 678
04, 679 86,473,496 || 32,692 34, 438, Ra6 162, 087 62, 034, 630
71,306 b5, 658, 515 23, 877 22, 137,077 147,518 33, 021, 428
42, 066 31, 985, 300 11,375 10, 738, 085 30, 691 21, 196, 354
26, 909 18,766, 970 6,048 5, 206,199 20,863 13, 560,771

1 Number June 30, 1927, or nearest representative day.
f Number June 30, 1922, or nearest representative day.

$ Number Bept.

, 1817, or nearestirepresantative day.

¢ Number Sept. 16, 1812, or nearest reprsentative day.



Chapter II.—DETAILED STATISTICS FOR THE INDUSTRY

In this chapter detailed statistics on the industry are presented for 1927 in
classified form. These cover physical equipment—prime movers, generators,
and transmission lines; yearly consumption of current; allocations of sales and
revenue by consumer groups; & consolidated balance sheet for commercial
companies; and a consolidated income, operating revenue, and expense statement
for commercial establishments.

Prime movers (Table 16)—Steam turbines have become the most important
prime movers in respect of horsepower capacity, although outnumbered both by
hydroturbines, which come next in horsepower, and by internal-combusiion
engines, which contribute only 1.5 per cent of the total horsepower. The horse-
power of steam engines amounted to 3 per cent of the total. Of the total rating
of the steam turbines, over half is in units of 20,000 horscpower and larger,
while of the total for kydroturbines about 44 per cent is found in the 5,000-20,000
horsepower group.

The 1927 figures show a new group begmmng at 20,000 horsepower, subdividing
the group of larger units which in previous reports hegan at 5,000 horsepower.
(See Table 30 of report for 1922.) Comparison of the two reports reveals a
pronounced trend toward the larger sizes. In both steam turbines and hydro-
turbines, the total horsepower of the group of the smallest units (500 horsepower.
or under) decreased, while that of all the other groups increased.

Since 1922 the horsepower of steam turbines in the units of largest size more’
than doubled and that of the corresponding size of hydroturbine increased
about 83 per cent. Meanwhile the total horsepower of steam engines in every
group has decreased.

Fuel consumption per kilowatt hour (Table 17).—The increase in operating
efficiency, resulting in a greatly increased output of electrical energy per pound-
of fuel consumed, is brought out inferentially by the census figures. The 1927
statistics show, for the first time, the average consumption of coal or its equiva-
lent per kilowatt-hour of current generated—1.84 pounds. The census report.
for 1922 gives statistics on fuel consumption, but does not segregate the kilowatt-
hours generated from fuel,. Analysis indicates, however, that the fuel consump-’
tion per kilowatt-hour generated was probably between 82 and 36 per cent greater
in that year than in 1927. Data from other sources indicate that 86 per cent
may be assumed os a fair approximation, that the progress between 1917 and
1922 was even greater, and that the average amount of electrical energy produced
per pound of fuel consumed in 1927 was probably between 90 and 100 per-cent.
larger than it was 10 years earlier, [

For earlier years data on which to hase statistical averages are lacking. - Hn:
gineering progress has been such, however, that it is probably conservative to.
say that the amount of fuel required to produce one kilowatt-hour of electrical”
energy has been reduced so that it is now between one-fifth and one-fourth of
the amount required at the beginning of the quarter-century. .

Generators {Tables 18 and 19).—Most generators are direct-connected to theu-'
prime movers; the numbers therefore correspond quite closely (Tables 16 and

18).
29




30 CENSUS OF ELECTRICAL INDUSTRIES: 1927

By far the predominating type of generators is the 60-cycle alternating, which
contributes 84.2 per cent of the aggregate generator rating. Only about 1 per
cent is found in direct-current generators. :

Current generated and current obtained from other sources (Tables 20 and
27).—~In addition to the energy geperated in electric light and power plants, the
industry obtaing a certain amount of energy from outside sources by purchase,
so that, of the total amount of energy accounted for, 95.2 per cent is generated
within the industry and 4.8 per cent is obtained from other sources. Nearly all
the latter amount is purchased by commercial establishments, more than one-
third being imported from Canada and the remainder coming from manufacturing
plants and other sources outside the electric light and power industry in the
United States.

Purthermore, a very considerable amount of current is purchased from estab-
lishments within the industry, in part by the 2,004 plants that have no generating
eqguipment but purchase all their energy at wholesale for retail distribution to
other consumers, and in part by those which have generating equipment but find
it expedient frem time to time, because of the exigencies of their load and the
limitations of their power equipment, to add to their own production. The
amount of energy thus purchased by establishments within the industry has
imeressed grestly, espeeially during the period from 1922 to 1927 (Table 11).
Eeonemically, it reflects a more efficient utilization of both water and steam power
plants—of the former, by transmitting to a distance the energy which could not
he utffized in the loeal market at times of abundant stream flow, and, of the
latter, by making full use of the most efficient steam plants within a large area
and transmitting energy from them at periods of deficient water power in the
berritory normally served by hydro plants. Physically it has been made possible
by the extensive construction of high-tension transmission lines and the installa-
tion of large, economically operated power stations advantageously situated as to
fuel supply and water.

: The result is that, in addition to nearly 75,000,000,000 kilowatt-hours generated
within the industry, another 22,000,000,000 kilowatt-hours (Table 5) is to be
aoeounted for in arriving af the grand total of which disposal is made, constituted
a8 follows: SBales to ultimate copsumers; salés at wholesale to other domestic )
Bght and power estaldishments; epergy used by the companies themselves for
their own operations; and, finally, the inevitable transmission, conversion, and
disfribution - losses. - This -additional 22,000,000,000 kilowatt-hours includes
somewhat less than 4,000,000,000 representing purehases from manufacturing
‘plants and other sonrees outside the light and power industry in the United
Btates and frém public-utility electric systems in Canada, and the remainder
is duplication representing purchases for resale within the industry.
 Trangmission lines (Table 21).—I4 is known that in recent years there has
. great - incresse inthe amount of transmission-line mileage, but statistics
easuring. that inepease are lacking: - In the schedules for 1927 data were
for ouly for lines of 8,600 volts or xidre; and these are summarized by
groups. In the schedule for 1922, however, the lowest voltage specified was
o “under 2,000 volte,” Data for's great amount of mileage under 6,600 volts were
. therefgre included o the fgures for the earlier census and excluded from those

. for thelater one:. " Moredver; owing to the ineompleteness of the returns in respect
of voltage, no segregation of the figures for the low-voltage groups was made.
Thus it is impossible to draw any eonclusion from a comparison of the 176,309
miles of line reported in the earlier census and the 185,449 miles on an entirely
differérit basis shown in the later report. ,

The 1927 schedule called for data on the mileage of transmission lines, speci-
fically exeluding distribution lines. For this reason it should not be assumed that




CENTRAL ELECTRIC LIGHT AND POWER STATIONS 31

the returns indicate the mileage of cireuit of all electrie light and power lines in
the United States operated at 6,600 volts or more, Many companies have dig-
tribution ecircuits operated at more than 6,600 volts; in some instances lines at
much higher voltages are considered parts of distribution systems. TUnder the
terms of the schedule these were not reported.

The practice of carrying two high-tension ecircuits on one pole or power line is
not uncommon; oceasionally more than two cirenits are so mounted. The line
mileage is therefore somewhat less than the circuit mileage.

Three-wire circuits are generally used for transmission; the wire mileage is
therefore approximately three times the reported circuit mileage.

Consumer groups (Tables 22, 23, and 24).—The present census divides the
consumers into a much larger number of classes than was done in previous years,
In place of the two groups, ‘“‘lighting”” and “power,” shown for 1922, the sales
now reported show domestic service (residential consumption), sales for “small
light and power (retail),” sales for “large light and power (wholesale),” and
sales for farm service. Some of the reporting companies failed to indicate the
class of service. In such cases the aggregates of these figures are shown in the
tables under the designation ‘‘ Undistributed by class of service.”

Considered merely on a numerical basis, domestic customers eonstitute by far
the largest proportion of the total number of customers. It may be assumed
without serious error that those returned as ‘‘undistributed by class of serviee’
consist almost exelusively of two classes, namely, those receiving domestic service
and small commercial users of light and power.

1% is also reasonable to assume that the allocation between these two classes
does not depart materially from the allocation between the same classes where
they are separately reported. If the figures are adjusted on this basis, domestic
customers constitute about 83.1 per cent of the total number, those receiving
commercial service for light and power at retail constitute 14.4 per cent, and all
others together 2.5 per cent. These ratios will necessarily vary somewhat,
however, in the individual States.

Energy consumption by class of service (Table 22).—In respect of energy
consumption, however, the ratios are very different. If the undistributed energy
is allocated in the same manner as the customers, it is found that only 13.2 per
cent of the total sales are for domestic service and 19.1 per cent are to the small
commercial users of energy for light and power, while 52.6 per cent of the total
sales are to wholesale consumers. The latter group consists mainly of large
industries which depend on central-station service for their power.

Electric railways and electrified railroads take nearly 10 per cent. The
farm service definitely reported accounts for 1.3 per cent, to which should be
added an unknown but not large amount included in other classifications by com-
panies that do not keep separate records of sales for farm use. As ““farm service
combines: energy used in irrigation and in other farm activities, the rates vary
from very low to high.  (For geographical variations, see Chapter I1I.)

Sinee the users of commercial service for ‘‘small light and power’’ are, in the
main, mercantile establishments, offices, small factories, repair shops, and
various minor industrial establishments, it is evident that an appreciable fraction
of the energy reported as sold to such customers is used for power purposes,
although the major portion is undoubtedly used for lighting. Of the ‘‘large light
and power (wholesale)”’ sales of energy, only a small portion is used for-lighting,
most of it being utilized for mechanical power and electro-thermal and electro-
chemieal processes. ‘

Retail commerecial sales exceed domestic sales by a wide margin and wholesale
energy sales exceed the two combined by an even wider margin. The ratios vary
geographically, Wholesale energy stands out even more prominently in the



32 CENSUS OF ELECTRICAL INDUSTRIES: 1927

Middle Atlantic States (Table 34). The distinction between wholesale and retail
energy is one of definition, There is no hard and fast dividing line; practice as
between different companies is not uniform. These conditions must be borne in
mind in interpreting the statistics.

The balance sheet (Table 25).—The schedule sent to commercial companies
called for a balance sheet as of December 81, 1927. Municipal systems were
asked to report on investment in plant and equipment for electric service and
bonds outstanding against the electric plant. The consolidated balance sheet,
therefore, applies to commercial companies only.

The existence of numerous composite establishments—that is, those rendering
public-utility services other than the sale of electrical energy—makes it difficult
to determine aceurately the investment in the electric light and power industry.
Nearly 4 establishments in 10 are composite (Table 5), and they are, on the
average, much larger than the others; in fact, the 711 commercial composite
establishments receive more than 61 per cent of the revenue for electric serviee
reported for the entire industry. In many cases the allocation of the capital to
the several kinds of utilities is impracticable if not impossible. The schedule
therefore called for separate figures on the value of plant and equipment (esti-
mated, if necessary) used for supplying electrical energy and on the value of that
used for other purposes. In other respects the balance sheet was made to relate
to the company as a whole. In some cases, representing in the aggregate about
9 per cent of the total value of plant and equipment, no such separation was
made, the amount being given in the consolidated balance sheet as ‘““undistrib-
uted.”” If the undistributed item be omitted entirely, the average value of plant
and equipment is $397 per kilowatt of capacity; if the undistributed item be
included in full, the value becomes $434. These values are based on the total of
24,383,271 Xilowatts of generating capacity in commercial establishments
(Table 5). Since in general the electrical property constitutes by far the larger
portion of the property of composite systems, the actual value per kilowatt is
probably mueh nearer the latter than the former figure.

The aggregate capitalization of commerecial establishments is 1.7 per cent less
than the value of their plant and equipment.

Consolidated income, operating-revenue, and expense statement for commer-
cial establishments (Table 26).—Schedulés calling for returns on operating
expenses were sent only to commercial companies and to those municipal systems
serving cities having 25,000 inhabitants or more. The summary statistics in
Table 26, relating to commercial establishments only, account for 94.7 per cent
of the total revenue for electric service.

The revenue from the sale of électric current differs from that received from
ultimate consumers only (Table 82) by the revenue received: from other electric
light and power establishments for energy purchased for resale.

Of the total eleetric operating revenue received by commercial establishments,
fuel and taxes consume nearly equal shares, the former 9.3 and the latter 8.8 per
cent; 8.4 per cent is spent for purchased power; and 6.3 per cent is allotted to
depreciation ‘or retirement expenses. Of ‘All other operating expenses, elec-
tric,” which item is equal to 26.4 per-cent of the revenue, by far the larger share,
$367,681,766, or 21.6 per cent of the total revenue, is for salaries and wages
(Table 15).

"-Emergy crossing State lines (Table 27).—The 1927 schedule sent to commercial
establishments called for data regarding energy crossing State lines. Such data.
were not, however, collected from municipal systems, which, in general, serve
only loesl areas. ~Of the total for commercial gystems, including what is gener-
ated within and what is purchased from sourees outside the industry, 1.8 per cent
is received from Canada (thus crossing an international ling rather than one
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between States), 4.3 per cent is received from plants of the same systems located
in other States, and 7.3 per cent is purchased from public-utility electric com- -
panies, including street railways, in other States. In part, these quantities
represent importations of energy into States because of inadequate local supplies,
or corresponding exports beeause of physical or economic considerations. Freight
rates on fuels, available water, and other factors have in a number of instances
led light and power companies to operate important generating stations beyond
the borders of the States in which most of the energy is consumed.

Tasre 16.,—PriMvn Movorg—NUuMBER AND HORSEPOWER, Y TYPW AND BY
Horserownr Grours, ALl BEsTABLISHMENTS: 1027

TOTAL STEAM TURBINES

Peor gent distri-
HIZE GROUD bution

Num-

Number | Horsepower ber Horsepower
Num- | Horse-
ber | powor
b Y SO 12,080 | 85,710,128 Jeoccaais]acaaeaan 2,804 | 24,323, 304
Por eont of tobal. v uveeuunnanmmmnnnfmommawmnfomaemannenann 100.0 | 100.0 28.8 68,1
Avoragoe h, p. of prime movers....|.c---ooa. 2,008 leeacin]anammmnel|omnmnan 8,498
00 1 D O 1088w s imm s wcmmm e 6, 680 1,206, 713 66,5 3.6 287 80,802
Mors than 500 1, p, but less than 2,000 b, p.| 2,678 2, 005, 184 22,2 7.5 935 1,022, 338
2,000 I, p, or more but less than 5,000 h, p...| 1,030 3, 205, 472 8.0 0.1 657 1,744, 708
5,000 h, p. or more but less than 20,000 h, p..| 1,174 | 11,0886, 704 0.8 33,6 712 7,621,136
20,000 By Dy OF THOTOA wmmunssivnccmamam s 406 | 16, 527, 058 5.9 46,3 373 | 18,054, 230
INTERNAL-COM-
STEAM BNGINES | henonivaiong | FYDROTURBINES
8IZE GROUP
Num- Horse- | Num- | Horse- | Num- | IHorse-
M ber power ber power ber power
TOLAl wwwmmnsannnncsmmancmannmnanaane 2, 267 004,273 | 8,177 | 548,288 | 38,723 0, 844, 208
Por 0ont of LOtA)eaeamemananemmnawn 18.8 2.8 26,4 L6 30,9 27,0
Averago h. p. of prime movers.....e-ueooooo LTI E— 178 Jounnnnnn 2, 048
$O0 B 1)y OF 1888 . ac i ssmirgm e e mam 1,812 410,248 1 2,080 | 403,004 | 1,692 306, 6500
More than 500 h, p,, but less than 2,000 h.p. a7 a15, 447 187 | 143,284 [ 1,180 1,184,115
2,000 h, p, or more but less than §,000 h, p...| [{]1] 172, 104 1 2,000 400 1, 846, 000
5,000 h, P. or more but less than 20,000 h, p.. 13 00, 414 [cmmennmn|wasmmmmenn 449 4,874, 154
20,000 h. P, OF MOXO.vvunan wnmenan mvumn— [P PR SO sannalnusunnna|rummnanaan 02 | 2,067,825

Tasrn 17.~—~ConsumpmioN or Fusn, »y Kinp, wire Coan EqurvanaNy, Ann
EsraprisameNes: 1027

Por
' Dauivalont | cent of
KIND TUnlt of measure Quantity tong of bitu~ | total
minous coal | |equivas
lent. fuel
ANCMAOHS « v Ton (2,240 1b8.).. . 1,787, 608 2,002, 217 4.7
Bituminous eoal. Ton (2,000 1ba, 306, 681, 314 35, 081, 814 84,5
OKEcmmummnnmunmmninn Ton (2,000 1bs. 31, 623 , 408 5
Tuel oll, korosens; or g80MND. « s e massinmrnanns Barrel (42 gals,) ... 7,145, 708 1, 786, 440 4,2
Qas, MADUIACLUTEU. e e n e mwmm wnansuman————— 1,000 60, fhnuwunusn 6, 160, 763 136, 0006 0.3
GRS, TALUIDL. o v e mmonmsnnanmmmananannasnnnn wmol 1,000 QW [ s mnnins 54, 802, 039 2, 680, 068 6.1
Total equivalont fUel..uwusweeane s n Ton (2,000 1b8.}« o |wwenn [ 42, 215, 842 100,0
Kilowati-hours Fenembod by fuel-burning |
genorating 86atl0n8. v nmmn. R i Kilowatt-houy......|45, 008, 280, 601 |_ceccennois TR, RN
Pounds of goal per kilowatt-hour of OubpUbice ewewanws (A A R LB4 [eananain

1 Yor converslon tactors, coal oquivalont, see footniote, Table O
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TapLe 18.—GeNBRATORS—NUMBER AND Krnowarr Capaciry By Typs orF
Prive MovVER, FOR ALTERNATING-CURRENT BY FREQUENCY GRoOUPs, aND
rOR DIRECT-CURRENT, ALL EsrasrigsEmeNTs: 1927

\ NUMBER

! ]

i i‘ Alternating-current

TYPE OF FRIME MOVER | ! 5
irpet-

Agg:egate:| l Other | current
o Total [125-cyeley 60-eyele | fra-
: i quencies|
I { ' k""‘“—

Total....o._.. S, 1,067 | 1,002 435) 10,280 27v 065
Steatn turbines. . momceeeomees W mesel pen| 1l zer 42 54
Steam enpines. . ooomenroen - 2,204 |l 1,078 §l ?‘1 i 1,003 21 31g
Internal-combustion engiaes 3,188 ' 2,720 || 32 2, 658 36 163
Hydroturbings. . oo eecsececcemcccmmnccsmnmone 3, 598 I‘| 3,465 ¢ 206 4,082 178 132

[— I B R
] PER CENT DISTRIBUTION
It !

TOIAL - oot aecmmam e 100.0 9Le 1 3.8 86.0| 23 81
Steam turbines. ... 241 981 6.0 01.7] 1.4 Lo
Steam engines. .. .. 10.2 gall 23 83.0( 68| 18
Interpal-combustion engines. .. .cccvemeamnaood] 26. 6 85, & 1.0 83.4 L1 14. 5
HYALOUIEDINES . e e ooeeorescommnnn 30,1 96.3 l 5.7 85.7| 40 3.7

CAPACITY (EILOWATTS)
TYPE OF PRIME MOVER Alternating-current i
; Direot~
Aggregate R ;
= Total | 25cycle | 60-cyel o
o | so-cycle | Y | quencies
| |

Total oo 25,811,305 25, 537,726 | 2,743,123 ] 21,744,481 '1,060,122 | 273, 570
Steam turbineS. . aceocneieooamaas 17,848,124 17,827,787 || 2,013,150 ; 15,442,806 ; 851,731 20, 337
Steam engines. 007,136 272, 200 71,985 | 474,808 | 25,247 1 124,930
Internsl-combustion engines_ ... 418, 533 404, 134 2,444 | 304, 466 | 7,184 12, 899
Hydroturbines. _........ memcmm——— 6, 849, 512 6, 733, 805 655, 574 | 5,412, 081 i 665,950 | 116,007

PER CENT DISTRIBUTION

Total s emeeme. 100.0 98,9 10.6 84.2 1] Lt
Steam turl')ines 69,1 09.9 11.3 86.8 2.0 01
Steam engines. ... 2. 82,1 10,3 6R.1 3.8 174
Interpal-combustion en L6 97.0 0.6 04,7 1.7 3.0
Hydroturbines. ..o 26.6 98,3 9.8 7.0 9,7 L7

TiprE 19.—GENERATORS—AVERAGE S1z8 Y TYPE oF PRIME MOVER, FOR
ALTERNATING-CURRENT BY PREQUENCY GROUPS, AND FOR DIRECT-QURRENT,
ALL EsranrisgMents: 1927

[Based on Table 18)

ALTERNATING-CURRENT

Aggrogate Diract
Total | 26-cycle . 60-oygle |OFher Ire: )

i quencies
2167 | 2,3 63 13| 87 284
6,184 6,206 1| 14,078 5342 8,375 a7
3¢ 28 133 %0| 1202 305

ternal- : 1 200
Hydroturbines. . ... L0040l a3 ll v os 820 1,758 | 8 74r 878

‘ } by . )
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TARLE 20,—QUTPUT—CURRENT (ENERATED BY ErEcTric LigHT AND PowmR
ESTABmsHMENTsé BY Tyre oF PRIME MoVER, AND CURRENT PURCHASED

FROM SOURCES

UTSIDE THE INDUSTRY, ALL ESTABLISHMENTS: 1027

]
PRIME MOVER Kilowatt-hours ﬁfrtgggf
Total: Current generated by the electric light and power industry
and current purehased from manufacturing plants and other
sources (including imports from Canada)...._ e eea 78, 457, 778, 214 100.0
Total generated by the electric light and power industry........._._.__.. 74, 688, 378, 010 95.2
Steam 45,391,100, 914 57.9
Water 28, 718, 138, 409 A
Internal-combustion 577, 048, 687 6.7
Purchased from manufacturing plants and other sources outside the
electric light and power industry and from public-utility electric systems
in Canada e .- 3, 771, 400, 204 £8
Population of the United States [
Kiﬁ)watt-hours per capita... - 16,628 00(1)
Rated generator capacity (kilowatts) ... 25, 811, 305
Kilowatt-hours per kilowatt of capacity (electriclight and powoer industry). 2,804

TaBLE 21.—TRANSMIESION LiNes—Mires oF Circurr, BY Vorrace Capacrry,

CoMMERCIAL EsSTABLISHEMENTS: 1927

|
VOLTAGE CAPACITY l‘éﬁi}fgig’ ‘ P&fmogﬁt
i bution
Total —— - - 185, 449 \1 100, 0
6,600 or more but less than 11,000 volts 20,317 ¢ 1.0
11,000 or more but less than 33,000 volts - . 62, 969 | 3.0
33,000 or more but less than 68,000 VOIS mwmo oo 9,934 | 2.3
66,000 or more but less than 110,000 volts 24,791 13, 4
110,000 or more but less than 220,000 volts 16,170 8.7
220,000 volts or more. 1268 | 0.8
i

TasLe 22.—CusToMeRs (UrtiMmaTe Consumers Onvry), CurrenT SoLp, AND
REVENUE, BY CLAss oF SERVICE, WITH PER CENT DISTRIBUTION, ALL EsTAB-~

LISEMENTS: 1927

CUSTOMERS CURRENT SOLD REVENUE

Pﬂl; Pe; Per

cen cen cent
Number | gigir. || Ellowatt-hours | gi o0 Amount | gird
bution bution bution
TotAlfmevom e m e 21,786,317 | 100.0 | 63,612,481,088 | 100.0 |$1, 667,045,571 | 100.0
FArm 8ervice. o oveec e camcciconen- 168, 450 0.8 835, 271, 354 1.3 17, 282, 957 1.0
Domestie SErVice. .« oo cmcmaemenn- 16, 039, 066 73.8 7, 105,819,723 11.2 481, 509, 354 B9

Commercial service:

Small light and power (re-

;1 ) R, 2,784,126 12.8 10, 257, 240, 582 16,1 410, 652, 535 2%4.8

Largelight and power (whole-

2 88l8) oo aoian 342, 258 1.6 83,471,610,198 52.6 456,472,907 7.4
Undistributed by class of service.| 2,424,253 11.1 3, 192, 886, 052 5.0 154, 705,419 9.3
Municipal street lighting *____.._. 22,232 0.1 1,741,423, 872 27 77,198, 896 48
Raﬂégadsc—mcg:iyetpow%r: ”

reet and interurban rail- .
Wa}z’*lsﬁ""”"'"“"i ...... 822! 8, 254, 081, 223 9.8 58, 860, 539 35
Electrified steam - railroad
divisions —— 38 O] 518, 169, 041 0.8 5, 330, 485 0.3
Other service..... i ——————— 5,074 (O] 236, 178, 143 0.4 5,023,479 0.3

1 Includes all commercial servies reported by municipal establishments.

2 Includes all munieipal service ‘‘for which a charge was made by the light and power department,”
municipal establishments.

