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DEecEMBER 24, 1940.
‘The PrESIDENT
Tee Werre House :
Washington, D. C.
My Dzar Mr. PresmpENT: I have the honor to transmit herewith
Part VI of the reports of the St. Lawrence Survey, entitled “The
Economic Effects of the St..Lawrence Power Project.” - This report
is complementary to the other reports of the Survey dealing with the
navigational aspects of the St. Lawrence. The study of power was
undertaken in order to arrive at 4 total evaluation of the St. Lawrence
project, which in its very nature, is a combined navigation and power
project. | -
This report reveals much useful information on industrial develop-
ment in New York State and the possible effects of the St. Lawrence
power project. A summary of the facts and conclusions is given in
the letter of submittal of Dr. N. R. Danielian, Director of the St.
Lawrence Survey.
Very sincerely,
Wayne C. TavLogr,
Acting Secretary of Commerce.
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Dzcexszr 19, 1940.
The Hon. SECRETARY OF COMMERCE, )
Washington, D. C. -

My Dzar Me. SEcreraRY: I have the honor to submit to you
Part VI of the reports of the St. Lawrence Survey. This part deals
with the economic effects of the St. Lawrence power project. It
considers principally the availability of a market for the large amount
of hydroelectric power latent in the St. Lawrence River and the effect
of this low-cost power upon industry and transportation systems of
New York State. The report was prepared by the Survey with the
generous assistance of Prof. Edgar M. Hoover, Jr., of the University
of Michigan, and Mrs. Grace Knott, now with the National Defense
Advisory Commission. The maps and charts were executed by Mr.
Earl G. Millison, Chief of Graphic Services, and Mr. George Newman,
Head Statistical Draftsman, Work Projects Administration. The
Survey has been fortunate also in having the advantage of criti-
cisms and suggestions on earlier drafts of this report from the following
individuals: Prof. James C. Bonbright, Chairman, and Mr. Gerald
V. Cruise, Executive Secretary, of the Power Authority of the State of
New York; Hon. Leland Olds, Chairman, and Mr. J. V. Alfriend, Jr.,
Engineer, Federal Power Commission; and Mr. J. A. Krug, Chief
Power Engineer, Tennessee Valley Authority.

Even though the Survey has been concerned principally with the
St. Lawrence Seaway, the hydroelectric power aspects were studied
because the project has always been considered as a combination
seaway and power project; consequently, the net effects of the under-
taking could not be evaluated without reference to the influence that
bydro power would have upon New York State industry and employ-
ment. A final judgment on the benefits of the combined project could
not fail to include & thorough consideration of the benefits of cheap
hydroelectric power.

In the exploration of future demand for power in New York State,
this report considers not only the disposability of St. Lawrence
power at the International Rapids Section, but also that which can be
obtained through the redevelopment of Niagara River. This latter
bas been included because it has been an integral part of the plans of
the Power Authority of the State of New York, the duly constituted
State agency for the exploitation of the water-power resources of the
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St. Lawrence River, and also because the draft treaties heretofore con-
sidered by the governments of the United States and Canada included
provisions for the redevelopment of Niagara River. The effect of the
inclusion of additional power at Niagara upon the estimates of this
report is to make them highly conservative, for if combined Niagara -
and St. Lawrence power could be marketed, then surely there would
be ample market for St. Lawrence power alone. On the other hand, if
St. Lawrence power is developed first, then the estimated effects upon
industrial expansion and employment should be reduced, possibly by
two-fifths, the proportion of new hydro power at Niagara to the com-
bined St. Lawrence—ngara system.

. The estimates of energy requirements in New York State are carried
in this report to the year 1950. This does not imply that it would
take 10 years to-complete the power project. The year 1950 was
selected for several cogent reasons. . First, it would allow a period of
several years of active operation of the new power system so that
the full influence of this economical supply of power upon industry
.would be felt. In the second place, the year 1950 is a convenient
mgnpost from the point of view of statistical technique, for other
studies and estimates dealing with population and demand for power
have used that year as a basis of computations.

- The selection of the year 1950 does not imply that the development
of the project need be delayed until a later date. The estimates of
future power requirements in this report were based upon the extension
of normal trends in various classes of energy demand. Since the
initiation of this study, the natienal defense program has been un-
ravelled swiftly and in large dimensions. The obvious effect of this
program upon demand for electrical energy will be to accelerate and
emphasize the amplitudes of growth here indicated. Hence, the
anticipated effect should be te telescope time and bring the need for
this hydroelectric development nearer than 1950. This will mean, of
- necessity, expediting the development. 50 .as not to be caught with
a shortage of power resources in-the industrial northeast.- The
aceeleratmg effect of the national defense program upon power
requirements in New York State will be more fully treated in Part
VII of the Survey reports. -

The present report is detailed a.nd technical. The conclusmns and
the facts upon which they are predicated, however, are clea.r and
irrefutable. Even when individual procedures and points of detail
may be subject to alternative solutlons, the final over-all conclusxons
and their implications are beyond serious dispute. .

" Briefly the Survey reveals the following facts: 4

. 1. The proposed St. Lawrence-Niagara development is des1gned to
make available to the United States additional hydroelectric gen-
eratin;géapacity of 1,100,000 horsepower at the International Rapids
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and 787,500 horsepower at Nia;ga.ra Falls. The area served by the
transmission system planned in connection with this generating
capacity coincides approximately with New York State, and conta.ms'f
about one-tenth of the population of the United States. : ;

2. New York State as a whole has suffered a definite dechne in

manufacturing employment over the past 20 years. In 1919 New
York State had 1,228,000 wage earners employed in manufacturing,
or 13.5 percent of the national total. By 1937 the number had
fallen to 996,000, or 11.6 percent of the national total. » ‘

3. The Buﬁa.lo area, where Niagara power was being exploited on
8 large scale between 1895 and 1924, has recently been affected by
this apparent cessation of industrial growth. The Buffalo Industrial
Area’s percentage share of the national total of manufacturing wage
earners rose from 0.97 percent in 1899 to 1.31 percent in 1923, and by.
1935 had fallen to 1.13 percent. In 1937 it was 1.23 percent. The
chief industries in which this area specializes are chemicals, metal
products, paper, and grain products In all of these mdustnes, the.
importance of electric energy costs is relatively high. - :

4. Since 1924 there has beén no further expansion of Nlaga.ra
hydro generating facilities, and considerable steam generating equip-
ment has been added to take care of the increasing démand. - Between
1928 and 1939, steam central-station generating .capacity in - the
Buffalo Industrial Ares increased from 252,955 horsepower to 655,324
horsepower, or 159 percent; while in the same interval, hydro capacity.
has increased only from 624,710 horsepower to 639,758 -horsepower,
or 2.4 percent. Out of the total increase of 417,417 horsepower in
that period, 402,369 horsepower, or nea.rly 97 percent, was in steam
capacity.

5. New York State has expanded its hydroelectric generating
capacity much more slowly in the past decade than most other States.
While the United States as a whole increased its hydro capacity by
54.7 percent in the decade 1927-37, New York’s hydro capacity’
increased only 12.4 percent. - Only 15 States showed a smaller per-
centage increase in hydro capacity than New York in that period,
although New York State is a.mong the most richly endowed in water-
power resources.

6. Due to lack of mineral fuels, New York State is at a very sub—
stantml disadvantage in steam-power generation as compared with
coal- or oil-producing States. Representative large power stations in
New York in 1937 paid from 11 to 17 cents per million B. t. u. for
their coal, while comparable stations near mines in Ohio, Pennsylva.ma,
and West. Virginia paid only 6 or 7 cents. -

7. At the present time, the cost of electricity to most representative
classes of users is higher in New York State thah the United States
average.
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-~ 8, Since about the time Niagara power was fully utilized, in-
dustries using relatively large amounts of electric power have expanded
in other States and regions more rapidly than in New York State.
This is particularly true of certain electrochemical and electrometal-
lurglcal industries.

It is fairly clear from this summary of facts that New York State

will suffer under an increasing competitive disadvantage so long as
. available sources of cheap hydro power continue to be neglected. In
.the Buffalo area, where industry has been based on cheap power to a
relatively large extent, the threat of stagnation is perhaps even more
serious than in the rest of the State. The proposed St. Lawrence-
Niagara hydro development offers a new lease on life to New York
State industry, a source of cheap electricity which should make pos-
sible the resumption of manufacturing growth.

Based on experience, past trends, and a consideration of the prob-
able future developments, energy consumption in 1950 has been con-
servatively estimated at almost double that of 1937. The additional
generating capacity which must be built during the next decade to
supply these estimated requirements is about one-third greater than
the entire capacity of the St. Lawrence-Niagara project, which indi-
cates that there is no questlon of the disposability of the project’s
output of energy.

- As compared with the best possible alternative all-steam plan the
St. Lawrence-Niagara hydro Proj ject promises savings on the State’s
entire power generatlon averaging approximately 1 mill per kilowatt-
bour, plus the provision of 1 billion kilowatt-hours annually at very
low rates to high-load-factor industries. The Power Authority of the
State of New York estimates that the annual savings in the cost of
electricity to New York State consumers as a result of St. Lawrence-
Niagara development would be $26,000,000.

A study of the chief electroprocess industries in New York State
leads to the conclusion that this group can absorb at least the addi-
-tional billion kilowatt-hours tentatively allocated to it-on the pro-
posed plans. This degree of expansion would give employment to
7,000 additional men; while in the absence of such new cheap power,
the growth prospects of these industries are substantially nil.

The probable effects of a 1-mill power-cost differential on several
selected manufacturing industries outside the electroprocess group
were likewise investigated. It was estimated that direct savings from
such a differential would amount to approximately 0.7 percent an-
nually on invested capital in the chemicals industry, 0.5 percent in the
cement industry, and smaller percentages in 15 other industries. Also,

- on the basis of certain estimates, the total minimum increase in em-
ployment in industries outside the electroprocess group, as a result of
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the 1-mill differential in power costs, would be at least 18,000 wage
earners.

As a general rule there is one wage earner in service occupa.twns for
every worker engaged in manufacturmg in New York State. The
effect of the 25,000 new wage earners in manufacturing employment
will probably provide 25,000 additional jobs in such auxiliary occupa-
tions. Thus the St. Lawrence-Niagara project will probably create,
directly as a result of cheaper power, remunerative employment for
50,000 workers more than the alternative all-steam plan. This esti-
mate does not include derivative employment from the sale of house-
hold electrical appliances which experience shows would result from
low rate schedules to domestic and farm consumers.

Combining the additional employment prospects for the high-load-
factor and other industries, and making allowance for complementary
trade and service activities and for population not gainfully employed,
the saving in power costs afforded by the St. Lawrence-Niagara hydro-
steam plan as compared to the alternative all-steam plan was finally
translated into terms of economic support for the eqmvalent of a
community of 125,000 persons.

In terms of demand for transportation, the added freight revenue
ascribable to the project is estimated at $5,500,000 annually, in addi-
tion to at least $3,300,000 spread over the years of active construction.

All these estimates are based on very conservative assumptions, and
the result should be considered a minimum. If the past history of
Niagara Falls and the more recent experience of T. V. A. is any cri-
terion of what may be expected in New York State as a result of the
St. Lawrence-Niagara development, surely the conclusion is justified
that this project will be a great boon to the lagging industrial develop-
ment of New York State, particularly in northern New York. This
area, unlike the southern end of the State, is sparsely populated and
free from industrial congestion. With access to the St. Lawrence
Seaway as a cheap form of transportation, and with unusually low
power costs, up-State New York will receive from the proposed project
the necessary stimulus for progress which has been lacking since the
exhaustion of new hydro power at Niagara.

"~ Very truly yours,

N. R. DanierLiaN, Director,
St. Lawrence Survey.
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THE ECONOMIC EFFECTS OF THE
ST. LAWRENCE POWER PROJECT

INTRODUCTION .

The St. Lawrence development has seldom been considered as
solely a seaway project. The power generating capacity of the
rapids on the upper St. Lawrence is too well known to beignored. The
amount of power obtainable constitutes one of the greatest natural
resources of both New York State and the Province of Ontario. Every
comprehensive plan of development of the International Rapids
Section of the river has included the ultimate utilization of all the
power that can be obtained from the torrential flow of the waters of
the Great Lakes over the Galop and Long Sault Rapids.

As the power development is an inherent part of the Seaway project,
particularly at the International Rapids Section, a study of the eco-
nomic advantages and disadvantages of the St. Lawrence project
cannot ignore the effects of the utilization of potential hydroelectric
energy. In this report an attempt is made to evaluate the need for
and the effects of the St. Lawrence power development in New York
State. The facts and conclusions of this report are used to appraise
the total effect of the St. Lawrence seaway and power development
combined on New York State industry and transportation.

The important economic questions involved are the following:

1. Will the project supply power at lower costs than would be
feasible without it?

2. Will there be a market for the power developed?

3. To what extent will the power development promote industrial
expansion in the area to which it will supply power?

4. Will the power development bring about a net reduction in the
use of fuel, thus injuring the coal industry?

5. What effect will the St. Lawrence power development, have upon
the transportation requirements of its tributary area? v

Previous investigations of the International Rapids power project
have generally devoted the bulk of their attention to the first of these
questions: The relative final cost to the consumer of hydroelectric
power as compared with that from alternative sources. This question
of costs indeed merits a large share of attention, since it is technically
complex and at the same time vital to any sound decision as to the
desirability of the project.

282071—41——2 1



2 THE ST. LAWRENCE SURVEY

The present report does not bring forth any new evidence on the
question of costs, but relies primarily on the findings of the Power
Authority of the State of New York, as presented in its 1938 Annual

- Report. The contribution of the present report is rather along the
other lines of inquiry indicated above; and an attempt is made to
answer these other questions in the light of all pertinent data.

When speaking of St. Lawrence power, those who are conversant

. with the history of the project generally understand it to include the

power potential in the International Rapids Section. In this part
of the river the level of the water drops 92 feet over a distance of 48
miles between Chimney Point and Cornwall, Ontario. In this drop,
when developed to full head, & maximum of 2,200,000 horsepower
can be obtained. It is proposed that this power be divided equally
between Ontario and New York State.

In the present report a broader basis of discussion is adopted.
Not only New York State’s share of St. Lawrence power, but also the
additional energy which can be obtained by redevelopment of the
Niagara River, is included in the estimates. This is consistent with
the plans of the Power Authority of the State of New York which has
the statutory responsibility of developing St. Lawrence power in the
public interest. The proposed 1938 draft treaty also provided for the
development of St. Lawrence and Niagara power under public author-
ity, in line with the policy established by New York State and Federal
statutes, which seems to be recognized as the best method of utilizing
the enormous power potentialities for the public’s benefit. Although
for reasons of expediency St. Lawrence power may be developed first,
the redevelopment of the Niagara River must be considered a distinct
possibility, and hence in this report the combined power development
is considered as a single system. '

In the discussion of need for power in New York State, the inclusion
of Niagara power in the proposed hydroelectric development merely
allows a wide margin of conservatism. If there will be a market for
the output of the combined project, then there is no doubt that St.
Lawrence power alone can. be easily absorbed. On the other hand,
estimates of future increase in employment, directly traceable to
cheap hydro power, may have to be reduced by two-fifths.

As the earlier treaty proposals and the plans of the Power Authority
of the State of New York call for a coordinated development, the
economic analysis in this report will be used upon the assumption
that the joint project will be completed during the course of the
present decade. The more immediate need for St. Lawrence power
" in connection with the national defense program will be considered
- separately in a subsequent report of the Survey.

The United States portion of the St. Lawrence-Niagara project
calls for the construction of hydroelectric generating facilities of
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1,100,000 horsepower in the International Rapids Section of the
St. Lawrence River, and the redevelopment of Niagara River utiliza-
tion in such a way as to yield 787,500 additional horsepower at Niagara
Falls.! The project involves also the provision of about 600,000
borsepower of additional steam capacity for standby purposes in
order to firm-up the entire 1,887,500-horsepower hydro capacity.?
Both the International Rapids and the Niagara developments are to
be tied into an augmented transmission network, capable of carrying
about 670,000 horsepower as far as the New York City area (see
chart 1). . i

1 Included in the plan are remedial works designed to check destructive erosion now threatening the

Falls, and to enhance the scenic spectacle by a more uniform distribution of flow over the rim.
1Power Authority of the State of New York, 1938 Annual Report, pp. 141-143.



CHAPTER 1

AREA TRIBUTARY TO THE PROPOSED POWER
DEVELOPMENT

Section 1
THE CHARACTERISTICS OF THE AREA

The Federal Power Commission has divided the country, for
statistical and planning purposes, into several “ Power Supply Areas,”
of which Nos. 3 and 4 together constitute the distribution territory
into which Niagara-St. Lawrence power would be fed. This territory
is shown in chart 1, which also indicates the transmission system of
287,000 volts to be superimposed according to plans of the Power
Authority of the State of New York. Area 3 practically coincides
with up-State New York, plus a few counties in northern Pennsylvania.?
Area 4 includes Westchester, Manhattan, and Long Island.?

There is considerable interconnection and exchange of energy be-
tween Areas 3 and 4, but the two together constitute a nearly self-
sufficient power supply and power consumption area, except for
imports from Canada. Few important connections with other areas
in the United States are in existence or projected and very little
energy is exchanged with such areas® It is appropriate, then, to
consider the St. Lawrence project in terms of the supply and con-
sumption of energy in Areas 3 and 4, which for present purposes is
practically equivalent to the State of New York.

Some of the principal characteristics of the tributary region thus
defined are shown in table 1. The total energy requirements of the
region in 1938 were 15.4 billion kilowatt-hours, including 13.0 billion
sold and 2.4 billion used by the utilities themselves and lost in trans-
mission. The New York City market purchased 5.8 billion kilowatt-
hours and the main up-State market (subarea 3A) 6.9 billion. In
New York City, 20 percent of all sales were domestic, but in some of
the other major industrial districts of the State the relative importance

1 This area is in turn divided into subareas 3B (the stall isolated network in the extreme northeast corner
of New York State) and 3A (the remainder of Area 3).

8 Area 4 is divided into subares 4A (Westchester and New York City, excluding Staten Island) and
subarea 4B (the rest of Long Island).

3 Imports of power from Canada have been considerable, amounting in some years to more than a billion
kilowatt-hours (Power Authority of the State of New York, 1938 Annual Report, p. 162). In 1939, they
were 1.2 billion kilowatt-hours, while New York State’s net interchange with other States was an ‘‘export’

of 0.05 billion (Federal Power Commission, Electric Potwer Statistics, 1939, table 17, p. 34, and table 18, p. 36).
Much of this interstate transfer affected adjacent areas included in Power Supply Area 3.

4
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Chort 1- COORDINATION OF POWER RESOURCES IN THE STATE OF NEW YORK
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TaBLE 1

Electric energy requirements and consumption in Power Supply Areas

3 and 4, 1938

[Millions of kilowatt hours])
Sales of net energy
Total en-
: . ergy re-
Areas and districts quire- Commer-
ments ! Total cial and in- | Domestic| Other
dustrial

15,426.3 13,042.7 9,035.8 | 2,253.8 | 1,753.1
8,271.2 6,923.5 5,627.1 940.0 356.4
48.0 34.0 23.4 9.1 1.6
6,714. 4 5,768.9 3,2556.3 | 1,173.2 | 1,340.4
392.7 316.3 130.0 131.6 54.7
New York City District .___.__ TR R 5,835.9 3,274.1 1,181.8 | 1,380.1
Albany-Troy-Schenectady District. . o 269.9 170.3 70.8 28.8
Buflalo-Niagara Falls District. .. - 2,932.0 2,633.5 221.0 71.5
Rochester District. ... - 353.7 214.8 84.3 53.6
8 D!stnct_ - 165.0 102. 4 41.1 215
tica District. . _____ o 161.6 125.0 25.7 10.9
ton District ... .. 121.7 92.8 4.6 4.3

1 Includes energy losses and electricity used by utility companies.
Sovrce: Federal Power Commission.
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of domestic consumption was much less and that of commercial and
industrial establishments much greater. The Buffalo-Niagara Falls
district stands out from the rest by reason of its enormous industrial
consumption. In that district, 90 percent of all consumption was
commercial and industrial and less than 8 percent domestic.

Table 2 gives an idea of the general industrial market involved.
It will be noted that the population in 1930 was nearly two-thirds
urban even if New York City be excluded. The average density of
population was 93.3 per square mile excluding New York City, or
243.2 per square mile including New York City. In the depression
year 1932 well over a million cars of rail freight originated in the
up-State area and & considerably larger number were terminated there.

TaBLE 2

Data on area, population and freight traffic of St. Lawrence power distribu-
tion area

All New York State
trade areas

‘Within 100 | Within 200

miles of 8t. | miles of Bt.
tems famins | Tovrtos | Biagng | faouding
power site | power site | ‘ciiv 1 City mul-
tiple tiple
market market !

Area (square miles) _______ 6,448 27,253 49,674 51, 6805
Populatxon, 1930 (thousands) 196 2,488 4,636 12, 552
Rural — 119 830 1,638 1,908
Urban .- i 1,597 2,998 10, 644
Percent urban 39.6 64.1 64.6 84.5
Population, 1930, per square mile 30.4 91.3 93.3 243.2
Industrial plants on class I railroads, 1032 ____TTT 3% 3,927 7,653 9,218
Cars originated, 1932 (thousands) _______________________ 39 551 1,183 1,524
Cars terminated, 1032 (th 59 678 1,302 2,274

1 Exclusive of the New Jersey and Connecticut parts of the New York City multiple market.

SoURCE: Compiled from data in Federal Coordinatorof Transportation, Freight Traffic_Report, Vol. IT1,
analysis 10.3, p. 69.

Particular interest attaches to the first two columns of this table,
since the larger part of the projected hydroelectric development is to
be on the St. Lawrence River at International Rapids. Practically
all of New York State (as well as substantial portions of other States)
lies within the 300-mile radius which is at present regarded as the
maximum for power transmission.* The territory within 100 miles
of the International Rapids site is, as table 2 indicates, much less
thickly settled and less industrialized than up-State New York as a
whole. But the zone within a 200-mile radius (which includes
Rochester, Syracuse, Utica, and Albany) has a 1930 population density
of 91.3 or approximately equal to that of the whole State exclusive

4 1t should be noted that the range of technically and jeally feasible energy transmission has been
oontinuously increasing since the birth of the industry. The transmission distance from Boulder Dam to
Los Angeles is nearly 300 miles,
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of New York City. In 1932 this 200-mile zone likewise accounted
for about half the rail freight and a little more than half the mdustrml
plants of the up-State area, -

The Buffalo Industrial Area lies slightly more than 200 miles from
the International Rapids, but has its own hydro power supply at
Niagara. The further development of Niagara power and its coor-
dination with St. Lawrence and other power in a State-wide trans-
mission system are important features of the St. Lawrence project.

The Buffalo Industrial Area is by far the most important in up-State
New York, as table 3 shows. In 1937 it had 105,722 manufacturing
wage earners or 10.6 percent of the State total and nearly twice as
many as the next most important industrial area (Rochester). As
has already been indicated, the relative importance of the Buffalo
area in the industrial use of electric power is still greater.