3 Less than one-tenth of 1 per cent.
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Tapre 28.—CvrreENT Sorp pER CUsroMER, REVENTSE FROM ELBerRIC SERYICE
pEr CUSTOMER, AND AVERAGE REVENUB PER KILOWATT-HOUR SoLd, BY

Crass or SzrvicE, ArL EsrTaBLIsEMENTS: 1927
[Based on Table 22]

Avernge
Kilowatt~ Revenue | fevenuo
hours per per P“ft]?lﬂ‘ -
customer customer |Walt-liot
sold
{cents)
Allservices. .. —— ..__| 2,920 $77 2,0
Farm service (including power for irrigation). 4,859 103 ! 2, 1
lgnmmtieis:lrvice._.. ........ " 443 30 . 6. 8
ommercial service:
Small light and power (xefril) 1o v e oo cemwne 3,684 147 4. 0
Large light and power (wholesale) . 87, 197 1,334 1.4
Undistributed by class of service........ - . 04 4.8
Munieipal street Lighting 2. ... e 78,330 3,472 4, 4
aflroads—motive power; -
Bireet and Interurban railways. .. .ocvooocommm oo 7,008,871 71, €08 Q0.9
Eloctrified steam-railroad divisions .| 13,638,027 140, 513 1.0
Ofher 8eryice. oo 48, 547 990 2.1

1 Includes all commereial service reported by municipal establishments.

*Includes all municipal service for which a charge was made by the light and power departments of

municfpal establishments,

TABLE 24.—ToraL CurrENT; CURRENT SoLp To UrriMaTs CoONsuMEnrs; Ban-
Axce Nor Sowp, AccorviNg To Disposar; Per CenT DISTRIBUTION; ALY

EsTaBLISBEMENTS: 1927

Peor cont
Kilowatt-hours distri-
bution
Total output: Current generated by the electric light sand power
Industry, and current purchased frem mannfacturing plants and other out-
:ide;smnm (including imports from Canada). - 78,457, 778,214 | 100. O
Current sold to ultimate consumers...._....... 63; 612, 481, 088 81 1
Balanee not sold . . A i e it e m 14, 845, 207,128 18. 9
RIOOBOIVIOO e el - 509, 287,430 | 0.6
.. .Guxrent used by reportin, oo,mE?rng amrmrae . - - 1,860, 108, 110 2.4
Cuzrent lost {n transmission, distribution, conversion, ete. ._......_._ 12,47 5,901, 686 15, 9
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TasLE 25.—CoNSOLIDATED BALANCE SHEET FOR ALL CoMMERCIAL, COMPANIES
ReprorTIiNG FOR THE CENsUs or ELkcrric Ligur AND PowgR STATIONS,
INcLUDING ASSETS AND LIABILITIES OF ALLIED NONELECTRIC INDUSTRIES: 1927

ASSETS AND OTHER DEBITS LIABILITIES AND OTHER CREDITS
Kind Amount Kind Amount
|
Plant and equipment, aggregate..._| $10, 586, 8§20, 473 || Total capitalization.. ... _....... 310, 405, 013, 752
Specifically reported, total o ... $0, 084, 768, 104
Elgctric light and power.._..... $7, 978, 234, 220 Capital Stoek . aomvees eenneen 5, 095, 135,415
Per cent of total specificall Long-term debt..__.....__... 5, 309, 878, 387
reported. ... - 82,4
Electric railway - . $482, 323, 809 || Cash investments (for unincor-
Per cent of total specifically ated companies) . _........_.. 6, 605, 185
reported ——- 5.0 |} Current liabilities.............._. 671, 649, 028
GBS emracmemcmsme e . R $917, 448, 140 || Depreciation or retirement re-
Per cent of total specifically [0 4 L T 700, 162, 046
reported - 9.5 || Dther reserves.... 166, 548, 481
All other - J— $306, 762, 965 it Other credit items.. 277, 547,030
Per cent of total specificall SUrPIS s 722, 851, 666
reported ’ 3.2
Undistributed $902, 057, 279 4L
Nonoperating physical property. 269, 454
Investments. .o .courmomninann $622, 449, 110
Current assets $982, 201, 237
Unameortized debt discount and
$302, £i44, 874
$411, 414, 558
$10, 582, 382
Total assets and other debits....| $12, 950, 388, 088 Total lghilities and other Fsmm=mmm—==
eredits. e e $12, 950, 388, 088

TasLe 26.—ConsoLiDATED INcoME, OPERATING-REVENUE, AND KEXPENSE
StareMENT, FOR CoMMERCIAL EsTABLISHMENTS: 1927

I, INCOME FROM ELECTRIC OPERATIONS
1. Operating revenues, electric:
Sales of electric current 1 $1, 680, 218, 664

Miscellangous electric revenies. mmeeeereccccreemmveronnnn — 21,801, 419
Total pperating revenites, electric, . $1, 702, 020,083
Recenue deductions
2, Operating expenses, electric:
Fuel - 157,912, 379
Purchased POWer - mce v eae oo e et 143, 710,
Depreciation or retirement expenses, electric property....oocrovvueen 107, 615, 698
All other o] eratinF axpenses, electric 448, 80, 272
Unecollectible electric hills - 6, 365, 315
Qperating taxes, electric___ 150, 253, 276
Total revenne deductions, eleCtriC. cammenc e vevmaeawercemmeeremm e mnmcmmm e n e 1, 014, 717,870
Total operating revenues 687, 302,213
Other income items, electric
Rents charged or credited to income, electric property (nef).... 17,182,829
Amortization of limited-term franch{ses, rights, ete., for electric property only.——cvmeevenn 6%, 491
Net income from electric operations. 670, 118,893
II, INCOME FROM OTHER THAN ELECTRIC OPERATIONS
Net income‘ from operation of utilities other than light and power plants (ges, electric rail-
way, water, 8t¢.).ceneeene . BE, 248, 300
MNonoperating income (net of debits and credits)... &3, 960, 112
GROSS INCOME 809, 3%, 308

1 This total includes $125,612,127 representing revenue received from “Sales for resale.”
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TABLE 26.—CoNs0LIDATED INCOME, OPERATING-KEVENUE, AND EXPENSE
StaTEMENT, FOR COMMERCIAL ESTABLISEMENTS: 1927—Continued

ITl. DEDUCTIONS FROM GROSS INCOME
Interest on funded and unfunded debt, amorlization)of debt discount and

expanse, and amortization of premium on debt (Bet) .o coeoeevemee oo $200, 601, 993
Other deductions from gross iNCOMe. . . vummac e ecsmmvenecmmerm e e e e am 33, 035, 287
Total deductiona from gross 0. - - ve e cemar oo oo e $303, 537, 280
NET INCOME FOR THE YEAR {r0m Al SOUICeS. o oo v oo 508, 787, 025

IV. AFPROPRIATIONS DURING THE YEAR FRON CURRENT AND PREVIOUS YEARY SURPLUS

Total
For dividends on sboeks. .o oe o e e 2 $338, 238, 580
Electric Other Undis-
property properties tributed
For depreefation or retirement roServe. .ocowevmevsvon- $24, 448,362 $8,763, 145 94, 384,723 37,616,230
Tota) appropristions from SUrPIIS . o o n oo e e 375, 854, 810

uj'ﬁ% ;epresents a rate of 6.0 per cent, based on the total of $5,095,135,415 jor erpital stocks. (See Tablg
p. 7.

L 4
Tapre 27.—ToraL CURRENT GENERATED AND PURCHASED, AND AMOUNT AND
Péw Cent Wurcn CrossEp State Lines, CoMMERCIAL EsrasrismmenTg:
1827

! Por
cont
Kilowati-hours digiri-
bution
Total output: Carrent generated by commercial edeetric light and power !
stal.hns and purrent purehased from other sources (including inlljportg J
1001 CBN8GAY e« oo e EE 74,034, 356, 490 100, ¢
Clenoratod 71, 306, 830, 538
Tmported from Capsda )\ ... . 77 e , 342, 783, T3
l’umhmd from manulicturing plants and other sources outside the eleetrie 312,783, 327 18
Yt and power ndustry - 2,284, 733, 831 8.0
Po
cgn& ?f
’ 0
Total current eroasing Statas lines - 10, 424, 862, 582 18,9
Pmﬂmgi from publicaitility electric systems, including street railways, in
Borebaon o g S (g i e s s MEsom | 7
' 3 . 401,817, 404 )
wmmmm nhncwt&gt&xfze system loeated in other States., ... ... © 3,185 678, 102 2. g
edd from Canada ...l T T e 1,342,783, 327 18

YRigures may be ineomplets,




Chapter IIL.—THE GEOGRAPHICAL DISTRIBUTION OF
THE INDUSTRY

Prime movers by regions (Table 28).—The distribution of prime movers re-
flects the natural power resources available in the several sections of the country,
as well as the natural conditions fo be met. Table 28 brings out the prepon-
derance of water power in the two Western divisions—the eight Mountain
States and the three Pacific States. These 11 Western States, with 9 per cent
of the country’s population (as estimated for July 1, 1927), reported 38 per cent
of the hydraulic horsepower. California alone had approximately 19 per cent
and Washington 7 per cent, while New York, with 14 per cent, was second to
California. Mississippi, North Dakota, and Arkansas are the only States re-
porting no installation in water-power plants.

Fuel-operated plants predominate in horsepower in each of the other geo-
graphic divisions. Pennsylvania and New York lead in the use of steam power,
the former with more than 12 per cent of the country’s total and the latter with
nearly 11 per cent.

The two West Central divisions, though among the smaller ones in total horse-
power of prime movers, lead in respect of internal-combustion engines because
of their many small and widely separated communities and their ample supplies
of oil. These two divisions reported 60 per cent of the total horsepower of such
engines. Texas alone contributed ahout 18 per cent, and is followed by Kansas,
Florida, Oklahoma, and Nebraska, in the order in which named.

Generator installations for electric light and power establishments compared
with total installation (Table 29).—The percentage of electric-power installation
in other than central stations is naturally largest in those geographic divisions
that are notable for their manufacturing industries. ‘Thus, by comparing the
figures in Table 29 with those in Table 4, it is found that in New England the
central stations contributed only 60.2 per cent of the total; in the Middle Atlantic
States, 65.2 per cent; and in the East North Central States, 69.2 per cent;
whereas they contributed 89.5 per cent of the total in the Pacific States.

Regional increase (Table 29).—The maximum regional increase in generator
capacity, comparing 1927 with 1922, was 149.4 per cent in the West South Central
States, followed by 131.8 per cent in the South Atlantie States, The same
regions led also in their increass in kilowatt-hours generated, the first with
214.5 per cent, the second with 122.9 per cent. The greatest rate of growth
in number of customers, 130.4 per cent; appears for the South Atlantic States;
and in kilowatt-hours sold to ultimate consumers, 202.6 per cent, for the West
South Central States. The lagt~-named item is obviously the most reliable index
to changes in the use of electrical energy.

In North Carolina much generator capacity was added during the period
between 1922 and 1927. This was primarily to serve industrial establishments,
but it also contributed somewhat to the supply of current available for public
utilities, and was therefore covered by the statistics for 1927. Some of these
plants operate many hours a day at high load, which accounts for the unusual
increase of 403.5 per cent in generated output with a much smaller increase in
generator rating—229.7 per cent.

The maximum increases in generator capacity (532 per cent), in generated
kilowatt-hours (1, 116.7 per cent), and in sales to ultimate consumers (644.9

39
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per cent) are shown for Louisiana; the maximum increase in customers (244.9
per cent), for Virginia.

Fuels (Table 30).—Coal is the predominant fuel, its use being general excel?t
on the Pacific coast. Fuel oil or its refined produets are used in all geographic
regions, and (reduced to its equivalent in tons of coal) represented about 4 per
eent of the aggregate fuel consumption in the United States in 1927 (Table 17
Natural gas contributed 6 per cent of the aggregate. Practically two-thirds
of the total consumption of this fuel was reported from Kansas and the four
States of the West South Central group; Texas alone consumed more than one-
third. California reported nearly 12 per cent, and most of the remainder was
used in Pennsylvania, Ohio, and West Virginia.

Aside from the increased efficiency in the use of fuel, discussed in connection
with Table 9, there have been some pronounced shifts since 1922 in the types
of fuel used in different parts of the country, which are worthy of brief discussion,
although the present report does not give the 1922 figures for geographic divisions
or States. The glight increase in the use of anthracite (Table 9) is fully ac-
counted for by the gain in a single State, Pennsylvania, which reported 89 per
cent of the fotal consumption of this type of fuel in 1927. Although the amount
of anthracite used was nearly three times as large in that year as in 1922 in thoe
East North Central Btates and was more than three times as large in the South
Central States, the tonnage represented by the gains is relatively small and does
not offset the loss in New England, where the consumption fell to about one-
tenth of the quantity reporfed for 1822, and in the South Atlantic States, where
it fell to less than one-third. The use of bituminous coal increased notably
in every gection except the Pacific States, where it is a relatively minor factor
in the production of electric power. :

Consumption of fuel oil decreased nearly 40 per cent in the 5-year period:
In the important oil-consuming regions, the West North Central States, the
West South Central States, and the Pacific States, the consumption was reduced
to less than half, but in all these regions the reduction was more than counter-
balanced by the increase in the consumption of natural gas.

The inerease in the use of gas in the West South Central States is especially
noteworthy, In 1022 these States used less than half of the total gas consumed
by ceniral stations in the United States. By 1927, although the gas consumption
by central stetions throughout the country had virtually tripled, considerably
more than half of the total was used in the West South Central States. The
East North Centrsl S8tates also show a considerable increase.

Belative hydro-and other output (Tables 28 and 32).—The statistics indicate
that: vfherever water power is available it usually carries the base loads, other
prime movers being used ‘as stand-by or to meet deficiency in the water supply.

+ The outpat from water power during the year was 2,920 kilowatt-hours per
hmepawer; from steam, 1,795 Lkilowatt-hours; and from internal-combustion
engines, ' 1,050 kilowatt-hours. Though the ratios differ, the same general
relationships prevail in the several geographie divisions.

Vpltngq" of fransmission lines (Table 33).—Certain definite voltages have
beengenemlly ‘adopted for transmission purposes. These are confined largely
ﬁq‘ i;he voltz‘mges spetifically stated in the grouping of Table 83. Lines of voltages
up tq and including those in the 110,000 or more but less than 220,000 volts*t-
group -are found in all parts of the country. (It is probable that most of the
lines in the last-named group ‘are operated at or close to 110,000 volts, with =,
email percentage at somewhat higher voltages—around 132,000 volts.) Opera--
“ci(m aff 22()3000 volis, however, is confined almost exclusively to the long lines
of California. .

S“l::t "l:l: :‘;?ﬂfe:lmel‘ (Table 36).—0f the several customer groups, by far the
sroall ergy per customer is found in that sold for domestic service.
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The average small commereial user takes more than eight times as much as the
average domestic customer. Wide variations appear in different parts of the
country. The effect of abundant water power is evident, the averages for the
Mountain and Pacific groups of States being higher than those for any other
group. Among the States, Idaho leads, followed by Oregon and Washington,

The revenues per customer and per kilowatt-hour for a given class of service
vary in different parts of the country, the latter between wider limits, propor-
tionately, than the former.

There appears to be no general relation among total energy consumption
per year per customer, revenue per customer, and price per kilowatt-hour.
These matters apparently depend largely on local conditions. Thus, in the case
of domestic service, abundant water power, large consumption per customer,
and low rates gencrally go together; and, conversely, a multiplicity of small
plants rather than centralized service, or, if the latter prevails, widely separated
small communities (and correspondingly high transmission-line costs, energy
losses, and overhead expenses) arc generally associated with small consumption
per customer and high rates per kilowatt-hour.

Apparently, for similar reasons, the average rate for wholesale energy is lower
in those States that have important industries using large amounts of electric
energy during many hours of the day because of continunous operation; for
example, the pulp and paper and the electro-chemical industries.

Tasrn 28.-—PriMn Movirs—AcarucaTs Horsppower, BY Tyes Anp Horsm-
rownr Ponr Carira, Ay BsraBLIsHEMuNTS, BY GROGRAPHIC DIVISIONS AND
Srarus: 1927

st st Internals vd Horse-
. 08101 leam | com- [Tydro- . hower
DIVISION AND STATE Total 1t rirhines | engines | bustion | turbines || Penulation 1per
) engines caplty
TUNITED SPATESwmcennn 85, 710, 128 |24, 823, 304 | 004, 278 | 548, 288 | 0, 844, 208 ||118, 428, 000 0,80
GROGRAPIIC DIVISIONS: :
Now Ingland..u.veccamnnn 3,000,000 | 2,177,870 | A8, 402 4, 708 788, 528 8, 183, 000 .87

8,014,712 || 6, 008,703 | 188,770 | 24,080 | 1,708, 051 || 24,902, 000 .88
8, 068, 303 || 7, 669, 274 | 274,023 | 88, 287 801,000 1 24, 504, 000 .88
2,071,230 (1 1,876,072 | 100, 058 | 150, 887 444, 362 11 18, 182, 000 20
4,808,708 || 2, 6060, 186 | 78,808 | 04, 570 | 1,000, 108 || 16, 808, 000 .28
1,446, 807 704, 485, | 43, 634 | 31, 833 007, 546 || 9, 308, 000 16
1,603, 340 || 1, 278, 618 1 75,004 | 177,718 31, 612 || 11, 038, 000 .18
1 0 34, 170 | 87,087 | 1,020,810 || 4,018,000 .86

Midadle Atlantic......
East North Central..
‘West North Central..
South Atlantio. ...
Iiast South Central...
Wost South Contral..

Mountain.uanmnuwanan , 408, 586 318, 102 )

Pacifle.cnmwnvenn mmawmmm 3,087,078 || 1, 108,406 | 48,015 0,708 | 2,712, 808 0, 8RB, 000 87
Niw ENGLAND!

Maing... . 242, 316 49, 000 700 76 201, 841 708, 000 .32

Now Ila iro.. 157, 881 48, 280 6,073 1, 885 08, 634 456, 000 il

Vormont. 204, 080 15, 008 4, 080 [ crrmann 184, 843 363, 000 . 68

Massachyse 1,528, 608 || 1,287,207 | 51,421 1,420 188, 520 1| 4, 242, 000 , 86

Rhode Island. 208, 470 238, 085 2 800 {amnwammn 2, 286 704, 000 W87

Connootlout. coweumanmmvnn « 008, 300 14, 181 2,518 676 80, 000 1, 088, 000 .87
Mippre ATLANTIC!

NOW Y0rKaeanuunenunsannan 4,919, 855 || 2,071,803 | 100,200 [ 8,042 | 1,498, 000 |} 11, 498, 000 .87

Now Jorsoy..mennn=n 1,008, #01 069,140 { 883, BGa 3, 807 3, 740, 000 27

Pennsylvania. .. - 8,908,700 || 8008, 200 | 40,050 | 12,740 | a2rn 110 || 9,780,000 | .38
Easr Nortyt CENTRAL:

OO0 m e mmwmmsmennnanoennn| 2 864, 504 (1 2, 204, 081 | 71, 888 &, 332 22,008 1| 6,710, 000 .30
770, 087 00 28

Indlana.. { 18
J{TRIT:S T | 2,004, 569 || 2,730,018 | 07,480 | 10,047 06,164 || 7, 206, 000 40
MIoNIgOAD . w ke smmnn W 1,018,740 || 1,208,702 | 18,484 | 10,640 | 356,008 || 4, 400, 000 .86

o R0, 618 840,880 | 66,481 | 6,617 [ 808,681 || 2 918,000 .82

WIBEONEM Y« rem
Wrst NoRTI COENTRAL;

) 610, 124 802, 140 | 88, 526 0,717 178,780 1| 2, 086, 000 30

(148, 807 873,971 | 40, 680 | 23,047 208, 000 || 2, 425,000 27

048, 028 803,820 [ 84,808 | 20,707 | 22,187 || 8,510,000 18

) . 50, 130 an, 6U8 | 15, 818 4720 levsanununan 641, 000 00

Bouth Dakobfuwwana - 70, 814 47,497 1 11,688 | 14,849 0, B0 406, 000 10

Nobraska. ouamnunna .| 200,068 100, 807 | 26, 477 [ 88, 468 21,018 | 1, 806,000 .18

Kansise e mrrnenronn wamamunal 481, G673 800,024 | 22,088 | 47,014 14,070 11 1, 828, Q00 .20

210530t

-
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TanLe 28.——Prixs MovErs—AGGREGATE HORSEPOWER, BY TYPE ANnD HorgB-
powen Per CarITa, ALL ESTABLISHMENTS, BY GEOGRAPHIC Divisions sNP

Srares; 1927—Continued

I i o
Internal-, : Horso-

Steam  Steam i com- ! Hydro- Yp, .00 IDowor

i

2,000 | 1,250 1,105

DIVIRIN AND BTATE Tetal l turbipes engines ' bustion . turbines | per
' ! I engines i capfta
. ] i
BOVTE ATLANTH: : | ; |
Delaware, Distrirt of Co- il : ! - if .
Eomubia, and Marsland | 695,24 | 633,441 . 0,611, 6,387 1 25845} 2,380,000 20
Virging i osoLTsl sunue Boaw ! 4815 o7,7s6 0 255000  Co0
TR | 638,036 5837 6,738  S46sl | Livson| .45
| o033 7,01 41571 471723 Y 280n000| 27
| MS,763° 14054 1,278 536,338 0 LS| (a8
Voanieeo o 1514 ¢ 4,052 473,545 317,000| .19
Yo290,906 13,689 | 37,147 1 9,325 | 1,363,000! .26 75
Coaago15 0 8,815 4131 l 138,077 | 2,583,000 .16 ]
i 2im7I0 1T.663 . 345 | 172238 | 2 4%soo0| o 18 |
| 130,00 £465| G245 | 357,230 | 2540000 .20 ‘
358,280 10,661 | 18503 {ooeooei.... | nLoo| o5
‘ i ; i
boanTs’ 20,600 10,083 14,020 | 1,928,000 .07
] | 3,28 3,375 80,287 foooom.... 1,034,000 14
X 209760 0 238815 . 24,043 | 351131 2,318 Zast 00| 13
TP R———— ) mmemy Tinodl g 2577 | 100,632 ! 15,174 | 5,397,000 | .16
[+5 ' . !
1,457 9,585 747 | 363,503 i 714,000
: 090
000

302,839
3,723

o
4]
=R

34 5,340 4769

LR R S SR

&
3, * X 20
vase | L8| 4050 73,930 | L0000 | (28

24 4207 580! 1,295 a0%000| .08

g7 8543 17,115] 10550 4mo0| a8

1240 50| 1,650 | 148,000 525000 .38

’ o UmL. 41| Z395| inens | 00| .25
srsm! uiam oson0| 1405] s | Lomono| s

Nosogmet s 127300 TITh| 2380 | 169,210 ) 59,000 .35

L7 T46 | K643 85540 | 6010 | 1,844,423 | 4,433,000 .63

 Combimed to sveld discdoging dala for individusl establishments.
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TasLe 30.—ConsuvmprioN oF Furrn, By Kinp, Arn Esunmsumm'rs, BY (3EO-
GRAPHIC DIvISIONS AND StaTEs: 1927

[For conversion factors, coal equivalent, see footnote 1, Table 9]

COAL ] GAS

(ks wuton
DIVISION AND STATE Anthrs- | Bituminous |} 2,000 (barrells of Manu-
cite (tons | (tons of ths) | 428818) || factured 1 MNatural
0[2,2401bs)| 2,000 Ibs.) {1,000 cu. ft.)| (1,000 1L L)
UNITED BTATES oo 1,787,603 | 35,681,314 || 31,623 | 7,145,798 || 6,160,753 | 59,362 039
GEOGRAPHIC DIVISIONS:

New England... 7, 6900 2,083,783 6,234 850,153 | oo P,
Aiddle Atlantie.__.._. .| 1,751,731 8,716,745 17,868 208, (496 1,304 5,872,307
East North Central.... 11,905 | 14,618,876 [\ ____ 150, 684 1,226, 545 4, 205 8561
‘West North Central. .. 394 1 3,335 005 11| 1,250,588 12,893 9, B2, 942
South Atlantie._.___._. 3,837 3,630,640 Vjoereo. - 1,674,106 {1 eenn 228,684
East Bouth Central.... 7,058 1,434, 301 11 138, 100 2 16,078
West South Central__...._.. 5,278 1,341, 635 284 | 1,280,071 4,919,449 31,814,200
Mountain 518, 0490 7,125 2,882 || mmmmmaeenm e 583,645
Pacific. - oo 2,239 Uoreaann 1,270,778 [leommeereee 8, 954, 234

| R
NEwW ENGLAND: i "
i

118
1,342
4,776
17,858 266, 825 1,364 18,253
New Jerseyomeenncoaaeaoma| 84,8121 1,242,108 [ ... N 30 | OO Ry ——
Pennsylvania._. 3,885,730 il - cwee-- 11,718 flomeeeeeeeer 5, 854,084
EAsT NORTH CENTBAL: ,
[ )11 T 6,660 | 3,998,765 ||.. ...
Indiana. coweeoeccrccmcnnnn -- -] 2,021,385 ji.
linois — ..l 5,813,995
Michigan meeronccorooeeanen B, 245 1,996, 432 [j.
R SATTeTAT) 1 SO AP 788,208 ||ocrvueenn
‘WEST NOuTH CENTRAL:
Minnesota. o oooooooecciine 413,944 W nennnn
owa 851, 013
Missouri. . ocorannna [T Y | IR——
North Dakota. 16,420 .
Bouth Dakota. 118,103
ebraska, ... ._..... 418,029 §i.
Kansas. N RN 349,549 || oeecee

S0UTH ATLANTIC
Delaware, District of Co-

lumbia, and Maryland !..}oo.ooo__ 285, 808
Virginia 13, 500
West Virginia oot fenimrceae 681
North Caroling. .- venm-| 570 15,384
South Caroling......cccweeeo|mnemmmmznan 6, 942

eorgla_______ 3, 267 101, 509
T T T N S — 1,510,392

E.Ler Bo;m}x( CENTRAL: 494, 196 15114

L1112 (- )
Tm"mnyn ...... 512,217 111 25,336
ALY T O — 7,058 330,189 13,831
Mississippi 97, 649 85,819 ;

WEST S0UTH CENTRAL .
Arkansa - 116, 051 76, 703
Lounisiana__ .o 365 253, 568 216, 836
OklahomA . o ceccmcmene 4,013 320, 622 178,995
Texas 651,394 s

MOUNTAIN:

Montana, 24, 523
Idaho. cemncnn-- UL N | A
‘Wyoming. S 105,166 f{j-neomoo--
Colorado . 351, 2609 7,126
New Mex{e0 o oeoameecmoeaafmmcamnocaoe 21,684 [ ocoennn
ATIZONA - oo cemmmeccccma | am e amn e m o am
Utah 13,842 ffoueanenee
Nevada 1,800 Yomenene
Pacrric:
\O’Vashingtnn _____ ) ggg

regon 3 27 - -

California. —— 1, 093, 361 - 6, 954,234

1 Combined to av oid disclosing data for individusl establishments,




46 CENSCS OF ELECTRICAL INDUSTRIES: 1927

Taprn S1.—GexeraToR CaPACITY, FOR ALTERNATING-CURRENT BY FRE-
QUENCY, A¥D POR DIRECT-CURRENT, A1l FSTABLISHMENTS, BY (GEoGrapHIC

Divigtong AxND STATES 1927

i
L ALTERNATING-CURRENT ‘
]
|
“ Direck-
DIVEEON AND STATE Aggregate | { H
i ‘ ‘Other fre- currenb
quenmes\

i i
,,._,..-....,._._] R !
Mr. 811,303 | 2,830,720 | 2,743,123 21,744,431 1,05, 122 | 273, 579

Total l 25-cycle ! -cycle
\

TUxNIrED STATER

\ I
GROGRAPRW DIVESONS i ' :
New England, 12,104,315 ‘ 2,111,571 l 11,00 | 2,002,236 ° 3:,53?‘ 12, 744
Afdedle v\tlant i 6 3“‘% 454 4 6, 254, [ HEI f'!;() O 41‘3 B5R - 120,232 119 %m}
Fauet North Cend 0 ogagn 034 6,183,935 605 836 | 5, 403,801  &L278 | 61,1
i il

2ant Kouth Cen 233 ¢
it ! 1,152,073 1 1,147,785 1,787 | L,139,730° 6,208 4,288
gu0,825 1 976,039 313 062,197 . 135200 4,789
2,791,671 ‘ 2,782, 236 | 10| 2,100,951 ©8LGh2) 9,385

;

| i |

4

179,30 ¢ 175,960 |l 5,700 143,260 1 30,000 ] 305

West Nortn Cenir. L o1a%; 000 L 1,028,285 ¢ 214 544 | 1, 078,740 31 e, gw
Benth Aot ... . g0 [ R0 U 510100 | 2709823 105,355 | 19,732
V01565 | 1,034,433 . 570 | 1,033,833 3! 15 332

i

1, 5»41 114,510 4,500 100,009 ° L. 1,035
141,420 1 141,305 P i o5
1,077,337 1,06, 687 e eaoae 7
194, 7 [ 193 700 [| 1,600 1, D00
415,940 © 215,301 oo 108, 760 8, 538 0539
|
3,167,613 7 3,054,600 1 1,412,815 1,522,843 ) 119,332 | 102, 925
g ET6 | 671,801 | 27, 200 646, 601 12,078
2,531,453 ‘ 2, 527, 663 022,340 | 2, 304 414
1 (41.,&14 * 1,717,331 ‘ 124,000 | 1,562,331
gom | 63,2421 30,8 £20, 419
z,w.a w3 ! 2,000,078 (| 874,640 | I, g%, 788
LIs 0 1,187,241 30,400 | 1,063,918
" g4, 350 . ' go7, 443 { 36,003, 571,30
1
651 1 360, 02 44,5m 323, 130
42,122 ¢ 445 057 & 190 474, 367
7*» 778 | 4eT,es L 125 547 342,351
o ) 32,795 1 32780 4, .
45.172 i 47,440 | 47440 | 732
40, 567 | 176,300 ¢ 176,007 A7 4,258
m,"ls : 353, 995 280, 171 43¢ ] 4,228
} y
275, 584 {ocemn.. 4,710 ;
355, 447 635 | 7,181
501,599 §.ooona. 2,928
465,181 | 84,000 178
473,088 1 17,940 200
475, 622 1 4,138
822 1 eene
207,437 |omeeree ABY.
880 {ooeame o 0,582
347,912 30 | - 1,030
59,604 §ovnoeannd | 4,293
1), 455 l 3,000
208, 835 42
227,10 262
615,339 c0Pd
267, 518 955
208, 101 i1
34,562 150
182,518 2,890
23, 440 650
100, 444 09
132,748 A
12,865 _-.....-..’_-;..,.-_
598, 158 ocommnmaz- 5,520 .
216, 567 3,030 | % i
1,285,520 | 678, Uﬁili 1,300
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TasLe 32.~—CurreNT GENERATED, BY TYPE oF Prime Mover, ALy EsTAB-
LISHMENTS, BY GEOGRAPHIC DIVISIONS AND STATES: 1927

KILOWATT-HOURS GENERATED BY~—

e . Total
DIVISION AND STATE (kilowatt-hours) ) Internal-
Steam Water combustion
UNITED STATES: o cmerceeeae 74, 686, 378, 010 45, 391, 180, 914 28,718, 138,400 | 577, 048, 087
G EOGRAPHIC DIVISIONS: !
New England...o..eeeeeeceens 4,750, 193, 632 2,802,792, 278 1, 044, 884, 927 2, 516,427
Middle Atlantic. 19, 281, 644, 834 13, 083, 455, 101 6, 179, 284, 857 18, 904, 878
East North Central 18, 211, 894, 585 15, 751, 890, 339 2, 425 967, 470 34 036, 776
West North Central. 4, 549, 263, 907 2, 879, 583, 1, 510, 667, 006 153, 013, 274
South Atlantie. ... 8, 445, 216, 788 5, 350, 992, 949 3,014, 997, 205 70, 226,
East South Central 2,777, 288, (44 1, 129, 360, 649 1 617,401, 610 30, 505, 785
West Bouth Central 3, 275,021, 117 3, 014, 567, 414 63, 617, 819 196, 835, 884
Mountain_________ 3, 589, 551, 356 , 902, 2,923, 262, 470 52, 386, 647
Pacifie. e, 10, 606, .523, 747 964, 646, 318 9, 032, 055, (45 | 9, 622, 884
NEW ENGLAND: i
-1 - 580, 664, 446 3, 825, 420 556, 343, 364 405, 872
New Hampshire. 226, 444, 199 30 143, 231 185, 751, 913 548, 055
Vermont. _____ 338, 528, 207 03, 957 331,424,250 | e oo
Ma.ssachusetts_ 2, 245, 301, 081 1, 662, 105, 034 581, 845, 797 1, 350, 250
Rhode Island._. 411, 073, 647 405, 975, 5,008,383 | e
Connecticnt___ 068, 182, 052 693, 639, 372 274, 421, 230 121, 450
MIDDLE ATLANTIC:
New YorK. . ooveneemeamanceeeee 9, 917, 685, 550 4, 664, 528, 080 5,246, 394, 835 6, 762, 635
New Jersey._. 861 984, 763 1, 823, 975, 873 33 748, 54 4, 260, 350
Pennsylvania ... oo 7, 501, 974, 521 6, 594, 951, 148 899 141 482 7, 881,891
EAsT NORTH CENTRAL
Ohio. 4,724,016, 312 4, 670, 969, 928 48, 364, 410 4,681,974
1,746, 153, 163 1, 586, 608, 712 154, 562, 534 5 981,917
6, 075, 352, 208 5, 845, 598, 055 218, 221, 252 11, 532,801
3,773, 636, 019 2,701, 489, 104 1, 085, 078, 878 7, 080,037
1,892, 736, 883 048, 214, 540 039, 742, 306 4, 779,947
843,357, 074 308, 142, 525 534, 024, 886 3, 190, 183
1,429,169, 797 599, 762, 136 809, 308, 227 20, 000, 434
881, 179, 442 779,934, 185 82,730, 580 ) 505,
N Orth Dakota. e oo 59, 409, 104 58, 620, i ———————— 770, 346
South Dakota. 90, 407, 256 62, 345, 089 11, 696, 429 16, 365, 737
Nebraska..._ , 055, 334, 186, 402 , 843, 271 30, 026, 070
KaDNSAS . o e 83(), 685, 312 740, 583, 352 38, 055, 113 52, 046, 847
SOUTHE ATLANTIC:
Delaware, District of Colum-
bia, and Maryland 'ecneeunn. 187, 568 1, 065, 398, 607 30, 162, 238 6,626,723
rginia_ . _....... * 697, 494, 191 273,711, 490 2, 560, 769
West Vitginia.- 1, 697, 067, 502 200, 072, 693 5, 679, 482
North Carolina. 952, 292, 287 1,079, 961, 168 . , 306
Bouth Carolina 330, 901, 431 777,007,976 2, 267, 550
Georgia 748, 074, 405 00, 156, 811 643, 754, 310 2, 183,
Florida. co o o ocereccmmennnn 587, 970, 880 501, 682, 030 10,237, 330 &6, 060, 520+
EAST S0UTH CENTRAL:
RentUeKY . o ooooemeoeoeaee 505, 564, 056 394, 144, 503 109, 461,413 1, 958, 050
936, 874, 282 361, 855, 214 570,437, 172 4,781,896
1, 270, 158, 764 329, 08 937, 503, 025 , 807, 631
84, 670, 942 44,512,734 | eeeeen U 20, 158, 208
174, 197, 548 118, 822, 031 45,975, 990 9, 809, 527
Lonisiana 634, 504, 420 601, 238, 945 |0 ceeeacm e 33, 355,475
Oklahoma. o oo 654, 513, 265 608, 693, 314 5,010, 230 40, B9, 721
N5 <1 N 1, 811 715,884 1,685,813, 124 12, 631, 599 113 271 161
Mom:um-
Montana 1,308, 749, 279 11,476,728 1,386, 872, 584 399, 967
Jdaho..... oo m e 713, 213 718 9 085 713 042, 195 152, 438
67, 070. 330 62, 957, 324 626, 120 488,886
499, 585, 961 275, 566 901 221, 077,917 2,921,143
32, 674, 286 26, 887, 396 1,475,485 4,311,
Arizona. , 267, 002 20, 063, 416 219, 041, 198 41; 162, 388
Ttah. 340, 873, 488 16, 625, 149 324, 130, 539 117,
P Nevada 57, 137, 262 308, 240 54, 996 432 1,834, 620
 ACT¥IC:
Washington-.--.....-_-.-.-.-. 2, 105, 288, 534 63, 328, 671 2, 041, 248, 701 712,162
— 840, 062 576 235, 281, 436 602, 375, 530 2, 405, 610
Oa.lltornja ____________________ 7,080, 972, 637 686, 035, 211 6, 388, 432, 814 8, 504, 612

1Combined to avoid disclosing data for individual establishments.
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48 CENSUS OF ELECTRICAL INDUSTRIES: 1927

Taprr 33.—TravsmissioN Lines—MiLes or CirculT, Y VOLTAGE Capagroys
Cosumercrat EsraprLisaMENTs, BY GEOGRAPHIC DIVISIONS AND STATES: 1927

_I TRANSMISSION LINES
| -'!660001'!11,000 or aa,nbOorfss,oooGrluo,ocoml
DIVISION AND HTATE jjmore hut, mere but | mére but mare but'mors by - 000
Total  :[lessthan. less than | less than less than!less thayl T8
GOIL00Y | 3,000 | 66,000 | 110,000 | 220,009 | or ™
| volts volts volts volts volts
! e
USITED BIATES.rnonneeeen.| 185,400 20,817 | 62,000 | 50,934 ' 24,781 | 16,170 -y, 268
CGEGGBAPRIC DIVISIONS: I i
New Ergland... oo seotl et soesl 2aml nuesi ).
Mildle Atlantic ... b 300 1,433 12011 5,123 2,480 3,013
East North Central .. o BBBL B3I 15,088, 10,743 | 4,603 3,18
West North Centeal .. - BT 8207 14,034 11,557 883 044
Seuth Atiantle. ... A 1985t ; TE21 5,100 5,358 6,417 2,208
East Fomh Central,_ . ) R 479, 2174|293 900 | 2,084
West South Central . 1 mes! 128l mis | 0,856 | 2,381 882
Meuntain...... .. . odEmed Tes) oEm) gom | L 919
Parifie. .. © O MABB 6017 1,481 | 6,087 3,408 2,730
LS L 125 582
%08 178 247
LB 147 : 344
3,470 138 1,013
485 i...’.....t 300
: 8 B3} 189
HOw YOk oo WL T2 513
. Mew Jevsey. . ...vunn.. 2,380 | 19 , 503
Peraeyvanis. ... ... ] 1,183, 652 5,875
Exsy Nopmg CENTRAL |
OO oo 1058 Y 4,384 2, 866
Fpotinea.. . 5540 1 819 1,063
..... 6%1 5 1,71 2, 667
68| 28| 4070
LUe: 1,308 2,402
5681 10481 92,8
7820 2,265| 2,473
5,201 7 2,082
aem| 28 1,085
2,540, 882 1,084
2 Gauh T UL ER T E égéi g‘? ;gﬁ%
- Y t A I
Bavm Arowne: :
.. Eréawnrs, District of C olnmbig,
. st Macyliapd f; %gzs i gﬁ 1,256 % 3?3 1) DO
@mv&:ﬁ?mm..::::::: ﬁg ; i IR 0 204 I
Nioeth ¢ aroling., 1,001 1, 607 , i
Bowth Cavedna T g 41 "g74| 1288 1102 et
ﬁm& 2 2 510 474 5881 1,097 (... ..
3,004 F] 624 1,881 E N R,
3890 34 818 L1186 o) < [ E—— -
2,%8 ; 130 840 588 307 .

ﬁm } ég 115 484

Wens & e ; 2L 1 S E—

3 . - 2 200 ¢ 794 202 381 3484 .l
elaheana TN paRY ML a0
K A o s
Moymramy: < WBESL N 3w
3,0n 161 134
X800 20 604
220 7 102
L 124 1,040
206 E) 112
LU 2 554
2,308 2 188
B L i 178
3,758 34 551 1,880 B84 3t R— -
29 E 2 885 " 503 329 8ot
wWel - s 545 | 4,473 9,405 2,183 3,001

|} Oumsbined 0 awoid diselosing data for individnal establishments,
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TapLt 84.—Numser oF CUSTOMBORS (UnrtmMare CONSUMBRS OnrY), BY Crass
oF SERVICE, ALL ESTABLISHMENTS, BY GmoGRAPHIC DIVISIONS AND STATHS:

1927

COMMERCIAL Gtrost

\ : Farm RERVICE and

service e Fﬁdi& %VIIu-1 Iu{.‘(ilr-l

(868 | momestio Taree ribut~ 1 nicipal | urbar

, 2 5 rotal ! || Farm | POmeN Smatl (LR od by | stroot | redl-
DIVISION. AND STATE Tot castom-| Serviee light lg;'}(‘ll‘ class of | light- | ways
ers,” an%. power servico ing? (1‘;11:%-

p. 65) (Im.“' L | (whole-

rotail) salo) powoer)

UNITED STATES.....[21, 780,817 {1108, 450 116, 030,000 |2, 784, 120 | 342, 260 12, 424, 263 22,232 822
)

GEOGRAPHIC DIVISIONS:

w Englande---aene- 2,007, 240 0,344 | 1,520,348 | 290, 857 42, 920 14.2, 432 | 1,232 ) 52
I\N/Iciddle Ktlnntic ....... 6: 032, 053 || 23,207 | 4,383,807 BE)O, 1068 | 47,307 'Uﬂd, 520 4, '1187 .}29
Tast North Central_...| 5,312,752 || 60, 782 4, 208, 000 720, 5791 69,610 | 206,770 :l,!()é gg
West North Central....| 2,187,518 |f 21,200 [ 1, 603,840 | 284, 2}0 42, EZH ?11,(}12 3,81 )

"South Atlantie... ... 1, a4, 361 3,613 { 1,046,880 1?4, 046 | 40, .4:,\_3 3?7, f)-i() 1, \D{ip g}}
Tast South Central....| 721,482 496 548, 27.8 129, 269 1?, i) 7 28, 800 az.g : 2
Wost South Central...| 1,133, 230 1, 871 862, 103 1985, 8?‘1 3:2, 003 49, 2181 1,603 47
Mountaln. cooccamacann 507, 400 3, 461 470, 86 09, 926 3, lﬂp 10, 344 . 040 17
PACIC s en 2,220,822 || 54,100 | 1,344,717 | 200,243 | 40,702 | 526, 022 ) 84,180 o1

NEw ENGLAND: o . .
Y6117 1T —— 184, 873 3,703 74, T4l 11,424 | 20,837 | 401,908 328 813
Now Hmnpsliir%ﬁ__a_- 108, 215 219 87,820 11, 146 2,740 o, 583 Mol &
Vermont anc hode ) ’ ! .

Tsland 6. i 245,362 1,014 104, 109 39, §52H 4, ?‘37 5, 2“{0 382
Massachusetts. 1,077,818 3, 401 868, 183 144,308 { 10, ‘270 41,321 39.’5 28
Connecticut.eeemamnan 892, 991 407 2086, (08 4, 164 5, 342 ") 127 T

MIDDLE ATLANTIC:
3,103,782 || 11,9038 | 1,971,770 278,442 | 18,1756 1,240 . 70
081, 017 (8 U 58, 620 o (U] o647 S )
1,868, 154 1[2 11,200 {8 2, 411, 67 272, 101 | 832,182 2, 501 247
1,870,408 | 10,224 | 1,116,678 | 107,020 | 19, 788 55,086 | 1, 643 56
"638 576 || 14,008 | 408,415 | 78,804 | B,777| 40,001 1 78l 98
1, 706, 722 6,068 | 1,485,080 | 208,808 | 10,198 39,628 [ 1,308 48
081, 545 8, 218 813,738 144, 801 2,036 11, 400 028 20
566, 447 {110, 414 408, 840 04,739 | 15,217 00, 6758 5481 14
Minnesota. 453, 832 2,041 341, 200 B4, 802 () 49, 104 06
Jowa. .- 439, 188 9, 338 320, 761 71, 018 |10 19, 053 24, 087 wat
Missouri 619, 994 2,874 400, 167 00,080 | 27,022 20, 861 ﬁlfi
North D 00, 4186 220 42, 341 11,768 | 1 (l{ 012 4, 620 :I.M [0}
South Dakota. 79,712 240 55, 9256 18, 980 (i 4, V81 31
Nebraska. o 221, 606 1,322 145, 928 24,073 Q)] B, 748 380
Kansas. cuamamnmenmaex 812,040 5,743 201, 471 38, 220 8, 001 %, 122 346
SOUTH ATLANTIC:
Deloware, Distriot of

Columhia, Mary-

land, and West Vir-

Finin B ——— 82, 060 145 370, 060 60,800 { 28,400 874 10
Virginia. .. .... 210, 987 1,704 1749, 278 23, 702 8,050 202 18
North Carolina.., 219, 960 1,087 02, 830 23,802 082 0 208 g
South Carolina... 04,620 451 52, 187 10, &L 615 118 | (9
Goorgifmmennmnnan 100, 168 13180 180, 728 34,451 | ® Bl 542 240 1]
Florlda.. . «vunas 259, 940 o) 212, 247 36, 000 Q) (13 ]

East BourH CENTRAL
Kontuoky. ccvvnwnemnnn 247,036 () 190, 948 390, 860 2,872 13, 012 240
Tennesseo. v.m-. 223, 660 1460 173,820 89, 328 G, 944 4, 520 101
- Alabama...wenan | 170,308 13) 120, 810 (D) 1 ‘li'ﬂil 8,702 182 (“?
Mississlpple cuanecnana 78,010 830 54,101 | 1 B0, 305 Q] 0, 412 230 LY}

1 Data for " Eleotrified steam-railrond divislons” and ' Other sorvice are Ineluded In tho itoms In the
“Motal” column but not clsawhero in the tabla,
1 Tneludes all ** Commorelal sorvice’ reporfed by munieipal establishmonta.
8 Includos all munioipal sorviee reported bY munlou[)nl ogtablishments,
+ Connecticut included with Maina to avold disclosing data for Indlvidual establislunents,
§ New Hampshire included with Maine to aveld diselosing datu for Individual ostabilshmonts,
¢ Combined to avold dlaolosimi datn for individual establishmonts,
I 7]Verrr‘1;ont and Rhode Isiand Ineluded with Connootieut to avold dlsolosing data for indlvidual esteb-
shments,
§ Now Jorsay Included with Ponngylvania to avoid diselosing daba for Individual establishients,
v Stntisties for States can not bo shown without diselosing data for individual establishmonts.
10 Minnesota included with Iowa to nveld diselosing data for individual establislimants,
es? }S)ﬁufh D%kom and Nobrasgkn ineluded with North Dakota to avold clselosing doto for individual
ablishments, :
12 Jouth Carolina Included with North Carelina to aveld c]isoloslnﬁ data for Indtvidual catadlishmonts,
1 Florida Included with Georgla to avold disclosing data for indlvidual establUahments, ;
4 Xontucky included with Tennesseg ta avold disclosiug datu for individual cstabllishments.
1 Alabama included with Mississippl to avold disclosing data for individus] establishments,
1 Mississippi ineluded with Alabema to avoid disclosing data for Individun] establishmoents,
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Tavee 34.—Nunmpser oF Cusroumers (Urrimate CoNsuMERS ONLY), py Crass
oF SErvIcE, ALL ESTABLISHMENTS, BY GEOGRAPHIC DIVISIONS AND SrarBs:

1927—Continued,
1 i i
! e | COSERVICE
; ' Farm |
i servics | Undis-
. tsee N ribut-
DIVEGGN AND STATE | Total! |“Farm Dsgﬁ.‘i’gg‘cll Small Iﬂ‘éﬁ" ed by
-£1stom-| | light and class of
. ers,” - ; snd power service
| P 05) ‘ 1 POWEr | yhole-
: 2 (retail) sale)
! P g
Wesr Botrn CEXTRAL: i . [ .
Arkan : 83,199 1 28,128 | 1,081 (:7)
128,764 | 27,300 | (#) | 710,577
176,120 | 38,349 813,480 | 14,079
464,080\ 101,987 i 16,642 24,525
13,971 | 33,522 )y 4,772
61,504 | 14,830 1,175
, 053 3,870 3,454
156, 254 34,627 " 2 5, 487
i 21, 067 4,354 [¢))]
! 4L @30 | 8714 14 446
i 12,381 [ O]
H i
362,666 - (2 t 322,502 | 53,074 312,000 )
200,001 ®¢,20 | 85,642 30,602 @y i @
LG, 05 47,905 | W86 | 175,567 | 27,802 f[

M-
hieipal
Streef
1 ight-

ing1t

{ 23
215
2,706

Street

inter-

arban
1ail-
ways

g;ivo
power)

™

e ——

)

1327
e
()‘34

1 Thuta far ™

Eiestrified
*“Total” rohumn but not elsewhers in the table,
: Inehuden Bl “Coromerets] service” reportsd by munielpal establishments.

munieipal establishments.
vidual establishments,

for Sistes can not be shown without diselosing data for individual establishments,
to svuid diselosing data for individuoal establishments.