TaBLE 3

Number of manufacturing wage earners in indusirial areas and selected
counties in New York State, 1937

Number
Percent of
Area of wage
earners | State total
-
New York State. ... e e 995, 658 100.0
Industrial areas: .
New York !._. 528, 848 63.1
Buffalo 105, 722 10.8
Rochester. 57,690 58
Albany- Schenectady-’[‘roy ___________________________________________________ 37, 649 3.8
Counties:
Onondaga (includes Syracuse) 28, 337 2.8
Broome (includes Binghamton)...__. - 27, 646 2.8
Oneida (includes Utica and Rome) .. . 24, 663 2.6
Chautauqua (includes Jamestown) - 15, 835 1.6
Montgomery (includes Amsterdam). ... ... ......_. [, 12,829 1.3
Fulton (includes Gloversville). .. ... . o . iieeemean 10, 564 1.1
Total for above industrial areas and counties....._._. .. __.._________._... 849,783 85.4

1 Figure relates to that part of area included in New York State. The number of wage-earners in the
entire New York Industrial Area was 848,345,

SOURCE: U. 8. Census of Manufactures, 1937, table 2, pp. 150271503; table 3, pp. 1553, 1591, 1604, 1613,
Section 2

EconoMic BACKGROUND oF THE PoweR TRIBUTARY AREA

In appraising probable future economic growth and energy con-
sumption in the area tributary to St. Lawrence power, it is necessary
to refer briefly to past trends. In this connection, the Buffalo area
is appropnately given special atténtion, not only on account of its
importance, but also because of its close relatlon to the past and
present utilization of Niagara hydrolectric power. Here, more than
anywhere else in the country, the effect of cheap hydroelectric energy
upon industrial development is easily discernible.
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Trends in Population Growth,
The population of New York State over the last 60 years has

grown, on the average, about as fast as that of the United States.
This is apparent in table 4 and chart 2. The timing of the growth,

Chart 2-POPULATION IN THE UNITED STATES, NEW YORK
STATE, AND THE BUFFALO INDUSTRIAL AREA
1870-1940

RATIO SCALE

United Stotes

\New York State

/Upstaie New York

Buffalo
industrigl areg

Percentoge increase
by decades

I 1 | ]
1870 1880 1890 1900 1910 1920 1930 1940

Source: Table 4 WPA 3688

however, has been different. As shown in table 5, up to about the
turn of the century New York State was growing much less rapidly
than the rest of the country. In 1900 the State had only 9.56 percent
of the national population. Between 1900 and 1930, the State
maintained its trend of population growth, while the rate of increase
for the country as a whole markedly slowed down. The result was
that in 1930 New York State had 10.24 percent of the total population.
In the 193040 decade, due to falling birth rates and the reversal of
the tide of immigration, the national increase was the smallest per-
centage on record, while New York State’s rate of increase was even
less.
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‘TaABLE 4
Populauon in the United States, New York State, and the Buffalo area,
1870-1940 J
Total New York State (ex- Buflalo =
A New York : City of City of Nia-
Thaited duding New York | Industrial
Siates State City).1 Aren Buffalo gara Falls
Year
Per- Per- Per. Per- Per- Per-
m:e‘gmt?n:edmdMU &mu&ugmvmﬁ
eands | sands {Uni ni ni
States States | 5t8% | 7 | Seates States States
1.7, T mss|em|nw|2ms| 7.55| 2] 20fame] 1sjor| @ | ™
1880 ] 5016 | 5053|106 | 8171 | €8] 24| | .5a8) 155] 30 @ | O
[T o — 6003] 955|346 ] 555| s82] 36| .612| 26| 48| @ | @
1900 .| 75995 |7.20]| 9.56 | ase| Gos| 527| 500| -6m1| 352| e64|] | 0s
190 |orez|one] s92|a37| 47| 425] en| 6| 44| 41| >| .03
10 ___hosni inass | esz|ames| €51 s9] 73| 73| s07] | sm| .os8
1930 ... 122,775 {12,558 [ 1024 | 5,658 ] 4 61| 50| o8] .740| 53| ‘a7 | -0e2
T L 13,40 1230 | 1018 | 5999 | 456 | s8] 96| ‘70| s5| 8| 7| 0@

:Emﬁ&d&mhmﬁummmﬁml‘a?ﬂﬁty
lP&mmﬂgmsdmmCemum:ﬁmsteptnmz,M

Sovurck: U. 8. Census of Population.

TaBLE §

Percentage rates of population increase in the United States, New York State
and the Buffalo area, 1870-1940

1890- { 1900~
1870-80 | 1880-90 | ;000 1910 1910-20 | 1920-30 | 1930-40

United States 20 2 21 15 16 7
New York State_ 16 18 n 25 14 2 [}
New York State (excluding New York City)l. 9 10 9 13 10 19 6
Buffalo Industrial Area_. .. .. . 2 41 2 -] 21 21 ]
City of Bufial 31 65 37 21 19 13 320
City of Nisgars Falls ® ® ()] [~} x ] 3

§ Excluding the counties new comprising New York City.

:XI;m than balf of 1 percent.

o data.

BSovncs: Computed from United States Cencos data. ‘The 1940 figures are preliminary.

Another striking fact is that the up-State part of New York,
during the entire period (1870-1940), has been growing much more
slowly than New York City and (except in the 1920’s) more slowly
than the rest of the country. The Buffalo Industrial Area, on the
other hand, grew faster than the country as a whole in every decade
between 1880 and 1930, and fell behind only in 1930-40. The area’s
rapid growth seems to have been due at first (up to 1900) primarily
to the growth of the city of Buffalo; but since 1900 the suburbs and
adjacent communities (notably Niagara Falls, which quadrupled its
population between 1900 and 1930) have increased faster than the
city itself. The Buffalo Industrial Area as a whole has been growing
at a decreasing rate, and in the 1930’s the city itself added only 0.4
percent to its population.
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Trends in Manufacturing Activity.

 These  trends -of population increase reflect general economic
expansion, chiefly in manufacturing, commerce, and service indus-
tries. Turning to the record of wage earners in manufacturing
(table 6 and chart 3) a striking difference in the trends is found:

Chart 3 ~MANUFACTURING WAGE EARNERS IN NEW YORK STATE
AND THE BUFFALO INDUSTRIAL AREA, 1869 -1937

Thousond ' : A ‘
woge eorners RATIO SCALE wogeT'l%“ri%"‘é’
2,000 - 2,000
1,000 e — —= \— 1,000
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o / . Buffalo industrigl areo
30 / | - 30
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B . o
' 100 Leieeencr Vs Divogaaan biongegesy u.uunu IFETSRERERRTRINERRRASURNUSRERASVRRERTNNE | |
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Source' Toble 6 o .- WPA 3689

New York State showed a fa,u'ly steady growth in number of wage
earners until-about 1920, when the trend apparently turned down-
ward. In the Buffalo Industrial Area, the trend had a similar but
more recent reversal. It would appear that population growth was
maintained by a rapid increase in nonmanufacturing activities.
To a large extent the variations in the number of wage earners in
fnanufacturing in the State and the area merely reflect pational
-~ trends and eyclical movements. - In order to throw a clearer light on
local factors, both the State and the Buffalo area figures have been
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expressed, in table 6 and chart 4, as percentages of the United States
total. ' ‘ - . . - .

New York State’s share of the national total of manufacturing
wage earners declined from 19.6 percent in 1879 to 13.5 percent in-
1919. After a rise to 14.4 percent in 1921, New York State’s propor-

Chart 4~ MANUFACTURING WAGE EARNERS IN NEW YORK STATE
AND THE BUFFALO -INDUSTRIAL AREA AS- PERCENT-
AGES OF UNITED STATES TOTAL, 1869-1937

Percent RATIO SCALE Percent

50 - 50 .
.40 40
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10 10
5 5
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7 B - !
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Source: Table 6

tion continued to fall to 12.7 percent in 1925. Despite a temporary
rise after that, the underlying downward trend continued to a record
low of 11.6 percent in 1937, the most recent available figure. . The
general trend and the timing of peaks and troughs is the same when

tv)alx.m added by manufacture rather than wage earners is used as the
asis,

WPA 3690
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‘TaBLE 6

Manufacturing wage earners in New York State and the Buffalo
Industrial Area, 1869-1937

New York State Buffalo Industrial Area
Year

_ Number Percent of Number Percent of

(th ds) |United 8 (th ds) |United States
1869 352 17.1 18 0.77
1879 532 19.6 23 .84
1889 752 17.7 54 126
1809 849 16.0 57 107
18991 727 16.0 46 .97
1904 867 15.7 60 1.10
1909, 1,004 15.2 7% 113
1914 1,058 156.0 119
1919___. - 1,228 13.5 17 1.28
1921 1,000 14.4 1.26
1923 1,151 13.1 115 1.31
1925 1,066 12.7 108 1.29
1927 1,072 12.8 105 1.26
1929 1,104 13.2 115 1.30
1931 818 13.8 79 1.20
1933 y . 733 12.7 70 1.15
1935. 879 12.2 83 1.13
1937 996 11.6 106 1.3

1 Excluding hand and neighborhood industries, from this point on.

Source: Now York State data from United Stales Census of Manufactures; Buffalo Industrial Area data
from Glenn E. McLaughlin, Growth of American Manufacturing Areas, table 21, pp. 88-99.

New York State’s percentage of the national total employment in
manufacturing consistently rises in years of business recession and
falls in years of recovery. It is evident that the State’s industries are
somewhat less affected by cyelical ups and downs than are those of
the United States as a whole. In the Buffalo Industrial Area, on the
other hand, where heavy durable-goods industries predominate, the
share of the national total of manufacturing wage earners decreases in
recession years and increases with recovery.

In order to see beyond these differences in cyclical sensitivity, one
should consider the trends of the New York State and the Buffalo
area percentages in chart 4. For the State as a whole, the trend over

" the past two generations indicates an annual decrease in the ratio of
about 0.12 percentage points. For the Buffalo area, the trend in the
ratio was upward until about 1925 and appears definitely downward
since then. The peak census year of the Buffalo area’s relative im-
portance was 1923, when 1.31 percent of the Nation’s manufacturing
wage earners were employed there.

Thus it seems that New York State as a whole has been losing ground
relatively to the rest of the country, in the matter of manufacturing
wage earners, ever since 1879; and since 1919 the State has been losing

manufacturing wage- earners in absolute numbers also. The Buffalo

* Industrial Area, after gaining in number of manufacturing wage
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earners faster than the rest of the country until 1923, has lost the
momentum of expansion in this respect.

Industrial Specialization. ;

In order to determine which industries have been most attracted
to New York State and to the Buffalo Industrial Area, the ‘“degree
of concentration” of individual industries has been measured in 1929
and 1937. This is simply the percentage of the whole industry which
is located in the State or the area; the measure used is “value added
by manufacture.,” Thus New York State in 1929 had 33.4 percent
of the national total of value added in the cane-sugar refining industry.
This indicates a relatively high degree of concentration of the industry
in the State, since in all manufacturing industries, the State had
only 15.6 percent of the national total of value added in 1929.

Several different types of industries are represented among those
whose percentage in New York State exceeds New York’s percentage
of all manufacturing industries (tables 7 and 8). There is, for

TaBLE 7

Industries arranged according to degree of concentration in
New York State, 19291

Value added by manu-
. facture
Industries Wage earn- :
Amount | Percent of
(thousands United
of dollars) States

Clothlng, women's, n. 8. 0. 102, 090 582, 287 75.1

Fur goods , 78,553 72.4

Millipery........ 18, 655 61, 832 63.4

Perfumes, cosmetics, and other toilet preparati - 7,026 75,882 56.1

Knitted outerwear. 11,836 32,682 45.8

Furnishing goods, men’s, n. e. ¢ 10,928 30, 389 45.4
Clothmg except work clothing), men’s, youths’, and boys’,

47,210 201, 572 43.2

Bookblndmg and blank book making 10,126 29, 505 41,0

Cnrpet and rugs, wool 14,926 35, 39.4

....... 15,072 40, 526 36.4

Sugar refining, cane. 4,352 23,098 33.4

Lithographing. 6, 229 27,338 33.3

Food preparations, . . ¢ 2, 225 24,110 32.1

Jewelry. 5, 204 29, 30.8

Printing and publishing, books, musie, and lnh 32,388 221,932 29.4

Lighting equipment. .. 5,639 23, 26.8

Printing and publishing, newspapers and periodicals 20, 002 344,748 25.6

Chemicals, n. e. n 13, 007 95, 818 25.6

Boxes, p % 12, 200 33, 656 25.0

Shipand t bulldlng. steel and wooden, including repair work. 10, 811 32,672 22.4

Boots and shoes, other than rubber 26, 980 96, 044 21.3

Bread and other bakery 33, 704 159, 892 20.3

Furniture, includin store and office fixtures 25,220 . 17.8
Nonferrous-metal alloys and products, not including alnminum

product: 13, 901 50, 428 16.3

C y 9, 602 28,050 15.7

'l‘ot‘al, above industries 615, 067 2,450,170 | oo

1 m, actures 1, 105, 966 4,973,920 15.6

! The industries selected are the 25 est (accord| lue add
groter priebor ro the largest ( ing to value led by manufacture) of those showing

BOURCE: Census dManu[aduru, 1829, Vol. III, table 12, pp. 358-36L. "
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Chart 5 - CONCENTRATION OF INDIVIDUAL INDUSTRIES
IN NEW YORK STATE, 1929 AND 1937

INDUSTRY

Fur goods
Women’s clothing
Millinery

Corpets and rugs, wool

Instruments and opporotus, professional,[_

I, cial and ind ial
Knitted oulerweorv(includmg gloves)
Printers’ machinery ond equipment

Perfumes, cosmetics, and other
toilet preporotions

Clothing, men’s, youths’ and boys’

Lithographing

Photoengraving, not done n printing
establishments

Prinhing ond publishing, books,
music and job

Food preparations, n.ec.

Printing and pubhshing, newspapers,
_ond periodicals

Boxes, paper, ne ¢.
Chemicals, ne.c.

Bread and other bakery products
Liquors, malt

Drugs ond medicines

Poper goqu , hec.

Ice cream

Ship and boat building, steel ond
wooden, including repair work

Boots and shoes, other than rubber

products except aluminum, n.e ¢

Furniture, including store and office
fixtures

ALL MANUFACTURES

Source: Tobles 7 and 8
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WPA 3691
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instance, & group of “metropolitan” industries (clothing, printing,
jewelry, etc.) for-which the'coneentrated -market-and:labor -supply
of New York City provides the explanation. Again, we find in the
list certain specialized industries (such as cane-sugar refining’ and
shipbuilding) dependent on proximity to waterways. Finally, there
are other industries (furniture, chemicals, nonferrous alloys, etec.)
in which the availability of raw materials, low-cost transportation,
and easy access to a concentrated market are important. A com-
parison of the New York State lists of ;industrial: speeialties.in 1929
and 1937 shows little change between these 2 years. This is graphi-
cally shown in chart 5. . _
TasLE 8

Industries arranged according to degree of concentration in_
New York State, 19371 :

| Vailue sdded by mang-
facture =

Industries ‘ Wage — e
earners Amount | Percent of

. (thousands } United
ol dollars). |* States

Fur goods. .
r,['?ﬁl'mn" O Arsiper]

illinery._
Carpets and rags, wool

39, 980

8 %38

Instraments snd spparatus, professional, scientific, commercial,
and industrial - - ..

Knitted onterwear (including gloves) :

Printers’ hinery and equi z

Perfumes, cosmetics, and other toilet preparations.

Clothing, men’s, youths’, and boys ?
Lithographing

Photoengraving, not done in printing establishments .. _..____

znssszy sl

B2sd

4F5 FRABSISSCENRRBREEENE 5932
N ONNOCOOROLRONCRANRT Ot

BB 85 BapmealBpReSpatanes FE5e

875
528
608
424
034
767
465
472
335
03
Pr d books, d job % 136, 17]
inting and publishing, masie, and job..__ ... 1
Food preparations, n. €. €. - 900 19, 782
Printing snd publishing, newspapers and periodicals_______.____ 920" . 244, 956
Chemicals, n. e. ¢ 876 | © 93,070
T Bl e
and other bakery
Drugs and medici 556 42 037
Paper goods, n. e. ¢ 845 19, 255
Liquors, malt 944 - 58,658
ce cream L. 198 2 937
Ship and boet building, steel and wooden, including repair work | - 598 24,183
Boots and shoes, other than rubber. 673 56, 038
Norferrous-metal alloys; nonferrous-metal products except alo-
minum, n.e. ¢.. : 664 41, 908
Furniture, including store and office fixtures. .o oo oeemm_ 380 52, 006
Total, above industries 313 1,600,778 | _______-
All manufactores. ; 658 2,316, 180

! The industries selected are the 25 largest (according to value added by mannfacture) of those showing
greater than sverage concentration. .
# Combined industries to obtain classification comparable with 1929, 7 *

BOURCE: Census of Manufactures, 1937, pp. 1388-1394.

The list of industries concentrated in the Buffalo Industrial Area
(tables 9 and 10) is less complete, due to withholding of data by the
Census to avoid individual disclosures.. It is evident, however, that
the area specializes in metal, chemical, paper, and grain products.
The most concentrated important industry in the Buffalo area is the
“chemicals not elsewhere classified,” in which in 1929 the area had
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12.78 percent of the national total of value added by manufacture,
and 10.90 percent in 1937. Flour milling was a close second in con-
centration in the area, with 6.17 percent of the United States total in
1929 and 8.90 percent in 1937, These figures stand in contrast to the

TABLE 9
Industries arranged according to degree of concentration in the Buffalo
‘ Industrial Area, 1929 :
[ ]
Value added by
manufacture
Wage |
1
Industries . earners | Amount Percent
(thou- | ;¢ rhited
sands of States
dollars)

Minerals and earths, ground or otherwise treated. ..o omcneoeaeao__ 176 1,809 21.35
Malt._. 61 734 15.69
Ch Is, n. e. ¢. 7,157 47, 862 12.78
Feeds, prepared, for animals and fowls -- 663 5,370 7.19
Tools, not including edge tools, machine tools, files, or saws 1,056 4,311 6. 40
Flour and other grain-mill produets._..____.__......._._ e 1, 251 11,762 6.17
Wall plaster, wallboard, .insulating board, and floor. compositi 519 2, 5.95
Bags, other than paper, not made in textile mills. 975 378
Motor-vehicle bodies and motor-vehicle parts. 7,129 25, 518 3.74
Steel works and rolling mills__.._.______________________________________ 12, 445 , 322 3.44
Roofing, built-up and roll; asphalt shingles; roof coatings other than paint_ 197 1,421 3.38

Forgings, iron and steel, not made in plants operated in connection with
rollingmills_______ .. ______________. : 618 2,603 3.08
Engines, turbines, tractors, and waterwheels__.._________________________ 1,226 , 634 3.00
Baskets, and rattan and willow ware, not.including furniture_ 278 419 2.08
Cleaning and polishing preparations. ... . . - . . cocimeeao.__ 165 929 2.87

Sausage, meat puddings, headcheese, ote., and sausage casings not made in
meat-packing establishments...___ ... .1 . e . 189 760 2.83
Nonferrous metal alloys and produets, not including aluminum - 2,255 8, 682 2.81

Stamped ware, enameled ware and metal stamping, enameling, japanning,
and lacquering. . 1,488 3,267 2.81
Boxes, paper, n, e. ¢ 1,458 3, 681 2.74
Motor vehicles, not including motoreycles 6, 060 33,086 2.50
Flavoring extracts and flavoring sirups 241 1,831 2.49
Paper: 1,922 9, 660 2.46
Paints and varnishes 433 5,116 218
Signs and advertising novelties. 405 1,742 2.12
Lithographi - e - 48 1, 656 2.02
Patent or proprietary medicines and compounds. 469 4,277 1.91
Electroplating . e 113 347 1.84
Pulp (wood and other fiber). .. 331 1, 609 1.7
Bread and other bakery prod 2,776 | 13,608 1.73
Py tand y and pamping equi 61 1,50 1%

umps (hand and power) and pumping equipment , 647 .

Foundry and machine shop produets. _...._ 7,318 27,196 1.57
Furniture, including store and office fixtures_ .. 2,406 § 111 1. 56
Grease and tallow, not including lubricati - 72 333 1.65
Total, above industries 62,128 { 291,310 | oo
tures._ 115,212 | 493, 502 1.55

All manuf,

1 The following industries are not reported separately for the Buffalo Industrial Area in the Census of
Manufactures, 1929, but according to the reports of New York State Department of Labor for 1932 employ
& sufficiently large number of wage earners to be considered with those shown above as relatively specialized

area:
‘Wage earners in Buffalo

Industrial Area, 1932

Industries

Percent of

Number State total
Screw-machine products and hardware specialties 4,445 4.3
RUDDEY £00dS . - o oo e o oo cmcammaan 2,151 4.1
Metals and metal alloys: Smelting, refining and ore dressing..-....-cece-a- 719 45.5

B80URCE: Table from United States Census of Manufactures, 1929; note from New York State Depart-
ment of Labor, Directory of Manufacturers, 1932, :
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Chort 6 - CONCENTRATION OF - INDIVIDUAL INDUSTRIES IN THE

BUFFALO INDUSTRIAL AREA,

1929 AND 1937

Percent of U.S total value added by monufacfure’ :
4 . 8 .