Intiades «ll runmicipal service reported
!Cmmmwnmmdmmiggf
¢ Biatintioy

A

H

3

Calorad

with Logisianz

with Oklaboma 1o avold disclosing data for individual establishments,
Culcrsdo knsinded with New Mexieo fo avold disclosing data for Individual establishnents,
0 Kew Mexloo nchmded with
# Nevada insluded with Arkons 1o sveid

Wil Inciuded with Oregon
;fﬂwem% with Wash ogton

o to avald disclosing data for individual establishments,
diselosing data for individual establishments.

to avoid disclosing data for individua] establishments,
to avold disclosing data for individunal establisbhments,

steam-ralirosd divisjons’ and ‘'Other service’ are included in the items in the -
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CENBUS OF ELECTRICAL INDUSTRIES: 1927
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CENTRAL ELECTRIC LIGHT AND POWER STATIONS

T ABLE

36.—CURRENT SOLD—AVERAGE

53

Kinowarr-Eours pER  CUSTOMER

(Urrimare ConsuMERS ONLY), BY Crass oF SERVICE, ALL ESTABLISHMENTS,
BY GrograpHic DIVISIONS AND StaTEs: 1927

[Based on T'ables 34 and 35]

COMMERCIAL '\
Farim SERVICE Ondi
service ndis- .
(s | 1. tnbuted‘ Municl- | Street and
“Farm O Small | 1 interurban
DIVISION AND STATE Total! | mestic Large | 2B railways
cus sice | UBDE | joqy class | street ay
tom- |%ervies| .24 ig _and of |lighting3 {motive
Brsﬁ,") and (I‘;,‘}Y'o?g servics | power)
p. 65 power " i
(fetail)s] S8le) |
UNITED STATES..ooo-- 2,00 || 4,08 | 43| 3,684 07,797 | 1,317, 78,330 | 7,608,371
GEOGRAPHIC DIVIRIONS; \
New England.-_.. - 4,071 425 379\ 2,538 50, 700 877 | 121,949 3, 403, 389
Middle Atlantie... - 2,962 544 4311 2,977 | 214,305 | 1,846 91, 311 4,776, 068
East North Central.......{ 2,872 465 461 1 3,761 | 124,208 1 1,108 | 104,724 | 13,802 301
West North Central.....| 1, 605 306 | 2,997 28, 433 819 | 49,516 6, 969, 127
South Atlantic..... .| 4,484 465 472 1 4,040'¢ 117,850 | 1,263 68,734 8, 746, 837
East South Central._ _| 3,403 224 3731 2,711} 121,003 | 1,148 70,751 7,175,195
West South Central.....| 2,380 §, 531 388 | 2,174 5, 809 848 50, 761 8, 284, 550
Mountain. .----.. .l 4782 2,872 484 | 5,364 | 572,844 948 71,165 4,603,973
Pacific. oo eermararee 3,887 || 14,024 580 | 7,864 | 56,317 836 . 56,487 | 9,138,
NEW ENGLAND:
Maine 2, 562 339 391 | 1,063 16,776 | 5740 30,680 | 53,402,701
New Hampshire ......... 1,420 378 345 | 3,003 19,837 1 2,079 81, 648 (V)
Vea'mout and Rhode
TSIANA 6o e emememee 2,060 409 340 | 2,128 | 76,721 905 | 57,175 ®
M. husetts 1,873 510 341 | 2,606 | 107,673 1 1,080 | 281,660 3,288, 085
Connecticut. —— cvernn 055 &76 5171 2,882 | 65504 (V) 209,906 | 73,580, 865
MIDDLE ATLANTIC!
NeW YOrKocour-mesnmmman 772 403 | 8,307 [ 346,157 159,507 | 6,642,289
New Jersey..... ® 8) 3,685 0 Q) 108, 571 &
Pennsylvania. ..o 8303 | #4541 2,305 | 5152088 127 | 34,179,180
EasT NoRTH CENTRAL:
hi 388 4656 | 38,7011 117,885 1,008 88, 534 9, 891, M4
422 449 | 5 002 130 | 1,540 | 92,869 | 8 721,823
367 441! 2 131,035 | - 863 | 123,354 | 24,282 010
591 478 | 5,082 | 648,700 818 | 160,251 | 10,662, 006
nsin &70 498 | 2,602 48,011 | 1,07t 59, 643 10, 408, 439
WEST Noma CENTRAL:
Minnesata 561 415 | 2,642 Q] 1,080 | 72,831
OWB e omeee 442 336 | 2,362 | 142,726 { 1,207 28,818
Missouri. .. 303 423 | 4,386 | 20,842 923 | 80,337
North Dakota. 587 390 | 1,571 | 1118 932 371 12, 830 [}
South Dakota._ 350 340 | 1, (Ug 558 | 24,358
Nebraska. .. 601 4356 | 2,998 (31 587 45,739
Kansas. ... 1,022 3821 3,175 29, 042 679 70, 850
SOUTH ATLANTH
Delaware, District of
Columbia, Maryland,
and West Virginias.._| 3,786 379 435 | 4,008 45,613 66,147 | 15,169, 134
Virginia..coooccnnn 449 450 | 5,154 | 107,960 60, 342 8§, 051, 783
North Carolina. 480 | 2,447 11,673,606 ® ! 72,612 | 122,823, 760
Bouth Carolina. 458 | 7, , O 90, 400 1
442 | 3,616 |13 118,973 67,888 | 17,018, 277
564 | 3,016 *) 68,942 2, 789, 280
347 | 2,171} 117,452 | 1,474 90, 152 2, 748, 328
368 2( 78, 176 764 | 96,778 | 7,031,467
416 18) |14 178, 383 643 44,913 i
380 1% 3, 003 ()] 1,024 53,414 |15 11, 946, 011
303 | 2,100 40, 461 (17 24,130
2,400 18 17822 86, 487 ®
882 | 2,135 | 1842, 148 790 45,976
400 | 2,146 49,432 § 1,089 50 552
486 | 4,045 1,732 54,375
969 | 3,530 1,401 62,402
413 | 3,080 741 86,420
348 1 6,901 ® w8621 105,323 (U]
38p | 2,102 (0 45, 849
341 119,479 - 520 1 108, 784
sz | () ¢y | 70,656
126 821 | 7,954 .70, 288 - 100,850 | 7, 301, 898
3 s bsae ® s &
Ca B o.-] 3,171 {15,334 472 | 8,241 40,780 50,002 | 9, 942,385

See corresponding footnotes, Table 84,
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CENTRAL ELECTRIC LIGHT AND POWER STATIONS
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56 CENSUS OF ELECTRICAL INDUSTRIES: 1927

TaBLE 38.—REVENUE FROM ELECTRIC SERVICE—AVERAGE PER CusToMER
{Urrisate Consumers ONLY), By Cnass oF SERVICE, ALL EsTABLIsEMENTS,
BY (Geoarapnic DivisioNs aNo StaTes: 1927

[Based on ‘I'ables 34 and 37]

i 1 !

- . COMMERCIAL

" service | j  SERVICE Undis- Street

i F“;‘l‘,’mlDomw tribut-| Munici. (49d Intor

DIVISION AKD BTATE ;Totall't C tie Serv- Small Large | ed by ’{mlstreet ﬁ'

i i wus— “fee ' light [lightand |classof!lighting3| ™8 “i?y: )

polome . and | power |service, {mo "') ‘
' I méﬁ) ; | power | (whole- | power,

P i [ (retail)} sale) :
H i

1

UNITED BTATES . coo ..o

GrOoARAFRIC DIVIBIONS: :

| s103 5300 SM7| SL834 |  $04) $3,472| $71,000
|
i

i 81i 30 128 B68 | 44: 6,763 48, 047
we 80 R 141 2,520 93 5117 43,971
76 . 37 9! 13 2,000 49 3,495 [ 128, D07
£4 49 29 133 507 45 . 2,263 20, 323
88 . 28 33 167 1,471 57 . 8,578 74, 600
8 2. W 130 1,568 53 3050 54,686
9L 182 82: 1% 862 6’ 1,841 99,079
6 o, 30 19 4390 i s204| 43, 607
70 ] ! 178 . 654 0 205 76, 927
] : : —
| | s 158 | 440! 1,731 | “s42, 706

It SR i 323 6 4015 ()

sl o | 2! s @
Db 16 1,006 ) 16178 | 4, 676
P s L206| ¢y | 11,22¢| 183,377
( ; i }g% (2‘,)7@4 } ® j{ 3,520 ?’s, 101
| |24 | sz | g 158, 451
150 1,970 43 . 3,406 | 93,003
15 1,003 64, 3,257 | 84, 7O

187 2, 204 42 2,768 | - 190,199
188 8,805 43 5,801 144, 605
124 : 810 44 2,902 £0, 198

shEENEs Sueww 8w sws wn (R

papages swesw £y

135 (o 64 2,064
P 1230 1egp2 £5 1,623
L1 401 43 3,313
120 11 400 16 1,057
108! @y 56 1,871
128 42 2,
24 [ 41 2,018
31 2% 151 734 3,850
42 2% 220 1,511 | 2,676
26. 33 3l 1542501 o i 3,307
43! 35 2041 11,204 1 3,868
W41 B85 33! 185| 41,64 1 2,800
884 (W) 44 191, @ 3,888
g 28 ‘ 115 2,070 55 3,802
82 23 28| 138 1,062 53 4,
104 ?:} 8L (19 161,895 44 2, 251
78 16 a7 B3] () 55 2,129
TR ir omibouy 957 | (11 I,
..... [ BS[ o 35 1 () 1752 3,166 | o)
‘ et B8 3 130 i8'782 52 1,958
:Mmmm. ;78 i 2 12t 915 35 1,626
;o ISE, 47 28 141 r 28 341
7] 78: R 126 48 %,247
82 47} 8t %07 67 5,086
g :S”’ 7 S m 55 5,243
05 Wioe 3% 156 30 2,000
i 32] "o 7y 5, 262
107 j 45 Wi oM m 3,231
-85 |} ozl sl nmes 206:
es% (:)82 i 147 (o)) } U] %’,704
- 245 25 180 660 A 1978
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TABLE 39.—~REVENUE FROM FLECTRIC SERVICE (ULTIMATE CoONSUMERS ONLY)—™
AVERAGE PER KILOWATT-HOUR, gy Crass OF SERVICE, ALDL T ABLISHMENTS,
gy CBOGRAPHIC PrvisiONs AND STATES: 1927

{Based on Pables 35 and 37}
COMMERCIAL
SERVICE Street
Mook | 1
Dpmes- Targe Undis- | “cipal inter-
DIVISION AND STATE matal $ Farm | jjo serv- Small | Tight iributed| groet urban
service Hight by class © 1 rail
ice and - light.
and oWer ofservice, jpgs ways
power | (whole | {motive
(retail) *{ " gale) \ pOWer)
___,_,__....-—---——-—"""“‘/— M__..««.-,_.,..,/M.;__ﬂﬁ_,__,
Cenis Cenis Cenis Cente Cents | Cents | Genis | Cenis
UxirED STATES..---- e 26 2.1 6.8 4.0 L4 48l 44 0.9
GROGRAPHIC DIVISIONS: |
oW England-- ..~ R 3.8 7.3 2.0 50 L1 5.0 \ 5.6 1.4
Middle Atlaniic ... 2.7 8.0 7.4 4.7 1.2 4.8 5.0 0.9
Fast North Central. 2.6 2.0 8.2 41 16 cal 33 0.9
West North Central 3.5 3.1 7.3 4.8 1.8 5.8 4.8 1,2
gouth Atlantie. .- -- 2.2 8.3 7.0 4.1 1.2 4.5 59 0.9
East South Central. 2.4 0.8 7.9 4.8 1.8 40 4,3 0.8
West South Centra! 3.3 2.8 2.3 58 1.9 56 | 3.6 1.2
Mountain. -..--~ 1.8 88 8.2 3.3 8 5.7 4.6 0.9
Paciflte.emmmnmmen 2.1 1.8 4.4 2.8 1.2 4.7 3.6 0,8
NEW ENCLAND: e e — DR ey seannmil —
AIG . wmmmammemn s 2 2.1 8.1 7.3 .61 b4 561 L2
New Hampshire..o--- 4.4 9.1 9.7 1.7 a7 6.5 ®
Vermont and Rho |
....... 3.4 | 6.8 8.6 .9 4.2 4.5 ]
3.8 1 6.8 8.2 1.0 47 87 L4
M 8.0 71 1.8 [ 53 11,5
"""" @ g (6'8} ) vl o
Peunsylvanis...o-ooeness 310.5 (37.5 1.0 4.8 80,9
EasT NOBT
hio 9.9 8.3 L7 4.5 3.9 1,0
ka4 7.0 1.8 4.1 3.5 1.0
8.5 8.3 L7 4.9 2.2 0.8
58 5.4 13 5.2 a7 1.3
8.4 5.9 1.7 4.1 50 0.9
3.9 7.4 g") 8.1 4.1
11.7 8.8 1.5 4.5 5.7
7.1 al 19 4.8 41
2.9 'Y 2.1 12.5 8.2 [O]
12.7 10.1 ?‘) 10.1 5.6
7.9 7.1 iy 7.1 4.8
Kanses.ov— 6.5 8.8 2.0 8.0 41
SoUTHE ATLANTIC
Pelaware, District  of
Colnmbia, Mary
and ‘West 2.4 8. 8. 1. 5 0.8
......... 2.5 9. 8, 1 t ({ g
L4 B. 8. . .
South Carolina 16 8. 7 1 ® RIS
QOTEIB - m 2.1 BB 7. 81, 4.4 0.9
Florids.- 521 9 1. 5] 5.8 L5
EasT SOUTH
tucky - 3.2 ?‘) 8. 0.7
Tannessee.. - ?f {? (‘ u?)‘ 8 '; ® u;). 8
Ahaissip ol B 9. ) Pos
weat Sovre CE i
TKBUSAS - wmmommm %g 10. p ’% ¢ )
Oklshora_ il © O
TRXBSwa sy - 3.2
MOUNTAING
Montans and Ttah b vvee 1.1 .
T3N0 cnmemmmmmmm==m " 2.0 .
Wyoming i 5.2 7!
Qolorado B 3.6 @ .0 ®
Wew Mexl PO 7.2 b 4
ArizonB..- 26 1
P ‘II‘;?VBGB ................ 2.6 )]
ACIFIC:
Washington - cmvrmm==m""" 1.6 2.0 80,7
8] wgnﬁ. 2.1 2.7 (¢)
OCalifornia- - 2.2 2.3 0.9
Bes corresponding footnotes, abla 34,

2105—-30—-—-‘5



Chapter IV.—FUEL-BURNING AND HYDROELECTRIC
GENERATING STATIONS

Data for hydroelectric plants were first tabulated separately at the census
for 1912. At that census and at those for 1917 and 1922, only those establish-
ments which reported water power of 1,000 horsepower or more (including some
which reported both water and other power) were treated as hydroelectric. In
this way & small amount of steam power was necessarily included, as in the ocase
of establishments combining steam and moderately large water-power develop-
ments, while, on the other hand, smaller water-power plants were excluded.

In the present report, establishments reporting water power are shown in
several groupings—those reporting water power of 1,000 horsepower or more;
those reporting 50 per cent or more of their current generated by means of water
power; all establishments reporting water power; and establishments reporting
water power only, Bome of these groups obviously overlap (Table 40). -Inm
Tables 41 to 45, however, separate figures are given for generators driven by
power derived from fuel and for those driven by water power, regardless of the
classification of the establishrments themselves.

Combination of hydroeleciric and fuel-burning plants.—The economic advan-
tages, and In some cases the necessity, of combining water-power and Fuel-
burning plants in single systems have been increasingly recognized. Establish-
menta reporting water power alone now represent only a little more than 8 per
cent of the fotal prime-mover horsepower for all establishments and less than: 30
per cent of the total hydraulic horsepower.

Comparison with earlier census years (Table 41).—The most signifieant com-
parison that can be made with earlier census years relates to the rated capacity.
Frotm 1917 to 1927 there was a marked increase in the kilowatt rating of gem-
erators driven by water power, but this group’s proportion of the total c&p&city
decreased, especially during the period 1922-1927.

Comparison by regions (Tables 43 and 44).—Only in the two gaographicu
diviglons of the far West does the rated capacity of generators driven by wwafer -
power eonstitute more than 50 per cent of the total; as to individual States, Ghds
statement applies only to those of northern New England, those of the southern
Appalachian region, five of the Rocky Mountain States, and the three on iithe.
Pacific coast. California is by far the predominant water-power State. HEwven
where water power is abundant, however, experience shows that it must be sup-
plemented by steam. Nine and five-tenths per cent of California’s outpub came
from fuel (Table 44).

On the whole, the firat cost of hydro plants is relatively higher than tha.t of
steam plants, but the operating cost is lower. Where both kinds of power ‘are.
available, it is therefors of advanfage to obtain maximum output from - the
water-powdr plant, using steam to make up the balance. This practice isreflected
in Tables 43 and 44. With some exceptions, the cutput from the hydro plants .
eonstitutes a larger percentage of the total output than might be expected: from:

. 'the proportion of the total capacity; that is, the number of kilowati-hours gen-:

/ em:fsad per kilowatt of capacity is larger for the hydro plants than for those usix;g o

58



CENTRAL DLECTRIC LIGHT AND POWER STATIONS

59

TaBLE 40.—SUMMARY, ALl EsrTannisaMeNTs! aANp HYDROBLECTRIC
EsTaBLisEMENTS; 1927

ot report- | Establish- | Tatablist
ments report- tstablish- Bstablish-
|| All establish- i1 56" 0y cont | ments roport- | ments re-
All establish- || ments report > Py \ .
ments ! ing water Or 1016 Cur- ing water porting
go o rent generated| power of 1,000 | water power
power by water | h. p, or more only
power
Tumber of establishments.... 4, 335 745) 420 322 303
‘alue of plant and equipment. |2 $9, 207, 458, 350(12$5,122,082, 303 $3, 029, 506, 844|284, 659, 157, 7012 $582, 771, 400
‘otal revenues: .
4 Elecirie serviee .. oaoao. $1, 802, 655, 403]]  $824, 144, 360[  $440, B4T, 418  $722, 382, 224]  $85, 2086, 330
All other 50Urces. cevuc.n- 8 %161, 008,831{| 3 §78,831, (40| ® $33, 520, 703  ? $67, 122, 182] ¥ 43, 879, 206
otal expe%scs..r .............. 1§41, 318, 255, 160|| 4 $617, 516, 50p| ¢ $302, 556, 772] 4 $534, 470, 237] 4 $44, 034, 070
‘otal number of persons em-
%loyed ......... 1." ............ 251,020 105, 549 §2, 850 88, 769 7,07
rime movers:
Number._.ovvrmueenn 12,030 5, 925 3,077 4, BEY 1, 201
Hogserl;ower ___________ 35, 710, 128 19, 258, 489, 12, 016, 402 17, 671, 613 2,021, 883
Steam turbines—
umber . .oceaevnnnn 2, 864 1, 069 406 L] R,
Horseri)ower ........... 24, 323, 304 8,930, 883 2,770, 300 7, 808, 407 <o
Steam engines—
Number. . .oeceeocao 2, 207, 611 240 [ 0] [,
HoOrsePoOWOr e e e vmmmunn 094, 273 371, 848 117, 252; 280, 000[~ e rmm e mma
Internal-combustion en-
gines—
Number.__ 3,177 523 102] ]
Horsepow! 548, 288| 111, 500 41, 816 GO, 204} v cmevnmna
Hydroturbines—
Number. 3,722 38, 722 3, 130] 3, 007 1,201
tH OrsepowWH 9, 8dd, 263 9, 844, 263 0, 087, 020 @, 716, 806 2, 021, 8838
enerators:
amber.... ... - 11,067 &, 827 3, 858 4, 434 1, 204
Kilowatt capacity......_.. 25, 811, 305 13, 847, 147 8, 4085, 819 12, 677, 448 2, 023, 834
urrent generated, kilowatt-
14711 o S 74, 086, 878, 010|141, 560, 063, 006| 29, 387, O11, 308| 39, 575, 206, B28(8, 718, 803, 087
umber of customers......... 21, 700, 238 8,908, 740 4, 677,425 7, 648, 704 700, 283

! Includes establishments which purchased all current distributed, ~

2 Includes following amounis mg

itablishments,” p. 14}, not distri
fes: For “All establishments,’

orted by composite establishments (see * Purcly electrio and eompogite
uted as between the electric light and power industry and othor Indus-
$002,067,274; for  Establishments reporting water power of 1,000 h. p. or

ore,” $408,104,047; for ** Tstablishments reporting 60 por cent or more current generated by water powor,”
83,443,142; for * All establishments reporting water powoer,'” $411,333,001; for * Establishments reporting

ater power only,” $260,000.

4 Miscellaneous electric ravenues, net income from utilities other than electrie, and nmm{)eml;lng ingomo,
oes nat include amount of rents credited to income nor amortization of franchises (eallod for as net itomns

1 1127 schedule),

¢+ Operating expenses, interest, and other deductiong from

ross income,

Does not include amount of

ut payments for lease of plant, equipment, ote,, and amortization of franchises (oalled for as not itoms
11027 schodule), Does not include expenses of municipal plants,

‘ABLE 41.—CnNBRATOR CArAcITY OF FURL-BURNING AND oF HYDRODLEOTRIC
EquirmmnT, ALL EgraBrisaMnNTg: 1002 mo 1027

RATED CAPACITY (XILOWATTSY

PRR CENT OF TOTAL

CENSUS YEAR
Total Tuel Hydro Truel Hydro
28, 811, 3056 18, 001, 703 0, 840, 512
14, 313, 438 1, 062, 781 4, 850, 687
8, 004, 407 ) 208, 510 2, 785, 867
5, 108, 430 1
2, 700, 225 1 1
1, 212, 236 1 1

! No data,
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TapLe 42.—GENERATOR CAPacITY oF FUEL-BURNING AND of HyproELECTRIC
EqQUIpMENT, BY CLASS AND BY FrEQUENCY GROUPS, ALL ESTABLISHMENTS:

1927

RATED CAPACITY (KILOWATTS)

PER CENT OF TOTAL

TYFE OF GENERATOR

Total Fuel Hydro Fuel Hydro
L3 7 S, 25, 811, 305 18, 961, 763 6, 849, 512 73.5 2, 5
ernating current....cocaeerecer-- 25, 537, 726 18, 804, 121 6, 733, 605 73.8 28,4
Al Sboyole. - 9,743, 123 ! 087, 540 " 055, 574 76,1 2.9
B0-CYClE e 21, 744, 481 16, 332, 400 5,412, 081 75,1 24,9
Other frequencies - coccoacaar-- 1, 050, 122 384,172 605, 050 30,0 63.4
Direct current . 167, 072 115, 907 57.6 42.4

278, 579

TABLE 43.—QGENERATOR CAPACITY OF FUDL-BURNING AND OF HYDROBLEGTRIC
EqQUIPMENT, ALL KSTABLISHMENTS, BY GROGRAPHIC DIVISIONS AND STATES:

1027

RATED CAPACITY (RILOWATIR)

PER CENT OF TOTAL

DIVISION AND BTATE

Total Fuel Hydro Fuel Hydro
TUNITED STATEScncecennmnacann 25, 811, 306 18, 961, 793 8, 849, 512 73.5 2.5
'GEQGRAPHIC DIVISIONS!
New Englande e . cocecncaneanns 2,124, 315 1, 605, 270 510, 045 75,6 4,
Middle Atlantie 6,873,454 5, 174, 397 1,109, 067 81,2 18,8
Fast North Central. . cvvenmeeen 8, 245, 084 5, 694, 224 550, 860 91,2 8.8
‘West North Central.__._. aeamn 1, 950, 096 1,032, 732 17, 304 83.7 16,3
South Atlantic 8, 144, 010 2,008,018 | 1,141,008 83,7 36.3
East South Central..oocaneene. 1,049, 768 578, 619 474, 240 54,8 45,2
‘West South Central.. 1,182,073 1,127, 860 24, 213 97.9 2.1
Mountain. eeeeroneeccmmnananann 980, 828 7,1 693, 701 29,3 70,7
Pacific 2,791, 671 861, 651 1, 930, 020 30.9 60,1
NEW ENGLAND!
Maine X 179, 364 87,703 141, 661 21,0 70.0
- 1‘\; ow Hafmpshire ----------- - ﬁlli. 564 1%' g% lgg. 3%8 43- g 86,1
ermon < d 3
- Massachusatts 1,077,887 949, 603 7, 88.2 s
Rhode Island 104, 700 182, 950 1,760 00,1 0.9
Mmonggnzglgi%tﬁ 415, 940 359, 670 56, 270 86, 13,8
New York, 8,157, 616 2,166, 567 001, 048 68,6 31,4
New Jersay oo cmmmee| 683, 876 678, b46 5,830 09, 0.8
Permsylvanio..euecceamcnccnnan 2, 531, 963 2, 829, 284 202, 679 92,0 8.0
Easr NORTH CENTRAL
Ohio 1,742, 856 1,726, 781 16,125 00,1 0.0
Indigng. o sevmennnacanace wamann 653, 063 018, 273 84,790 04,7 B,
Miohigan. 1T - Timam | Uhosm| o soes| mer|  ard
B ————— " 624, 880 417,388 206,99 66.8 38.2
Minnesota - 372, 651 249, 400 123,161 67,0 33,0
s T N H
N T T ——— e 50,004 OO 1008 s
South Dakota_ . lccvemearannans 48,172 43,012 4,200 01, 88
Nebragka, 180, 567 166, 125 14, 442 92,0 8.0
SOUE;T’;:A e - 358, 218 848,177 10, 041, 97, 2.8
Delaware, District of Qolumbia,
and Maryland!. ..ooeeveene. 498, 204 478, 154 20,140 06,0 4.0
virginia- o oooooo 364, 633 287, 740 76, 598 78.9 21,1
‘West Virginia. . 564, 527 507, 785 56, 762 89,9 10.1
North-Carolina... 551, 986 222,745 329: 240 40.4 50,0
%%%trl;i?amuna. ................ gg(l). %gg 1%1. 613 369, 506 24.8 75.1
Florida 293, 242 287, 743 a0 o i
East S0UTH OENTRAL: ! ! 5,600 981 )
Kentu 208, 039 105, 004 108, 036 06, 4 34.0
Sio 457 Rt MR®e|  a| one
d . @9.
Mississippl 63, 887 63, 887 il I I

1 Combined to avold disclosing data for individual establishments.
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TaBLE 483.—GENERATOR CAPACITY OF FUEL-BURNING AND OF HYDROBLECTRIC
EqQuIPMENT, ArLL FESTABLISHMENTS, BY (GEOGRAPHIC DIVISIONS AND STATES:

1927—Continued

RATED CAPACITY (KILOWATIS) | PER CENT OF TOTAL
IIVISION AND STATE
Total Fuel Hydro Fuel Hydro

WEST S0UTH CENTRAL:

Arkansas 94,955 84, 630 10,275 59,2 10.8

Louisiana 207, 542 207,542 | crornicacnann 100.0 |cveccennmn

Oklahoma 227,575 225, 875 , 700 99.3 0.7

TeXaS. e 622, 001 809, 763 12, 288 98.0 2.0
AMounTaIN:

Montana. .....____.... ——— 268, 509 9, 758 258, 751 3.6 96. 4

Idaho. .__________._. 117 3, 630 204, 487 L7 08,3

Wyoming 34, 748 32, 435 , 313 93.3 8.7

Colorado.. _____________ 198,919 145, 231 53, 688 73.0 27.0

New Mexico y 28,135 958 96.0 4.0

ATiZODA_ - e 100, 600 33,912 46, 688 . 33.7 86.3

Ttah.. . 132, 755 37,051 95,704 © 21.9 2.1

Nevada . cuw oo ommoan 13,090 1,975 11,115 15,1 84, O
PacIFic:

Washington . ..o 603, 684 100, 437 503, 247 | 16,6 83. 4

Oregon. . ..ooeeo oo - 222,997 104, 545 118, 452 : 46.9 53.1

California 1,964, 990 656, 669 1,308, 321 33.4 66, 6

TABLE 44.—CURRENT GENERATED BY FUEL-BURNING AND BY HYDROBLECTRIC
EquIipMENT, ArL ESTABLISHEMENTS, BY GEOGRAPHIC DIvVISIONS AND STATES:

1927

CURRENT GENERATED (KILOWATT-HOURS)