12: {6
INDUSTRY : | ) 2
Chemicols, nec
Flour end other grain-mill products
Feeds, prepared, for enimals
and fowls
G 7
Molt W e SRR
1
Tools, excluding edge tools, mochine 1./ /)
tools, files and sows B AR i '7//-?3"
) ] Y,
Stee! works and rolling mills S
Motor vehicle bodies and parts ,s////////////
Bogs, other than paper /////{{/_‘4//‘,/
Boskets ond ratton and willow wore,” V777777
excluding furniture | RS,
Roofing, built-up and roll, asphalt
shingles, roof coatings,
excluding paint
Mirrors ond other glass products
S ge, meat puddi heod-ch
efc., not made in meuv-pockmg
estoblushmems
Insectides and fungicides, and industriol
and household chemicals, n.e.c. K "
Stomped and pressed metol products;
enameling, jopanning and laquering 5
Forgings, iron and steel, made in plonts 7
not operated in connectaon with steel /////{///// 1929
works or rolling mills faeiid
Printing and publishing, hook, music
ond job
Meating ond cooking apparatus,
excluding electric
Signs and advertising novelties
Poper ) T :t oot d
Orugs ond medicines
ALL MANUFACTURES
Source: Tobles 9 and 10 - ‘wea 3692

282071—41—3
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Buffald area’s share of value added in United States manufacturing
in general which was only 1.55 percent in 1929 and 1.72 percent in

1937. The important specialties of the Buffalo area are shown graph-

ically in chart 6.
" : TasLE 10 4
i Industries arranged according to degree of concentration in the Buffalo
l D Industrial Area, 1937
| j ‘
i ! Value added by
' l . manufacture
] 1
; 1 Wsage '
| ’ Industries ) earners | Amount | p,
i 1 i (thou- ereept
. of United
sands of Sta .
. ' dollars) tes
Chemicals, n. e.'c. 5 6,040 | 51,700
Flour and other grain-mill products 1,631 | 11,864 %
{feegs, prepared, for animals and fowls . 1,187 5,984 7
al . 130 1,446 8
Tools, excluding edge tools, machine tools, filesand saws.............._... 1,256 2,985 1
Bteel works and rolling mills 14,384 67,937 4.
Motor-vehicle bodies and parts_." - 8,379 31,101 3.
Baskets and rattan and willow ware, excluding furniture..________________ 227 372 3.
Bags, other than paper. 377 1,014 3.
Roofing, built-up and roll; asphalt shingles, roof coatings, excluding paint.. 250 1,501 3
Mirrors and other glass produets______._._______ . ________.._ 614 1,276 2
Sau::%tlai,s meat puddings, headcheese, etc., not made in meat-packing
po T " 209 686 2
Insecticides and fungicides, and industrial and household chemicals, n.e.c.| | 31 732 1
Stamped and pressed metal products; ling. jar ing andlacquering . 1,274 2,826 1
Forgings, iron and steel, made in plants not operated in connection with
steel works or rolling mills : 13 1,128 1
Foundry products (gray iron and malleable iron) 2,310 4,781 1.
Printing and publishing, book, music, and job.__.. 2,495 9, 627 1
Heating and cooking apparatus, excluding electrie. . 1,708 4,687 1
Signs and advertising novelties 286 854 1
Paper. 2,332 6,862 1L
Drugs and medicines. . 460 4,307 1
Total, above industries 46,002 | 213,670 | ... ..
All manufactures 105,722 | 433,175 L72

1 The following industries are not reported separately for the Buffalo Industrial Area in the Census of
Manufactures, 1937, but according to the reports of New York State Department of Labor they employed
in 1936 a sufficiently large number of wage earners to be considered with those shown as relatively specialized
in this area. These data exclude all wtablishmer.;ts with less than 100 employees:

i

i ‘Wage earners in Buffalo

i ndustrial Area

Industries.

; Porcent

N Number of State

i total

f -
Screw-machine products and hardware specialties 3,361 41.8
Metal refining and ore dressing. .. 2,686 46.9
Engines, pumps, air compr , ete. 1,636 33.8
Smelting, refining and rolling, nonferrous metals. 1,111 17.0
Soap - 1,004 35.8

Sovurce: Table from United States Census of Manufactures, 1937; note from Journal of Commerce, Direc-
¢£;v b:f New York State Manufacturers, 1937, Based on 1936 reports of the New York State Department of
r. ;

Some further indications of the relative importance of the metal,
chemical, paper, and grain-products industries in the Buffalo Industrial
Ares are given in table 11, based on statistics of the State Depart-
ment of Labor for 1936. It appears that these four industry groups
accounted for nearly three-fourths of all employment, including office

FER2RIB RI® SIBRBIIBBEE
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and shop workers, of the manufacturing industries- in the Buﬁa.lo
‘area, and that the metal and chemical groups alone accounted for: wgll

over half. SRR I

o ) TasLE 11 . e by
-Employment in selected industries in the Buffalo Industrial Area, 1 936

. Number - |. - -

: o ) ?.m loyed Perc‘ent

Industrl ' including coof %

ndustries both office total ¢

and shop) +
Motals and metal prodact 56,497  48.00
Metals and metal produects, not including machine shops._ ..o v eeaannn 31,243 27.13
Transportation equipment__._.. 15,3611 .- - 13.8%
Machine shops: Machine building, ete... 9,003 | 8.60
Chemicals and allied products, including compesition goods : 10, 528 0.1
Chemicals and dyestuffs S : 5,457 4.74
Conl, wood, petroleum products, and distillation o 1,139 .09
8oap...__. 1,080 .04
Composition goods_ 833 .72
Medicines, drugs, ete. §70 . .50
Paints, varnishes, printing inks, ete 519 .45
Vegetable oils. 215 .19
Disinfectants, deodorants, and insecticides. 177 T
Animal products. _ 172 . .15
Cosmetics and toilet preparations_ : nuz |- .10
Unspecified-_ 240 - .2
Pulp, paper, and paper products 6800 b5.99
Pulp and paper_ 3,735 3.2
Paper product: 3,165 : 274
Grain milling and grain products. 8,748 8.25
Grain milling 2,030 | 2.54
Breweries, including malt and yeast manufacturing. ; 807 .70
Total, above industries. 77,611 67.43
Other industries : 87, 5% 32.58
Total, all industries. 115, 197 100. 00

Bource: New York Department of Labor data, compiled in the Journal of Commerce, Directory of New
York State Manufacturers, 1987, pp. 504, 505, 580, The figures for individual industries are in some cases
elightly incomplete because no industry figure was published for 8 county unless at least 100 persons were
employed in 4hat industry in that county.

The importance and degree of concentration of the metal products,
chemical, and paper industries in the Buffalo area is particularly
significant since, as will be shown later, these industries are relatively
strongly affected by differentials in power costs. It is probable that a
substantial share of the industrial growth of the Buffalo area, and thus
of up-State New York as a whole, should be ascribed to the low-cost
hydroelectric power supply from Niagara. '

While the direct effect of cheap power upon manufacturing develop-
ment is here stressed, the benefits of low domestic rates to the do-
mestic consumer cannot be ignored. From the point of view of general
community welfare, these latter benefits are possibly of even greater

importance, and they produce indirectly some stimulation to industrial
growth as well. , - o
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Niagara Power and Industrial Development.

Niagara power was first utilized for the large-scale generation of
electricity in 1895, and from that time until 1924 the generating
capnclty was intermittently expanded to take care of the rapxdly

.increasing load. The total hydro horsepower already developed is
about 500,000, or about 27 percent as much as the total new hydro
capacity contemplated under the Niagara-St. Lawrence development
plan.® During most of this period of exploitation, the feasible trans-
mission distance was relatively limited, so that the effects of the power

“development were felt in & much more restricted area than would be
true of any future large-scale hydro development.

The most obvious and direct effect of the Niagara hydroelectno
‘development was the creation of a unique electrochemical and electro«
metallurgical center at Niagara Falls. Industrial processes requiring
:large amounts of electric energy naturally found the location advanta-
4 _ TasLE 12 ‘ ;
- Electroprocess manufacturing plants in the Buffalo Industrial Area, 1936
[* Indicates firms not heavily dependent on power but cloeely allied with electroprocess plants] |

Firm Prodi Number of
uct | employees .
: ELECTROCHEMICAL PRODUCTS )
.*Nationa! Aniline & Chemical Co....-.—. .o Aniline dyes and chemicals_________ Orver 1.000
R. & H. Chemicals Department of E. L. duPont de | Chemical Qver 1,000
Nemours & Co., Inc.
Hooker Electrochemical Co do. _500-999
Mathieson Alkali Works, Ine do. 300-499
Oldbury Electro Chemical Co. do. 300499
Niagara Alkali Co do 200-290
-Isco Chemlcal Dnvmon of Innis Speiden Co do. 100-199
*Linde Air Pr Corporation_ Chemicals and dryiee . ___.____. 100-199
*Niacet Chemieals Corporation____._______.__.... Chemical 100-199
Union Sarblde and Carbon Co., Research Depart- | Chemical ch - 100-199
men
Niagara Smelting C... ion. Chemi 100-199
‘®General Chemical Sulphune, murlahe. nitricacids .. 100-190
Bufialo Electro Chumwnl Co. Hydrogen peroxide. 100-190
. . METALS AND ALLOYB )
Umon Carbide Co. (electrometallurgical division).} Ferro-alloys. Over 1,000
Al ummum Co.of America__..________ . ________ Alominum 300499
Hanna Furnace Corporation : Pig iron 300499
Vanadium Corporation of America._.........——-._] Ferro-alloys
‘Tonawanda Iron Corporation. .. Pig iron 100-190
Titanium Alloy Manuiacturing Co. Titanivm 100-199
ABRARIVES, GRAPHITE, ETC. )
‘Carborundum Co. Abrasives Over 1,000
Nangn&l“ (i:)rb)on Co., Ine. (unit of Union Carbide Carbon and carbon prodncts._. ...
A%::gl:l Graé)%itebocorpmnon (unit of Union | Graphite and graphite electrodes. .. 300400
. ide and Carl .
General Abrasive Co. Ine. Abrasives -, 100-198

: 8 Alargenumber of plants employing fewer than 100 workers each are omitted.
Source: Journal of Commerce, qumeleumwmlmm
inspection records of the New York State Department of Labor.
e t—ae——en.
l[mdemndmmwamwn&nemdhthemountthﬂo'm(llo.ﬂl'llwlsew)h
addition, and considerable Canadian secondary power has been imported. {Power Authority of the State ol
New York, 1538 Anausl Repert, pp. 158-162
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geous, since it oombmed the mducements of low-cost power, specialized ,
labor, and easy access to essential material sources and markets. . ..
The extremely rapid growth of the city of Niagara Falls has already
been shown (table 5 and chart 2). Further light on the character of
industry in this area may be had from the list of chemical, metallurgi-
cal, and abrasive concerns in table 12. Most of those listed are carry-
ing on processes requiring large amounts of power and are correctly.
classified in the intensive electroprocess group. A few, however
(starred in the list), are not themselves heavily dependent on power,
but are closely allied with electroprocess plants. The abrasives group
is particularly interesting in this connection. Bulk abrasives are made
in several plants on the Canadian side and shipped across to be
fabricated into wheels and other shapes at nga.ra Falls a,nd elsewhere
in this country. .
It is estimated that in 1936 between 11,000 and 12,000 were em—-
ployed in the industries shown in table 13. This does not appear large .
in comparison with the 105,722 manufacturing wage earners in the
Buffalo Industrial Area or the State total of 295,658, in 1937, but:
such a comparison is likely to be misleading. In the first place, these
are industries in which manpower is a relatively minor item. In terms
of total value of products, or of value added by manufacture, the
electroprocess group makes a much more impressive showing.

TABLE 13

Employment in electrochemical and electrometallurgical industries in
3 counties of New York State, 1936

. St. Law-
Niagara Prie ; '
Industry County | County cr:g::y Total :
Electrochemical 3,649 808 ’
Electrometallurgical 2,335 b 12,643 5: 3%
Abrasives, etc - 3,844 2 50 ,
Total. 9,828 1,858 2,643 | 14,320

1 Aluminum Co. plant at Massena.

¥ Exact figures not disclosed because only 2 establishments were involved. One reported less than 10
employees, the other 10-99.employees.

Bource: Journs! of Commerce, Directory of New York State Manufacturers, 1937,

Furthermore the total effect of Niagara hydroelectric power actul
ally involves many times 12,000 workers. Most of the products of
the firms listed in table 12 are for industrial consumptlon they are
destined either for further processing or to aid in the processing of
some other material. This means that the Buffalo area has the
materials at hand for a wide range of manufactures. To cite only a
few of the more obvious cases, the production of chlorine provides
one of the chief essentials of paper making, and calcium carbide
% United Statea Census of Manufactures, 1607,
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enters, in the United States and Ca.nadii, into the manufacture of !
rayon products, films, explosives, and plastics indirectly through the
generation of acetylene; and into the manufacture of nitrates, ferti-

. TAnLi 14 - -
Principal New York State chemical products, 1937 '

{*Indicates products reported by at least as many establishments in New York as in th :
;;é:g}:ltes products reported by at Jeast a8 many establishments in New York as inmalyl' :thg SB::::'I

Value of Number of
products, establish-
" United ments
Products . stzatt:is Other important states ¢
(thousands | United | New
of dollars) | Btates | York
*Electric furnace ferro-alloys..........-- 45,205 22 4| Pa. (9).
Sulphurie acid 42,108 157 3 | Ohio (12).
Soda ash 33,768 17 1{ Calif. (4).
*Caustic soda. . - 32,028 30 8 | Mich. (4).
Phenol-cresol resins 16, 763 20 6| N.J (.
*Qlycerin (€. Pu) - w-niemmmmem e ceenaes 13,460 20 3 | Calif. (3), Ohio (3).
Nitrocellulose 12, 526 11 2 | N.I1.(8).
Cellulose acetate. S 12,190 [} 1| N.J.(3).
Cal carbide. 9,842 6 1 | Towa (2).
e — A I I A R
ethyl alcobol . 1 . (1), 1), W. Va. (1).
Glycerin (dynamite grade)_-..._...__ 7,822 22 2 | Ohio (3. W, ¢ )_
Vitreous enamel 6,826 13 1 | L. (3), Ohio (3), Pa. (3).
Sodium silicate iquid)—.oeeeoeeee ] 6,787 25 3 | Calif. (4), N.J. (4), Pa. (4).
Acetic acid ] . 6,607 22 1| Pa. (6).
*Sodium hypochlorite . ... 6,274 63 9 | Mich. (6), N. 7. (6).
*Carbon bisulphide..._- 4,754 10 2t Pa. (2).
Phthalic-anhydride resing. ... 4; 531 10 1{N.J. (9.
Citric acid - 4,118 4 11 N.7J.(2).
*Copper sulphate_ . _..______.___ 3,883 15 3 | Calif. (3), N. J. (3).
**Hydrogen peroxide 3, 781 7 4| N.J. (2.
Calcium chloride (fiake)_..__oo———___ 3,754 5 1 | Mich. (2).
Stearic acid. - 3,656 12 1 | Ohio (6).
Glyeerin (crude) -...-... 3,593 62 5| N.J. D).
Sodium bicarbonat; 3, 608 5 .1 | Ohio (2)
Carbon tetrachloride. 3,068 6 1 | Mich. (2)
Nitrie acid-_-.. 3,052 30 2| N.J. (6
Hydrochloric acid (fromsalt) _______.__ 3,048 19 1] 0L (3).
Mixed acid (suiphuric-nitric) - 2,484 b 2 | N.J. (5).
*Ammonium Sulphate oo oo 2,418 18 3 Ca?lzl)t l(}!).(%l. (2), Ind. (2), N. J.
: : , Pa. (2).
Salt cake (crude). - mmammcreccaccacannn 2,367 28 1| N.J. (5.
*Sulphur, refined 2,333 16 3 | Calif. (2), Texas (2).
*Silver nitrate. 2,285 6 2| N.J. (2.
Estel gUM . ..o oecmnmmm e ———— 2,213 20 2| N.J. 4.
Am chloride. 1,821 9 1| N.J1. (2, Pa. (2).
Phosphoric acid 1,785 10 1| N.J. (3.
Sodium silicate (SOLd).ceommmmcccamaaan 1, 568 13 11 Calif. (3).
Sodium sulphide. 1, 530 12 1| N.J.@3).
s*Caustic potash 1,438 5 3 | Calif. (1), W. Va. (1).
*Ammonia (aqua and liquor) .. ... 1,310 34 7 ass. (7).
*¢(xalic acid 1,087 4 2 [ N.J. (1), 0L (1).
*Modified sodas 1,051 10 2 | Mich. (2), Ohio (2).
e*gulphur chloride. ool 004 7 4 | Calif. (1), Mich. (1), Ohio (1).
Hydrochloric acid (from ehlorine) 940 n 2 | Mich. (4).
*Bleaching powder. -937 14 5 | Mad. (2),
**Cream of tartar... 884 4 2 | Calif. (1), Mass. (1).
*Aluminum stearate. . 857 1 2 { Ohio (2).
8al soda. 769 21 1 | Calif. (7)
*sPotassium bicarbonate and carbon-
ate. 23 : ;Ion&)
Calcium acetat 727 1 a. (9).
*Sodium citrate 5 1 | calif. (1), Mo. (1), N. J. (1), Pa.
Aluminum chloride 624 10 2| N.J. (3).
Mercury chiorides. 604 5 . 1| N. J' . (3).
*Potassiom 100iA8. oo mccecemccmmcene 599 8 3 | Calif. (2), N. 1. (2).

t Figures in parentheses indicate number of producing astablishments.

Source: U. 8. Census of Manufaclures, 1937 (Chemicals not elsewhere elassified), table 4, pp. 646-663,
This list includes all products, valued at more than $500,000 for the United States asa whole, whose produe-
tion was reported by any New York establishment.
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lizers, paints, lacquers, plastics, rayon, and explosives through cyana--
mide. Alloys and abrasives are essential for steel, tools, and-
machinery manufacture. - Caustic soda is used in soap manufacture,
among other things? It has already been noted that among the -
industries most highly concentrated in the Buffalo Industrial :Area .
are the general chemicals industry, several branches of metalworking
and machine construction, paper products, soap, and drugs. These"
closely allied “secondary” industries, included with the others,
account for a total of nearly a quarter of the Buffalo area’s industrial
labor force. Also there are still other industries which, though not
in the intensive electroprocess class, use enough electricity to be
appreciably affected by rate differentials. Such are flour milling.
(another leading Buffalo specialty), cement, and paper manufacturing. -

TasLE 15

Occupational groups in the City of Niagara Falls, New York, 1910-30
{Figures in parentheses ( ) indicate decrease]

Numbers Percent increase
Group =

1910 1920 1930 1910-20 | 1920-30
Populati 30,445 ( 50,760 | 75460 67| 49
Gainfully employed 13,920 21,819 31,019 b7 42
Manufactaring._ : 7,614 12, 549 15,152 6] .2
Chemical and allied industries . 481 1,439 2,613 199 . 82
Paper, printing, and allied industries_.__.___________ 223 601 1,537 169 155
Iron and steel, machinery and vehicle industries_.___ 177 246 519 39 110
Metasl industries (except iron and steel) ... 782 933 753 19 19
Food and allied industries. 126 263 349 109 33

Ni facturing : 6, 306 9, 270 15,867 47 n-
Transportation and communication ... o 1,459 1,718 2,463 18 43
Trade..... 1,302 - 1,820 3,629 40 . 99
Public service. 293 486 836 66 72
Professional service. 596 1,226 2,456 106 100
Domestic and personal service 1,626 | --1,684 2, 962 10 76
Clerical occupations, not elsewhere specified_ . _.____ L0768 | 2367 3,392 43

BOURCE: United States Census of Occupations.

The development of the occupational structure of the city of
Niagara Falls is set forth in table 15, based on census data for 1910,
1920, and 1930. It is significant that manufacturing employment
in the city increased 64 percent in 1910-20 and only 21 percent in
1920-30, while the corresponding rates of increase for nonmanu-.
facturing employment were 47 percent and 71 percent, respectively.
In Niagara Falls, as elsewhere, trade and service activities have
tended to outstrip manufacturing. In the latter group, the chemical
industries are much the most important, and nearly tripled their

* Table 14 gives a fuller idea of the relative position of New York State in the general chemical fleld, as of
1937, Important products reported by New York State establishments are there listed in order of valus of ;
national oatput, and the number of establishments making each product is given for the States with the *

largest number of such establishments. A good schematic diagram of the product and process interrels- -

tionships in the el eas field is in Power Reguirements in Electrochemical, Electrometaliurgical, and
Alied Industries (Federal Power Commission, 1938) facing p. 4.
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employment between 1910 and 1920. In the 1920-30 decade all the
chief manufacturing groups except iron and steel products grew at a
reduced rate, and employment in nonferrous meta,l industries actually
decreased. :

Retardation of Electroprocess Industries in New York State.

By 1924, the firm Niagara power available at cheap contract rates
had been fully allocated, and additional loads could be met only by
new steam plants at higher costs. In view of this situation, the
early flocking of electroprocess industries to New York State has
ceased, and expansion in those industries in recent years has taken
place largely in other regions. So far as the industries using large
amounts of electricity are concerned, development in New York State
has reachéd & “ceiling,” which cannot be lifted without additional
low-cost electric power development.

. TasLE 16
T V A. energy sales, 1938-39 (years ending June 30)

Energy sold Revenue
. _ Average
. Type of customer revenue
- . Amount Pertzetr;{; of Amount Pertgetg{: of | per kwh.
Million Thous. of
: ) wh. dolls. Mills
Munieipalities, cooperatives, and 110.6 15.8 699.8 30.4 6.32
temporary direct rural service___. 1939 328.4 20.3 1,863.6 4.3 5.66
Industrials : 938__ 358. 1 51.2 918.6 39.8 257
- e el osEd) kb R
Other ntilities. oo 1939. 192.2 1.9 sol.3 lo3 22
: 938_ 168.4 4. 490. .
Interdepartmental sales. ... 1030, 196.2 121 512.8 9.4 2.61
i 938__ 699. 4 100.0 2,305.9 100.0 3.30
Total, all types..-om--oooo | 10m8 1000 | 54452 100.0 3.3

Botmcn:é Tennessee Valley Authority, Annual Report, 1938, and 7. V. A.—Hte Work and Accomplish-
ments, 1940, : .

To some extent firms in Niagara Falls or their affiliates have ex-
panded production in other areas where cheap power is still available.
The bulk-abrasive plants in Niagara Falls, Ontario, the expansion of
aluminum manufacture in Tennessee Valley and the Pacific North-
west, and several plants of Union Carbide Co. subsidiaries in the
Tennessee Valley and in West Virginia are examples. This does not
mean that electroprocess plants at Niagara have shut down or moved
away. Instead, the continued growth of these industries has been

. diverted to other areas while activity in those industries in the Buffalo
area has not kept pace with national growth. This is especially note-~
worthy in view of the low level of industrial capital expansion for the
last decade, and in the face of uncertainty as to the constitutionality
and permanence of T. V. A. contracts until the decision of the United
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States Supreme Court in 1939, which removed this doubt.® - It would
seem to follow that the next period of extensive investment in new .
chemical and metallurgical plants will lead to a considerably more
rapid growth of such industries in States other than New York, uﬁ!ess
a new supply of cheap electric power is made available in New York.

_ TasLe 17 7 -

T. V. A. energy sales to industrial customers, 1938-39-
[Millions of kilowatt-hours]

Year ending June 30—
1938 . 1939
Aluminum Co. of America o 148.2 ' 571.7
Monsanto Chemieal Co. 197.4 220.7
U. 8. Engineers Office—Sardis Dam. 8.8 33.6
Victor Chemical Works - 3.6 60.5
901.5

Totsal 358.0

Source: Tennessee Valley Authority, Annual Report, 1938, p. 69; and 1939, p. 62.

The following list from the July 27, 1940, issue of Business Week is
indicative of current industrial expansion in the Tennessee Valley:

Aluminum Co. of America. Work is well under way on-a
$15,000,000 expansion program, which was begun in 1937, at
Alcoa’s plant 14 miles south of Knoxville. Employees now
number about 5,000. Output of sheet aluminum, vital to plane -
building, will be approximately doubled when expansion is
completed. S

Electro-Manganese Co. This new $150,000 plant, important '
because it produces manganese to harden and toughen steel, is
part of an entirely new industry which uses electricity to process
ores. A
Electro-Metallurgical Corporation. The first $1,000,000 unit .
of this company at Muscle Shoals began operations this year. A
$5,000,000 development is contemplated to expedite the manu-
facture of ferromanganese, ferrosilicon, ferrochromium, and
calcium carbide. '

B. F. Goodrich Co. Last December, Goodrich started a new
$1,500,000 plant at Clarksville, Tenn. Production is increasing
gradually. S

Monsanto Chemical Co. A $2,000,000 plant, now employing
sbout 500, was established about 2 years ago at Columbia, .
Tenn. Phosa{)horus is produced by an electric furnace method
for industrial uses. Monsanto has also begun to use a new
process of producing manganese. A new, and fourth, electric .
furnace is to be installed. '

¢ Tables 16 and 17 give some further detsils on the recent growth of energy sales by the T. V., A. It will
be observed that industrial sales, which eonstitute slightly more than half of the total, increased from 358.1
mmlonkilowm')uninﬂsedumwOOIJmﬂHonlnﬂseallm,mdthatthebulkotthhwuduatotho
increased energy purchases of the Aluminum Co. of America. In fiscal 1039 this one concern bought 577.7
nﬂlbnkllomt-houn.wnuﬂy(mﬁmumnahenagyulnthemvlomm.
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Stinson Division of Aviation Manufacturing Corporation.
Stinson’s new $1,000,000 plant at Nashville is the first major
aircraft factory in the South, and because of the national defense
program, there are already reports that the plant will be doubled
in size.

Tennessee Eastman Corporation. A subsidiary of Eastman
Kodak Corporation. This new plant turns out a wide variety
of products, including acetate rayon, all kinds of plastics, and
flake and granular types of cellulose acetate.

Tennessee Valley Paper Mills, Ine. This compaxiy is planning
construction of a .plant at Savannah, Tenn., to manufacture
newsprint from southern pine.

Tennessee Powder Co. Preliminary work is being done on con-
struction of a powder-making plant on a 5,000 acre tract, 10
miles north of Memphis. Estimated cost is between $15,000,000
and $20,000,000, financed by the British Government. It will
be constructed and operated for the newly formed Tennessee
Powder Co. by E. 1. du Pont de Nemours & Co.

_T.'V. A. Nitrate Plant No. 2. Proposals have been made to
" convert this plant so -that it could be used for manufacturing

ammonium nitrate and, in addition, to construct an entirely new
. Muscle Shoals plant designed to produce synthetic ammonia.

- Victor Chemical Co, .In 2 years Victor’s plant at Mount
Pleasant, Tenn., has grown from a $1,000,000, one-furnace opera-
tion to a $3,000,000, three-furnace plant.

The electrochemical industries form a substantial part of the whole
“chemicals” group in New York State. Many chemical establish-
ments, which do not use large amounts of power, depend upon the high-
load-factor .industries for the supply of materials. The location of
such plants would be affected naturally by those supplying their
primary materials. It is natural, then, that the whole “chemicals”
group in New York State should share to some extent in the trends
already indicated for the electro-process industries. .

Tables 18, 19, and 20 present evidence on this point, with regard to
the Census industry called ‘“chemicals not elsewhere classified.”®
Table 18 and chart 7 show that in 1927 the State reached its greatest
prominencein this Census classification in recent years. It then
contained 24.8 percent of the wage earners and 27.6 percent of the
value added by manufacture in chemicals not elsewhere classified.
In the subsequent decade the State showed a small net decline in the
industry, while the United States showed a very large rise (56 percent
in wagé earners and 81 percent in value added), so that as of 1937
New York State had only 16.4 percent of the Nation’s wage earners
in the industry and accounted for only 19.5 percent of the value added
by ma,nufacture.;\'l_’la.\inly, the industry has ceased to grow in New
" 8'This Census classificatioR, 83 of 1937, excludes drugs, fertiliers, paints and varnishes, perfumes and

" cosmetics, rayon, soap, animal\gnd vegetable oils, and several other t'ype_s of products included under the
~broader category of “Chemicals and allied products.” o
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Chart 7— WAGE EARNERS IN CHEMICAL INDUSTRIES NOT ELSF-
WHERE CLASSIFIED IN NEW YORK STATE AS PER-
CENTAGE OF UNITED STATES TOTAL, 1899-1937
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York State, while still growing rapidly in the country as a whole.
This is dramatically shown by the decline of percent of New York
State wage earners in the industry to the total of the United States.

TasLe 18

Wage earners and value added in the “chemicals, not elsewhere classified,”
industry, United States and New York State, 1919-37

United States New York State | Fercent of New York
Year i
cdbyman o bymag Value add-
'y tan- ¥ man- ue

ng;:am- ufacture Wag;:u-n— ufacture Wug;:u-n— ed by man-

(thousands (thousands

of dollars) : of dollars)
1919. 71,249 203,843 13, 445 68, 640 188 2.4
1921 46, 306 200, 266 8, 200 43, 669 17.9 2.7
1923 74, 897 313, 969 15, 061 65,013 2.1 2.8
1925 55, 604 275,357 13,377 74,911 240 27.2
1927, 50, 510 263, 741 12, 507 72,634 248 27.6
b L0 R 62,199 374,472 13,007 95, 818 20.9 25.6
1931 48, 522 287, 107 9,386 63, 790 19.3 22
1933 53,190 255, 8,923 56, 828 16.8 23
1935, 65, 838 338, 564 9, 960 66, 746 15.2 19.7
1937 78, 501 477,688 12, 876 93,070 16.4 1.5
BoURCR: United States Census of Monufactures. The scope of this Census classification has been altered

from time to time, but the percentage figures in the last two columns are much lees directly 3

]
5
|
i
:
1
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In table 19 further detail on the geographical distribution of the
chemicals not elsewhere classified industry in biennial census years
1929-37 is shown. The most rapid growth (150.5 percent increase
in value added) was in the west central part of the country, with very
rapid growth (74.8 percent increase) also in the southeastern section.
The Middle Atlantic region grew less than any other (only 11.8 per-
cent), while New York State declined 2.9 percent and the Buffalo
Industrial Area registered the very moderate increase of 8 percent.

TasBLE 19

Geographical distribution in the United States of the “chemicals not elsewhere
classified” industry, according to value added by manufacture, 1929-37

Value added by manufacture
]
! Region, State, or area Amount (millions of dollars) Index (1929=100)
1929 | 1931 | 1933 { 1935 | 1937 {1920 1931} 1933 | 1935 {1937

United States 374.5 | 287.1 | 255.0 | 339.8 | 477.7 100§ 771 681 91| 128
New England and East North Central1_] 1051 | 80.9| 73.6| 90.4 ] 1234] 100§ 77| 70| 88| 117
Bouth Atlantic and East South Central 1. 53.6 | 46.7) 38.9| 67.6 | 93.6 | 100 87| 73 | 108 | 176
‘West North Central and West South .

Central 1, z 9.4 9.6] 10.2f 127 23.6 | 100 | 102 | 109 | 135 | 251
Mountain and Pacified .. .. ____ 151] 140 120 187 23.1|100| 63| 85| 124 | 153
Middle Atlantie. 101.3 1135.9 | 119.4 ] 160.0 | 213.9 | 100{ 71| 62| 84 113
New York State. 95.8] 63.8| 66.8] 66.7( ©3.0| 100} 671 59| 70| 97
Buffalo Industrial Avea_. ______________. 47.9| 27.0| 28.3| 36.4| 517 100 |- 59| 76§ 108

." ¢ Regions combined to avoid indirect disclosure of individual operations.
" Bource: U. 8. Census of Manufactures. Beo also note regarding source on table 20,

A special tabulation of newly established plants in chemicals not
elsewhere classified, obtained by courtesy of Dr. Ralph Danhof of the
Bureau of Agricultural Economics and Mr. Harold Kube of the Cen-
sus Bureau,shows the same trend. As given in table 20, between 1931
and 1937 New York State had only 30 such new plants out of a total
- of 191 for the country as a whole; the Buffalo Industrial Areahad 6 of

the 30. These additions represented only 2.4 percent of value added
by manufacture in New York State in 1931, and 0.9 percent in the
Buffalo Industrial Area, as against 7.5 percent for the country as a
“whole, 13.2 percent in the far West, and 8.8 percent in the southeast.
During the same interval 29 plants disappeared from New York
State, leaving a net gain of only one establishment in this classification.
As compared with 1929, however, in 1937 New York State had lost
14 establishments, whereas all other areas gained 64 establishments.
Out of the total net addition of 103 million dollars in annual value
- added by manufacture between 1929 and 1937 for the country as a
whole, the Buffalo Industrial Area contributed 3.8 million dollars, or
-about 3.7 percent, while New York State declined 2.7 million dollars.
These facts establish irrefutably the conclusion that in “chemicals
not elsewhere classified” the expansion of the industry through new
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plant construction, as well as the growth of existing plants, is takmg
place largely in areas outside New York State. R

TABLE 20

Change.r in geographzcal distribution in the United States of the chemzcalr'
i not elsewhere classified” industry, 1929-37

{Figures in parentheses ( ) indicate decrease}

g New establishments Establishments disap~
Net tncrease, 1020-87 Teported, 1931-87 pearing, 1031-37
Reglon, State, oreres [ Value added Value | poreent :da;gg Percent
: lish. Num- ?&%‘;‘l_ of 1931 |Num-| (thou- | °f1931
_ |neats| Thou- | Perent | ber | n 00| value | ber | onii | value .
ments) sands of | of U. B, added added
dollars | increase dollars) ) dollars)
United Bta tu ............... 50 { 103,216 100.0 | 191 21,400 75| 110 9, 356 3.3
New England and East | . '
North Central t___________ 33| 18,207 17.7| 49)] 7,438 9.2| 26f 1,653 - 20
Bouth Atlantic and East . o
South Central 0. __________ 9] 40,009 38.8 2% 4,092 8.8 12 1,449 31
West North Central and .- -
‘West South Central 1_____ 12 14, 191 13.7 21 3,858 4.0 b 341 3.6
Mountain and Pacifici.___. 14 8, 098 7.8 30 1,843 13.2 13 748 5.4
Middle Atlantic ____________ (18) 22 620 21.9 67 4,170 3.1 54 5,164 3.8
New York State_..._...a.. (14) (2 748) @n 3 1,534 2.4 29 069 - L8
Buflalo lndusmal Area..... 2 3.7 6 242 c.9 2 (U] (0]

t Regions combined to avoid indirect disclosures of individual operations.
§ Withheld by the Census to avoid indirect disclosure of individual operations,

BoURrcE: U. 8. Census of Manufectures. The dats on new plants and plants reported out of business
were supplied through the courtesy of Dr. Ralph Danhof from his special tabulations of Census schedule
data for a forthcoming study of industrial location. ‘‘New establishments” includes all estabushments
which were reported active in 1933, 1935, or 1937 and which had not been reported at the i& vions Census,
ft may thus include some establishments which subsequently went out of business. Similarly, “Establish-
ments disappearing” includes all establishments reported active in 1931, 1933, or 1935 and not reported at
the subsequent Census. During the period 1931-37 only 4 establlshments were reported as having changed
zhelr location (between Censuses) from one region to another, and none of these entered or left New York

Changes in Concentration of Manufacturing Industries, 1929-37.

To gain a broader picture of the industrial trend in New York
State, not only in chemicals not elsewhere classified, but also in other
manufacturing industries, a comparison may be made of the extent
of concentration of spec1ﬁc industries in New York State and in the
Buffalo Industrial Area, between 1929 and 1937. The relative change
in the New York State’s percentage share of total value added in each
industry, will show the variation in the extent of concentration in
New York in 1937 over 1929. This is done in tables 21 and 22. . -

A few examples will clarify the meaning of these tables. In 1929
New York State had 25.6 percent of the national total value added
by manufacture in chemicals not elsewhere classified. In 1937 it
had only 19.9 percent. This indicates a 22.2 percent decline in
relative concentration. In 1929 the Buffalo Industrial Area had 12.8
percent of the national total value added by manufacture in this

industry. In 1937 it had only 10.9 percent—a decline in relatlve
concentration of 15 percent. B
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[*Indicates combined industries to make 1920 and 1937 classifications comparable)
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TasLE 21

" Changes in degree of concentration of manufacturing industries in New York
State, 1929 and 1937

Relative Relative
increase, ner
1937 over 1937 over
1929, in 1929, in
New York New York
State’s State's
Industries percentage Industries percentage
share of are of
. total total
United United
States
value value
added addd
Percent
135.0 || Gloves and mittens, cloth or e.loth and { Percent
130.0 leather combined coeeueenneanac-.-.| 3.0
| 109.0 || Brushes. 28
- 89.0 |§ Cutlery and edge tools................ 2.5
Engines, turbm .......... - 81.0 |i Macaroni_ 2.0
Surgical and orthopedic appliances._..._ 80.5 || Carbon paper and inked ribbons.._... 1.9
-Woolengoods. ___________.__... - 56.9 || Lumber and timber products___..._.. 0.0
Blut tumaoe products. 52.3 Baskets and rattan and willow ware__. 0.0
Pr waste__ 47.8 ete. -0.8
Pumps and pumping equipment ... 43.0 || Lace goods. ~1.6
‘Wire, drawn from purchased rods..._._ 41.1 |} Wall paper. -1.6
Screw-machine products and wood . Mirrors and picture frames..... ... -2.5
SCrews. - - 37.9 || Clocks, watches, ete. -3.0
Cash regisvers, adding and ealculating Compressed and hqueﬂed gases. ____.. -3.2
machines, efe. ... . 37.0 | Wirework, n.e. €. ool —-3.5
Instruments and apparatus, profes- Electrical machmery. paratus, and
sional, scientifie, commerecial, and supplies (including ragm ........... -3.5
industrial. . 33.4 || Lithographing. .. c o _coo_ —-4.3
Petrol refining 33.3 || Printing and publishing, newspaper
Beales and bal 32.1 and periodicals. -4.2
Feeds, prepared for anhnals and fowls. 30.2 }] Bags, paper —4.2
Drugs and medicines. 26.9 || Electroplating . oo oo coceaeaee —4.5
Grease and tallow. ... ___.___.__ 26.9 || Furnishing goods, men’s. - —4.7
Carpets and rugs, wool (other than Candles. . . ccmeccmmaaaan - —6.2
........ 26.8 || Steam and other packing,ete.._.___.__ —6.8
Anmcial and preserved flowers. . __.__| 26.5 {| Nonferrous metal alloys; nonferrous
Steel works and rolling mills. . .__.___. 25.6 metal p
sllverwam and plated ware..._..___._| 23.0 not elsewhere classified. ............ —7.4
20.8 || Engraving, steel, copperplate, ete.._.. —7.4
Iee 20.4 1] Rooflog. .. ____.c.eei_ oo -7.6
Card cutting and deslgning. .o 19.6 || Boot and shoe cut stock and findings.. —8.0
Glue and gelatine, 19.2 || Cleaning and polishing preparations. . —8.8
Pottery. ... 19.0 || Flavoring extracts, flavoring sirups,
Leather 20048, 0. €. € oo oceeaaee 18.9 otC. - -9.0
Fertilizers....___._ _.o_._._. 18.2 || Millinery. . -9.3
Motoreycles, bicyeles, and parts... 17.6 || Boxes, wooden, exeept cigar boxes. ... —9.6
Signs and advertising novelties._. 17.0 |} Plumbers’ ~10.0
Cordage and twine___._.__.__ 14.5 {| Confectionery. ... .. .oocmcceooccomaien -10.1
Musieal instruments: Pianos. 14.1 I} Canned and dried fruits... -10.4
Furgoods... ... _.________ 12.2 {| Hand stamps, ete -10.5
Lasts and related produets. .- 11.5 || *Cotton factures. —10.5
Rubber goods (other than tires, inner QGalvanizing and other coating. . ....._| -11.0
tubes, and boots and shoes) _.....-... 10.8 || Trunks, smtcases. brlel cases, etc.. -11.3
Buttons.__... 11.0 || Papergoods,n.e. ¢ ... ..__cca. - —11.4
*Embroideries_ _.__.__. .. ..____.___ 10.2 || Printing and publlshing, book, musi
Flour and other grain-mill produets__- 10.1 and iob. ~11.8
Hair work . 9.5 || Bread and other bakery produc -1..8
*Worsted goods. ...__ 9.2 || Mattresses and bedsprings, not else-
Leather, tanned, curried, and finished - 9.0 where classified. ..o cco-oeccnaians] -12.4
Corsets and allied garmen ........... 8.7 || Structural and ornamental metal
Clothine. work, men’s. . 8.5 work. -13.0
Phot.oenmvmg ..... B 7.8 || Glass. . ________ -13.1
Cereal preparations. . 7.5 {| Yoe, manufactured......_ -13.1
Models and patterns-..._._. 7.1 || Tools, not including edge
En 5.9 chine tools, files, or saws. ~13.2
Feathers, plumes, and manulactures Jewelry and jewelers’ findin; —13.6
thereof . .....____.. ..___ 5.8 || Hat and cap materials. . -13.6
Machine-tool accessories. 5.0 ~14.1
Chocolate and cocoa prod 4.5 ~14.4
Coke-oven products. ... 4.0 -14.5
Jewelry and instrument cases. _...._-. 3.2 -i4.9
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TasLE 21—Continued
{*Indicates combined industries to make 1929 and 1937 classifications comparable]

=
5

0o SWNOW

Relative Relative
increase, increase,
1937 over 1937 over
1929, in 1929, in
New York New York
State’s ‘ } State’s
Industries percentage Industries percentage
share of share of
total total
United United
States ] States
value ' value
added : added.
Percent
Paper. _.... ~15.5 {| Doors, shutters and window sash etc ., | Percent
Tin cans and other tinware_ . _.____.. —15.6 metal © =27,
Concrete products . .. o....oeoceeocuenn -15.7 Cork Products_ .o ceeaaaee ~27.6
Furniture, including store and office 8hipbuilding. : -27.7
fixtires. - ~15.8 || Knitted underwear_._______""___ "7 - —27.8
Meat packmg, wholesale_..._.._._.___ -27.
All manufacturing industries.._______. —16.0 || Pipes, tobacco_..___- -—28,
Wood turned and shaped........_... —28.
Liﬁhting equipment. ..o —16.0 || Sugar refining, cane —28.
ok, printing..._ ..o —16.9 |{ Bardware . ... —20,
'Dyemg and finishing textiles —17.1 (| Stamped and pressed metal products,
-17.4 ing, ete. . —20.
~17.4 || Caskets, coffins, ete. ... ___ -30.
—~17.8 Awnings, tents, sails, and canvas
-18.0 eovers -31.0
terwi —18.2 || Dentists’ equipment 4nd supplies. —3.2
Hats and caps, except felt al d Sheet-metal work .............. —31.3
men’s...... -~18.8 - -~3L.7
Spomng and athletic goods_ ... —18.7 || Furs, dressed _-__.2-__C2TT0TTTTTTTT —-32.5
*Foundry and 1nachine-shop products. —-19.0 ‘Wallbosrd and plaster (mcludmg
*Women’s clothing_____________.._.___ -~19.5 gypsum produets) . ... o oo —-33.7
Machine tools. .____.._ —20.2 {| Cauned and cured fish__.__...______.. —34.6
Food preparations, n. e. C.. ~20.6 j| Motor-vehicle bodies and motor-
Flags, b s, ete. . -20.7 vehjcle parts, —34.7
Boxes. PBPer, B. €. C.ovmelcmima e —20.7 || Planing-mill products - —35.6
Cheese. ... .. -—21.0 |{ Handbags and purses, women'’s - —36.4
Suspcnders. garvexs and other elastic Forgings, iron and steel____..__.______. —37.0
WOVED BOOAS . oo oo cc e —21,0 || Bookbinding and blank-book making . ~37.0
Hats, struw, men’s. ... ... - ~21.0 || Heating and cooking apparatus_._.._. —-37.6
Engraving (other than steel, ete.) - —21.4 [ Perfumes, cosmetics, and other toilet
Marble, granite, slate, and other stone. -22.0 preparations________________________ —40.1
Clay products —22.0 || Pulp (wood and other fiber) —40.2
Handkerchiefs. —22.1 {{ Shirts_..._.._.. —43.4
Chemicals, n. e -22. Aircraft and part: —47.8
*House-furnishi —22.5 || Paving materials. =50.2
Qil, cake and meal, linseed.. ~23.0 |{ Beverages, nona —50. 4
Tms, et . . oeiiiiiiaan - —2.7 || Malt. o . — —b50. 4
Window shades and fixtures_ __....... =24.2 || Mirrors and other glass products...... —=50.4
*Ciothing, men’s, youths' and boys’, Agricultural img —53.6
n.ec.. [N —24.6 || Minerals and earths, ground or other-
Paints and varnishes —24.7 wise treated ~75.8
Hats, farfelt ... ..o, —25.6 )
Source: Censue of Manufactures, 1029 and 1937.

Referring to tables 21 and 22, certain mdustrles markedly increased
their degree of concentration in the State and in the Buffalo area.
Such cases are grain-mill products models and patterns, and machine-

tool accessories,

In addition, the Buffalo area increased its share of scientific instru-

ments, heating and cooking apparatus,

printing, stereo

typing,

baskets, structural and ornamental metal work, sausages, concrete
products, and roofing, all to a greater extent than the increased share
of the area in total manufacturing. In five listed industries the Buffalo
area increased its share, but to a less extent than for manufacturing
as & whole.. These were: Prepared feeds, drugs and medicines, clay
products, motor-vehicle bodies and parts, and nonpaper bags.
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“TaBLE 22 .