PER CENT OF

TOTAL
DIVISION AND STATE
Total Fuoel Hydro Fuel | Hydro
UXNITED BTATEB o ecanen 74,686,378, 010 || 45,968, 239, 601 | 28, 718, 138, 408 815 38.5
GEOGGRAPHIC DIVISIONS:
New England._..__... ———— --a{ 4,750,193, 632 2,805,308, 705 | 1,044, B84, 927 50,1 40,9
Middle Atlantie. ... 19, 281,644, 834 || 13,102,350, 977 | 6,179, 284, 857 68.0 320
East North Central. .. 18,211,804, 585 || 15, 785,927,115 | 2,425, 967, 470 86,7 13.3
West North Central. ... 4, 549, 263, 907 3,032, 596, 901 | 1, 5186, 867, 006 668.7 33.3
South Atlantie. - ..o 8, 445,216, 788 5,430,219, 533 | 3,014, 997,205 4.3 85.7
East South Central.. 2,777,268, 044 1,159, 866,434 | 1,017,401, 610 41.8 58.2
West South Central. 3,275,021, 117 ;] 3,211,403, 268 , 617, 819 98.1 1.9
Mountain. .. 3, 389, 651, 356 66, 288, 836 | 2,023, 262,470 13.8 86, 2
Pacifie. e 10, 006, 323, 747 974, 268, 702 | 9, 032, 055, 045 9.7 80.3
NEW ENGLAND:
Maine 560, 664, 448 4,321, 092 556, 343, 354 [13 28, 2
New Hampshire_...cocoveneenn- 226, 444,199 30, 692, 286 195,751, 913 13.6 88. 4
Vermont._________ e amm—n—— 338, 528, 207 7, 103, 957 331, 424, 250 2.1 97.9
Massachusetts 2, 245, 301, 081 663, 455, 284 581, 845, 707 74.1 25. 9
Rhode Island._ . oeeeevunmranan 411, 073, 647 405, 075, 264 5,008, 383 98.8 1.2
Connecticut 968, 182, 052 693, 760, 822 274,421, 230 7L7 28.3
MIDDLE ATLANTIC:
New York._... - 9, 917, 685, 560 4,871,200, 715 | 5,246, 394,835 47.1 52.9
New Jersey_ .. __. 1,861, 984, 763 1, 828, 236, 223 33, 748, 540 98.2 1.8
Pennsylvania_... 7, 501, 974, 521 6, 602, 833, 039 898, 141, 482 88.0 12.0 .
Eas? NORTH CENTRAL:
Ohia_ 4,724, 016, 312 4, 875, 851, 902 48, 364, 410 99,0 LO
1,746, 153, 163 1, 591, 590, 629 154, 562, 534 0L 1 8.9
6, 075, 352, 208 5, 857, 130, 956 218, 221, 252 06. 4 3.6
Michigan 3, 773, 636, 019 2, 708, 559, 141 | 1,065, 076, 878 71.8 28.2
Wisconsin 1,892, 736, 883 952, 994, 487 939, 742, 396 §0. 4 49.6
‘WEsT NORTH CENTRAL:
Minnesota. .ooovenmemmmmeeana 843, 357,074 309, 332, 688 534, 024, 386 -36.7 63.3 -
Iowa. .~ - 1, 429, 160, 797 619, 861, 570 809, 308, 227 43. 4 56.6
MISSOULI - e omemeemmaan 891, 179, 442 808, 439, 862 82, 739, 580 0.7 9.3
North Dakota. 59, 409, 164 59, 408, 194 |.. 100.0
South Dakota_ 90, 407, 255 78, 710, 826 11, 696, 429 87.1 12.9
Nebrasks oo ae 405, 055, 833 364, 212, 562 40, 843, 271 89.9 10.1
Kansas 830, 685, 812 792, 630, 199 38, 055,113 85. 4 4.6
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TapLE 44.—CURRENT GENERATED BY FUEL-BURNING AND BY HYDROELECTRIC
EQUIPMENT, ALL ESTABLISHMENTS, BY GEOGRAPHIC DIVISIONS AND StaTES:

1927—Continued

CURRENT GENERATED (RILOWATT-HOURS)

PER CENT OF
TOTAL

DIVISION AND STATE

! I
i Total i Fuel Hydro Fuel | Hydro
! ‘ |
Souir)xz! A'erTlrg; erict of Col i i
awars, Distriet of Colum- |
bt his, and Maryland L., . 1,10%,187,568 | 1,072,025, 330 30, 162, 238 97.3 2.7
Virginia 973, 766, 450 |! 00, 054, 9 273,711,490 71.9 28.1
i 1,902,819,767 || 1,702, 747,074 200, 072, 693 890.5 10.5
2,036, 121, 761 956,160, 593 | 1,079, 961, 168 47.0 53.0
1, 118, 266, 957 339, 168, 981 777, 097, 9706 30.4 69,6
746,074, 405 102, 320, 095 643, 754, 310 13.7 86.3
567, 979, 880 557, 742, 550 10, 237, 330 98.2 L8
505, 564, 056 396, 102, 643 109, 461, 413 78.3 21,7
036, 874, 282 366,437,110 570,437,172 3901 60,9
1,270,138, 764 332, 655, 739 937, 503, 025 26,2 73.8
64, 670, 942 64, 670, 042 100.0 |—eee....
174,197, 548 128, 221, 558 435, 975, 990 73.6 23. 4
, 594, 420 634, 504,420 ... 100.0
654, 513, 265 649, 503, 035 5, 010, 230 99.2 0.8
1,811, 715,884 1,799, 084, 285 12, 831, 599 99.3 0.7
1,398, 749,279 11,876,605 | 1,386,872, 684 0.8 99,2
713,213,718 71,523 713,042, 195 *) 100.0
7,070, 330 64, 444, 210 2, 826, 120 96.1 3.9
499, 566, 961 278, 488, 044 221,077,917 85.7 44.3
32, 674,286 31,198, 801 1,475,485 95.5 4.5
280, 287, 61, 225, 804 219, 041, 188 21.8 78.2
340, 873, 488 18, 742, 949 324, 130, 539 4.9 95.1
57,137,292 40, 860 54, 996, 432 3.7 96.3
2,105, 288, 534 64,041,833 | 2,041, 246, 701 3.0 , 97.0
840, 062, 578 237, 687, 046 602, 375, 530 28.3 L7
7,080,972, 637 t 672, 539,823 | 6,388,432,814 9.5 90.5

1t Combined to avoid digeloging data for Individual establishments.

1 Leas than onse-tenth of 1 per cent,

TasLE 45.—OENERATOR CAPacITY, OUrPUr OF CURRENT, AND OUTPUT PER
KiLowATT, 0B FUBL-BUBNING AND POR HyDROELECTRIC EQUIPMENT, ALL

EsTaBLIBHEMENTS: 1927

Fuel Hydro
Wr eapacity (kilowatis) 18, 961, 703 6, 849, 512
Serrent generated (kilowatt-hotirs) - 45,908,230, 601 | 28, 718, 138, 400
Kilowatt-hours generated per kilowatt of capacity:
Per 2,494 4,193
Pardism...... 6.6 1L5




Chapter V.—COMMERCIAL AND MUNICIPAL
' ESTABLISHMENTS

Number and size of establishments (Tables 46, 47, 49, and 50).—Although the
municipal establishments for the first time slightly outnumber the commereial
establishments, they average much smaller in size. In 1927 they had 5.8 per cent
of the total horsepower and generated 4.5 per cent of the total energy. During
the past half decade both municipal and commercial establishments increased
greatly in capacity and in output. Both decreased in number, the commercial
establishments far more than the municipal. Many of the former serve large
areas and the decrease in their number was due to consolidations of companies
serving contiguous areas. Municipal plants generally serve individual com-
munities, and consolidations with other municipal establishments are not usually
practicable. The numerical decrease represents an excess of absorptions by
commercial systems over the increase due to the establishing of new municipal
systems. The number of commercial establishments reached its peak in 1917,
the number of municipal in 1922, and the number of both combined in 1917.
From 1922 to 1927 the commercial establishments fell off so greatly in number
that they became fewer than in 1902.

A different situation prevails with reference to muniecipal systems. Most of
these are relatively small, though there are important exceptions; a change of
ownership usually, if not always, requires the sanction of a popular vote. Most
of them are separated from one another. As a rule, each serves only one com-
munity and perhaps, when legal authority exists, its immediate environs, The
decrease in the number of municipal establishments did not set in until the
latest 5-year period, and then the rate, 14 per cent, was much lower than that
for commercial establishments, 43 per cent (Table 49). Since the total horse-
power of prime movers in municipal plants increased by 60 per cent, it appears
that for the most part the numerical decrease was in the establishments with small
generating plants or none at all, i. e., those purchasing all their energy. Of these,
several hundred were absorbed into commercial systems. The exact number
can not be stated, since the statistics do not reveal how many new plants came
into existence during the interval.

Establishments with generating equipment and those operating exclusively on
purchased energy (Tables 46 and 47).—The following summary, based on
Tables 46 and 47 and on corresponding data in the census report for 1922, shows
that only 53.8 per cent of the establishments reporting generated all or any part
of their energy in 1927, the percentage being somewhat greater for the commercial
than for the municipal systems, nearly half of which operated entirely on pur-
chased energy. Moreover, in both classes the percentage of those purchasing
all their energy was decidedly larger in 1927 than in 1922,

Not gen- || Per cent | Per cent
fibiments | tog onergy | CTOUNE | goperal | motguo-
1927
Total establishments 4,335 2,331 2,004 53.8 46.2
Commereial 2,137 1,218 910 | 57.0 4.0
Municipal...... 2,198 1,113 1,085 50.6 49.4
1922 '
Tatal establishments 68,356 4,38 1,988 9
Commercial 3,774 2, 650 1,124 70.2 20.8
Municipal. . 2, 681 1,739 842 67.4 32.6
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The shrinkage in the aggregate number between 1922 and 1927, which occurred
in every group—purely electric as well as composite (see Table 2), and municipal
(with the exception of ** Municipal, not generating’’) as well as commercial—re-
flects the trend toward the elimination of small operating units by consolidation
and the increasing distribution of power to many communities over extensive.
areas from large advantageously located plants. The increase in the ratio of
the number operating on purchased energy to the aggregate number is another
manifestation of the same trend. ~

The number of establishments inereased considerably during each 5-year period
until 1917, but decreased slightly between 1917 and 1922 and fell sharply during
the following 5-year period. (See ‘Definition of establishment,” p. 14.) The
number of generating stations also decreased considerably between 1917 and 1927,
and espeeially during the period 1922-1927. (See Table 5, p. 21.)

Fuel consumption and size of plants (Tables 47, 48, and 49).—The differences
in magnitude, especially as to area served and size of plants, lead to other differ-
ences between commercial and municipal plants. Relatively, oil is a far more
important fuel than coal, and the internal-combustion engine a far more impor-
tant form of prime mover, for the municipal than for the commercial plant (Tables
48 and 49). The prairie States, in particular, abound in small municipal plants.
Whereas the average prime-mover rating of commerecial generating plants for
the country as a whole is about 26,500 horsepower, the corresponding average for
munieipal generating plants is only 1,766, and for the 409 plants in the West North
Central States it is only 829 (Table 47). In North Dakota the average is 210
horsepower, in South Dakota 412, and in Nebraska 585. In the South, Georgia
has 53 plants, averaging 283 horsepower.

In aggregate horsepower rating of municipal establishments the State of
Washington leads, closely followed by California, each with more than 250,000
horsepower; next in order come Michigan and Ohio. Nebraska has the largest
number, 105, or 9 per cent of all municipal establishments in the United States.
Rhode Island has none; several States, among them Montana, have two each.

In number of commereial establishments and in aggregate rating, New York
jeads and Pennsylvania is second.

Energy omtput (Tables 49, 50, and 51).—The largest proportion which the
output of munieipal establishments formed of the total was that reported at
the Censug for 1902—7.8 per cent. It fell to 4.9 per cent in 1907 and continued
to fall undil it teached its minimum, 4.1 per eent in 1917, then rose to 4.7 per
cent in 1922, and fell to 4.5 per cent in 1617,

Measured by energy output compared with the total output by geographic
divisions, municipal plants are most important in the Pacific States and least
important in the Middle Atlantic States (Table 51). The West North Central
division ranks second. Nearly 40 per cent of the muniecipally generated energy
is produced in the three States on the Pacific coast.

Parallel development (Table 52).—The ratios of the totals for municipal estab-
lishments to the aggregate for the industry have undergone moderate changes
during the past 25 years. The revenue in 1902 constituted 8.2 per cent of the
total; it fell off slightly, but rose again to the same figure in 1922, then fell to
6.8 per cent in 1827. The record of number of customers goes back only to
1907. Municipal establishments reparted 14.6 per cent of the total number for
that year; there was a gradual decrease to 12.9 per cent in 1922, followed by a
pronounced decrease to 9.8 per cent in 1927. Kilowatt-hours gold have been
recorded omly since 1917. The output of municipal establishments formed 4
per cent of the total for that year, 4.9 per cent in 1922, and 4.6 per cent in 1927,

Regional distribution (Table 53} ~—The region showing the largest percentage
of municipal business is the Pacific divigion, where three important cities are
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thus served. The percentages for municipal establishments compared with the
entire industry in this region, are as follows:

Per cent
Number of customers...ccw oo 21,1
Kilowatt hours 801d - oo . 16. 1
Revenue e 19. 1

At the other end of the scale stands the Middle Atlantic division, where the
corresponding percentages are 2.1, 0.7, and 1.3, The West North Central divi-
gion ranks second. Compared with municipal operations in the country as a
whole, the Pacifi¢ States reported 41 per cent of the number of kilowatt-hours
sold and 27 per cent of the revenue.

Effect of “undistributed’’ items on comparisons between commercial and
municipal establishments.—Because of the disproportionately large *undis-
tributed’’ sales, it is difficult to make comparisons between commercial and
municipal establishments in respect of average receipts per kilowati-hour for
residential service and for ‘““small light and power (retail).”” Thus, in the United
States as a whole the revenue per kilowatt-hour for energy reported as ‘ Undis-
tributed by class of service” is slightly larger than that for the higher revenue
class, the residential, in the case of municipal establishments, but it is materially
smaller in the case of commercial establishments. Most of this energy for which
a separate classification was not possible is used for domestie lighting and ‘‘small
light and power (retail).”” The former sold probably at a rate somewhat in excess
of the average for the group and the latter at a somewhat lower rate. The inclu-
sion of the undistributed sales, had it been possible to put them into their proper
classes, would therefore have correspondingly affected the average receipts per
kilowatt-hour for residential service and for ‘“‘small light and power (retail).”

Farm customers (Tables 56, 57, 60, and 61).—The actual number of farm
customers is probably understated in the returns, since not all companies have
separate records for this type of service. Of those reported, 32.1 per cent are on
the Pacific coast and 80 per cent in the East North Central States. Most of the
Pacific coast farm customers are served from commercial establishments, while
this class of customers served from municipal establishments is largest in the
East North Central division.

Commercial service.—Average receipts per kilowatt-hour for commercial
service as furnished by commercial establishments and by municipal establish-
ments can not be compared, on the basis of the published statistics, because for
the former class of establishments this service appears under two classifications,
retail and wholesale, while for the latter no such distribution is shown.

Employees (Table 64) —The electrie light and power industry differs in one
important respect—the human element—from those industries in whieh material
commodities are manufactured. The former is econcerned not with the produe-
tion of tangible goods but with the conversion and distribution of energy. The
human function is confined to the supervision and control of the apparatus by
means of which these operations are performed and to the commercial activities
necessary in carrying on the business of the industry. Contrasted with the great
magnitude of the industry in other respects, the number of persons employed is
remarkably small. In installed horsepower the industry approaches within 9
per cent of the total for manufacturing establishments (including in the latter
total the power of eleetric motors driven by purchased current), but in number
of employees it is only a little more than one-twentieth as great. In the manu-
facturing industries the wage earners outnumber the salaried officers and em-
ployees more than six to one; in the electric light and power industry the salaried
employees are more than two-thirds as numerous as the wage earners in the com-
mereial establishments and half as numerous in the municipal establishments.
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In both groups (commercial and municipal), as technical progress has reduced
the amount of manual labor to be performed, there has been a gradual shift
toward a larger ratio of salaried employees to wage earners.

Comparison of commercial plants with municipal plants in cities having 25,000
inhabitants or more (Tables 65-69).—The number of municipal establishments
gituated in places having 25,000 inhabitants or more constitutes only 2.5 per
cent of the total number of muniecipal establishments, but in most other respects
they exceed all the rest in importance. They reported 56.1 per cent of the total
value of plant and equipment for all municipal establishmer}ts; with 54.5 per
cent of the generator rating, they produced 66.6 per cent of the output; they
received 41.7 per cent of the revenue (indicating that their average revenue per
kilowatt-hour was somewhat less than two-thirds of the corresponding average
for all municipal plants); and their customers represented 32.7 per cent of the
total for municipal establishments (Table 69).

The only consolidated halance sheet and consolidated income, operating-
revenue, and expense statements available for municipal plants are those apply-
ing to such plants in places having 25,000 inhabitants or more, and these do not
completely refleet conditions for the munieipal group as a whole. The advan-
tage naturally lies on the side of the large, adequately staffed, and efficiently
operated establishments. '

The only comparigon that can be made, therefore, is between this selected
group of municipal establishments and all commercial establishments (Tables
65-68).

The average value of plant and equipment for this group of municipal estab-
lishments is $305 per kilowatt of generator capacity; that for the commereial
establishments is somewhere hetween $327 and $364 per kilowatt, depending on
the amount of the ‘“undistributed® value in Table 85 that may be assigned to
eleetric plants.

It should he distinetly noted that these figures apply in all cases to the entire
equipment—generating plants, transmission lines, substations, and distribution
systems, including usually the meters on the consumers’ premises——and not
merely to generating equipment alone. The latter constitutes only a relatively
gmall portion of the total.

Allocation of expenses {Tables 67 and 68).—Certain similarities and certain
differences are evident from a comparison between the revenues and expenses of
all commercial establishments and those of municipal establishments in places
having 25,000 inhabitants or more. Expressed in percentages of total electric
revenues, the fuel costs are 9.3 and 8.6 per cent, respectively, for the two groups;
the cost of purchased power, 8.4 and 8.1 per cent; depreciation, 6.3 and 10.7 per
cent; other operating expenses, 26.3 and 39 per cent. Operating taxes for the
former consimed 8.8 per cent of the total revenue as against only 1.1 per cent
for the latter. Many municipal establishments pay no taxes.

TasLe 46.—~NUMBER 0F EgTABLISHMENTS AND AGGREGATE HORSEPOWER OF
%’g%w Movers, CoMMBRCIAL AND MUNICIPAL ESTABLISEMENTS: 1902 To

AGGREGATE HORSEPOWER OF PRIME

RUMBER OF ESTABLISHMENTS | MOVERS

CENSUS YEAR

Total | Commer- Mgglici- Total Commercial | Munieipal

i
t
t
2,1981' 36,710, 128 33,661,406 | 2,048,722
i

2,187

3774 | 2581 10, 850, 860 18,570,732 | 1,280,128
42941 2,218 12,096,755 || 12,077,657 850, 008
3,600 | 1562 7, 530, 044 8,070, 716 558,328
3,462 1,252 4,008,188 3,776,837 321, 351
2,808 815 1, 845, 048 1, 685, 020 160, 028
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TaBLE 47.—NUMBER OF ESTABLISEMENTS REPORTING GENERATING KEQUir-
MENT, AND AGGREGATE HORSEPOWER OF PriME MovERS, COMMERCIAL AND
Municipal. ESTABLISHMENTS, BY (GEOGRAPHIC DIVISIONS AND STATES: 1927

NUMBER OF ESTABLISH- |

i
i
:
'
\

MENTS REPORTING AGGREGATE HORSEFOWER OF PRIME
GENERATING EQUIP- MOVERS
MENT ‘!
IIVISION AND STATE ‘ |
I ;
Com- | . |
Total || mer- ! N{‘p”;’fc'; Total || Commercial | Municipal
cia } } 1
TURITED STATES. wvvccccccmcean 2,431 3 1,271 \ 1,160 E 35,710,128 i| 33, 661,406 2, 048,722
(1£OGRAPHIC DIVISIONS:
New England. o oomeoeoveaenen 170 130 31 3, 009, 090 2, 028, 727 80,363
nliddle Atlantic 210 160 50 8, 814,712 8, 521, 506 93,206
East North Central ..oomveeeen- 431 193 238 8, 668, 303 8, 075, 806 592, 587
West North Central_ 617 208 409 2,671,236 2, 332, 260 338,976
South Atlantic.... 312 151 161 4,393,793 4,192,921 , 872
East South Central 149 86 63 1,448, 897 1,392, 218 54,679
West South Central_ 249 122 i27 1, 5683, 349 1,451,929 111,420
Mountain. . eeeeceamacoeon 200 138 62 1, 405, 585 1, 363, 246 , 330
Pacific. 93 74 19 3, 037, 073 3, 402, 793 534, 280
NEw ENGLAND:
aine 34 28 6 252,316 250, 559 1,767
New Hampshire ccememcoccncnnan 22 20 2 157,331 156, 106 , 225
Vermont. . - v ecieccnen 32 24 . 8 204, 036 192, 520 11,518
Massachusatis. 56 44 12 1, 528, 568 1,475,319 83,249
Rhode Island 3 [ 25 P 263, 470 263,470 |
Conneeticut .o eecveewemmme 23 20 3 603, 369 590, 753 12,818
MIDDLE ATLANTIC:
New York 102 79 23 4,212 355 4,162, 311 50,044
New Jersey... 18 9 7 1,003, 561 995, 829 7,732
Pennsylvania 92 72 20 3, 398, 796 3,363, 366 35,430
EasT NorTr CENTRAL:
Ohio. 82 33 49 2, 364, 554 2,196,718 157, 836
Indiana 62 27 35 869, 925 762, 380 107, 545
HHNoI8. e em e 91 32 59 2, 904, 550 2,791, 410 113,149
Michigan 105 48 57 1, 618, 740 1, 436, B11 181,020
WiSCODSIN o e oo eeecmcmmem 91 53 38 20, 61 888, 48 32,128
WEST NORTH CENTRAL: |
Minnesots. 74 27 47 516,124 . 460, 463 55, 661
JOWB. oo 86 24 a2 648, 807 | 801, 613 46,804
Missouri... 78 39 38 648,028 | 603, 115 44,913
North Dakota.. 62 37 25 56,136 | 50, 890 5, 246
South Dakota. - 52 23 28 70, 514 | 58, 580 11,934
Nebraska.. ... e 147 . 43 106 250, 055 | 188, 748 81,307
Kansas_ 118 18 102 481, 572 368, 551 113,021
SouTH ATLANTIC i
Delaware, District of Columbia, i
and Maryland t..______ a1 18 13 605, 284 | 683, 742 11, 542
Virginia. . 42 28 14 50,775 | 475, 163 26,612
West Virginis_.________________ 29 24 5 755,208 | 754, 988 980
North Carolina. b5 24 31 772,824 737, 2687 35, 557
South Carolina....... 31 18 13 00, 433 | 694, 352 6,081
(O 73 20 53 779 | 593, 748 15,024
6 | 51 19 82 369, 437 | 254, 361 105, 076
EAST S0UTH CENTRAL: |
entucky______ 35 20 8 395,238 | 385, 643 9,595
Tennesses. . 38 22 16 455, 965 438, 458 17, 507
Alabama__. 23 14 9 3 i 502, 495 5,745
Mississipp 53 a1 32 87,454 | 65, 622 21,832
WEST SOUTH CENTRAL: |
ATKANSAS o oo 34 21 13 131, 036 118, 829 12,207
Louisiana. 49 17 32 276, 900 , 925 25, 976
Oklahoma. 75 26 49 290, 789 264, 649 35,140
TOXBS.cvaammcwemcmmmm e mmmemm o1 58 33 855, 624 817, 526 38,008
MOUNTAIN: .
% £6) 117:3 ¢ - SRR 20 18 2 878, 242 378, 142 100
aho.._.. 24 21 3 307, 194 303, 6564 3, 540
Wyoming. .« wecerae 28 22 [i] 48, 166 46, 646 1, 520
Colorado. . ool 55 28 20 208, 404 240, 980 27,424
New Mexico. 19 17 2 32, 652 32,192 480
22 18 4 153, 105 152, 200 905
23 9 14 198, 846 190, 816 8,030
9 7 2 18, 976 18,616 360
PacIrIC: .
WashingloT . cmvturrmnrecacacaman 31 25 6 847, 826 576, 386 271, 440
Oregon._ ... - 26 19 7 308, 501 209, 681 8, 820
California. oo 36 30 [} 2,780, 748 2, 526, 726 254, 020

! Combined to avold disclosing data for individual establishments.
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TaBLE 48.—CoxsumprioN oF Fuer, By Kinp, wite Coan Equivarent, Cou-
MERCIAL AND MUNICIPAL ESTABLISHMENTS: 1927

l QUANTITY
KIND ! Unit of measure
] Total Commereial | Municipal
thracite. ___‘ Ton (2,240 1b8.) - 1,787, 693 1, 743, 068 44, 625
%Ptumigous __! Ton (2,000 1b8.) - uu-- 35 6% :gég 33, 334, ogg 2,337, 221
. - , 2623 oo,
Y ' 7,145, 798 5,246,539 | 1,899, 259
E;t:} manufactared. .. 000 cu. Sl 6,160,753 6, 147, 860 12,803
LETRNE 111201 /1 SO, 000 cu, ft 59, 362, 039 65, 736, 131 3, 625, 908
Total equivalent fuel, o e .. | Ton (2,000 1bs.) - - R P,
Kilowatt hours generated by fuel-burn. { Kilowatt-hours......|45,968,239,601 |144,202,993,827 (1,765,245,674
ing generating stations. :
Pounds of coal equivalent per kllowatt- o vmmeeane cremenmmm | ———————— e
hour of output.
| 1
EQUIVALENT TONS OF BITUMINOUS COAL
KIND TUnit of measure -
Total Cominercial i Munieipal
Anthracite_.. Tom (2,240 1bs.) 2,002, 217 1,952, 237 49, 980
Bituminous Ton (2,000 1bs.) 35,681, 314 33, 344, 093 2,337,221
................. Ton (2,000 1bs.) - 27,498 27,498 |occcreraee e
¥uel oll, kerosene, or Barrel (42 gals.) ... 1,786, 449 1,311, 634 474,815
Gag, manufactiured. 1,000 cu. fi... 136, 906 134,619 287
(as, natural 1,000 et fbe e 2, 580, 958 2,423,310 157,648
Total equivalent fuel ... Ton (2,000 1bs) oo 42, 215, 342 39, 195,391 3,019,951
Xowstt hours generated by fuel-burn- | Kilowatt-hours. ...
ing generating stations.
Ponmils of coal eqivalent per Klowatt- (oemeocncmiomoimann L84 177 3.42
hour of output.