. Changes in degree of concentration of manufacturing industries in the
, Buffalo Industrial Area, 1929 and 1937

N Relative ol Relative
increase, increase,
1937 over 1937 over
1929, in 1929, in
Buffalo Buftalo
Industrial Industrial
Industries Area’s per- Industries Area’s per-
centage centage
share of . < share of
total . total
United ' : United
St-albes - - States
value value
ded added
Percent . Percent
mm-mnents and apparatus, profes- Sheet-metal work.. . _________._._... ~14.5
sional, scientifie, commereial, and Toys. —14.9
e ]
eating an oqo apparatus..____. 8. igns an N g novelties. ... -16.
Printing and pubhs » book, musie,” R Beverages, _}3.3
and jo 88.5 Confectionery. -18.1
Flour md othet grain-mill produects... 44.0 1| Canned and dried frults_._.______.____ -20.7
Stereotyping... 40.8 Electrical machinery, apparatus and
Models and patterns._.. ... ——— 38.0 supplies (including radio) -321.9
Machine-too ies. 31,0 1 Awnings, tents, sails and canvas
Baskets and rattan and willowware___ - 28.7 covers -2.5
Structural and ornamental metal work | 26.4 || Photoengraving —-26.6
Sausage, ete. 25.1 aper. ~28.9
Printing an: ﬁxbﬂshmg newspaper Engraving, steel____________________ -29,2
and periodicals. .o veemeecm oo 17.0 || Electr -—30.5
Concrete p » 14.0 Stamped and pressed metal products;
Roofing. 1.2 enameling, ete. -31.0
Lithographing. . . ceuv o ceeeeccacan -31.5
All mauufaduﬁup .................... 11.0 Meat packing, wholesale........._.... -32.0
. Leather; tanned, curried, and finished. . —33.4
Feods, prepared for animals and Iowls.- 8.3 Mattresses and bedspnngs, n.e.e..._ -34.0
Drugs and medimnes__--.-, .......... 8.1 Furniture, including store and office
lay p 45 fixtures. -34.5
Mot.or-vemcle bodies and motor- i -36.7
parts. 3.6 || Forgings, iron and steel ... ~38. 5
Bags, other than paper—.ccc e eeeemeae 1.0 || Flavoring extracts, flavoring sirups, | .
Gmwe A -2.5 ete —39.0
~2.5 || Marble, granite, slaw, and other stone. -39.6
Bread and other bakery products.__.._ —2.9 || Paints and varnishes -39.8
Hats and caps, except felt and straw, Pumps and pumpmg equipment _____ —-42.5
men'’s. —4.0 P -mill p —42.8
Tools . : -5.0 Leather gloves =46. 4
Jewelry and jewelry findings.__.._..._ —10.0 I! Malt__._. —49. ¢

SOURCE: Cmm of Manufactures, 1929 and 1937,

. The most important industries in which the Buffalo area’s share
declined are paint, steel forgings, furniture, leather, metal stampings
and pressings, meat packing, paper, photoengraving, electrical ma-
chinery, chemicals, and tools. This list is particularly significant,
because it is made up largely of just those industries which are par-
ticularly dependent on cheap electric power. This lends some
support to the view that the competition of cheaper-power areas is
already significantly affecting industrial development in New York
State, and its effect is somewhat more in evidence in the Buffalo area
since that area originally attracted a relatively large share of the

- industries using much power, because of the availability of cheap
hydroelectric energy. With the exhaustion of cheap contract power,
Buffalo has become less attractive to such industries, and they now
seek locations in places like the Tennessee Valley and the Pacific
Northwest. -



CHAPTER II

ELECTRIC POWER SUPPLY IN NEW YORK STATE

The evidence in the preceding chapter proves beyond doubt t_hat
over the past decade New York State has failed to maintain its
position in manufacturing industry relative to the rest of the country.
This is particularly true in electroprocess industries. The sametrend
is noticeable in other industries not ordinarily classified as electro-
process, but in which electric energy requirements are relatively high.

What are the conditions of supply of electric energy in New York
State that may have influenced this tendency? These conditions must
be analyzed not only to explain their possible effect upon the trends
of the past, but to permit a proper evaluation of St. Lawrence
power with reference to the industrial and economic future of New
York State.

Section 1

New York STaTE DEPENDENCE ON STEAM POwER
Lag in Hydroelectric Development.

One of the significant factors in the power supply of New York
State is its failure to develop hydroelectric resources. In this respect,
New York appears to have lagged behind many other States, even
though power load increased considerably. Table 23 and chart 8
show that between 1927 and 1937, while the generating capacity of
the country as a whole increased 41 percent, that of New York State
increased considerably faster (53 percent). The absolute increase in
New York capacity was 1,680,000 kilowatts, constituting nearly one-
sixth of the national total of capacity added in this period, and more
than twice as much as the increase in any other State. However,
only 123,000 kilowatts, or about 7 percent, of this New York in-
crease was new hydro capacity; in the Nation as a whole, 37 percent
of the added capacity during the period was bydroelectric.

Nor was this due to exhaustion of water-power resources. The
United States Department of the Interior has estimated the State’s
potential hydro resources available 90 percent of the time at about
3,200,000 kilowatts, or 2.3 times the 1937 capacity of installed water-
wheels in plants of 100 horsepower or more.!

Other States are developing their hydro power resources much
more rapidly than New York. The largest hydroelectric increases,

! National Resources Committes, Energy Resources end National Policy (Washington, 1039), table 1, p.
30, and tahle 3, p. M1,
33
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Chort 8 = INCREASE IN GENERATOR CAPACITY OF FUEL-BURNING
AND OF HYDROELECTRIC EQUIPMENT, BY SELECTED
STATES, 19271937

Decrease
. 0

Increase = Thousand kilowatts
500 : 1000

ISIOO

" New York
Colifornic
Alabama
&Iichigon
North Carolina
Ohio
Washington
Pq;ns¥lvnni§
ndiana
New Jersey

Hiinois

Nevada |

Maryland, Delaware,
District of Columbia

Texas

Wisconsin‘ .
Missouri

Tennesses )

South Carolina

New Hampshire
Arizona, New Mexico
Gonnecticut.
'Qregon

- Minnesoto,

Musﬁochuse"s
lowa

gouisiuno
Oklahoma '
Georgia
Nebrasko

--Maine

Source: Table 23
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between 1927 and 1937, took place in.Alabama, California,

evada,

" North Carolina, Washington, Maryland, Pennsylvania, Tennessee,
New Hampshire, South Carolina, and Missouri, each of which added
more hydro capacity than New York. Only 15 States showed a

smaller percentage increase in hydro capacity than New York.

TABLE 23 :

Increase in generator capacity of fuel-burning and of hydroclectric

equipment, by States, 1927 and 1937

Figuresin parentheses () indicate decrease

Absolute increase (thousands
ofkw) . Percentage increase
Fuel- | Hydro- Hydro-
Total burning | electric electrie
United 8 total 10,669.8 | 6,020.9 ) 3,748.9 54.7
New York 1,679.8 { 1,558.5 123.3 12.4
California. 7712 414.0 357.2 - 2.4
Alabama____. 573.6 138.6 434.9 178.0
Michigan. ... 565.4 458.8 108.6 42.2
North Carolina 440.3 u6.8 323.5 98.3
Ohlo__.. .. 436.2 410.31 <+ 1) (25.5)
Washington_. 402.3 104.6 297.7 59.2
Pennsylivania. 402.1 211.1 191.0 94.2
Indianpa... 385.3 384.8 .5 1.4
New Jersey. 383.0 385.9 2.9) (54.7).
H0olS ..ooooe cooenee emmmmozaocne © #L1| 358.9 7.1 17.6
Maryland, Delaware, District of Colum- - .
bial. . 4 346.8 95.3 251.2 1,240.7
Nevada... 355.0 26. 6 328.5 3,055. 4
Texas 343.9 322.9 2.0 1721
Wisconsin. 205.9 262.1 33.8 16.3
Missouri_..... 293.5 148.7 144.8 . 1,167.7
Tennessee. . .. 188.0 (2 190.7 . 149.7
South Carolina. 184.5 16.3 168.2 3 45. 6
New Hampshire. . .cooeomeen o veens 183.4 10.2 173.2 ., 272.9
Arizons, New Mexico? .. ... 180.9 120.4 60.5 179.2 89.5
C jcut.._.. 183.0 125.3 37.7 .4 | 349 - 67.1
Oregon .. .. 148.1 76.4 7.7 3 73.1 60.5
Mi ta .. 143.6 141.9 1.7 38.5 56.9 1.3
Mass 133.0 42.7 90.3 12.3 4.5 70.8
Iowa 125.6 145.8 (20.2) 26.1 4.3 (13.2)
Loulsiana..... .. 120.3 120.8 [ceaeooeee 5801 580
klah ———— 108.7 108.7 47.8 |- 47.8 | -
Georgia ...... 103.7 45.2 58.5 27.3 46.5 20.7
Nebraska.... . 89.0 1.4 (2.9 49.2 55.0 (18.7)
-1 T 80.5 19.8 60.7 481 525 . 42.8
Florida.__... 70.9 - 7.0 8.8 27.3 4.7 159.9
Virginia._.. . 74.5 54.3 20.2 20.4 18.9 26.2
West Vireinis 74.4 30.2 4.2 13.2 5.9 - 7.8
Rhode Island, Vermont 1. 68.6 33.1 35.4 20.4 16.0 27.3
Ark . 66.4 10.0 56.4 70.0 18.2 . b54.0
Kansas........ 60.7 63.8 3.1) 16.9 18.3 - (30.9)
Idaho.......... 5L0 L1 50.8 4.9 30.8 © 4.9
Kentucky.. . 45.0 4.9 2.1 15.1 22.0 20
Nortk Dakota . 37.1 871 e 102.8 102.8 fimpmeeo
Colorad B 23.9 17.6 1.3 14.5 121 P21l
South Dakota . 23.4 28.0 .4 59.0 63.8 9.8
Wy 28.4 14.2 14.2 8L8| 438 ,(617.3
Utah_ . . ... _ . 27.7 3L7 ] 40 20.9 85.4 - 4.2
M . 9.0 2.1 - &9 3.4 21.4 P27
15 LS5 . 2.3 2.3

§ Combined to avoid disclosare of individusl establishments.

Bouece: Census of Electrical Industries, Electric Light and Power Industry, 1927 and 1037,
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TabLE 24

Capacity of all central electric stations in the Buffalo Industrial Area,
1927-39 (rated horsepower of engines and turbines)

[Figures in parentheses indicate decrease]

Capacity reported Increase from previcus yesr
Year Fu Hyd Fuel Hydro-
el- ydro- -
i electrie Total olectrie | Total

1927, 272, 253 008, 886 879,139
1928 253, 955 624,710 878, 685 (18, 298) 17,824 (474)
1929, 258, 573 623,190 881, 763 4,618 (L, 520) 3,098
1930, 346, 465 635,823 982, 288 87,892 433 100, 525 .
1931 547, 786 640, 163 1,187,949 201, 321 4,340 205, 661
1932 855, 408 640, 163 1, 295, 569 107,620 107, 620
1933 655, 906 640, 202 1, 296, 198 500 120 629
1934 6586, 906 640, 202 1,206, 198
1935_- 855, 806 640, 292 1,296,188 [671) ] SN (10)
1936. 655, 896 640, 232 1,296,128 fw)
1937. 655, 806 640, 185 1,208,081 | .. 47) (47)
1938, 855, 324 639, 968 1,295,292 (572) 217)
1939, 855,324 639,758 | 1,295,082 (210) (210)

Source: Compiled from annusl issues of the McGraw Central Station Directory. In recent years the

Buflalo-Niagara Electric Corporation capacity has been given in kilowatts. but erronecusly stated as ‘“horse-
power" in the directary. This obvious error has been corrected in the present table. A certain amount of
obsolete cepacity is probably included in the totals.
There was a considerable expansion in total generating capacity in
the Buffalo area up to 1932, but virtually all of the increase has been
in fuel plants. This appears clearly in table 24 and chart 9. 1In 1927,

Chart 9 — ELECTRIC GENERATING CAPACITY IN THE BUFFALO
INDUSTRIAL AREA, 1927-1939

Thousond . ) Thousoﬁd

horsepower horsepower
16007 . _ 4u.e;oo
1400 |— 1.400
L : 7
1200 7 1200
y /////// -
- - =
800 i %//// // // Z 7 _ /// 7// q 800
. 600 - Pe e 600
400 : 3 400
- 200- o «200
226 1928 1930 1932 o34 1936 1938 540

Source: Toble 24 . weA 3695
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~ o0

the rated physical capacity of hydro plants in the area was 606,886
horsepower, which increased to 640,163 horsepower in 1931 and has
remained at almost exactly the same level since. Fuel-plant capacity
in the Buffalo area, on the other hand, starting at 272,253 horsepower
in 1927, increased to 655,906 horsepower (a 141 percent increase) by
1933, and has remained at substantially that level since. A major
part of the expansion in steam generating capacity is accounted for by
the Huntley No. 2 station at Buffalo.

High Cost of Fuel.

The average cost of electric energy naturally continues to be
markedly lower in the Buffalo area than in any other industrial area of
the State. This is due partly to Niagara hydro power. In the matter
of steam-generated power, however, New York State and the Buffalo
area have no advantages. The Huntley No. 2 steam station in Buffalo
paid 11.64 cents per million B. t. u. for its fuel in 1937, as compared
with representative central-station fuel costs of 14.6 cents in Rochester

CrortlO-FUEL PRICES AT SELECTED ELECTRIC GENERATING STATIONS
1937

) ~ Y -
5. >
)

Note Shagded oress represent prncpdl codl fields

Source Tabie 25 wea 356
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and well over 17 cents in New York City, Yonkers, and Albany.?
These high fuel costs are due, of course, to distances from sources of
fuel. A glance at table 25 and chart 10 shows the way in which
fuel costs rapidly increase with distance from the coal fields. In the
West Virginia coal areas, power stations pay even below 6 cents per

~million B. t. u.; in Terre Haute, 9 cents; in Buffalo, nearly 12 cents,
or about twice as much as at the Logan, West Virginia, station.

TABLE 25

Comparative fuel costs at selected electric generating stations, 1937

: Cents per Centsper

City Plant million City Plant million

. B.t.ua. . B.t.u.
Yonkers, N. Y.__.... Qlenwood._...._ 17.93 {| Detroit, Mich._.._... Connors Creek.. 14.00
Albany, N.Y___. Riverside_._.... 17.43 || Cleveland, Ohio. 12.90
New York, N, Y...._| Hudson Avenue- 17.27 || Pekin, I1.._____ 11.80
New York, N. Y____’| Hell Gate.......- 17.07 || Buffalo, N. ¥._ 1184
Utica, N. ¥~ 77" Horbor Folt._.| 17,00 || Pittsbareh, Pa 10,00
Binghamton, N. Y.__{ Westover______| ~ 16.40 || Scranton, Pa_.._.__._ 9.36
Baltimore, Md....... 16.11 || Terre Haute, Ind..... 9.33
Chicago, Il 16.00 || Philo, Ohio 8.38
Phﬂadelphia Pa. 15.90 || Power, W, Va__ 8.30
Hammond, d, Ind 15.67 || Toronto, Ohio.. .. 6.90
Washmgton D. - 16.30 {| Williamsport, Pa.. 6.88
Rochester, N, Y...._. . 14,60 (| Logan, W. Va....c... Lo 5.83

Jamestown, N, Y.....| Steele Street_.__ 14.03

Source: Federal Power Commission.

Although New York State has been meeting growing load require-
ments primarily by adding new steam capacity, even in the Buffalo-
Niagara area, the State is practically devoid of any natural fuel
supplies and so must remain at a competitive disadvantage in steam-
power production. Table 26 shows the importance of the five chief
power-consuming States in mineral fuel production, and strikingly

TABLE 26

The ﬁve leading power-consuming States and their production of mineral fuels,
I 937 (all figures in percentages of United States total)

. New |Pennsyl-| Cali- inni.
.. York | vania | formia Ohio | Tilinois

%lectncxty generated in central statlons ............. 12.9 8.7 7.9 6.7 6.8

Bltummous coal ) 24.9 5.6 11.8

Anthracite coal 100.0

Petroleum .4 1.5 18.8 .3 .6

Natural gas__ .9 4.8 13.6 18 m

Natural gasoline. (O] .7 30.2 .4 .1

1 Less than 0.05 percent.

Bources: Census of Electrical Industries, Eleciric Light and Power Industry, 1937, table 24, p. 40, and
Btatistical Absiract, 1939, table 774, p. 764; table 787, p. 762; and table 781, p. 758,

1 Seetable 25, The Huntley No. 2station has unusually low generating costs as well as low fuel costs, since
it 1s large and relatively new and has a capacity factor (1937) of 46 percent as compared to 23 percent for 13
major up-State steam stations. The Huntley No. 2 station required in 1937 only 14 thousand B. t.u.per net
Kkilowati-hour, while 11 other up-State steam stations required an average of 21 thousand. This statement is
based on Federal Power Commission data given in the 1938 Annual Report of the Power Authority ofthe
State of New York, table P-5, p. 170.
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exhibits New York’s deficiency in this regard.? Whereas Pennsyl~
vania, Ohio, and Illinois are leading coal producers and California has
a surplus of oil and gas plus water power, New York is relying increas-
ingly on expensively transported fuel as a source of electric energy.

As long as New York State will depend on sources of fuel outside
the State, with attendant high costs of tra.nsportation, steam-gener-
ated electnclty will cost correspondmgly more than in areas nearer
the mine pits.

It is true, of course, that the fuel eﬂiclency of steam-generating
equipment has been increasing for many decades. Table 27 and
chart 11 show the very rapid increase in the efficiency of fuel plants
in conversion of thermal into electric energy. Whereas in 1902 it
required 6.4 pounds of coal to produce 1 kilowatt-hour of energy,
3.04 pounds sufficed in 1920, 1.62 pounds in 1930, and 1.44 pounds
in 1937. This was the average experience in the country as a whole;
there are steam plants of the most modern type which consume
less than 1 pound of coal per kilowatt-hour.. This progress has
brought modern steam. turbines so close :to the absolute theoretical
maximum of conversion efficiency that re¢ent gains have been at a
rapidly decressing rate, and little further improvement is in sight
without radical new developments in boilers or the replacement of
steam by some better transfer medium. Further gains in efficiency,
for either steam plants or hyd.ro plants, are limited, and most of the
prospective reduction in costs is likely to arise from bringing old and
inefficient plants up to the standai'ds now’ set by the better plants.

! i TABLE 27

Average comumptzon of coal per kilowatt-hour of generated elecmmy in
public-utility power plants in the United States, 1902-37*

Coal per Coal per
Year kwh.? Year kwh.?

Pounds Pounds
1002 6.4 1927, ' 1.84
1907 6.4 1928 1.76
1913 4.5 1029 1.69
1917 3.47 || 1930. 1.62
1919 3.22 || 1931 1.56
1920 3.04 || 1932 1.50
1921 2.73 || 1933 1.47
1922 2.61 || 1934 - 1.47
1923 2. 41 || 1935, 1.46
1924 2.22 || 1936 1.45
1925, 2.07 1| 1937 1.44
192 L5 |

! Figures for 190217 from a special study by F. G. Tryon for the Brookings Institution, published in
Tyansactions, Second World Power Conference, Berlin, 1030, Vol.VI, pp. 244, 245; those for 19'}'920 1935, from

A. H. Horton, Division of Power Resources, U. 8. Geological Survey; th 1 1 ureal
of Mines, Minerals Yearbook, 1938, p. 692. o8t o osetrom 936 and 1637 from B n
1 Includes coal equivalent olml gas, and wood.

Source: National Resources Committee, EnaanwMNdmd Policy, 1939, p. 876.
30Ot D. B. Newland and O. A. EMgel.“TheMinlngandQumyIndustrlesolNewYorkSm

for 1034 to 1938, New York State Muscum Bulletin, No. 319, Feb. 1939, p. 28: ““The absence of workable
ooal seams i3 perhaps the principal deficiency in New York's mineral endowment.” -
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Insofar as differences in steam generating costs are traceable to
differences in fuel costs, they will decrease as less and less fuel is re-
quired. This will mean a lessening of New York State’s present
generating-cost disadvantage as compared with, say, Pennsylvania or
central Illinois. It will not mean, however, that this disadvantage
will disappear. As long as coal must be used, even a reduced amount
of it for an equivalent quantity of electric power, the higher transporta-
tion cost to New York over other areas will maintain a condition of
relative disadvantage.

Chart i1-FUEL EFFICIENCY IN STEAM POWER GENERATING
STATIONS, 1902-1937

COAL CONSUMED PER KILOWATT HOUR GENERATED
Pounds ' Pounds
7 7

6 \\ 6

LN 5

3 3
2 — ‘ - \ 2
] ]
(o) IV TN T JONTTNN TN T 0 O U T N U RO T T U WO 0 S T T N T T T O AR [+ )
1900 1905 1910 1915 1920 1925 1930 1935 1940
© Source: Toble 27 wPA 3697

The importance of this disadvantage as reflected in costs to con-
sumers is enhanced to the extent that industry uses more and more
power per dollar’s worth of output. This point is borne out by past
experience. For instance, between 1929 and 1937, the coal require-
ments per kilowatt-hour declined from 1.69 pounds to 1.44 pounds
(table 27), but the average New York State manufacturer’s energy
purchases per dollar’s worth of manufactured product rose from 0.69
kilowatt-hour to 0.95 kilowatt-hour. In other words, in 1929, the
amount of coal burned in order to generate the electricity bought by
the manufacturer to make a dollar’s worth of product was 1.69<0.69,
or 1.17 pounds; in 1937 it was 1.44X0.95, or 1.37 pounds. [Evidently
the indirect importance of a coal-price differential to the industrial
purchaser of power has increased, despite economies at the power
house.
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Section 2

1]
. i
ComparisoN ofF ELEctric RATEs IN NEw York SrtaTE
AND ELSEWHERE

Electric energy rates in New York State seem to be higher than the
national average. This is shown in the Federal Power Commission’s
report on average electric bills in 1939 for 12 different types of service,
by States. These are presented in table 28 and charts 12, 13, 14,

TasLE 28
Potwer rates according to typical monthly bills, 1939, New York State and the
United States R
Average rate per kwh
N Yox )
. ew or.
Class m«:k!:nlilt‘)ofm Yorkas| rank 6 States with lowest average rates
United| New | percent| among -
Btates | York of States !,
United
Btates
6.12 6.49 06. 0 25 | Tenn., Ala., Ohio, Md., Wash,, Calif.
.......... 49} 106 , Ohio, .
Resld _u._{mo ex2| as57] 1083 27 | Tenn., Mich., Wash., CGalif., Ala., Oreg.
P M 204 316} 1089 25 | Tenn., Calif., Wash., Ala., Oreg., Mich.
-] &72 631 ] 110.3 30 | Tenn., Calif., Wash_, Mich., Ohio, Md.
Commercial light_{375____] 4.47 4951 10.7 27 | Calif., Wash., Tenn., Ohio, Md., Mo.
-] 440 8261 119.5 41 | Wash., Calif., Tenn., Ohio, Ind., Md.
Commercial 35......] 419 471 | Nn24 35 | Calif., Wash., Maine, Colo., Oreg., Ohio, -
power. .....{1,500._____| 3.72 456 125 48 | Calif., N. C., Wash., Oreg., Idaho, Mont.
6,000...._.|] 281 &72| 1324 48 | Calif., Oreg., N. C., Wash., Moat., Tenn.
30000......] 199 208} 110.0 39 | Calif., Mont., Oreg., Utah, Wesh., Tenn.
Industria)__.{ 60.000.2-"7] 16| 1sz| 1083 40 | Calif,, Nev., Oreg., Mont., Wash., Tenn.
200,000 __._. 1 49 L1541 103.3 34 | Calif., Nev., Oreg., Mont., Wash., Tenn.
! In order of cheapness. :

SoUnce: Federal Power Commission, Avserape Electric Bills, 1939,

and 15. In 2 of the 12 classes of service (both large-scale commercial
power service) in table 28, New York is actually the most expensive
State in the Union. By contrast, the Pacific Northwest States and
California, Tennessee, North Carolina, Alabama, Ohio, and Maryland
have consistently the lowest costs. Each of these States except Ohio
generates more than two-thirds of its power from water, whereas the
country as a whole generates 37.8 percent from water (table 29).4

A still more detailed comparison, which takes some account of
differences in rate levels between cities of different sizes, can be made
from the same source* The average rates for each State and for the
United States are there classified according to type of service (resi-
dential, commercial light, commercial power, and industrial), accord-
ing to amount of monthly consumption and/or demand, and according
to the population of the community served (5 size groups for resi-

¢ The diflerent sections of New York Stats vary eonsiderably, of courss, in mate levels. The Buftale
mmmmmum-mmmNnYnmmmmmmmm
Muw-dmmumdmhmdmhﬁmmhumﬁdmhm

s rmrmmmmmmwmgm«-ﬂ.,
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Chort 12~ AVERAGE MONTHLY BILLS FOR POWER ON A
100 KILOWATT - HOUR BASIS,
BY STATES . -

January 1939

“RESIDENTIAL SERVICES

- Dollars

New Mexico
Arizona

Rhode Islond
Wyoming
Nevada
Florida

New Hampshire
Arkansas
Deloware
Oklochoma
South Dakoto
Vermont
Louisiong - - .+~
Maine

Colorado
Massachusetis
North Dakota
Montana
Texas

Virginio

NEW YORK

New Jersey
lowa
Mississippi
Kansas
Nebraska
Pennsylvania

UNITED STATES }

R R

West Virginio
indiana
Connecticut
Maryland
North Corolina
Georgia
1lhnois
Kentucky
Minnesota
Idaho

South Corolina
Wisconsin
Utah
Missouri
Ohio

Oregon
Alabamo
Colifornia
Washington
Michigon
Tennessee -

SRS

R RRR S P TR

Source: Table 28

wPA

3698
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Chart 13 — AVERAGE MONTHLY BILLS FOR POWER ON A 375
KILOWATT-HOUR, 3KILOWATT DEMAND BASIS,

BY STATES
- Jonuary 1939
COMMERCIAL LIGHT SERVICE
Dollors
¢} 5 10 15 20 25 30
- 1 | | | { \

Wyoming e X
Rhode tsiond
New Mexico E SHSATASREIR:
Flordo BN IOG:
New Jersey

c it
North Dokoto
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Utoh
Arizono
ldaho
Moine

NEW YORK

OO AN A S
SRR 2 R ST AN
R AR R S0

Nevada
Vugnio
Georgio
Delowere
Texos

UNITED STATES [

South Carolino
North Corolina 2252
Oregon
Konsas
towo

Alah.