TaeLe 49,—CurrENT QENERATED, BY TYPE OF PRIME MovER, COMMERCIAL
aNp Municiral EsTABLISBEMENTS: 1927

7
% j
GENERATED OUTPUT (RILOWATT HOURS) | Per CENT DI§

TRIBUTION
TYPE OF PRIME MOVER
5 Com-" | Munie-
Total Commercial Municipal morcial]  ipal

R DR 74, 688, 378, 010 71, 306, 839, 538 3,379, 538,472 100.0 100.0
BABAIN o e 435, 391, 190, 914 | 43, 888, 864, 568 1, 504, 826, 346 8L 5 44.5
T 28, 718, 138, 409 27,103, 845, 611 1, 614, 292, 798 380 47,8
Tuternal bustion 877, 048, 687 316, 129, 359 260, 919, 328 0.5 7.7

Tapre 50.-—~CURRENT GENERATED, COMMERCIAL AND MvuUNIcipAL EsTABLISH-
MENTS: 1902 To 1927

GENERATED OUTPUT (EILOWATT HOURS) PER CENT OF TOTAL
CENSUS YEAR Commer- Munic-
Total Commereial pstab- | Municipal estab- cial  1ipales-
lishments lishments establish-| tablish-

ments | ments
74, 636, 378, 010 71, 306, 839, 538 3,379, 538,472 © 955 4.5
40, 201, 536, 435 28,413, 240, 163 1, 878, 208, 272 95.3 4.7
25,438, 303, 272 24, 308, 983, 183 1,039, 320, 089 95.9 4.1
11, 569, 109, 885 11, 031, 583, 155 537, 526, 730 95. 4 4.6
5, 862, 276, 787 5, 572, 813, %49 280, 462, 788 95. 1 4.9
2, 507,051, 115 2,311, 146, 676 195, 904, 430 92.2 7.8
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TABLE 81.—~CURRENT GENERATED, COMMERCIAL AND MUNICIPAL EsTABLISH-
MENTS, BY GEOGRAPHIC DIVISIONS AND

StaTEs: 1927

. " | PER CENT OF
GENERATED OUTPUT (EILOWATI-HOURS) ; TOTAL
DIVISION AND STATE : ‘
i : (e . Com-_ | Munie-
Total Commercial ; Municipal ' miercial | ipal
l i e
UNITED STATES. oeeoee o 74, 086, 378, 010 71,306,839, 538 ¢ 3,379,538,472 || 95.5 | 4.8
GEOGRAPHIC DIVISIONS: ' : l
New England__eeerevnne o4, 750, 193, 632 4, 680, 208, 508 | 89,085,124 || 98.1 1.9
Middle Atlantie.. .o 19,281, 1, 644, 834 19, 158, 065, 800 123,570,034 1 90.4 | 0.6
Rast North Central........| 18,911,894, 585 | 17,328,325, 380 | 883,500,106 95.1, 4.9
West North Central........ 4,549, 63 907 4,134, 877,320 | 414, 886, 587 90,9 0.1
South Atlantic ... - 8, 445, 216, 783 8,187,173,196 [ 258, 043, 5072 96.9 3.1
East South Central... - 2,777, 288, 044 2, 706, 203, 700 | 71,064, 97,4 2.6
West South Central.aeee... 3, 275 021 117 3, 122, 448, 036 ] 182, 572, 181 95.3 4.7
Mountain 3, 380, 551 356 3, 328, 836, 288 60, 715, 068 8.2 | 1.8
Pacific 10, 006, 323, 47 8, 681,200,401 | 1, 325 123 6 || 86.8 ‘ 13.2
New ENGLAND: ; ‘
Maine . 560, 664, 446 557, 305, 107 ¢ 3,359, 330 9.4 0.6
New Hampshire.. 226, 444,199 225, 627,874 ¢ 816, 325 9.6 0.4
Vermont._ ... 338, 528, 207 1, 586, 906 | 16, 938, 208 95,0 50
Massachusett: 2, 245, 301, 081 2, 181, §30, 841 | 63,470, 240 97.2 28
Rhode Island 411,073, 647 411, 073, 847 ° | .
Connecticut. 968, 182, 052 962, 781,130 5,400,022 ||  99.4 0.6
MIDDLE ALANTH
New York.. 9, 917, 685, 550 9, 840, 108, 047 77,487,453 9.2 0.5
New Jersey... 1, 861, 984, 763 1,852, 384, 553 9, 600 210 99.5 0.5
Pennsylvania. 7, 501 974, 521 7,466, 483, 150 36 491 371 935 0.8
EAST NORTE CEN' i
hio_ - 4, 724, 0186, 312 4, 478, 250, 244 205, 764, 068 93.7 6.3
Indiana 1,746, 158, 163 | 1, 590, 104, 567 155, 958, 596 9L 1 89
Nlinois.___ 6, 075, 352, 208 5 76, 016, 956 , 335, 96,7 1.3
Michigan 8, 773, 636, 019 1 3, 597, 128, 077 176, 512, 942 ¢5.3 4,7
Wisconsin 1, 892, 736, 883 1, 838, 738, 55, 698, 338 97.0 3.0
WEST NORTH CENTRAL:
Minnesota 843, 357, 074 783, 991, 792 59, 365, 282 3.0 7.0
Iowa.... 1, 429,169, 797 1, 375, 245, 007 53,024, 7 96.2 3.8
Misso 179, 442 918, 52, 260, 618 64,1 59
North Dakot, 59, 400, 104 55,427,043 981, i 933 6.7
South Dakota. 90, 407, 2556 75, 078,576 15,328, 879 || 83.0 17.0
Nebraska 408, 055, 340, 207, 948 64, 847, B85 84,0 16.0
Kansas_... 830, 685,312 665, 507, 230 185, 178, 082 £0.1 19.9
SOUTH ATLANTIC.
Delaware District of Colum-|
bia, and MarylandI.. ... 1,102, 187, 568 1, 085, 262, 941 16,024,627 1  98.5. 1.5
Vuglma 973, 766, 450 933, 033, 65 10,732,793 I 958, 4.2
West Virgini: 1,902, 819, 767 1,901, 907, 005 ! g12,762 1 100.1 6]
North Carolina._ 2,038,121, 761 ,996, 590, 530 ! 39, 631, 181 98.1 L9
South Carolina... 1,116, 268, 957 1,111, 968,630 i 4, 327 99,8 0.4
Georgla____. 746, 074, 405 733, 125,052 12, 049, 353 08.3 1.7
2310} o 1 |- Dp— 567,979,880 425, 285,331 | 142, 604, 549 74.9 25.1
East BourH CENTRAL |
entucky. 505, 487, 360,101 | 18, 203, 955 98.4 3.6
Tennessee___ 3 913, 778, ! 23, 095, 622 97.5 2.5
Alabama. ... 1,270, 168,784 1, 263, 765, 766 1 6, 392, 008 99,5 0.5
Mississipp 64, 670, 41,299,173 | 23,371,769 63.9 36.1
WEST SOUTH CENTRAL: |
Arkansas 174, 197, 548 161, 838, 781 | 12,888,767 ||  92.6 7.4
Louisians . o coveoocecaeeme e 634, 504, 420 597, 520, 881 | 37,085,036 | pL2 58
Oklahoma 854, 513, 265 580, 285 49,932,080\ 92.4 7.6
1, 811 715 884 1, 750,000,489 i 52,7185, 306 7.1 2.9
1, 308, 749, 279 1,398, 693,762 ’, 53, 517 100, 0 )]
713, 213, 718 703,921,808 9,201, 825 08.7 L3
7, 070, 330 , 390, ! 1, 679, 633 97.5 2.5
, 565, 961 486, 451, 688 | 34,114,273 08.2 6.8
32, 674, 286 31, 729, 582 1 644, 704 7.1 29
280, 267, 002 , 385, 628 i 831,374 09.7 0.3
340, B73, 488 327, 565, 047 | 3,308,441 96.1 3.9
37, 137 202 , 607,991 | 430, 301 9.2 0.8
|
2,103, 288, 534 1, 638, 646, 671 | 466, 841, 863 7.8 222
840, 062, 576 950, 058 | 30,103, 518 96.4 3.5
7,080, 972, 637 6, 232, 504, 672 { 828, 377, 965 88.3 17

1 Combined to avoid digelosing data for individnal establisiments.

2 Less than one-fenth of 1 per cent.
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Tasre 82.—Numer oF CusrtomErs, CurrENT SoLp, AND REVENUE FROM
Erecrric ServicE, CoMMERCIAL AND MUNICIPAL ESTABLISHMENTS: 1902

To 1927,

1927 1922 | 1917
Jumber of customers —— 21, 790, 238 12,708, 868 7,178,703
Mnéozﬁmemm _____________ 19, 661,370 11, 065, 124 6, 202, 189
et 2 im S 79,011,210, 518 | 41 o6t 52, 334 925,751, 832 3(1)3
nt sold kilowatt-hours, oo 3 ) ; [
e e oAt houss...o...... 75,344, 545,700 | 39,912, 345, 230 94 729, 517,379
Municipal R 3,666, 684,800 | 2,052, 439, 795 1,020, 447, 421
Revenne from electric serviee t v recereemcan- $1,802, 655,403 4  $1, 020, 439, 038 $502, 059, 980
Commercigl . $1, 680, 218, 664 $036, 851, 679 $462, 473, 917
Municipal $122, 436, 829 $33, 587, 359 $39, 586, 063
i
1912 1907 f 1502
NUMDET 0f CUSUIIIETS - oo eereemeeeeeneeemne 3,837, 518 1,946, 970 | o
Lommerml. : = 3,311,870 1,663,354 | (2)
...... . . 3 283,625 | (%)
Cun-enc som P loWAtEBOUTS. . - oo oo (O] (2
Commerdial..... — (2) ) (2)
Municipal. ... — ] Q] @
Revepue from electric service 1 $287, 138, 657 $169, 614, 691 $84, 186, 605
Commercial . 1 $264, 474,040 5156, 000, 257 $77, 349, 749
Municipal 322, 863, 708 313, 614’ 434 $6, 836, 856

1 These figures for current sold lnclude kilowatt-hours 2old for resals and are therefore somewhat larger
than the ﬁmm for the consumption of current by the nitimate copsumers. For 1927, the total sales of
,011, 210, 518 ki&awstb—hmm include 15, 398, 729, 430 kilowatt-hours which were sold for resale, and revenue
lmm Jectrie service inclndes revenne amounting to $135, 609, 922 received from sales to othar electric com-
mnies For aarlier yoars figures for this separation are Tiot available.
2 Not ealled for on schednle,
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Tapre 54.~—NuMBER OF CusTomprs, CurreNT SowLp, AND REVENUE FROM
fErecrric SErvice (UrriMate Consumrrg ONLy), BY CLisgs oF SERVICE,
CoMMERCIAL AND MoUNI1ciPAL EsTaBrispmexTs: 1927

NUMBER OF CUSTOMERS

1

Total Commereial | Municipal
i
Sales to ultimate consumer, 08l ——ovovmcoeena-n- 21, 786, 317 19, 657,850 | 2,128, 467
Farm service 108, 450 ‘! 152,384 | 15,006
Domestic service ... 16, 038, 066 14, 595, 774 1, 443, 292
“Commercial service: ) l ;
gmall light and power (retail).......- 2,784,126 2,569, 611 | 1914215
Large light and ower (wholesale)_ 349, 256 42256 5=
Undistributed by clasg of service 2, 494, 253 1,970, 509 | 555
Municipal street lighting 2 ——— 22, 932 21 %
Railroads (motive power); ]
Street and interurban._........ _ 822 804 | 18
Electrified steam-railroad division: a8 39 A
Other service - 5074 4,92 145

CURRENT 80LD, KILOWATT-HOURS

Total Commereial Municipal
Sales ultimate consumer, total - _.comeoccceerannan 63, 612, 481,085 | 60, 536, 941,316 | 8,075,539, 772
Farm service. ' e ——— 835, 271, 354 ‘“ . 828,831,462 8, 430,892
Domnestic BervVIte. ver e cmcc s ccccm e ——— 7,105,619,723 ©  6,273,316,235 832, 303, 488
Commercial service: i
Bmell light and power (retail).veee oo memm e 10, 257, 240, 682 - 8, 001,389,129 | 11,355, B51, 453
Large light and power (wholesale)... _| 83,471,610,198 ' 33,471, 610,198 | oo ——
Undistributed by elass of serviee oo eeooeeemoomo. wewen| 8,102,886,952 | 2,837, 213, 758 355, 673, 198
Municipal street lighting ? 1,741,423,872 1| 1,288,162,128 453, 261, 744
Railroads (metive power): i
Street and interubran......... P —— ——— 254,081,223 1 6, 189, 625, 708 &4, 555, 517
Electrified steam-railroad divisions.weee - ceeemreer 518,169,041 1 518,081,703 ’ 338
Other service | 236,178,143 | 220,811,002 5, 367, 141
]
! REVENUE FROM ELECTRIC SERVICE
5 ]
; Total { Commercial Municipal
: |
Sales to ultimate consumer, t0t8lmmmacreecuvanra- i $1, 667,045, 571 j $1, 554, 6086, 537 $112, 439, 034
Farm service. 17,282,057 || 16, 708,121 574,838
Domestic service. 481,509,354 || 435,537,960 45,971,385
Commercial serviee:
Small light and power (retai]) 410, 662, 535 376, 550, 255 134,102,280
Large light and power (wholesale)..- e mcmmceraae 458,472, 907 1l 456, 472, B07 |
TUndistributed by class of service. - 154, 705, 419 134, 868, 526 19, 836, 893
Munijcipal street Hghting ¥ 77,188, 886 66, 141, 258 11, 057, 638
Railroads (motive power):
Btreet and interurban 58, 860, 539 58, 131, 530 729,009
Electrified steam-railroad divisions..eee-ccccecocnnea §, 339, 485 5,336,013 3,472
Other service 5,023, 479 ), 958, B2
1
1 Includes large light and power. . .
1 Tneludes all municipal service *for which a charge was made by the light and power department,”
municipel establishments, .
2105—30 (i}
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T aBLE 55.—CURRENT SoLD PER CUSTUMER,

rER CUSTOMER, AND AVERAGE

Crass oF SERVICE, COMMBRC

CENSUS OF ELECTRICAL INDUSTRIES: 1927

REVENUE FROM ELECTRIC SERVICE

REVENUE PER KILOWATT-HOUR SOLD, BY

1AL AND MUNicipAL ESTABLISHMENTS: 1927

CURRENT SOLD PER CUSTOMER

Commercial| Municipal
Total (kilo- || “eijgwatt | (kilowatt
watt hours) |t “hours) hours)
Total sales to uliimate consumers, 2, 920 3, 080 1,445
Farm service (includin, wer for irrigation) ... cveencemcaacnan 4, 969 5, 426 525
Domeseil;: serv(im .f_l.}? B " 443 " 430 577
Comimercial service:
Bmall light and power (retail) - 3, 684 8, 464 1 6,329
Large light and power (wholesale) 97,797 97,797 deeeeno o
Undistributed by class of service. ——— 1,317 1, 440 T84
Mt;]nlcipal street lighting 2 . 78, 330 60, 617 462, 041
Railroads (motive power):
Street gmd int,ef')urhnra .| 7,608,371 7, 098, 415 3, 586, 418
Electrified steam-railroad division .--- 13,636,027 | 16,180, 053 14, 55
Qther service 46, 547 46, 827 37,015
REVENUE FROM ELECTRIC SERVICE,

PER CUSTOMER

Tatal Comunercial| Municipal
{dollars) (dollars) (dollars)
Total sales to UILIMALE COMSUINErS. snmeermammac e ccomnenman 7 79 53
Farm service (including power for frrigation) 103 110 36
Domestic sarvice, 30 30 32
Commercial service:
Bmall light and power (retail) 147 146 1159
I{:‘»ﬁa light and power (wholesale) - 1,334 - 1,834 [rmcrenennnn
Undistributed by elass of service 64 68 44
Municipal street lighting *. 3,472 3,112 11,272
Railroads (motive power):
Btreet and interurban — 71, 606 72,303 40, 501
Electrified steam-railroad divisions. 140, 513 166, 750 579
Other service. - 990 986 1,128
REVENUE PER KILOWATT-HOUR
Total Commereisl| Municipal
(cents) (cents) (cents)
Total gales to ultimate cONSUIMEIS. s vvmemrveormccnmnrmnnaan 2.6 2.8 3.7
Farm service (including power for frrigation). . ____._____ 21 2.0 8.8
Domestic sarvS‘m 6.8 6.9 5.5
Cm%lgm: tail)
Bmall power (refal 4,0 4.2 12,3
Imge lght and power {wholemle) 1.4 VIR
Undistributed by class of service . 4.8 48 56
Munieipal street lighting 2__ 4.4 5.1 2.4
Railroads (motive power):
Street and internrban 0,90 0.9 L1
Electrified steam-railroad divisions. 1.0 L0 4.0
Other service 2.1 2.1 3.0
1 Combined rate; includes large light and power.
¥Ineludes all municipal service “for which a charge was made by the light and power department,”

munieipal estab.
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TapLe 56.—NuMBER oF CusroMurs (UrTiMATE CONSUMERS ONLY), BY CLAsS
oF SERVICE, COMMEBRCIAL ESTABLISHMENTS, BY GEOGRAPHIC Divisrons:
1927

Farfn COMMERCIAL SERVICE
service 7 i
- DIVISION Total ! "](Eggx?m Domestic | gay | Large tgggégh N{pﬂ;llic-
custom-| SeTVI%® | yight and | light and | by class of | street
ers,” power | (pogv?r service (lighting
whole-
p. 85) (retail) 1 cale)
|
United States...ee---- 19, 657, 850 || 152,384 | 14, 595, 774 | 2, 569,911 ! 342,256 1 1,970,500 | 21,251
é ;
8,476 | 1,417,301 | 276,736 = 42,026 | 114,145| 1,162
22,726 | 4,297,340 604,150 | 47,307 928, 138 l 4,416
44,422 | 3,939,718 676,879 + 50,610 92, 586 4,857
17,566 | 1,374,456 248,712 | 62,578 70,607 | 2,934
2,237 893, 812 173,938 ' 40,279 215,119 | 1,867
508 509, 252 126, 056 13, 597 8,623 | 794
1,481 788, 555 178,372 1 32,003 13,801 | 1,671
Mountain oo ccacenaoen , 204 3,148 427, 928 93,905 | 3,185 9,479 ! 602
o Toi 1 [ R —— 1,759, 539 53, 842 950, 412 193,163 | 40,792 518,013 l 3,159

1 Includes dats for *Street and interurban railways,” «Electrified steam-railroad divisions,” and
«QOther service” not distributed by geographie divisions.

TapLe 87.—NumBer oF CusToMERs (ULTIMATE CONSUMERS ONLY), BY CrLAsS
oF Service, MunicipAL ESTABLISHEMENTS, BY GrOGRAPHIC DIVISIONS:
1927

et Munio-
service
800 | 1omestic | COMIEN- Utﬁ%g%g" ipal
DIVISION Total 1 “ if«rm service ciaill . class of xlgitége‘;i_:
| eustom= service
ers,” service ‘g ¥
p. 65)
United 8tates. - ccveoccmmcecann 2,128,487 16,066 | 1,443,202 | 214,215 453, 744 981
Geographic divisions: 1
ew England o ceveenrmmcaaeoen 148, 397 2,868 | 103, 047 | 14,121 28, 287 .70
Middle Atlantic 127,019 481 | 86,027 | 5,013 35,410 72
East North Central .ccvnceena-- 493, 442 6, 360 328,882 | 43,080 114,184 244
‘West North Central...- 412,022 3,724 229, 39, i 37,498 141,005 378
236, 603 1,378 153,073 | , 083 81,921 a3
62,132 190 39,026 | 3,203 19, 28
119, 903 410 66,608 | 17,482 35,380 22
50, 166 303 42,931 | 6,021 9, 865 44
469, 783 354 304, 306 \ , 080 8,009 30

1 Includes data for * Electrified steam-railrond divistons,” *Btreet and interurban railways,” and * Other
service,” not distributed by geographie divisions. )

1 gllcludes ;; Sdrilﬂall 1ight and power (retail)” and “Large light and power (wholesale),’”’ not shown sep-
arately on sc! e. .

3 Includes all munieipal servics, “for which s charge was made by the light and power department.’
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TasLe 58.—CurrENT Sorp (ro Urrimare CoxsumMers ONLY), Kinowarr-
novrs, BY Crass oF SERvVICE, CoMMERCIAL ESTABLISEMENTS, BY G=uo-

grapuic Divisions: 1927

DIVISION Total ! (cdlowatt- ! Farm Service | Domestic service
hours) l
United BERLES .o ommeeeemmoe oo eeeeaaes 60,536,941,310 |. 826,831,462 | 0,273,316, 235
i divisions: ;

R o A 3,806, 635, 188 | 2,478, 575 535, 324, 310
Middle Atlantie, . PN 17, 741,475, 931 f 12, 380, 847 1, 837, 859, 022
Fast North Central.... 14,368, 153,375 |! 20, 653, 287 1,753,073, 019
West North Central .. ocoeaaci s 3, 682,153,808 | 11, 106,363 531, 908, 7387
Bouth Atantie o 6,714, 232, 257 |: 886, 155 301, 254, 735
Fast Bouth Central. oo vrccamcemcmccnenn 2, 395,459,359 | 112,168 180, 219, 633
West Sonth Central | 2, 588, 230, 251 |i 10,197, 340 288, 605, 688
Mountain. - n7eear26s | 055,073 207, 574, 428
Pacifie, o veeveneen ———— memmaieraram—————— 2 6, 440, 328, 482 ; 759, 460, 754 547, 496, 663.

COMMERICAL SERVICE
! Undistributed | 30 nicipal
DIVISION ‘ by class of unieipal
| Bmall light and | Large light and service street lighting
‘f power (retail) |power (wholesale)
United States. o ocoeeaecocmeann 5 §,901, 389, 129 383,471,610,198 | 2,837,213,753 | 1,288,162,128
CGeographie divisions: !
New England i 667, 944, 405 2,176, 316, 237 106, 768,138 131,474,985
Middle Atlantie. oo 1,781,149, 980 10,138, 146,714 | 1,753, 986, 500 301, 679, 570
East North Central 2,378, 563, 351 7,409, 398, 330 143, 609, 672 265, 624, 999
West North Central. . 730, 288, 761 1,779, 256, 084 63, 980, 080 123, 224, (84
Bouth Atlantic..... 682, 108, 915 4, 746, B67, 459 204, 116, 626 108, 156, 709
East Sputh Central. 339, 126, 508 1, 645, 283, 232 17, 365, 793 49, 874,418
West South Central 38R, 686, 637 1,46€,013, 669 16, 902, 573 79, 753,214
Monntak . 514, 946, 833 1,813, 051, 352 9, 847,120 37,488,037
PRERG. .o 1,318, 575,620 |  2,207,277,121 | 430,637,251 | 100,185 422

! Includes data for “Btreet and interurban railways,” “Electrified sieam-railroad divisions,” snd
“ Other service,” not distributed by geographic divisions,

Tasre 59.—Corrent Sorp (ro Uvrimate Consumers Oniry), Kinowarr-
HOURS, BY CLAsS oF SERVICE, MUNICIPAL ESTABLISHMENTS, BY GEOGRAPHIC
Dirvisions: 1927 ’

Undistrib. Muniecipal

Total ! {kilo-f! Farm Domestic | Commercial { uted by street light-

BIvIsION watt-hours) | serviee service service? | class of serv- 3
ice ing
United States.._.[3, 075, 539, 772 |/ 8,439,802 . 832,308,488 |1,355, 851,453 | 365,673,100 | 453, 261, 744

G |
140,653,000 || 1,490,434 = 40,933,745 | 09,584,553 | 18,102,390 | 18,705, 748
127,588,720 | 254,953 | 51,601,015 | 82,362,081 | 24,430,810 | 18132, 065.
- 804,175,588 || 2,980,251 | 214,225,764 |- 331,227,449 | 85, 501,270 | 247,620,132

{
878,872,001 | 1,770,214 | 103,200,833 | 121,603,389 | 100,203,341 | 40,773,458
300,077,805 | 793,164 | 102,467,117 | 103,504,625 | 55,803,883 | 30,874,725
0, 845, 264 43,803 | 24,366,422 | 11,343,613 | 15,142,221 | 8,483,265
West Bouth Central| 115,225,303 | 151,287 | 42,004,322 | 37,101,328 | 20,786,711 | 6,107,905
Mountain. 60,068,135 || 354,549 | 20,351,242 | 21,050,577 | 8,487,713 | & 484 380
Pacific__ 989,783,457 | 601,227 | 233,072,128 | 628,073,238 | 5,004,833 | 73,050,162

I
! Incindes data for “ Electrified steam-raitroad divisions,” *Street and-interurban railways,” and “ Other

service,” not distributed by Ewgmphic divisions.

? Mﬂdﬁ;ﬁgf&n Hght and power (retail)” and “Large light and power (wholesale),” not shown sepa~-
rately on ule, .

5 Indindes all munieipal service, “for which a charge was made by the light and power department.”

B
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Tasre 60.—CURRENT SoLp—Avensaee XKIiLowATT-HOURS PER CuUsTOMER
(Urrrmare Consumirs ONLY), BY Crass oF ServIiceE, COMMERCIAL Estab-
LISHMENTS, BY GEOGRAPHIC Drvisions: 1927

{Based on Tables 56 and 58]

Farm COMMERCIAL SERVICE
service -
(see Do- i tgggtjgd Municl-
DIVISIGN Total! |} “Farm |mestie | Small |y, 00500 he'class of, P21 Street
cus- | service ! light and | o' pawer | servics lighting
tomers,"’ DOWEr | (oholesale)
i p. 85) | (retail) [
United States. ..o .- 3,080 “ 5,426 430 I 3, 46¢ f 97, 797 f 1,440 60,617
Gaogaphic divisions: f ] i f
ew England..._.oooee .. 2,048 383 378 1 2,414 50, 00 935 113,145
Middle Atlantic. . .. _..... 3,004 545 498 | 2,04 214, 305 , 890 88, 693
East North Central.._._...| 2,980 465 | 445 354 | 1242081 L581 7,038
West North Central. . 2,074 832 387 ¢ 2, 960 28, 433 906 1,099
Bouth Atlantie....__ - 5,087 396 438 ¢ 3,022 117,850 1,367 55, 550
East South Central... - 3,633 | 222 354 | 2, 690 121,003 2,014 ) 62, 562
West Bouth Central. - 2,55¢ 8, 980 367 | 2,179 45, 809 1,225 7,728
Mountain__. ... . 5,195 3,036 485 | 5,484 572,844 1,039 02,272
Pacific - 3668 14,105 578 | 7,34 56,317 831 33,814

t Includes data for ““Btreet and interurban railways,” “ Electrified steam-rafiroad divisions,” and ** Other
service,” not distributed by geographic divisions,

TaBLE 6L.—CURRENT SOLD—AVERAGE

KILowATT-HOURS

rER CUSTOMER

(Urrrnate CoNgumers . ONLY), BY Crass oF SErVICE, MuNiciean Esras-
LISHMENTS, BY GEogrAraIc DIvisions: 1027

{Based on Tables 57 and 59]

!
Farm
service Undis-
(588 | nomestic] Commer- | tributed | Municipsl
DIVISION Total 4 || “Fasm |"gnfes lofal servies by class of] Soreet ight-
cus- serviee |  1NE
tomers,”
p. 85
United States_........____ Lusl o 577 63| 7|  amom
Geographic divisions: i
New England 1,008 |i 520 397 4,928 640 268, 082
Middle Atlantio food !l %0 801 6,456 %0 257, 847
East North Central ... 1812 489 851 7,580 760 | 1,014,873
West North Central 910 | 475 450 3,243 775 107,886
ath Atlantic. ... , 268 576 669 &, 150" 902 B3Y,
East Bouth Central. 0963 231 624 3, 642 70 302,074
West South Central.. 961 369 831 2,122 8411 280,850
Mountain. ... T T 1,025 1,170 474 3,406 860 102,827
Pacific 2,107 1,698 591 9,368 | 1,124 - 2,485,005

! Incliudes data for * Elsctrified steam-railroad divisions,” Street and interurban railways,” and  Other

service,”

not distributed by geographie divisions,

# Includea “Small light and power {retail) " and “‘Large light and power (wholesale),” niot shown sep: ;.

argtely on schedule.

Ineludes all municipal service, ““for which a charge was made by the light and power department.?’ |
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CENSUS OF ELECTRICAL INDUSTRIES: 1927

TaBLE 62.—REVENTE FROM ELECTRIC SERVICE (UrrtiMare ConNsuMERs ONLY)
BY Crass oF Service, COMMERCIAL EsTABLISHMENTS, BY GEOGRAPHIC Divi-

srons: 1927

if

i COMMERICAL SERVICE

i : Undistrib- :

. i N Municipal
v i Farm | Domestic uted by
DIVISION Total! ‘ﬁ service service | Small light [ Lergelight | class of ﬁsgtﬁgieg

i and power | and power | service B

i (retail) | (wholesale)

il |

, | b S
United States.. $1, 554, 6086, 53753%16, 708, 121:$435, 537, 969:5375, 550, 255’$456, 472, 9007|5134, 868, 526’$66, 141, 268
Geog. divs.: i ! [ .

New England... 131,205,049] 207,573 43,855,090 34,084,046] 37,262,703 5,218,720 7,085 680
Mid, Atlantie..! 468,841,421 983,152 137,180, 924| 84,968, 572 119, 520, 521| 85, 279, 720] 22, 337, 050
E.N. Central... 374,672,681 1,655 359! 111, 165, 559: 102, 058, 680 119, 216,488 5,489, G40/ 12,479, 201
W.N. Central.. 121,131,145 806, 315 38,775,107 34,812,084] 31,729,523) 3,518,308 6,022,893
South Atlantic. 140,000,731 8,200 98 261,677 20,300,002 50,246,170 12 877,987 0,025, 302
E. 8. Central .. 56, 410,612 10,270 14,398, 656, . 16, 236, 308 21, 319, 289 728,797 2,284,720
W, B, Central._ $3, 202, 936 273,048 24,420,139 23,040,651 27,576, 242 733,160 2,955, 900
Mougptain...._.. 4%, 271, 5841 330,039, 12,725, 300; 18, 977, 111 13,912, 656 601,227| 1,012, 896
Pacific..—woooos 130, 690, 3751 12, 265, 200[, 25, 249, 418i 34,151, 2111 26,660, 225 20,426, 002) 4, 437, 626

i

t Inclndes data for “Street and interurban railways,” “ Electrifled steam-railroad divisions,”” and *Other
sarvice,” not distributed by geographic divisions.

TarrLe 63.—ReveNUE FroM Erecrric Servick (UrriMate CoNsumers ONLY),

BY Crass or ServicE, Mu~icrpar EsTaBrisEMENTS, BY GEOGRAPHIC DIvI-

sIONS; 1927

i
| Undistrib- :
| Commer- Munieipal
. Farm | Domestie uted by
DIVISION Total! o ? cial serv- street
. service | service 5 class of ¢
. : fee 2 service | Lghting?
I i i
i i
; ! |
United States. .ooeeee-- - $112,489,034)  $574, 830 $45, 071, 385, $34, 102, 280 $19, 836, 893] $11, 057, 638
QGeographie divisions: ! !
New England. . .. 6,845,321,  B2,998' 2,706,481, 2,248,040, 1,024,624 652, 399
Middie Atlantie_.. 6,356,164/ 22,027/ 3,084,104] 1,040,312 1,502,883 623, 151
East North Central_ 23,503,875 224, 151 10,741,527) 8,150,537 4,553,000 4,653, 089
West North Central. 19,619,180 150,960  7,335,206) 4,348,004 6,258,505 1,470,790
South Atlantic. ..... 13,743, 301} 52,604 6, 510,639 , 184, 2641 2,933,928 7, 180
Eust Bouth Central.. 3,409, 192!! 5,085 1,858,968 520,010 780, 676 222,103
West Bouth Central. 6,744,331 10,870, 3,003,712 1,572,602 1,808,871 166, 535
Mopmtaln. ... 2,887,573 14,9620 1,321,042 870, 374 38, 737| 214, 892
Pacific 24, 330, 097, 1 11, mi 9, 228, 716i 12,160, 231 ,669) 2,107,409

! Includes data for * Electrified steam-railroad divisions,
eographic divisions,
power (retail)’ apd “Large light and power (wholesale),”” not shown sepa-

service,” not distributed by
2 udez **Bmall light an
rstely on sehedule,

g

’* ¢ Street and interurban railways,’” and “Other

# Includes all municipal service, *for which a charge was made by the light and power department.”

¢ TABLE 64.—8arar1ED EmpLOYEES AND Waee Eanrnmrs, Numser, CoMMER-
. C1AL AND MuwNicrraL EsTABLISHMENTS: 1802 1o 1927
: NUMBER OF EMPLOYEES
; CENSUS YEAR Total Commercial Munieipal
! | |
! Wage || Salaried Wage Salaried | Wage
i earners \[ employees earners employees | earners
‘ 149,605 | 95,951 1138, 796 5,464 10,809
| 98, 850 |1 50, 667 1 85,438 4,445 10, 212
| 70,135 || 32, 592 4 82, 087 2,814 , 048
; 53,242 | 23,877 147,518 2,216 5, 724
2900 | 34,642 } 11,375 30, 691 1,815 3, 951
. . 6,596 | 23,330 | , 046 20, 863 950 2, 467

1 Nomber June 30, 1927,
1 Number June 89, 1922,
¥ Wuanher Sept, 2, 1917,
¢ Number Sept. 18, 1912,

or nearest representstive day.
or nearest representative day,
or nearest representative day,
or nearest representative day.
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TasLE 65.—CONSOLIDATED BALANCE SHEET For ALL COMMERCIAL COMPANIES
RerorTiNg FoR THE CENsUs of Eimerric Licur aND Power STATIONS,
INCLUDING ASSETS AND LIABILITIES OF ALLIED NONELECTRIC INDUSTRIES:

1927 . .
[This table is a duplicate of Table 25, p. 37]

ASSETS AND OTHER DEBITS ;l LIABILITIER AND OTHER CREDITS
Kind Amount ] Kind Amount
. i i
Plant and equipment, aggregate._.) $10, 586,826,473 | Total capitalization 10, 495, 013, 752
Spacifically reported, total ... 59, 684, 769, 184 f Capital stock._. s 5,005, 135,415
Electric light and power.._.... $7, 978, 234, 220 . Long-term debt. 5, 309, 878, 337
Per cent of total specifically . Cash investments (f
TepOrted oo 82.4 |1 porated companies) 6, 605, 185
Electric rallway-coucvuoooooo.o H $482, 323,860 | Current lisbilities. 671,649,928
Per cent of total specifically i Depreciation or re
reported. oo iavemaaeaan 6.0 serves... 700, 162, 046
[ T T, $017, 448,140 ;) Other rest 1436, 538, 481
Per cent of total specifically ' Other credit ite 277, 547, 430
f5) o]0 @71 VR 9.5 | SurpluS...ae.- 722, 561, 666
Allother ..oooeeeoeueeoo. $306, 762, 965 |
Per cent of total specifically :
YBPOrbed e 3.2 ’
Undistributed...... $902, 057, 279 . ,
Nonoperating physical property... $34, 269,454 1 H
Investments. . $622, 449,110 °
Current assets. - 3082, 201, 237 |
Tnamortized debt discount and i ,
[2.41331 - N $302, 044, 874 . .
Other debit items.. $411,414, 558 :
Deficit_ .. $10, 582, 382 ,
Totalassetsand other debits.| 12,950,388, 088 | Total liabilities and other ,
: credits.. . ; 12,950, 388, 088

TABLE 66,—CoNSOLIDATED BALANCE SurEeT rorR MUNICIPAL ESTABLISHMENTS
v Crries Having 25,000 InmapiTanTs or More: 1927

ASSETS AXD OTHER DEBITS LIABILITIES AND OTEER CREDITS

! Kind | Amonnt
!

Kind - Amount
' .

Plant and equipment_ . __ . .ocoee__ | $237,042,453 | Cash InVeSUMENTE. e oeommmooomeoeo . : $19,184,202
Eleetrie light and power. 234,210,945 ° Long-term debt ... oL, 135, 43, 6417
Allother . ooveeeaecae i 2,831,508 | Current liabilitles_ . ..vnrooomennas . 15,062, 739

Nonoperating physical property.. ' 540, 582 \| Depreciation or retirement reserves..: 27, 422,812

Investments. ... ... . | 6,745,028 i} Other reserves.....mocoemcummcnnconces . 2,443,735

] - Other credit OIS .ovr e | 15,706, 180

1,798, 436 | :

10, 688, 204 | :
Deficit 12,801 4 Burping. e © 78,439,128
| 204, 805,484 . Total Habilities and other credits_g 204, 805, 484

TaBLE 67.—CoXsOLIDATED INcoMe, OPERATING REVENUE, aAND Expensse
STATEMENT, FOR COMMERCIAL EsTABLISHMENTS: 1927

(This table is & duplicata of Table 26, p, 37]

1. IXCOME FROM ELECTRIC OPERATIONS
1. Operating revenues, electrio:

Sales of electric curTent. oo cevccnecun- --..1$1, 680, 218, 644

Miscellansous electric revenues. 21, 801, 410
Total operating revenues, electric.. ... ...__ ——- - §1, 707, 020, 083
. )

1 This total includes $125,812,127 representing revenne received from “*Sales for resale.”
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PasrLE 67.~ConNsonpATED INcoME, OPERATING REVENUE, AND Expansg
StateMENT, FOR CoMMBReIAL EsTaBrissMents: 1927—Continued

[See note at head of this table, p, 79]

1. IncoME FRoM ELECTRIC OPERATIONS—Continued
Revenue deductions

2. Opeigtmﬁ Expenses, electric: $1%: 57’%%' ggg
Purchased power. . 143, 710, 9
Depreciatiolx)x or retirement expenses, electric property-uoe—oeo__... 107, 615, 698
All other operating expenses, eleetric. 448, 860, 272
Uncollectible electric hills 8,365, 235
Operating taxes, electric 150, 253, 276
Tatal revenue deductions, electric. $1, 014, 717,870
Total operating revenues S 687, 302, 213
Other income itemas, electric
Rents charged or credited to incoe, electric property (met).. N 17,122,829
Amortization of limited-term franchises, rights, etc., for electrie property only......_._____ 62, 491
Net ineome from electric Operations. oo o e ;e e st e ceemam 670, 116, 803

{I, INCOME FROM OTHER THAN ELECTRIC OPERATIONS
Net income from operation of utilities other than light and power plants (gas, electric rail-

way, water, etc,) PR 85, 248, 300
Nonoperating income (net of debits and credits) - - 53, 059,112
GROBS INCOME e e com s et e e e s e s e st mmmmo e e o 809, 324, 305

III. DEDUCTIONS FROM (IR0OSS INCOME
Interest on funded and unfunded debt, amortization of debt discount and

e g1t
Total deductions from gross income 303, 537, 280
NET INCOME FOR THE YEAE from all sources. 505, 787, 026

1V, APPROPRIATIONS DURING THE YEAR FROM CURRENT AND PREVIOUS YEARS' SURPLUS
o Total
For dividends on stocks.... _... 2338238, 580
Electric Other Undis-

For depreciation or retirement reserve...__......__.__ s%i‘,) gg}t %’62 ?8{%%%?&?55 $§,r§3%it$g3 37, 816, 230

Total appropriations from surplus. 376, 854, 810

T::l?l?gﬁ j%e?nmlgpresanta & rate of 6.6 per cent, based on the total of $5,095,135,415 for capital stocks, (See

TapLE 68,—CoNSOLIDATED Incomm, OrEraTING REVENUE, AND EXPENSD
BrATEMENT, POR MUNICIPAL Esmasrisements: 1N Crrmes Having 25,000
InmaprranTs or Mone: 1927

& Orirating L Ixcome ¥RoM ELECTRIC OPERATIONS
L, Opera revennes, electrie:
Bules of el oy

ectrie eurrent - 1
dlectric revenues. . -l ggg,' %g
Total operating revennues, slectric J $51, 465, 925
Revenue deducti
2 Dpe%nég:g expenses, electric: ae feductions
4,420, 114
Depescaion o ekt sy, Sosie s oo bis o
AN other operating expenses, alect, e T ) 010,
Uneolloctible alsctria bl oeten - o ?clig 339
Operating taxes, dlectric. ... . T smesd
"Total revenme deductions, electrie.....___._______________ 34, 887, 274
Total operating revennes ... --~ 16,578,651
[ Other income ilema, electrie
Rents chargad or evadited o income, electric property (net) .
- d on, of iimited-ter franechizges. righis. fle . . ol 1o "mom=m==— Tl 4
Amertization of imited-term franchises, rights, oto.—{or eleGtric property saiy - < """~ 61,100
Net income from elestrie.operations. .______________ e e 16, 223, 389

! This total inelndes $9,030,008 representing revenue received from *Saleg for resale,”
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TasLE 68.—CoNsoLIDATED INcOoME, OPERATING REVENUBR, AND ExpPENsE
STATEMENT, FOR MUNICIPAL EsraprisaMenTs 1N Crmies Having 25,000
INHABITANTS OR MorE: 1927—Continued.

11, INCOME FROM OTHER THAN ELECTRIC OPERATIONS

Net income {rom operation of utilities other than light and power plants (gas, electric railway,

water, 6tC.) e aee o $1, 078, 053
Nonoperating income (net of de ' 202, 861
GROSS INCOME o oo oo e r e s o e 17, 503, 303
III. DEDUCTIONS FROM GROSS INCOME
Interest on funded and unfunded debt, amortization of debt diseount and expense,
and amortization of premium on debt (netY... ... _____ $5, 237, 621
Other deductions from gross INCOMB oo memeeL 375, 815
Total deductions from gross income. el 5,613,438
NET INCOME FOR THE YEAR f10I all SOUICBS - oo omamcecec oo et mmmm i em 11, 886, 867

IV. APPROPRIATIONS DURING THE YEAR FROM CURRENT AND PREVIOUS YEARS SURPLUS

tock Total
For dividends on St0CKS o oo e vt wmmm e e amm e e
o Electric Other
praperty  properties
For depreciation or retirément reserve. . w-eeeuovesescmamcneccalnoaan $1,711,834 _________. 1,711, 834

TaBLE 69.—SUMMARY, ALL MUNICIPAL ESTABLISHMENTS AND MUNICIPAL
EstaBriseMeNTs IN Cities Having 25,000 INEABITANTS OR MORE, WITH
Per CeExT oF ToTaL: 1927

MUNICIPAL ESTABLISHMENTS
IN CITIES HAVING 25,000
Total, all munic- INHABITANTS OR MORE
ipal estabiish-
ments P ¢
or cen
Amount of total

Number of establishInents. .- o cem e e ceoeeceonm e eee 2,108 54 2,5

Generating all or part of current. 1,113 48 4.3

Purchasing all current ——— 1,085 [} 0.6

Number of separats generating stations....cceeeeeooooouoo 1,212 85 5.4

Value of plant and equipment .o oo oo $417, 166, 857 $234, 210, D45 56,1

Total revenue o $52,746,880 ...

Eloctrie Serviee . o ocve oo e e $122, 436, 820 $51, 082, 219 41,7

All other sources- .- O] 7%1, 664,620 |ooo_o__.

Total expenses. .oc-ceoooooe. (O] 3 $40, 500, 710 |ocneeo...

Total number of persons employed A 18,273 5,756 35,4
Prime movers;

Number of units. ... 2, 883 234 8.1

Rated capacity, horsepower. 2,048, 722 1,087,021 53,6

Generators:

Number. e 2,004 227 7.8

Rated capacity, kilowatts 1,428, 034 777, 833 54.5

Qutput of eurrent, kilowatt hours, total e oneeccueennn 4, 529, 8’/1, 113 2, 733, 043, 318 60.3

* QGenerated - - 3,379, 538, 472 2,249, 435, 064 66,6

Purchased. .. .o 1, 150, 332, 641 483, 607, 054 42,0

Current sold, kilowatt-hours, total . .- cccocammmamoaaee 3, 066, 664, 800 2,256, 630, 501 6L 5

. To ultimate eonsumers. e —— 3, 076, 539, 772 1, 704, 030, 017 55,4

For resale. .s........ - - 591, 125,037 552, 600, 574 93.5

Number of customers. . —- 2,128, 868 695, 510 32,7

! Not called for on municipal schedule. Special ingniry made for cities having 25,000 or more {inhabitants.

* Miscellaneous electric revenues, net incomp from utilities other than electric, and nonoperating income,
Does not include amount of rents credited to Incoms nor amortization of franchisoes (called for as net items
on the 1927 schedule). . .

! Operating expenses, interest, and other deduetions from gross income, Does not include amount of
rent payments for lease of plant, equipment, ete, )




TECHNICAL DEVELOPMENTS

By George F. Wrrria

In the census reports for 1902, 1907, and 1912 the development of the electrie
light and power industry up to the time of each report is reviewed. Subsequent
developments have included not only a great increase in its magnitude and
marked ehanges in the organization of the industry but also important changes in
its relation to the economie, industrial, and social structure of the nation, as
well as important technical advances.

A brief summary of what has taken place during the fifteen-year period from
1912 to 1927 must confine itself to broad outlines, and at that must involve
many omissions. In view of the general use of electric devices in the home and in
industry, those aspects which are now a matter of common knowledge can well
be passed over lightly, attention being directed rather to those features with
which the general reader may be less familiar.

PRIME MOVERS AND GENERATORS

General.—The most obvious change that has come about in power production
has been the rapidly increasing concentration of power, not for the sake of mere
magnitude but with a view to greater economies. Boilers, turbines, water

~ wheels, generators, transformers, and the power stations themselves have in the
course of 15 years increased greatly in rating.

A parallel change, with the same objective, has been the rise in steam pressures
and steam temperatures used, and, toward the end of the period, the experimental
introduction of a second working fluid in an independent cycle supplementing that
of the steam. By these successive innovations, the quantity of energy usefully
converted into electrical form per unit of fuel consumed has grown steadily
larger. The upshot has been that while the output from fuel-burning plants
has multiplied several-fold; as the statistics indicate, the consumption of fuel,
notably of coal, has advanced in much smaller ratio.

Specific data on this point covering the entire period under review are not
available; there is clear evidence, however, that if the efficiency in 1927 had been

.merely the same ag in 1912, at least twice as much coal would have been required

a8 was aetually burned—more probably two and a half to three times as much,
The conservation of one of our national resources, coal, thus brought about
during fhe intervening period runs into hundreds of millions of tons.

Contemporaneously, greater refinement of design has resulted also in the more
efficient utilization of water power, but here the opportunity for improvement
was more restricted, as the efficiency had already approached much closer to the
theoretical maximum than in the case of processes involving combustion,

A third change, in harmony with the trend of American industry generally, has
been the increasing mechanization of the power plant. Where formerly the
firing of the hoilers had been a matter of human muscle, and the tossing of coal
into the furnaces by-the shovelful had ealled for exhausting labor on the part
~of a host of firemen, the modern power plant uses mechanical stokers, or pulverized
fuel is blown in by an air blast. The rate of feed, the adjustment of the draft,
and other operations are performed automatically. The human funection, no

82
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Jonger that of a laborer, has become the supervisory one of insuring the proper
.operation of the apparatus that performs the physical work.

Transition from the steam engine to the turbines.—In 1912 the steam turbine
was still competing with the reciprocating engine as a prime mover for power
plants; turbines of 20,000 kilowatts had, however, become an accomplished fact;
no power plant had a reciprocating engine approaching this rating. The change
was rapid. By the end of the year the turbine was considered the normal type.
The year 1912 may therefore be considered to mark, as well as such gradual
changes can be marked, the transition to the newer form of prime mover.

For a time the two devices were in numerous instances operated in combination;
the steam was expanded in a reciprocating engine, approximately to atmospheric
pressure, was then additionally expanded in a ‘‘low-pressure’ turbine, there
giving up more of its thermal energy, and was finally exhausted into a condenser
where a fairly high vacuum was maintained. The condensate was pumped back
into the boiler in the usual manner. Instances of parallel operation were, of
course, common; to increase the capacity of a station, room could often be found
for a turbine side by side with the existing engines.

The earlier turbines were largely of the vertical-shaft type. About this same
time, however, horizontal machines were being developed, and they eventually
became the accepted form. The huge modern machines, that constitute so
striking a triumph of engineering skill, are of this type exclusively.

A few cexamples will illustrate the growth in size. A complete list would
constitute a catalogue of the machinery in dozens of great power plants, with a
capacity aggregating millions of kilowatts.

By 1914 the maximum turbine rating was 35,000 kilowatts, and units of
50,000 kilowatts were in contemplation but not yet constructed. The recipro-
cating engine was by no means obsolete, for mixed-pressure turbine operation
was attracting increased attention, and turbines were operated either singly
on high-pressure steam or in combination with a reciprocating engine on exhaust
steam. At this time also there was a growing tendency toward the automatic
operation or control of the draft, damper, water feed, and fuel supply.

In 1921 a second 70,000-kilovolt-ampere compound turbine was installed in
a plant in Pittsburgh. Machines installed in 1926 and 1927 include two 60,000~
kilowatt (equivalent to 80,000 horsepower) single-cylinder units in New York
and a similar one in Buffalo, which shows how much power was now being con-
centrated on a single shaft. Other large machines were: A 52,000-kilowatt
tandem compound unit in Chicago; and one of 80,000 kilowatts, cross-compound,
i. e., with two shafts and two electric generators, in Brooklyn. The largest
under construetion ! was one for a station in Indiana, near Chicago, consisting
of three elements—one high-pressure and two low-pressure turbines—driving
three main generators. The combined rating (including that of two service
generators) is 208,000 kilowatts. Also under construction in 1927 were units of
165,000 kilowatts, 160,000 kilowatts, 104,000 kilowatts, and others.