Michigon

WPA 3699
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Chart 14 = AVERAGE MONTHLY BILLS FOR POWER ON A 1500
KILOWATT-HOUR, 12 KILOWATT DEMAND BASIS,
BY STATES

January 1939

COMMERCIAL POWER SERVICE

Doliors
40 60 80
I\ 1 i

! !

KA,

NEW YORK

New Mexico
New Jersey
Arizono
Massachusetts
Illinois
Aloboma
Connecticut
Wyoming

New Hampshire
Florida
Louisiono
Wisconsin
Pennsylvonio Z
Mississippt R R
North Dokota LSRRI SR
Arkansos
Utah

UNITED STATES

PP RS IP IR TRI
SGRGLRRPIIORE

Virginio
South Dakoto
Delawore
Oklahome
Texas R SRR R TR
Missouri R R AR " -
Maryland
Minnesota
Nebraska
Rhode Islond
fowa

Michigan PR 2 R
Vermont oA 3 3 RS R
Kentucky 3 2
Kansas

Ohio

Georgio
Nevada

South Corolina
Indiona -
West Virginio
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Tennessee
Moine
Montono

Ideho

Oregon
Washington
North Carofino
Californio

Source Toble 28 WPA 3700
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Chort IS5~ AVERAGE MONTHLY BILLS FOR POWER ON A 60,000 -
KILOWATT-HOUR, 300 KILOWATT DEMAND BASIS, .
BY STATES '

Jonuary 1939

INDUSTRIAL SERVICE
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dential service, 3 for commercial, and 2 for industrial). This informa-
tion makes it possible to compare 39 particular kinds of rates in New
York State with corresponding kinds of rates in the United States as
8 whole. In these 39 comparisons, the New York rate per kilowatt-
hour was above the national average in 30 cases; equal to the national
average in 2 cases; and below the national average in 7 cases. In 2
of the above 30 comparisons, the New York fizure was the highest
of any State.

The 7 comparisons in which New York State showed up favorably
in relation to the national average were the following:

Percentage
Population be wgimk
0! New XY or
 Class of service Amount g:me:ne(r!gy and/or class of com- | Btate aver-
munities age fell be-
low national
average
Residential 25 kwh 250-999 5.0
0.- 100 kwh 2560-099 .2
. Commercial light. 3kw.,376kwh________.____. 10, 00049, 999 14
Do... 6kw., 750 kwh______. ——--} 10,000-49, 909 27
Commercial power. 30kw., 6,000 kwh___________| 10, 000-49, 999 3.7
Industrial 150 kw., 30,000 kwh_________| 10, 00049, 999 LO
Do. 1,000 kw., 200,000 kwh-______| 10, 00049, 999 .7

It is clear that New York State’s only relatively favorable showing
is in certain types of rates in small communities of the 250-999 and
10,000-49,999 population groups. According to the same Federal
Power Commission report (table 2, p. 50), the New York State
communities of these two size groups had a combined population in
1930 of only 1,377,573, or about 12.3 percent of the total population
of all communities covered in the State. It is not accurate to con-
clude, however, that all classes of rates in such communities were
lower than the national average. There were 8 other instances of -
rates cited by the Federal Power Commission for communities of
‘these size groups, in 7 of which the New York State figure was higher
than the national average.

It is evident from the data presented that in most classes of rates
in the different population groups, the New York State average rates
are higher than the corresponding national averages.
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TaBLE 29 .
}
Percentage of total electric current generated by kydroelectric equipment in -
all ceniral stations, by States, 1937
Pervent hy- Lt N - [|Pereemt hy-
State ) State droslectric
1daho. 90.8 || Colorad ns
o8 3 || Missouri - 3.0
Maipe. 95.3 || Wyomi 2.2
Nevada i 9.6 {| Virginia_ 3 26.0
New Hampshire_ .o ____ 2.6 || M h M1
South Carolina. 9.8 || Connects 29
W 80.3 || Michigan__ 20
Alsb 87.1 || Pennsylvania._ z 19.2
North Carolina. 87.1 || West Virginia. 129
California. 86.7 || South Dakota &2
Georyi 79.8 L 53
Oregon 72.2 || Nebraska 45
T 68.9 || Indi 4.0
Utah - 57.9 || Texas. 322
Delaware, Maryland, District of Tlinois. 28
Columbia $ 54.8
Kansas. 1.7
Vermont, Rhode Island ' _____________ 50.6 || New Jersey. .8
Arkansas 50.0 {| Ohio. .5
Arizona, New Mexioo? . _..._____ 47.0 || O .2
North Dakota :
New York_ 0.2

Iowa. 38 4 {| Mississippi .9
Kentucky 34.5 || Lonisiana 0
wi 341 j | S——
M 87 United States average...__._____| 37.8

1 Combined to avold disclosing the operations of individusl establishments. The fisure for Maryland

alone world be much higher than 54.8, since there islittle, if any, hydro eapacity in Delaware or the Distriet
of Columbia. The Conowingo Dam installation in Maryland has e rated capecity of 252,000 kw. (Moody’s
Mum:l,nd P:thDWdlﬁcazip. Lb?.l)aseqmpand 'ithzll,sﬁh_v.d hydrocapacity for M Dela-
ware, e District nmbis combined, Census of Electrical Indnstries, Electric Light and Power
Industry, 1937, table 23, p. 30. .

Source: Census of Electrical Industries, Electric Light end Power Industry, 1037, table M, p. 40.



CHAPTER 111

ESTIMATE OF ENERGY REQUIREMENTS OF NEW
YORK STATE IN 1950

New York State has for many years past depended upon steam
power to meet its growing needs for electricity. This, it has been
shown in preceding chapters, has placed the State at a disadvantage
in relation to other sections of the country where fuel and water
power are available at low cost. The question to be analyzed in this
-chapter ig whether New York State will in the near future develop a
market which would justify the utilization of the St. Lawrence-
Niagara power resources. This question arises particularly because
of the magnitude of the power capacity of the joint project with large
initial capital outlay. In the next chapter the effect of this power
development upon New York State industry is analyzed.

The year 1950 is selected as the basis of estimating future require-
ments for electric energy because, in the first place, a hydroelectric
development of the magnitude of the combined St. Lawrence-Niagara
project would normally be inducted into service not all at once, but
in several increments spread over a period of years. Secondly, the
completion of the International Rapids Section of the combined
project is usually estimated to require 6 to 7 years, if work proceeded
without special haste. If pressed forward under emergency condi-
tions, according to the Chief of Engineers United States Army power
can be obtained in 4 years. The installation of various generating
units in the powerhouse can, of course, be staggered to meet the
growth of the load. In the third place, it is desirable to take a year
far enough in the future in order to allow time for the effects of cheap
hydro power rates upon consumption to materialize.

A further reason for the selection of 1950 as a basis of future esti-
mates is that several other indices which are used in the course of
the following discussion have been projected by other writers to this
year. This is true of Thompson-Whelpton population estimates,
New York State Power Authority’s estimate of energy requirements
in New York and Dr. John Bauer’s estimate of energy requirements
in the United States.

Although 1950 is here considered as the date when the combined
project may be fully developed, and its effects in evidence, assuming
normal trends, it must be recognized that the national defense pro-
gram, and the war abroad, have a distinctly accelerating effect upon
industrial activity and demand for power. It is inevitable therefore

48
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that if the national defense program continues, the time factor will be
telescoped, and the estimates for the year 1950 made in this report
will be realized much sooner. This possibility is analyzed in a subse-
quent report. '

The task of forecasting normal trends is made particularly difficult
by the fact that the State’s future energy consumption and the unit
costs of energy are obviously interdependent. In order to estimate
the amount of energy consumed it is necessary to know the rates that
will be charged—yet in order to determine costs, which are the ulti-
mate basis of rates, the total energy requirements and load must be
available. The following escape from this dilemma will be adopted:

1. Total energy consumption and load requirements as of 1950 #vill
be estimated for the different classes of service, using the most reaSon-'
able a priori estimates of rate changes which can be accepted,: In the
case of residential and farm service, the objective rate {s‘cﬁe‘(ﬁl_le_‘j
designed by the Power Authority of New York State will be assumed "
and adhered to; but for industrial and commercial service it will be
necessary to make a provisional guess as to the rate change. '

2. When the total energy consumption and load have been esti-
mated for 1950 on the basis of rates as above outlined, they will be
checked against other such estimates. Then the cost of generation
and transmission will be determined for each class of energy sales,
allocating fixed and variable costs on the basis of class demands.

3. The revenues obtained from residential and farm sales under the
Power Authority’s objective rate schedules will then be calculated,
and deducted from the total costs of the system in order to determine
how much cost must be covered by revenues from the other types of
service.

4. The average rate levels required to make the estimated non-
residential sales cover their allocated costs will then be checked back
against the rate levels that were provisionally assumed for these types
of service. This will indicate whether or not the estimated total
energy output can be marketed at rates that will cover its costs.

Section 1

Anarysis oF 1937 ENeErcY SALES

Since many of the most recent available statistics (including the
Census of Manufactures) are for 1937, it is convenient to use that year
a8 a base, and to analyze the various factors of the situation in terms
of the percentage of increase between 1937 and 1950.

The various classes of energy consumption differ widely in their
characteristics. It is not justifiable to assume that a certain expected
rate of population increase will lead to the same increase in industrial
or commercial as in residential consumption, nor that the effects of

282071—41——5
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prospective trends in rates will be uniform as between classes of
_service. .Consequently, it is necessary to estimate the probable
-1937-50 increase in sales for each class of service sepa.rately, and then
recombine these class estxmates to obtain the probable increase in
total sales, f

The first step is to break down New York State’s 1937 energy sales
into classes: Domestic, farm, industrial, commercial, and other.
Table 30 shows the number of ultimate consumers of each classreported
to the 1937 Census by New York State utilities, and table 31 shows,
in less detail and mainly for private utilities alone the Census breaks
down of sales to ultimate consumers,

The State figures on energy sales and revenue are classified only for
privately owned electric utilities. It happens however, that private
utilities ‘§o practically all of the business in New York State. As
tables 30" anid 31 show, they served 97.9 percent of the customers,

- sold 99 percent of the power and collected 98.7 percent of the revenue.

The following condensation of table 31, therefore, tells substantially

- the whole story of sales by private utilities:

1937 sales by private *
atilities

Class of service
Millions of | Percent of
kwh. total

Nonfarm eommercml and industrial " 9,828 69.5
Nonfarm r 2,021 143
Farm (commerc.la.l and residential) 86 0.6
All other ) 2,205 156
Total 14,139 100.0

TasLE 30

Ultimate consumers :erwd by New York State electric utilities, by
class of service, 1937

) ) . Number of consumers Private,
Class of service P of
Allutilities | Private utilities | t0tal
Residential:
Farm - 49, 950 46, 228 92.5
Nonfarm . 3,146, 258 3, 084, 552 8.0
Commercial and industrial: -
- Farm 39, 882 38, 849 97.4
Nonfarm 602, 799 590, 232 97.9
Public street and highway lighting 1,690 1,627 96.3
Other sales to pablic authorities_ . _______ ceemea. 3,038
Railroads and railways. . 54 2,976 0.2
Interdepartmental 84 o
Other. 87
i Total___. - iy 3,843,842 3,764, 464 97.9
Total sales (kwh.) 114, 288,378, 744 14, 138 740, 669 9.0
Total rev $317, 469, 290 813 224, 535 98.7

1 Sales to ultlmate consumers by pnvnte and municipal atilities, which together accounted for all but zo
of the 3,843,842 ultimate consumers,
39Souncx Census of Electrical Industries, Electric Light and Power Induastry, 1037, table 20, p. 34, and tablo
, PP. 62-66.
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- TasLe 31
Electricity sales in New York State by private and municipal utilities, 193 7
: Sales to ultimate consumers Co
(millions of kwh.) Private as
Class of service peml;{: of
Private | Municipal | Total
Allel 14,139 150 14,288 9.0
Residential or d ti 2,070 @ ?) (1; )
Farm._. 50 1) Q i
Nonfarm 2,021 2, 066 97.9
Commercial and industrial 9, Sgg 8 g; 8
Nonfar 9,828 75 9,904 . 99.2
Btreet and highway lighting 312 10 322 96.8
All other? 1,802 ™. o

1 Data withheld to avoid disclosure of individual operatio
¢ Includes sales to ““‘Street and interurban railways,” “Electrified steam-railroad divisions,” “Inter-

departmental,” “‘Other sales to public authorities,” an
separately by States.

sud ‘Other sales to ultimate consumers,” not reported

BSovrcE: Census of Electrical Industries, Electric Light and Power Industry, 1937, tables 39-40, pp. 62-72,

Roughly, 70 percent of all power sales in the state were ma.de to

nonfarm commercial and industrial customers.

A division between

sales to manufacturing and to nonmanufacturing enterprises can be
obtained by the use of the following Census data on purchases of
electric energy by New York State manufacturing enterprises in

1937:!
Electric energy purchased Miilé;’ll:ls of Cost
Total 7,346, 183
Reported by both quantity and cost (2’ 964 325, 7 4 784
Beported by cost, only o | 19730
1 No data,

The average cost of the energy reported by both quantity and cost

was 7.95 mills per kilowatt-hour.

Applying this unit cost to the

$1,971,399 worth of energy reported by cost only, gives 248 million
kﬂowatt—hours to add to the 6,964 million reported specifically by
quantity. This yields 7,212 mxlhon kilowatt-hours as the probable
total energy purchases by New York State manufacturers.

The high-load-factor ? electroprocess industries at Niagara and
Massena should be considered separately, since their future growth
in the State hinges upon the St. Lawrence project to a much greater
extent than does the growth of mdustry in genera,l Energy sa.les to

1 Census of Manufactures, 1937, table 2, p. 1670,

 The most important characteristic of the energy requirement of the electroprocess Industries as a group
§8 1¢3 relative uniformity, which is expressed in the “load factor.” The annual load factor is the ratio of the

actusl consumption of energy in 8 year to the consumption that would result if the peak demand were

maintained day and night thronghout the year. Since there are 8,760 hours in a year, the load factor is
calculated by dividing the year’s output in kilowatt-hours by 8,760 times the number of kxlowntts of peak

demand,
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these industries in New York State is not precisely known, and
varies 1ather widely from one year to another, but is believed to be
about 2 billion kilowatt-hours annually at present. The Federal
Power Commission gives the total 1938 output of the Niagara Falls
Power Company as 2.1 billion kilowatt-hours, of which “about
half” (4. e., slightly over 1 billion) was used by electroprocess in-
dustries in the Niagara area.? At Massena, the St. Lawrence River
Power Co. generateda490 million kilowatt-hours for the Aluminum
Company of America and imported an additional 470 million kilo-
watt-hours from Canada for the same customer.* Adding the Niagara
and Massena figures, we reach an approximate total of 2 billion kilo~
watt-hours annually.

The break-down of 1937 salés may now be expanded as follows:

Millions | Percent of
total

of kwh.

Industrial (other than high-load-factor) 5,212 36.9
Nonfarm commercial 2,616 18.5
Nonfarm residenti 2,021 14.3
High-load-factor industries_ 2,000 14.1

. Farm (commercial and residential) 86 .6
All other.. 2,205 15.6
Total ' : . 14,140 100.0

The six classes of sales tabulated above may henceforth be referred
to simply as Industrial, Commercial, Residential, High-Load-Factor,

TasLE 32
Electricity sales in the United States by class of ultimate consumers, 1926-39
) [Millions of kilowatt-hours]
l Commercial
Year “Total Farm | Residen- All othert
Small Large

1926 , 080 ™ 8,727 9485| 31,908 7,161
1927 61, 251 861 7,58 | 10766| 34539 7,547
1928 66, 088 1,387 gaw| 62| 3775 7,774
1929 75,204 1,602 9,526 13106]| 4207 8,089
1930 74, 006 L789| 10702| 13044] 40148 833
1931 902 89] 1,3 1su| s 8,169
1032 63,711 L57| 1n4ss| 121081 30,064 7, 568
1033 65, 916 ress| iuasof 11s89| 33,857 7,478
1934 71,082 rss7]  1Zms| I 7,770
1936 77, 8% 62 13006} 13,588] 40,865 7,956
1936 90, 044 2,138 s902| 15612] 48,655 8,647
1937 99, 546 2380 | 16,875 1568 | 53,546 9,178
1938 93, 894 2528 | 15461 18316 44900 9, 689
1039, 107, 000 330 19,80| 19000 53400 10, 560

1 Municipal street lighting, street and interurban railways, electrified divisions of steam railroads,
municipal and miscellaneous,

Sovurce: Edison Electric Instltute, Statistical Bulletin No. § (1937) table I-b, pp. 2-3, and Annual Statistical
Bullains, 1938, 1939,

8 'This includes the output of the 41,250-kilowatt direct-current generators of the Aluminum Company
of America in the Schoellkopf station, to which the Niagara Falls Power Company supplies mechanical
energy.

¢ Data supplied by the Federal Power Commission,
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Farm, and Miscellaneéous. An attempt will be made to forecast for
each of these, as accurately as possible, the increase that can be
expected by 1950.. For purposes of comparison with the precec'ling
break-down of New York State electric energy sales, and to act as a
check upon final estimates of 1950 demand by classes “of service,
tables 32 and 33 are offered; they show sales by classes for the
United States as a whole since 1926.

TasLe 33

Percentage disiribution of electricity sales in the United States, by class of
ultimate consumers, 1926-39 - '

Commercial
Year Total Ferm | Residential All othert
o Small Large
1926 100.0 1.3 12.0 16.9 57.0 12.8
1927 100.0 1.4 12.3 17.6 56.4 12.3
1928, 100.0 2.1 12.6 17.5 56.3 1.5
1929 100.0 2.1 12,7 17.4 57.1 10.7
1930, 100.0 2.4 14.3 18.6 53.6 1.1
1931 100.0 2.6 15.8 18.8 5.6 1.3
1932, 100.0 2.5 18.0 19.0 48.68 119
1933, 100.0 2.5 17.2 17.6 51.3 11.4
1934 100.0 2.6 17.2 17.3 52.0 10.9
1935 100.0 2.2 17.4 17.6 82.7 10.2
1938 100.¢ 2.4 18.7 17.3 54.0 9.6
1637. 100.0 2.4 17.0 17.7 53.8 9.1
1938, 100.0 2.7 19.7 19.5 47.8 10.3
1939, 100.0 3.1 18.6 18.6 49.9 9.9

! Municipal street lighting, street and interurban railways, electrified divisions of steam railroads,
d miscellaneous.

municipal an
Source: Edison Electric Institute, Statistical Bulletin No. 4 (1937) table I-b, pp. 2-3, and Annual Statise

tical Bulletins 1938, 1939,
Section 2

GrowtH IN INDUSTRIAL SALES

The growth of energy sales to New York State industries may be
due to changes in the following factors: (¢) The number of industrial
customers; (b) the expenditure on power by the average industrial
customer; and (c) the average amount of energy furnished per dollar
of expenditure. :

When each of these changes has been evaluated, the final result
(i. e., the expected change in total industrial energy sales) will be cal-

“culated by simple multiplication. As an example, if the number of
industrial customers is expected to decrease to 85 percent of the 1937
total, and if the average customer is expected to increase his power
bill to 150 percent of the 1937 average bill, the total expected expend-
iture on industrial power in 1950 will evidently be 85 percent times
150 percent, or 127.5 percent, of the actual 1937 expenditure. If each
dollar spent is expected to buy 133.3 percent as much energy in 1950
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as in 1937, the total expected energy sales in 1950 will be 127.5 percent
times 133.3 percent, or 170 percent of actual 1937 sales.®

Number of Customers.

The number of manufacturing establishments has been gradually
decreasing for many years both in New York State and in the country
atlarge. As they become fewer they also become larger. As a result,
industrial consumption of electricity per customer increases. Further-
more, decreases in number of establishments will be partly offset, as
in the past, by a rising proportion of manufacturing firms buying
electricity. It may be assumed that the number of manufacturing
establishments in New York State will be 25,000 in 1950 as compared
with 29,749 in 1937 ¢ (i. e., a 16 percent decrease) and that the number
of industrial power customers will fall perhaps not more than 15
percent. T '

Average Annual Expenditure per Customer.

The trend in the average bill per industrial customer in New York
State is difficult to determine, since there is no extended annual
_ series of State-wide data, and also because industrial and nonfarm
commercial sales are ordinarily combined in the reports made by the
utilities to statistical agencies such as the Census, the Federal Power
Commission, the Edison Electric Institute, and Poor’s and Moody’s
Manuals. Some attempt can be made, however, to trace a trend for
the United States as a whole.