In contrast with these magnitudes, the following table, published in 1913,
shows the maximum rating in eertain earlier years:

MAXIMUM RATING IN
RILOWATTS
YEAR

At 3,600 At 1,800
I, p. m. [si¢] | r. p. m, [sic]

T 400 1, 500

2, 500 10,000

5, 000 20,000

It was put into operation in the summer of 1929,



84 CENSUS OF ELECTRICAL INDUSTRIES: 1927

Steam boilers,—Changes in steam turbines‘ havej entailed complementary
changes in boilers, in the direction of greater size, hlgh(?l‘ steam pressures, and
higher temperatures. Two hundred pounds per square inch had formerly b(_?cn
considered virtually the upper limit, but in about 1915 plans were made v».'hlch
contermplated the use of pressures up to 600 or 700 pounds per square inch.
At the same time the rate of evaporation was being forced up, 50 that 11:, became
common practice to operate boilers at several times their rating assigned to
them on the old basis, namely, the area of the heating surface. In 192?, a 35,000
kilowatt turbine, to be operated on steam at 500 pounds per square ineh and g
temperature of 725 degrees F., was being built for the American Gas & Electrie
Company. These values for steam pressure and temperature were reported at
that time as being thus far unapproached. At the same period it was stated
that boilers for use up to 600 pounds per square inch were on order.

In 1924 a steam pressure of 550 pounds per square ingh was adopted for sta-
tions in Philadelphia, in Chicago, and elsewhere. The Weymouth plant in
Boston inaugurated the use of a pressure of 1,200 pounds per square inch. By
1827 a 7,000-kilowatt turbine in Milwaukee and one of 3,000 kilowatts in Boston
were being operated at a pressure of 1,200 pounds per square inch. At the same
date steam temperatures up to 750° F. were in use.

Steam planis.—The huge turbines and generators to which reference has been
made are constituents of correspondingly vast power plants, each comprising
a number of such units. The steady growth of the electric power load has
necessitated a program of incessant building to meet its ever-growing demands.

Again a few individual illustrations, confined to the immediate Past, must
suffice to exemplify what has been going on throughout the land, on a scale
scarcely less striking,

In 1926 the *Lake Shore” plant at Cleveland, Ohio, with a rating of 288,000
kilowatts and an output exceeding 1,000,000,000 kilowatt-hours annually, was
stated to be the largest steam-electric plant in the United States. By the end of
1927 the Crawford Avenue station in Chicago had a rating of 325,000 kilowatts.
Almost equal in magnitude to the Cleveland plant, the Hell Gate station in New
York City had 285,000 kilowatts in operation in 1927, and had on order two
160,000-kilowatt units in addition. Before the close of 1929 the installing of the
Iatter had increased the station rating to 605,000 kilowatts, a capacity unsurpassed
anywhere in the world. In the same class may be listed the Hudson Avenue
plant in Brooklyn; its 230,000 kilowatts of 1927 grew to 340,000 kilowatts during
1928 by the addition of a single power unit.

Great as they are, none of these plants is the sole source of supply to the city
it serves. Each is only one of several, perhaps of nearly equal magnitude.

i Progress in plant: practice—Among other features that have gradually entered
to w-greater or less extent into steam-plant practice are the following:

The cooling of the furnace walls by means of air or water; the preheating of the
#ir-supply to the furnace; the use of high-refractry brick around the fuel and
dlinker lines of the furnace side walls ; the reheating of the steam at some point
i its passage through the turbine; the bleeding of steam from the turbine at a
certain stage in its expansion and the utilization of its heat in another stage of the
process; the burning of pulverized coal. )

The progress in the period under review can scarcely be better summarized

i by quoting from a recently published annual report of an operating company.
The company is one known to be progressive and to have kept pace with the
developments of successive years.

The report refers to two plants, which may be designated as A and B. Con-
struetion on plant A was started in 1913 and on plant B in 1927, and each went
into operation within about two years. Plant B had recently gone into operation
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when this was written. To quote: ‘‘Plant B uses a steam pressure almost twice
that used by A; operates with higher superheat of steam; has generators each
two and one-half times as large as the A generators of 15 years ago; rquires about
25 per cent less coal for a given output; and, finally, requires half as many man-
hours for a given daily output as does the older plant.” The report further
points out that these are only some of the factors which permit electric serviee to
be sold now at lower prices than obtained 15 years ago.

The mercury-vapor turbine.—The combination of a mereury-vapor turbine
and a steam turbine in the plant of the Hartford Electric Light Co. appears to
be the first commercial application of a binary cycle in the production of power
from fuel. Mercury is evaporated in a special boiler, whence it passes to the
turbine, then to the condenser, and finally by gravity back to the boiler. These
three elements are electrically welded together. The weight of the mercury
column, determined by the difference in elevation between condenser and boiler,
obviates the need of a pump. In the condenser the heat of the mercury vapor is
imparted to water through the walls of the tubes cotaining the vapor. The
mercury condenser is, therefore, at the same time a steam boiler. From this
source a steam turbine is driven in the usual way.

An experimental instaliation, having a maximu capacity of about 2,000 kilo-
watts, was made in the fall of 1923 and was used for a number of years for pur-
poses of research, being redesigned during that time to incorporate improve-
ments. The scheme was proposed and developed by W. L. R. Emmet, consulting
engineer of the General Electric Co. By the end of 1927 a larger equipment was
under construction, with a mercury unit rated at 10,000 kilowatts. It was put
into operation in November, 1928, but at that time was still on test, further
changes being made subsequently. According to the design data, this mercury
turbine was to have a speed of 720 revolutions per minute; 1,150,000 pounds of
mercury was to be vaporized per hour at 884° ¥., 70 pounds gauge pressure;
28-inch vacuum in the mercury condenser; mereury exhaust at 458° F.

The steam produced in the mereury condenser is additionally heated to a
temperature of 700° ¥., 350 pounds gauge pressure, and supplied to the steam
turbine in the usual way. The computed efficiency of the mercury-vapor-steam
combination is 9,400 B. t. u. per kilowatt-hour, whereas with steam alone the
production of a kilowati-hour from 14,000 B. t. u. is excellent. The former figure
is equivalent to a kilowatt-hour for about eight-tenths of a pound of coal—con-
siderably less than half the average fuel consumption per kilowatt-hour of electric
light and power plants in the United States.

The internal-combustion engine.~—The chief field for the internal-combustion
engine in the electrical industry is in the smaller communities not served by
transmission lines. Its use has also been advocated as a regerve, for instance, to
meet deficiencies in water power or to meet occasional pesk-load demands, but
in view of the relatively small sizes in which this type of engine has thus far been
developed, and the magnitude of the inter-connected systems which it might be
used to supplement, the latter application is not at present of importance. Most
of the horsepower in this eategory is in machines of the Diesel type, genrally in
units of a few hundred to a few thousand horsepower, and oceasionally larger,

The use of the internal-combustion engine has been increasing at a fairly rapid
rate, but it still supplies only a very small proportion of the total horsepower.in
the industry—1.5 per cent in 1927, As early as 1914 it was reported that it fuel
consumption per kilowatt-hotr at full load and under favorsble conditions had
been brought down to four-tenths of a pound of heavy oil.

Water power.—The first two decades of the century witnessed i’mportant
technical advances in watet-power utilization., In 1914 it was stated that the
efficiency of hydroturbines had increased 10 to 15 per cent during the preceding
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; . Tmprovements in hydraulic and electrieal machiner;y had led to the
;?ezteeimutilz:iﬁon of the available power; with installed efﬁmenc‘ies as high as.
85 per cent for water wheels, 97 per cent for gener_&tors, anfi 98 per cent for sta-
tionary transformers, a very large proportion of the energy in the water could be-
put on the transmission lines. ) . .

Even this performance was not the obtainable maximum at that tm_le ; inone
case, at least, a turbine efficiency of 93.7 per cent at full load—the highest on
record—had been obtained, giving 88 per cent efficiency from water to bus bars.

The increasing development of streams having occasional h.eavy floods brought.
other problems to be solved. During these freshets the restricted cha.nnel below
the dam usually eauses the water level to rise more in that part of the river than it
does in the pool above the dam. Thus the available head is decreased during;
the period of most abundant water, At Hale’s Bar, on the Tennessee River,
heads varying between 19 and 40 feet are met by using three turbines on the gener-
ator shaft, two when the head is fairly high and three on the lowest head, during
flood.

Another method of overcoming the same difficulty is in use at the Mitchell Dam
of the Alabama Power Co., started December 19, 1921, and put into operation
March 26, 1923, In this installation, by the employment of a ‘* back-water sup-
pressor,” the rush of waste water over the dam is used to assist in the removal of
the tail water, in effect lowering the level in the tail race near the turbine and thus
increasing the effective head. :

These specific instances illustrate a general trend. Hydraulic efficiency has
been increased not only by turbine design but also by the guiding of the water
outside the turbine itself, notably in the draft tube-~for example, by conical strue-
tures extending up into the latter. .

Automatic hydroelectric planis.—The economic development of certain small
waterpower gites has been rendered possible by the introduction of automatic or
remote control. The expense of having an attendant continuously on duty is
thus avoided. These plants are designed to start or stop with variations in the
available water supply, to connect and disconnect themselves to and from the
fransmisgion line, and to meet such contingeneies as line disturbances or failure
of any part of the mechanism. In addition, they are usually arranged to be started
orstopped by an operator in a distant station.

Examples of hydroelectric development.—Some typical or striking develop-
ments of the period under review are as follows:

The Big Creek development of the Pacific Light & Power Co., of Los Angeles,
‘Oalif., was inaugurated in 1913. It consists of two plants, both for very high
hydraulic head, 1,900 feet and 1,780 feet, respectively.

A:14,000-horsepower reaction turbine was installed about 1920 for the Mount
Bhasta Power Corporation. It was designed for a head of 421 feet, the highest.
head for turbines (as distinguished from wheels) thus far built,

14 Ewo-vertical-shaft Francis turbines for 4 head of 806 feet, the highest head up
- tothat time for that type, were installed shortly afterwards in the plant known as

““Kern River No. 83” of the Southern Californis Edison Co.

Two of the largest impulse wheels in the world, with a rating of 30,000 horse--
power each on a 1,008-foot head, were installed in the Caribou plant of the Great
Weatem Power Co. This achievement was exceeded the next year (1922) by the-
installation of two 44,000-horsepower impulse wheels for s head of 2,495 feet in the
‘Ballch powerhouse of the San Joaquin Light & Power Corporation in California.
.. Hilustrative of the ruggedness of hydroeleetric machinery is the statement pub-
- lished in $923 that a vertical reaction turbine of 25,000 horsepower at the Kern
; River plant, with-a head 6f 810 feet, had run almost tontinuously for 18 months..
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Low-head plants of great magnitude and requiring huge volumes of water,
installed during the period under review, include one on the Mississippi River at
Keokuk {1913), the head being about 40 feet, one on the Tennessee River at Mus-
cle Shoals, construeted during the war, and one on the lower Susquehanna River
at Conowingo, Md., still under construction in 1927, The last-named is designed
for an ultimate capacity exceeding 500,000 horsepower. Tts 54,000-horsepower
turbines are unprecedented in physical dimensions, according to the builders.
The runners are 17 feet 9 inches in the largest diameter and weigh about 100 tons
each., The operating speed is 81.8 revolutions per minute under a normal head
of 89 feet. By the early part of 1928 two of these units had been installed, and
several others were under construction. In all, 11 are to be used eventually.

Generators.—The changes in generators can be treated more briefly than those
in turbines, with which they are necessarily correlated. They include the de-
creased importance of direct-current and the increased importance of alternating-
current machinery, a change from low to high speed, corresponding to the ehange
from reciprocating engines to turbines, a marked increase in size, special provisions
for cooling and for reducing the fire hazard, and the decreasing importance of
25-cycle apparatus, accompanied by a great increase in that of 60 cycles.

The gradual elimination of direct-current generators was a necessary conse-
quence of the increase in concentration of power and in high-tension transmission
and interconnection.

Direct-current generators are built with a stationary field-magnet system, within -
which another member, called the armature, is made to revolve by an external
source of power. In the armature is induced the electromotive force that sends
current through the working circuit, in general consisting of the devices to be
electrically operated. For technical reasons the relationship is usually reversed
in the construction of alternating-current generators. The armature is made the
outer statiopary member; within it the field magnets are made to revolve, their
poleg projecting outwards.

The introduction of the steam turbine involved radical changes in design.
To generate alternating current of 60 cycles it is necessary that 60 pairs of poles
per second shall pass & given conductor on the armature. With low speeds this
necessitated the construction of machines having a large number of poles, for
which a structure of large diameter was necessary.

For large reciprocating engines 100 revolutions per minuteis & relatively high
speed. Large steam furbines, on the other hand, operate abt a speed often as
high as 1,800 revolutions per minute, and in the case of units somewhat smaller
but still having a rating of several thousand kilowatts, a speed of 3,600 revolu-
tione per minute is not unecommon. A speed of 1,800 revolutions per minute
calls for only two pairs of poles (four poles). To avoid excessive centrifugal pull,
the rotating parts must be kept relatively small in diameter, and consequently
must be of greater length for a given output. The earlier type resembled a large
wheel with the working part readily accessible; the new form is a completely
inclosed horizontal cylinder.

Hydraulic turbines rotate in a much lower range of speeds than those using
steam. Consequently their generators are much larger both in diameter and
otherwise than those of corresponding ratings driven by steam turbines, The
vertical-shaft arrangement is generally used.

Generator and turbine ratings generally correspond. There are no generators,.
however, with a rating equal to that of the very largest turbines, because these
latter have more than one shaft, each driving a separate generator.

Cooling and fire prevention,—The increasing compactness of steam turbo«
generators has necessitated special provisions for cooling them. To carry away
the heat generated by the unavoidable electrical and magnetic losses, methods of
forced ventilation were developed, the entire machine being enclosed and a
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current of eold air being blown through it. Closed-circuit ventilation and wat;
gprays for cooling the air were in use by 1922. Lately the use of hydroge
instead of air has been under consideration as a better medium for removing 11
heat. With completely inelosed cooling systems provision can be made for ti
injection and circulation of inert gases to combat fires if the insulation.becom(
ignited.

TRANSMISSION AND DISTRIBUTION

Summary of changes.—In the early days of electric lighting generating statior
had to be close to their loads. With the low-voltage direct-current systems the
in use, long-distance transmission was not feasible. The introduction of alte
nating eurrent made high-voltage transmission and low-voltage distributic
possible. The distance over which power could be economically transmitte
was thereby increased, and the power station could be located at a considerabl
distance from the point of consumption.

This had two important consequences: Waterpower sites remote from center
of population could be utilized; for steam plants sites could be selected that wer
advantageous as to fuel supply and abundance of cooling water. The latter i
particularly important for steam-turbine operation.

High-tension transmission had attained considerable magnitude hefore 1915
Since that time the maximum of transmission voltage has been raised and man;
new lines bave been built. Thus great systems have grown up, the energy fron
numerous power plants flowing into a network of high-voltage lines by means o
which it is carried into numerous centers of distribution throughout the are:
served and there “stepped down’ to a lower voltage for local distribution.

Frequently these systems are interconnected with adjacent systems. Wher
this is done it is possible to meet a deficiency of power (due to secarcity of water
for example) in one ares by transmission from a distance, frequently fron
another State. .

Other changes during the fifteen-year period include an increase in the siz
of transformers, the development of large mercury-arc rectifiers for converting
alternating to direct current, and, very recently, important advances in trans
migsion by means of underground cable.

Transmission voltages.—In 1911 the maximum transmission voltage hac
reached 140,000; 130,000 volts was coming into use as a standard, whereas the
standard had previously been 66,000 volts. This was the situstion at the begin.
ning of the 15-year period of this review. In the latter part of 1913 transmissior
a4 135,000 volts was begun over the first of two 240-mile transmission lines of the
Big Creek development of the Pacific Light & Power Co., of Los Angeles. The
lines were designed for parallel operation abt 150,000 volts and the transmission
of 120,000 kilowatts. This was by far the world’s highest operated voltage and
the longest straightaway transmission yet undertaken. Meanwhile three or
four systems in the Southern Appalachian region were using 100,000 to 110,000
volts, and lines in Connecticut were being built for 120,000 volts. These high
voltages became possible chiefly because of the introduction ‘of the suspension
ingulator. By the beginning of 1016 interconnection had been increasing s0
rapidly that systemas existed which comprised nearly 1,000 miles of high-tension
lines, along which power plants and load points were distributed. The most
noteworthy high-tension lines undertaken in 1922 were those of the Sounthern
California Edison Co. and the Pacific Gas & Eleetric Co., in California, for
operation at 220,000 wolts. ‘Te the same period belongs a 165,000-volt line for
the Great Western Power Co., also in California.

Up to the present time 220,000 remains the maximum operating voltage,
though the mileage at this high voltage has been greatly extended not only in
California but elsewhere.
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Cables.—The operating voltage of underground and underwater cable has
peen gradually increasing, The most recent development is the oil-filled cable,
which has made possible in underground urban distribution voltages approaching
those of the high-tension lines used in overhead transmission. Lines of 132,000
volts, using single-conductor, lead-covered, oil-filled cable, have recently been
put into service in New York and Chicago.

Substations,—The most notable innovation in this feature of the industry has
been the development of outdoor substations and switching stations. In 1913
this type was still new. Previously it had been considered essential to put the
apparatus indoors. At first tried out in those parts of the country having a
mild climate, the use of the outdoors substation subsequently became general.
Tts most conspicuous advantage is the wide spacing possible on the high-tension
side without the expense of a large building.

Conversion from alternating to direct current.—Though alternating current
has replaced direct-current machinery in many fields of power application, there
are some in which direct current still finds wide application. . One of these is the
operation of street railways. Usually the conversion of alternating to direct
current takes place by means of motor-generator sets or rotary converters.
The latter were readily built for alternating current at 25 cycles, but in the
beginning difficulties were encountered in designing them for 60 cycles. Early
in the period under review these difficulties were overcome, and the converters
for street-railway operation could take their energy from the 60-cyele light and
power circuits.

For the same purpose a device operatmg on an entirely different principle has
lately been introduced. The mercury-arc rectifier has been known for many
years. With a glass chamber it has found wide application for such purposes as
the charging of storage batteries from alternating-current circuits. These units
were too small for general power purposes, but eventually a form was developed:
in which the chamber wag of steel instead of glass. This greatly increased the
possible output, and made the device suitable for supplying current at 600 to 1,500
volts for railway operation. Installations on a commercial scale were begun in
Europe in 1912, and then only in capacities of 100 kilowatts, but the first instal-
lation in America came a number of years later.

By the end of 1927 mercury-arc rectifiers up to 750 kilowatts in rating were
being used in this country, and at least one such unit rated at 1,000 kilowatts,
600 volts dirett current, was in operation in the vieinity of Chicago. Subse-
quently two 750-kilowatt rectifiers were installed in Portland, Oreg., for railway
operation, econverting 11,000~ volt 3-phase, 60-cycle current to 1,350~volt dxrect,

eurrent.
LIGHTING EQUIPMENT

As a light source the tungsten incandescent lamp has virtually superseded.all
other forms of electric illymination. Devices for redirecting the light, in the:
form of shades and reflectors of various types, have been incressingly developed .
and have come into general use. Very recently the neon light has been intro-
duced, its use being confined chiefly to purposes of display and advertising,

~The tungsten lamp.—The development of the gas-filled tungsten lamp was
announced in 1913, when its manufacture on a commercial scale began. At
first it was made only in large sizes—750 and 1,000 watts—for multiple operation.
Prior to that time the carbon, the tantalum, and the tungsten filament had been..
séaled into a vacuum. The improvement.consisted in filling the bulb with an
inert gas. = This reduced the tendency of the filament to evaporate and permitted.
the operation of the lamp at a somewhat higher temperature. A larger proportion.: .

2106—30——7
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of the radiation was within the visible spectrum; the eficiency of the lamp wa
therefore increased, and the light produced was more nearly white. The carboy
filamnent lamp had required from 3.1 to 3.5 watts per mean horizontal cand]
power, but the largest size of the new lamp required only 0.5 watt for the sam
amount of radiation. TFor replacing the arc lamp in projectors, fungsten lamy
are made with helical filaments compactly arranged so that a large quantity ¢
light is emitted from a comparatively small area.

Recently a process has come into use for etching the inside surface of lam
bulbs., The light from the filament is thereby diffused while the outer surfac
of the bulb is smooth and easily kept clean.

Arc lamps.—The carbon-arc lamp was gradually superseded by the typ
known as the “‘flame-are.” TUnlike the former, this emitted more light from th
incandescent vapor between the electrodes than from the tips of the electrode
themselves. The color of the light was determined by the metallic compoun
in the electrodes.

For street-lighting purposes the magnetite arc lamp was widely used for
number of years. Its name was derived from that of the iron oxide used in on
electrode. It gave a brilliant white light and required infrequent trimmin
compared with its predecessor, the carbon arc. The light source itself wa
generally inclosed in & diffusing globe. The magnetite lamp has been generall
superseded by the tungsten lamp, operated singly or in cluster, usually wit
diffusing glassware, mounted on a standard close to the curb line. The earlie
type (magnetite) has, however, by no means been abandoned. To the casu:
observer little difference is seen between it and the newer tungsten street lamy
whieh it resembles as to the eolor of the light and which it approaches in steadines:
although it shows an oceasional flicker. . .

Light-controlling devices.—The general introduction of the rugged drawn
wire-filaznent tungsten lamp made possible for the first time in human history a
appreciation of the esthetic possibilities of illumination. It now made it poss
ble to go far beyond the earlier requirement of providing enough light by whic
to see during the hours of darkness. If led fo far-reaching researches relating t
vision, from which, in turn, sprang many technical developments.

It was an early observation that a powerful, exposed light souree in the field ¢
vision was objectionable. -Hence various forms of partly-inclosing reflector
were devised for redirecting the light, prominent among which were those ¢
mirrored or prismatic glass. Then came “indirect’ lighting, whereby the ray
were caused to fall first upon a large diffusing surface, like a ceiling, which serve
as the source of general illumination.

In the lighting of industrial establishments, diffusing bowls of enameled stee
with or without diffusing glassware, have come into extensive use. Many othe
forms of lighting equipment have been devised to meet specific conditions—loe
or general lumination, high or low intensity, utilitarian or artistic purpose
Bome are suitable for controlling the light from small lamps; others, that fro:
lamps rated at several thousand watts.

" Flood lighting.—With tungsten lamps, outdoor lighting on a large secale hs
become possible. Monuments and the fagades of buildings are illuminated b
medans of groups of flood lights, usually concealed from observation. Each floo
light consists of a pawerful lamp mounted before an accurately shaped coneav
refiéctor, 5o that a concentrated beam of light is-emitted, the whole being inclose
in-a weather-proof metallic casing.

Mereury-arc lamps are still in use, particularly for photographic purposes, bt
no radical changes have been made. In motion-picture studios they are arrange
in batteries, equivalent to artificial windows, ‘




CENTRAL ELECTRIC LIGHT AND POWER STATIONS 91

Neon lamps.—It has long been known that a gas at low pressure can be made
to emit light by sending an electric discharge through it. An application of this
knowledge was made early in the present century by using earbon dioxide in
long glass tubes for general illumination, but it was not widely employed. The
arrival of the tungsten lamp caused it to be abandoned for practical purposes.

The idea of obtaining ‘“‘cold light” was, however, never entirely dropped.
Further researches, combined with the discovery of neon as one of the constituents
of the atmosphere and the development of methods for obtaining it in a pure
state, have in recent years brought into existence two distinet types of lamps
utilizing this gas. One is rapidly coming into use for sign lighting. The gas,
at s suitably low pressure, is inclosed in long glass tubes, usually 15 millimeters or
less in diameter, formed into letters or other shapes. For 50 feet of tubing, 5,000
to 10,000 volts are required, with a current of 25 milliamperes. The reddish color
stands out conspicuously, even in daylight. Other colors are obtainable by the
use of other gases. As a rule, the usual house current, alternating, at 110 or 115
volts, is brought to the sign terminal. Within the sign the current passes through
a step-up transformer to develop the necessary voltage.

The other form of neon lamp is made for direct connection to the ordinary
lighting circuit. At this low voltage {(about 115) the electrodes have to be very
close together. The lamp, which operates with a very small consumption of
current, glows with a dim reddish light, too feeble for purposes of ordinary
illumination but useful as a marker. Its employment has been suggested for
guch purposes as to indicate the location of a switeh.

- DIVERSIFICATION OF USES

Residential, commercial, and industrial uses of electric current have increased
in variety and have greatly increased in magnitude, not so much by radieal
innovations as by the normal extension of methods and principles that have long
been known. In the household there has been a more extensive use of a multi-
plicity of appliances: Flatirons, vacuum cleaners, electrically-operated sewing
machines, toasters, coffee percolators, washing machines, heating pads, ironing
machines, and numerous others. Recent years have added motor-driven oil
burners for residential heating, electrically operated refrigerators, and electric
ranges, while electric water heaters are being introduced which consume current
at a low rate continuously or during predetermined periods, the heat being stored
in the water within an insulated tank.

In industrial establishments the electric motor has largely eliminated belts and
line shafting, especially since it beeame the practice for each machine to have its
own motor.

In detail, the industrial applications are almost as numerous as the industrial
processes themselves, but standard motors are generally used for actuating the
mechanical processes. Methods of automatic and remote control have been
greatly extended.

Electric heating.—Because of its cleanness and the refinement possible in tem-
perature control, electric heating has found wide applieation; for example, in
ovens for enameling metal parts.

Electrometallurgical processes are carried on by means of arc and induction
furnaces for melting metals and for producing alloys. For small melts, particu-
larly of precious metals, the high-frequency induction furnace has become avail-
able. With it, operations can be carried on in a controlled atmosphere, high-
frequency current being induced in the charge by transformer action from similar
current supplied to a primary winding and without the use of an iron core. The
primary purrent is, in turn, gbtained from an ordinary power current by way of
a suitable converting device—e. g., 2 motar-driven high-frequency generator.
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Electrically generated steam.—In loealities where water power is cheap ang
fuel expensive, steam for industrial purposes is being generated from surplus
hydroelectric energy. Thus it has recently been reported that one company is
producing surplus hydro energy worth 3.02 to 3.82 mills per kilowatt-hour for
steam heating. This electrically generated steam has also been found economical
in the pulp and paper industry, which very commonly utilizes water power.
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