The Edison Electric Institute reports two classes of commercial-
industrial sales: “Large commercial light and power” and “Small
¢ommercial light and power” for the United States, and its data for
these two classes, separately and together, are shown in tables 34,
35, and 36 and charts 16 and 17. The average bill for all *“ commercial”
service shows a very slight upward trend, which seems to be due

8 This Iatter step requires more explicit justification. It is clear that if an industrial consumer’s energy
demand® a8 of 8 given time is highly inelastie, his expenditure on power will be less if the pricet is low than
if it is high. In that case, the calculation of his power expenditure independently of the effect of price
reductions would give too high an estimate of probable consumption, becanse part of the effect of the redue-
tions would be 8 reduction in his total expenditure on power. On the other hand, if the industrial eon-
sumer’s demand is highly elastic, the reduction of the average electricity price will increase his total expend-
iture. In that case, an estimate arrived at by forecasting expenditure and energy-per-dollar independently,
snd then multiplying, would be over-conservative. Only if demand is of approximately unitary elasticity,
with differences in rates being compensated by inversely proportionate differences in consumption, would
the total power expenditure per customer be really independent of changes in the average price of energy.
Fortunately for our purposes, the individual eastomer’s demand for most classes of electric scrvice appears
to be of somewhat greater than unitary elasticity. This that the proced depted imating
the change in the average customer’s bill and the change in the t of energy purchasable per dollar,
and then multiplying—may be counted on to eontribute a downward, or conservative bias to the final
estimates.

-*The demand relationship here referred to is the relation between average price and amount bought,
as of 8 given time and situation with all other factors assumed constant.

tAverage amount paid per kilowatt-hour, a8 distinguished from rate schedules, which ordinarily are
bracketed to provide lowered rates for increased consumption.

8 Census of Manufactures, 1937, op. cit. ‘This figure excludes gas works, railroad repair shops, and estab-
lishments with leas than $5,000 worth of products. It includes the high-load-factor enterprises, but these
are almost negligitle in number.
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mainly to the sharp rise in the “large commercial” bill since 1933.

The “small commercial” bill appears relatively constant in size,

without measurable trend. :
The rise in the average annual bill of “large™ customers since 1933

Chart 16 -CONSUMPTION AND COST OF ELECTRICITY IN
"SMALL COMMERCIAL" SERVICE IN THE
UNITED STATES, 1926-1939

Kilowott bours RATIO SCALE Cents
9,000( - 19
8.000 18
7.000 7
6.000 6
5.000 }-———— Averoge cost 5
| / (revense por keiowett howr) _
A
L .~ |
\~~
3,000 Sales 3
(erowett howrs
por custpmer ) ]
20003 i 1 £ 1 1 1 1 1 | I | . 1 1 1 2
Dottors ) Dollars
300 300
200 200
\/me bt
( osmes! revense
per customer )
100 I I | I N W | [ S W | I N | S S | 100
1925 1930 1935 1940 1945 1950
Source Table 35 . wPA 3702

may apply more properly to manufacturing than to nonmanufacturing
customers, since the average manufacturer’s 1937 power bill in the
United States was about $2,800.7 Further substantiation of this
hypothesis is gained from the fact that the “large” bills have much
larger percentage cyclical fluctuations, which is what must be expected

! Itid_, table 2, p. 1670, and table 2, p. 19. This figure is anly & very emde apyroximation of the sveraes
mmwmammwmnnmbummm group of IBang-

facturing plants reporting to the Census. Thmhimumm&“hwm«l

power bills (r i d $2 000 ally) ds mare cloeely to the average manufacturing ens-
tomer than does the “small” bill of around $150 a year. .
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of manufacturing as against commercial power users. To a large
extent, though by no means fully, manufacturers are among the
“large” consumers of the commercial-industrial category, and trade
and service establishments are among the “small” consumers. As
of December 31, 1937, New York State had 41,395 of these “large”

Chort 17-CONSUMPTION AND COST OF ELECTRICITY IN
“LARGE COMMERCIAL" SERVICE IN THE
UNITED STATES, 1926-1939 .

kAowott hours RATIO SCALE Cems

300 3
_ /\/ 2

.90 \v/ 9
m s A A 1 ] 1 [] ] [ 1 1 1. 1 B L ) i J ] 8
Thousond doflors Thowsond owor:
* |
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- por custemer ) j

[] | I ] g9 9 1 A1 1 1 1 | -1 i I T - | _I
1925 1930 1935 1940 1945 1950

Souwrce Table 36 wea 3703

commercial-industrial consumers® and in 1937 the Census reported
only 27,749 manufacturing establishments® The diﬁergnoe may be
explainedbythepresenceoflaxgeserviceandeommmml establish-
* Edison Edectric Institnte, Swfistical Bulkfia Na_5, Apcil MGR, table . p. IL
% Censns of Mansfactures, 1537, tabie 1, p. 1388. This fgare inchades anly establckusents predueice at

Temit $5,009 warth of soods for sale doring the year, but may imelod » few sstablishanents wiich were aot
- sol imderrinl”
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TasLE 34

Al “commercial” light and power service in the United States:
Customers, sales, and revenue, 1926-39

Sales Revenue
Year Number of Cents per
castomers | nrivions of | Kwh. per | Millions of | Dollarsper | EWB-
kwh. customer dollars customer

3, 437, 362 41,478 12, 067 903. 6 263 2.18

3, 668, 767 45, 305 12, 349 986. 6 269 2.18

3, 868, 804 49, 407 12,771 1,049.1 271 2.12

3, 962, 163 66, 077 14,153 1,146.7 289 204

3,972,390 54, 092 13, 617 1,142.1 288 211

4,072,273 50, 481 12, 306 1,100.3 272 2.20

3,974,498 43,070 10, 837 975. 4 245 2.2

3, 955, 424 45, 446 11, 460 940. 2 238 2,01

3,093, 946 49, 222 12,324 989.9 248 2.07

4, 015, 363 54, 453 13 561 1,050.3 262 193

4, 105, 313 64, 267 13, 655 1,143.3 278 178

4, 151, 262 71, 104 17,129 1,219.9 204 172

4, 231, 039 63, 216 14, 941 1,155.2 273 1.83

4, 399, 553 73,300 18, 661 1,241.1 282 169

REVISED CLASSIFICATION

1937. 4, 268, 895 69, 435 16, 265 1,199.6 281 L73
1938, 4,319,079 62, 277 14,419 1,150.8 266 1.85
1939 4,399, 553 71, 830 16, 327 1,233.3 280 1L72

SovRCE: Edison E’tedrlc Im'tmm, Statistical Bulletin No. 4 (1937), table I-b, pp. 2-3; No. 7, table I,
P. 2, and table A, p vised classification of types of service is that adopted to conform to the
accounting classiﬁcation prescribed by the Federal Power Commission as of Jan. 1, 1937,

< TaBLE 35

“Small commercial” light and power service in the United States:
Customers, sales, and revenue, 1926-39

, Sales Revenue
Year Number of Cents per
customers | nriions of | Kwh, per | Millions of | Dollars per | EWE-
kwh. customer dollars customer
1928 - 3, 154, 530 9, 485 3, 007 427. 4 135 4,51
1027 e 3, 356, 140 10, 766 3,208 482.1 144 4,48
1928 - 3, 527, 489 11, 692 3,315 520.0 147 445
1929 .- 3, 594, 115 13,106 3, 647 565. 6 155 424
1930, 3,625, 653 13,044 3,846 575.6 159 4.13
1931 3,724,013 13, 544 3,837 564.5 152 4.17
1932 - 3, 603, 668 12,108 3, 359 501.0 139 4,14
1933 3,620, 812 11, 589 3,194 471.8 130 4,07
1934 el 3, 670, 419 12,278 3,346 490.4 134 3.99
1935 3,710,771 13, 588 3, 661 519.2 140 3.82
1 3,825, 280 15,612 4,081 562.1 147 3.60
1937 3,801, 584 17,558 4 512 604.8 155 3.4
1938, 3,979, 468 18,316 4,603 605.3 153 3.33
1939, O] 20, 235 (&) 647.7 O] 3.20
REVISED CLASSIFICATION

4,071,633 18, 705 4,439 616. 4 151 3.41

4,127, 357 19, 137 4,637 632.1 153 3.30

4, 215, 254 20, 722 4,916 660.7 157 3.19

1 Not available.

SOURCE: Edison Electric Institule, Statistical Builetin No, }, 1037, table I-b, pp. 2-3; No.7, tablel, p. 2,and
table A, p. 33. The revised classification of types of service is that adopted to conform to the aceountinx
classification prescribed by the Federal Power Commission as of Jan, 1, 1937,
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TasLE 36

“Large commercial” light and power service in the United States:
Customers, sales, and revenue, 192639

Sales Revenue
Number of Cents
Year per
customers | niflions of | Kwh. per | Millions of | Dollars per | E%h-
kw! customer dollars customer
1926 282, 832 31,993 113,118 476.2 1,684 L4
1927 312, 627 34,539 110, 480 504.5 1,614 146
1928 841, 315 37, 715 130, 490 520.2 1, 560 140
1929 368, 42,071 118,754 891.0 1,608 138
1930, 346, 737 40,148 115,788 566.5 1,634 14
1931 348, 38,037 106, 062 544.7 1,564 147
1932 370, 830 30, 064 3,499 474.4 1,279 1.53
1933 334, 612 33, 857 101, 183 468.4 1,400 1.38
1934 323, 527 36, 944 114,191 499.5 1,544 135
bl 304, 592 40,865 134,163 83L1 1,744 130
1936, 280, 024 48, 655 173,753 58L1 2,075 119
1937, 259, 678 53, 546 206, 202 615.0 2,368 1.15
1938, 251, 573 44,900 178,477 - 545.9 2,170 122
1938 (O] 52,773 (0] 505.0 (0] 113
REVISED CLASSIFICATION
1937. 197, 262 51, 360 260, 364 583.2 2,056 114
1938 ‘191, 722 43,150 225,013 518.7 2,705 L2
1939, ) ‘ 184,209 51,108 277,310 - 5127 3,107 1,12
§ Not available.

SouRCE: Edison Electric Institute, Statistical Bulletin No. 4, 1937, table I-b, pp. 2-3; No. 7, table I, p. 2,
and table A, p.33. The revised classification of types of service is that adopted to conform to the aceounting
elassification preseribed by the Federal Power Commission as of Jan. 1, 1937,

ments among the “large” consumers. Furthermore, the distinction
between ““small” and ‘“large” (supposedly drawn at 50 kilowatts
demand) has not always been consistently observed.!®

Nonetheless, the divergence in trends of the two categories appears
to be so marked that even a rough allocation is better than none.
The average annual bill of the small commercial-industrial users will
be assumed constant to 1950, while that of the large users seems to
be headed for an annual bill of at least $4,000 in 1950.

It is now possible to calculate the expected increase in the average
of all commercial-industrial bills. Each of the 41,395 “large” annual
bills in New York State will rise from about $2,360 in 1937 to about
$4,000 in 1950, or an increase of $1,640. This means a total increase
in revenue amounting to $67,887,800 (41,395X$1,640). In 1937
the actual total of all nonfarm commercial-industrial revenue in
New York State was $177,302,474.1 The additional revenue of
$67,887,800 would amount then to a 37-percent increase; and since
the whole calculation has been based on the 1937 number of bills, the
average increase in revenue per bill would likewise be 37 percent.

" 1 Edison Electric Institute, Statéatical Bulletin No. 4, January 1637, p. 15.

11 Census of Electrical Industries, Electric Light and Power Induastry, 1937, table 39, p. 66, lnd table 40,
p. 72. ‘This figure includes sales by both private and municipal atilities. :
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Probably a greater share of the general increase should be allocated
to the strictly industrial category, so the 1937-50 increase in the
average annual industrial bill has been set at 50 percent. Smce
about 30 percent of the commercial-industrial power revenue in
New York State comes from industrial sales,’® this 50-percent increase
in the industrie! bill would account for a 15¥percent increase in revenue,
leaving 22 percent to be accounted for by an increase in commercial
bills. The average commercial bill (since commercial revenue is
70 percent of the total) could then increase about 30 percent.

The prospective 37-percent increase in average annual commercial- -
industrial bills has now been roughly allocated, with the average
industrial bill increasing 50 percent and the average commerclal bill
30 percent. :

Effect of Rate Reductions.

The next step is to determine how much additional energy these
augmented power budgets will purchase. As indicated earlier, the
procedure will be to set up a provisional estimate of the reduction in
average price per kilowatt-hour, determining subsequently whether
such reduction would be economically feasible. Due to the almost
complete lack of statistics on industrial and commercial service
separately, there is no basis for predicting any greater change in
price in the one class than in the other; so it will be assumed that
the percentage change will be equal for both industrial and com-
mercial sales.

The experience of the 13-year period 1926-39 Toay furmsh some
guidance to a reasonable forecast of rate reductions in the 13-year
period 1937-50. Taking all commercial-industrial service together,
the average revenue per kilowatt-hour fell from 2.18 cents in 1926
to 1.69 cents in 1939, a decline of 22.5 percent. It seems likely that
rates may fall even faster in the period 1937-50, if the St. Lawrence
project is put into operation; so a somewhat greater reduction (25
percent) will be adopted as a provisional assumption. At a later
stage, when the total energy and load requirements have been calcu-
lated, it will be possible to judge the feasibility of a. 25-percent
reduction.

L Tﬁe 1937 Census of Manufactures figure for total cost of purchased energy to New York State manu-
facturers is $57,346,183 (table 2, p. 1670). In order to make approximate allowance for the high-load-factor
electrochemical and electrometallurgical industries, which are to be considered separately, $5,000,000 should
be deducted from the Census total. This assumes an average price of 2.5 mills per kilowatt-hour to such
industries, on 1937 sales of approximately 2 billion kilowatt-hours. See the source note to table 52, below, °
for evidence on the appropriateness of the average price figure. Deducting the $5,000,000 of high-load-factor
revenue from the Census figure leaves $52,346,183 as an estimate of total ordinary industrial revenues. ‘The
total revenue from all nonfarm commercial-industrial energy sales in New York State, according to the
Ceusus of Electrical Industries (Electric Light and Power Industry, 1937, table 39, . 66) was $175,588,471,

Deducting trom this the $5,000,000 estimated for high-load-factor industrial revenne leaves $170,588,471.

; t;h. y ial revenues as estimated sbove ($52,346,183) constitute slightly more than 30 percent

4 See table 34, p. 57,
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Combined Estimate for Industrial Sales.

The three components of 1937-50 growth in industrial power sales
in New York State have now been evaluated as follows:

1. The number of industrial customers will be 85 percent as large
as in 1937,

2. The average industrial customer’s annual bill will be 150 percent
as large as in 1937.

3. The average price of electricity to industrial customers will be
25 percent less than in 1937—in other words, a dollar in 1950 will
buy one-third more energy than in 1937.

Combining the first and second of these components, the total
1950 revenue from industrial sales will be about 27.5 percent greater
than 1937 revenue (85 percent times 150 percent=127.5 percent).
No figures are available to check this against past trends in New
York State. In the United States as a whole, during the period
1926-39, commercial-industrial revenue increased from 903.6 million
dollars to 1,241.1 million, or an increase of more than 37 percent."
Revenue from sales to ‘large’” commercial-industrial customers,
which come closer to representing genuine industrial sales, seems to
have increased at about the same rate.'

The remaining step is a simple one. As estimated, the manufac-
turers of New York State will be spending, in the aggregate, 27.5
percent more money on electric power per year in 1950 than in 1937.
Furthermore each dollar will at that time buy one-third more energy
than it did in 1937. Consequently, the expected 1937-50 increase
in total industrial energy sales in the State is 70 percent (i. e., 127.5
percent times 133% percent=170 percent). This increase, applied to
the previously estimated 1937 industrial consumption of 5,212 million
kilowatt-hours, gives 8,860 million kilowatt-hours as the expected
1950 level of annual industrial consumption outside of the high-
load-factor industries.

It is estimated at a later point that a further effect of the St. Law-
rence power rates (as compared with rates under the alternative
1950 all-steam plan) will be the employment of many thousands of
additional industrial workers. This of course represents a small
addition to the number of men who will be at work in the State’s
industries in 1950 in any case, but gives further reason for regarding
the 70 percent growth estimate as conservative. The estimate is of
course contingent upon the reduction of the average kilowatt-hour
charge by 25 percent; the feasibility of this will be checked later.

1 See table 34, p. 57.
16 See table 36. On account of the change in service classifications it is not possible to compare 1926 and
1939 directly. However, the 1926-38 increase in “large commercial”’ revenus was 25 percent, and the 1938~

39 increase, under the revised classification, was 10 percent. Combining these would give a total 1926-38
increase of 37.5 percent.
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Section 3
GrowTtH 1IN COMMERCIAL SALES

Estimates may now be made for strictly commercial sales of energy,
which in 1937 amounted to approximately 2,616 million kilowatt-
hours, or 18.5 percent of all energy sales in New York State,

The number of commercial customers, as distinct from industrial,
seems to be still increasing considerably faster than population. In
the United States as a whole, for instance, between 1926 and 1939,
the number of commercial-industrial customers steadily increased
from 3,437,362 to approximately 4,191,000, or 22 percent. The
population increase in the same interval was probably less than 9
percent.”” Furthermore, the number of “small”’ commercial-indus-
trial customers has been increasing much more rapidly, while the
number of “large” ones is falling, So far as New York State is con-
cerned, there is no reason to believe that any of the growth represents
any net increase in industrial customers; and in any event the number
of industrial customers is a very small part of the total number.’®

It seems possible, then, that the number of nonfarm commercial
customers in New York State will increase 8 or 10 percent faster than
population. At a later point in this report (table 37), the .1937-50
population increase is forecast at somewhat more than 4 percent.
A safely conservative estimate of the accompanymg increase in com-
mercial electrlclty customers is 11 percent.

The 1937-50 increase in the average commercial power bill has
already been estimated at 30 percent. In 1950, then, there will be
11 percent more commercial customers, each on the average spending
30 percent more money in purchasing energy which will sell for 25
percent less per kilowatt-hour. The result, in terms of 1950 com-
mercial power sales relative to 1937, is an increase of 92 percent (111
percent times 130 percent, divided by 75 percent, gives 192 percent).
This 92-percent increase, applied to the previously estimated 1937
New York State commercial consumption of 2,616 million kilowatt-
hours, yields 5,023 million kilowatt-hours as the expected 1950 level
of annual commercial consumption.

Taking both industrial and commercial consumption together, the
expectation is that 1950 consumption may be in the neighborhood of
14 billion kilowatt-hours (8.9 billion plus 5.0 billion). This repre-
sents an increase of 77 percent over the 1937 industrial-commercial
consumption. '

¥ Edison Elediric Institule, Statistical Bulletin No. §, April 1038, 0p. ciZ. table 17, p. 16; Electrical World,
January 18, 1040.

" Based on the Census Bureau’s midyear estimate for 1026 (Statistical Abstract, 1939, table 12, p. 10)
and its press release of September 22, 1940, Summary of Preliminarg Population Fiaum Jor the United States,
by States, 1940, . 1.

8 Only 166,794 manufacturing enterprises were included in the 1937 Cems of Manulactures, for the
United States as & whole.
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Section 4
GrowTtH IN FaArRM AND RESIDENTIAL CONSUMPTION

The increase to be expected in residential and farm consumption
may be analyzed as the resul‘ant of four factors: (a) Growth of popu-
lation; (b) increase in the number of customers relative to population;
(¢) increase in the amount the average consumer will spend on elec-
tricity; and (d) increase in consumption because of lower rates.

Growth of Population.

The rate of growth of farm and nonfarm population in New York
State between 1937 and 1950 is not easy to estimate. In arriving at
the results shown in table 87 below, three sources of data have been
used: The Census reports of 1930 and 1940, and the estimates pre-
pared by Thompson and Whelpton in 1934 for the National Re-
sources Board.

Probably the best simple estimate of the 1937 total population of
New York State is obtained by direct proportional interpolation
between the 1930 and 1940 Census figures. This yields a figure of
13,142,000 persons. In order to break this down into farm and
nonfarm, however, the Thompson and Whelpton estimates must be
resorted to, since at the date of present writing the 1940 Census
data do not furnish such a break-down. Thompson and Whelpton
give two estimates for each populstion group at each date: One
based on the assumption that there will be no internal migration, the
other based on the assumption that the internal migration trends of
the 1920-30 decade will continue. For the year 1940, these two
estimates are 12,989,000 and 13,709,000 respectively. If the appro-
priateness of the migration assumptions are checked against the 1940
Census enumeration (13,380,000), neither assumption yields a very
accurate forecast; they err almost equally in opposite directions.
The no-migration forecast underestimates the State’s 1940 popula-
tion by 391,000 persons, while the continued-migration forecast
overestimates it by 329,000. The average of the two Thompson-
Whelpton estimates for 1940 was 13,349,000, which differs from the
actual Census count by only 31,000, or less than a quarter of 1 percent.

Insofar as the 193040 experience is indicative, then, a compromise
between the alternative assumptions offered by Thompson and
Whelpton appears safest. In table 37, such a compromise has been
made by simply averaging the subgroup figures for 1940, and the
resulting figure for each group of the population has then been raised
about one-quarter of 1 percent so as to make the total check with
the 1940 Census enumeration. This gives an approximate break-
down of the 1940 total into farm and nonfarm groups, and makes it
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possible to interpolate between 1930 and 1940 to secure wtlmatos of
the population of each of these groups in 1937,

For the year 1950, Thompson and Whelpton give again two fore-
casts for each group of the population, one based on the assumption
of no migration and the other based on the assumption that migration
will continue as in 1920-30. The weight of experience seems to favor
taking the average of these two forecasts, if only because that worked
in 1940. In table 37, accordingly, are shown such “compromise”
estimates for 1950, compared with the approximate 1937 totals,
It will be seen that the nonfarm population is expected to increase
from 12,426,000 in 1937 to 12,987,000 in 1950, or about 4.5 percent;
while the farm population is expected to decrease from 717,000 in
1937 to 708,000 in 1950, or a little more than 1 percent. , The popula-
tion of the State as a whole is expected to increase from 13,142,000
to 13,695,000, or 4.21 percent.

. TABLE 37
Estimated growth of New York State populauon, 1937—50
[Thousands] .
- Norfarm
Enumerstion or estimate Total - Farm

Total Urban Rural -

1930 Census._ __.ocooocemeaneeoeeozeeee] 12,688 11,868 10,522 16| 720
1940 Census and Thompsonand Whelpton!.| 13,380 12, 665 111,184 1,481 2716
1937, estimated . .- __ ... 13,142 12,426 10 990 1,445 717
1950, Thompson and Whelpton 1_ 13, 685 12, 987 1 11, 47 1,570 2708
Parcentage increase, 1937-50... 421 4.51 3.89 8.65 3 (1.26)

1 See text, pp. 62-3.
? The Thompson-Whelpton figure for “urban” population presumably includes the small urban farm
gggulatmn. which in 1930 constituted 0.107 percent of total New York population. This percentage has
n assumed to hold good for 1940 and 1950 also, and accordingly 14,000 persons in 1940 and 15,000 in 1950
lm.v‘ler here b‘o:n shifted from Thompsou and Whelpton s “urban” total to the “farm’ total.
igures in p

80URCES: Census data for 1930, Irom Statistical Abstract, 1939, table 10, p. 8, Census data for 1940, from
Census press release of September 22, 1940, Summary of Preliminary Populstion Figures for the Umud
States, by States, 1940, table 1, p. 3.

Thompson and Whelpton data, from Warren 8. Thompson and P. K. Whelpton, Estimates of Fulure
Population by suua, prepared for National Resources Board, December 1934 (unpaged).

This rate of increase is markedly lower than previous rates, and
illustrates the Nation-wide slackening of population growth which
was first brought to general public attention by the results of the
1940 Census. As recently as 1938, the Power Authority of the State
of New York thought a rate of increase of nearly 1 percent annually
was in prospect for the 1940’s, and based its load estimates in part
upon the assumption of a 10 percent increase in population by 1950.
It happens that in spite of this variance in expected population
growth, the power load forecasts of the Power Authority and of the
Present study are in very close agreement,
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Number of Nonfarm Customers.

It is difficult to estimate the probable increase in the percentage of
the State’s population served by electricity, but the available data
and the experience of other States with lower electric rates indicate
that the saturation point, in terms of numbers of customers, is not
yet at hand.

" Tables 38 and 39 are illuminating with regard to the degree of elec-
trification in New York State relative to some other States. It appears
that the nonfarm population in New York State is much more com-
pletely electrified than the farm population. In New York more than
one person out of four among the nonfarm group is & power customer,
which is a higher ratio than that for the country as a whole, and isnot
greatly inferior to that of the highest State, California. It would
appear that few nonfarm households are without service. It is true
that the number of households may tend to increase faster than popu-
lation does,! so the assumption that nonfarm residential customers will
increase merely in proportion to population would probably involve
a further degree of understatement. It would appear safely conserva-
tive to assume, then, that the number of nonfarm domestic customers
will increase about 4.5 percent (that is, in the same proportion as
nonfarm population does) between 1937 and 1950.

Number of Farm Customers.

On the farms, however, the situation is different. As table 39
shows, only about half the farms in New York State had electric
service in 1937, and although this represents a large increase since
1930, the process of electrification has not proceeded so far there as
in many other States. In Rhode Island, for instance, about 95 per-
cent of all farms had electric service; in Connecticut and New Jersey,
about 68 percent. Going back to 1930 (the latest available data on
farm electric motors) we find only 10 percent of New York farms
reporting such motors, while in Rhode Island the percentage was 19,
and in Massachusetts and New Jersey over 16. The percentage of
farms reporting purchases of electricity from power companies in 1929
was approximately half as great in New York as in Massachusetts.

1 A decrease in the number of persons per household would appear to be the normal accompaniment of &
declining birth rate, since a8 smaller and smaller part of the population consists of child This relati
ship is obscured during recession periods, when families double up and marrisges are postponed: and the
National Resources Committee, in making its forecasts of the number of families in the United States up
to 1980, cautiously assumed that the average size of family will remain the same as in 1930 (Problems of a
Changing Population, 1038, p. 25).
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TABLE 38

Number of ultzmate nonfarm domestic consumers of electric mtrgy, 1937,
and nonfarm population, 1935, by regions and selected States

Nonfarm - Nonfarm
domestic | Nonfarm |consumers,
Region or State consumers | population, | percent of
of electric 1935 nonfarm
energy, 1937 population
Thousands | Thousands
United States. 21, 690 95, 720 22.5
REGION
New England 1,988 7,786 25.5
Middle Atlantic.... 5,986 25, 341 23.6
East North Central 5,189 20,823 4.9
West North Central.......... 2,025 8, 600 23.5
South Atlantic ; ——- 1, ;ig 10, ‘1’;? N ﬁ:g
East South Centra - 3
ﬁest South Central..... 1, 7,317 ;gg
ountain, 3
Pacific 2,114 7,445 28.4
BTATE
New York 3,146 12,106 25,
California. 1,554 5,388 28,
Washington 362 1,297 27.
iondn 1 .
New Jersey. 1,001 4,144 2,

. NOoOWPO®

SoUrcE: Census of Electrical Industries, Electric Light and Power Industry, 1937, pp. 33 and 34, table 20,
Estimated total population, 1935 (Census Bureat), less total farm population as reported in Census of Agri-
culture, 1035 (Statistical Abstract, 1938, p. 9, table ll, and p. 607, table 585).

TasBLE 39

Extent of farm electrification by regilog‘.; 7and selected States, 1929, 1930, and

Percentage of farms reporting—
Region or State Electrie :, Dwellings
g e | Bl | R | e
work, electricity,
1930 1929 1930 1937
United States 41 0.1 13.4 19.3
New England 11.8 36.4 4.9 53.0
M husetts 16.7 54.0 62.6 64.5
Rhode Island.. 19.4 50.3 b57.5 4.7
ticut. 14.6 4.6 52.7 67.8
Middle Atlantic 9.0 24.5 3.9 50.1
- New York. 10.0 27.1 34.4 52.2
New Jersey 16.2 43.2 53.0 68.4
East North Cnntml 6.8 13.4 210 32.5
West North Central 4.5 6.5 13.2 10.7
South Atlantic 1.1 3.5 6.1 11.5
East South Central_. .3 1.8 3.0 6.3
West South Central .7 1.7 3.6 5.8
M tai 4.9 16.2 2.4 26.5
Utah 4.7 53.2 58.1 73.9
Nevada. 16.4 2.5 33.1 1. -
Pacific. 23.1 47.0 52.9 4
Washingt, 15.2 41.0 48,0 |.. .
California. 32.2 58.1 63.3 88.5

SOURCES: 1929-30 data from Census of 1930, piven in Statistical Ahstract, 1938, tables 586-587, pp. 609-611;

1937 data from Edison Electric Institute, Statistical Bulletin No. &:937 table 12, p. 3. The individuaf

gmm selected lnclude, in sddition to New York, the 6 with

tates in each ocolumn.

282071—41—4@

highest percentages in the United
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It would appear, then, that the potentialities of further farm elec-
trification are at least as great in New York as in many other Eastern
States, and that the trend of increase in percentage of farms served
is an important factor to be reckoned with.

Elaborate studies of the potential rural electricity market in New
York State have been made at the College of Agriculture of Cornell
University. The results were recently summarized by T. E. LaMont
and W. E. Keepper.® Some leading conclusions applicable to the
present inquiry are here indicated.

The percentage of electrified farms to total farms varies from one
part of the State to another, just as it does between States. Within
New York State, the chief determining factor seems to be the quality
of the land, which is closely associated with the ability of the farmer
to pay for electric service.”

The progress of farm electrification in the State as a whole is shown
in tables 40 and 41. It can be seen that the ultimate goal of electri-
fication of all permanent agricultural areas of the State is being
rapidly approached. Of the 13,500 additional miles of line required
in 1937 to complete the coverage of the permanent farm areas, 3,000
had already been built by 1939. Well in advance of 1950, then, the
total mileage should rise to the 44,498 set as a goal.

This could not be assumed to mean an immediate proportionate
increase in the number of farms actually served. Up to the present
time, to be sure, a proportionate increase has followed. Indeed
there has been a slight upward trend in farms served per mile of line
as the lines have been extended progressively into new territory.
Bowever, as the last untouched districts are tapped, some decline
in average density is likely to ensue. If we take LaMont’s estimate
of 2.4 farms to each mile of line,* the situation to be reached by 1950
or earlier is: ' ,

Total milesof line__________________ . __._ .. 44, 498
Total farms served___________... e mmemm e ————— 106, 795

It should be noted that this makes no allowance for any further
increase in customers in territory now having electric lines, and as-
sumes that the average number of farms per mile of line will fall even
below the low point of 1930.2

¥ T, E. LaMont, “Land Utilization and Classification in New York and its Relation to Roads, Elee-
tricity, and Reforestation,” Cornell Extension Bulletin 372, March 1937. W. K. Keepper, ‘“‘Consumption,
Costs and Uses of Electricity on New York State Farms™ (selected tables from unpublished thesis), De-
partment of Agricultural Eqonomics and Farm Management, College of Agriculture, Cornell University,
1040, <7

2 LaMont, op. ¢if., table 18} p. 33. .

o Jbid., table 22, p.38. Thisratio is based on the 11 counties intensively studied.

% This estimate has delibemtd{ been kept low in order to counterbalance the slight bias due to ignoring
rural resid and rural cial establishments, churches, and schools. The density of these cate-
gories of customers Is exp d tp fall iderably with the extension of new lines into relatively rustio
territories. .
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TasLE 40
]
Rural electric distribution requirements in New York State, as estimated
in 1937
Mileage of
. road outside m‘%‘}

Land class ' - ;gp:smat:g electric lines

. cities needed
Superior land (classes III and higher) plus remdent.ml ...................... 63, 957 42,595
Infenor land (cl d II) 13,251 437
Adirondack and Catsklll Parks. 5,865 1,466
Total : | 83,073 44,498

Source: T. E. LaMont, Land Utilization and Claamﬁcatlon in New York and its Relation to Roads, Elec-
tricity, and Reforestation, Cornell Extension Bulletin 372, March 1937, table 25, p. 39. The eriterion for
suggested extensions is the eventusal servicing of all permanent agncultm'al areas of the S

TaeLe 41
Progress of rural electrification in New York, 1925-39

Additional
T
Total miles | Total farms ecirliy Lie

Year of ling 1 served g’gﬁ cmnzl:‘

\ areas of the

: State? ”

1925 9, 600 25, 400 34,900
1926 11,100 30, 600 33, 400
1927 13, 000 33, 300 31, 500
1928 14, 800 37,400 29, 700
1029 17,100 43,300 27,400
1930 19, 300 47,100 25, 200
1931 21, 300 53,400 23, 200
1932 21, 400 54, 200 23, 100
1933, 21,900 55, 400 22, 600
1934 22,800 57,900 21,700
1935 24, 000 61, 600 20, 500
1936 27,800 71, 600 16, 700
1937 31, 000 85, 500 13, 500
1938 32, 500 91, 500 12, 000
1939 34, 000 97,000 10, 500

1 Excludes about 2,000 miles of line in incorporated cities and villages with population of 2,500 or less.
8 The total mileage needed is estimated at 44.5 thousand miles

8ource: W. E. Keep ger Consumption, Costs, and Uses ofEladrieity on New York State Farms, (Se-
lected tables from’ un?u lished thesn.s) Dept of Agricultural Economics and Farm Management, College
of Agriculture, Cornell University, 1940. Adapted by W. E. Keepper from Report of the Department of
Public Service, Public Service Commission, State of New York 1049,

The total of 106,795 farms served represents a 25-percent increase
over the 1937 figure. The expected 1937-50 growth in the number
of farms connected may be placed at 25 percent. It is not necessary
to take the population trend explicitly into account here, since it
enters into the Cornell estimates.

Average Annual Farm Bill.

The estimate of the increase in numbers -of nonfarm residential
customers is 13 percent, and of farm customers, 25 percent. The
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- next step is to determine the probable change in average annual
electricity bill for each class.

Some evidence upon this factor may be obtained from a study of
past trends. Table 42 and chart 18 indicate a steady upward trend

Chart 18 -~ CONSUMPTION AND COST OF RESIDENTAL
ELECTRICITY IN THE UNITED STATES

30
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Source: Table 42 wea 3704

in United States average residential bills since 1917 which can be
conservatively extrapolated to give an estimated 1950 bill of $39,
or 15 percent more than the 1937 average of $33.83.* If the New
York State average annual bill, which was $32.94 in 1937,” rose to
the same extent, it would be $37.88 in 1950. The average farm cus-

¥ Census of Electrical Industries, Electric Light and Powes Indusiry, 1937, op. cif., table §, p. 12, No

annosl revenue series is available for New York State.
- Ibid., table 39, p. 64. The 1937 data are for private atilities only.
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tomer’s bill, however, has shown no distinct trend at all,® perhaps on
account of the relatively depressed condition of agriculture during the
period for which data are available. For this class of service, it may
be assumed merely that the average bill will by 1950 have returned
to the 1926-39 average level, which will represent an increase of
somewhat more than 12 percent over the 1937 figure. For New York
State, the average annual farm bill will be assumed to rise 12 percent
to a 1950 figure of $50.31.% |

TasLE 42
Cost and use of residential electricity in the United States, 1913-36

Average | Average | Average . Average | Average | Average

Year abnual | annual | revenue Year annual | annual | revenue
use bill per kwh. use bill per kwh,

Kuwh. Cents Cents*
264 $22.97 8.70 $28.90 7.30
268 22.25 8.30 29, 87 6.08
260 20.80 8.00 30.19 6.80

265 20.16 7.60

268 20.15 7.62 30.76 6.60
30. 05 6.30
272 22. 50 8.27 32.88 6.00
293 22. 65 7.70 33.29 5.74
339 25, 25 7.45 33.25 b.67

A7 25.65 7.39 )
359 26. 50 7.38 32.56 5.49
33.07 5.30
368 )| 26.50 7.2 33.38 4.99
378 27.25 7.2 33.72 4.69

Bourcx: Edison Electric Institute, Statistical Bulletin No. 4, January 1937, table IF, p. 7.

: !
Increase in Consumption Due to Lower Rates.

The final question concerns probable increases in consumption per
customer as a result of decreased rates. Many attempts have been
made to determine the elasticity of consumer demand for electric
power; i. e., the relation between percentage changes in consumption
and in rates. The answer is difficult to obtain, because of varying
types of rate schedule in different communities, and because the
effects of any change in rates upon the expenditures on electricity of
different economic groups vary greatly.

. Due to these complications, it seems advisable to measure the rela-
tion between avérage cost and average consumption as of a particular
time in different places. Tables 43 and 44 show average consumption
per customer, by States and classes of service, together with average
revenue per kilowatt-hour. In charts 19 and 20, the individual

% Data on farm sales from 1926 through 1839 may be found in the Edison Electric Institute’s Statistical
Bulletin, No. § (1937), op. cit., table I-b, pp. 2-3, and annual issues for 1938 and 1939, and are the basis for the
assertion here made.

# The data for a small sample of New York State farms, shown in table 47 below, indicate no discernible
trend over the period 1920-37. The (unweighted) average for this perlod was $50.35, as compared with
$52.80 in 1029 and $56.40 in 1937. Daring this period, average annusl econsnmption of electricity per farm
rose from 650 to 1,206 kilowatt-hours, or nearly 86 percent. According to the 1937 Census of Electrical
Industries (data in table $9, pp. 64 and 66), the average revenus from all farm sales by private electrie
utilities in New York State was $44.92.
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Chart 19 ~ CONSUMPTION AND COST OF NON-FARM RESIDENTIAL
ELECTRICITY, BY STATES, 1937

5 ] e e
New York g N\® . S
Unit-elesticity line

| N
3 '\.°

N

2
500 600 700800 1000 1500 2000 3000 4000 5000
Consumption (kilowatt-hours per customer) .

Cost (cents per kilowatt-hour)}

Source: Toble 43 . WPA 3705

- " TasLE 43 .

Nonfarm residential sales by private utilities: Consumption per customer
and average price, by States, 1937

Consump- | p.anne Consump- | p,vonng
Siate castomer | Per kwh. State castomer |Per kb
Kwh. Mills Kwh. Mills
Idaho. . oo 1,334 31 7 46
‘Washi 1,305 27 768 43
e | 3 1.
outh Caroli 0] b 147
Nevada hova 4 730 58
e iR L neml ou = %
ississippil._.._ 51 37
Montana, Utah 1 e 036 40 685 53
Virginis. 921 41 677 47
Florida. 915 53 675 42
North Carolina.__________ 904 38 661 61
Michi; 897 35 6855 50
Mi ta. 867 41 ?5‘53 552
Delaware, Maryland, Dis- | -
ot of Columbia s 862 38 640 57
C icut 839 46
633 53
Missouri.__ 838 39 626 58
i 832 38 || New Hampshire. - 612 56
California.. 816 38 || Vermont, Rhode Island f.__ 607 58
Ohio_._______ 802 39 || Louisiana_ .. .ooc_ oo 600 57
North Dakota_. | 799 47 || Massachusetts . _—oocoeen-- 57 53
Nebrasks., 779 46

1 Combined to avoid disclosure of individual operations.
BovURcE: Census of Electrical Industries, Elecric Light and Power Industry, 1937, table 39, pp. 64-65.



ECONOMIC EFFEtCI‘S OF THE ST. LAWRENCE POWER PROJECT 71 )

Chart 20- CONSUMPTION AND COST OF FARM ELECTRICITY,
BY STATES, 1937 *

N
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Source: Table 44 wPA 3706
) TaBLE 44 _
Farm sales by private utilities: Consumption per customer and average price,
by States, 1937 o

Consump- Consump-
State tion per Revenue State tion Revenue
customer | Per kwh. customer | Pe kWh.

Kwh. h. i
Arkansas, Louisiana?______ 4, 490 K'q, 034 M’mso
Oklahoma 2,770 1,012 44
Florida_.______________.____ 2, 510 943 49
New Jersey, Pennsylvaniat. 1,748 925 57
c icut i 1,516 213 67
Kansas. 1308 890 51
Delaware, Maryland, Dis- ' 88 “
trict of Columbiat____.._ 1, 260 875 61
1,258 857 |- 9
1,220 806 71
1%

, 768
L IR
L0790 650 54

3 Combined to avold disclosure of individual operations,

Sounce: Census of Electrical Industries, Electric Light and Power Industry, 1937, table 39, pp. 64-67.
Farm-residential and farm ial-and-industrial sales have here been combined.’ 'l‘hee Mt;uggain and
Pacific States are omitted because the use of electric energy in irrigation pumping alters the relationship.
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States are plotted as points and show a clearly defined inverse rela-
tionship.

The line on each chart has been drawn not to fit the points but to
indicate an elasticity of unity; i. e., an inversely proportional rela-
tionship between revenue per kilowatt-hour and kilowatt-hours per
customer. If this were true, it would mean that a State with average
revenue per kilowatt-hour half as high as another State 2 would
have twice as great a consumption per customer.

This is by no means the case. It is clear from charts 19 and 20 that
at lower rates the average consumption figures in many States lie to
the right of the unit elasticity curve, which shows that elasticity of
demand is greater than unity, 1. e., consumption increases at a greater
rate than the reduction of price. This is the reason why rate reduc-
tions are generally favored by public agencies; at lower rates, pro-
-portionately greater amounts of electricity are sold and total revenues
are increased.

For the present purposes, it is not feasible to undertake elaborate
statistical computations in order to measure the exact demand elas-
ticity curve for electric service. Aslong asit is known that the elastic-
ity of demand is greater than unity, an assumption of unit elasticity for
the purpose of estimating future growth of domestic and farm consump-
tion as a result of lower rates would certainly be conservative.

The effect of prospective rate reductions will be estimated in this
Teport on the basis of an assumed elasticity of unity; that is, reductions
in the average retail price of energy will be assumed to lead to pro-
portional increases in average consumption per customer. The
further effect of rate reductions in increasing the number of customers
will be completely ignored. This conservative assumption will, of
course, impart some downward bias to the resulting estimates, which
should be kept in mind in appraising them.

For private utilities in New York State in 1937, the average annual
revenue per nonfarm residential customer was $32.94, which comes
to $2.75 per month.? Data for this class of service by municipally
owned utilities are not disclosed, but these are of negligible importance
in New York State.

In table 45, data are presented for nearly all of the important
operating companies with residential customers, the average monthly
bill ranging from $2.43 for the Yonkers Electric Light & Power Co.,
to $4.40 for the Orange & Rockland Electric Co. Such variations
are accounted for by differences in rate levels and policies, differences
% The difference in the rate for any given quantity of energy would of course be less, since the customers
" in the Jower-rate area will benefit more from the low-rate brackets of the schedules. For example, if the
‘whole rate schedule in an area were to be lowered 10 percent, consumption per customer would be expected
to increase considerably more, and the fall in average revenue per kilowatt-hour would likewise be con-
giderably greater.

# Census of Electrical Industries, Electric Light and Power Indusirp, 1937, table 39, p. 64. The average

monthly residential bill for 1937 on the basis of reports to the Federal Power Commission, with alight
differences in coverage, was $2.79. ‘This latter is the figure shown in table 45 below.
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. T_‘ABLE 45

Calculation of estimated increase in residential electricity sales per cist{tomet
in New York State, by companies, 1937 and 1950

E;timst- Estimas
Average | @ 8ver- | Es a.-
Number | AVeT8E8 | 4 vorase | monthly mozxgt‘iﬂ ed:g:er !;e;ecei:_t-
of resi- | TOVenue | nonthly | sales per | TMORLEY
r per kilo- § 4 bill in | monthly | crease in
Company dential | “gatt. | bill per joustomen,| 1955 (15 | sales in [sales per
ors, ti)gsl; hour, cusltgsl;l o (kilowatt- pereet;\: 1950 (‘l;?_lo' c'ig%g,’_%g"
’ 1837 grea WA
hours) than | hours)
1937 bill)
Nlngarat. Hudson Power Cor-
poration:
Buffalo Nisgara Electric Cents
N (‘J,orpora;lon LI .| 185,400 }. 2.88 $2. 56 89.2 $2.04 164 84
ew York Power .
Corporation.._...._...___ 177, 627 427 2.84 66.5 %14 197 197
Central New York Power :
NCorporaIt’i:)J(r‘l L S Eon 157, 301 4.72 273 57.9 3.14 184 218
iagara, *kport n- .
tario Power Co._..__..... 41, 606 414 3.02 73.0 3.47 217 108
ted Gas & Electric .
Corporation: }
New_York State Electric
& Gas Corporation....._. 188,600 | - 6.09 321 63.0] 3.69 290 280
Rochester Gas & Electric .
Corporationt.____._.____ 117,029 4.89 2.82 57.7 A 194 26
Central Hudson Gas & Elec- '
tric Corporation_.. . ..._.___ 55, 930 4.98 3.27 66.0 3.76 246 . 274
Rockland Light & Power Co._| 25,333 7.00 3.57 51.2 4.11 281 450
Orange & Rockland Electric
Co 7,681 5.31 4.40 - 83.0 5.08 402 385
Total, sbove up-State
companies ..o .o... - 956, 507 4.29 2.90 67.9 3.34 8210 209
Consolidated Edison Co. of
New York, Inc.:
Consolidated Edison Co.
of New York, Inc_....... 778, 281 6.03 2.60 43.2 2.99 150 247
Brooklyn Edison Co., Inc..| 657,378 5.43 2,57 47.4 2,94 145 206
New York & Queens Elec-
tric Light & Power Co...| 312,118 5.29 2,86 542 3.29 177 .27
Westchester Lighting Co_.| 120,679 6. 40 3.38 62.5 | 3.89 232 0
Yonkers Electric Light &
PowerCo______.______.__ 42, 322 578 243 4.0 2.7 132 215
Long Island Lighting Co.5____. 104, 988 6.24 324 62,0 3.73 217 | - 2500
Associated Gas & Elecirle
Corporation;
Btaten Isiand Edison Cor-
porstion. 40, 469 5.93 3.5 60.6 413 254 319
Patchogue t ‘
Co._... 6, 502 5.46 3.15 57.8 . 862 217 275
Total, shove New York
City and Long Island
companies. ....eeeeeu.. 2, 060. 737 5.60 2.72 48.7 3.13 1163 235
Total, all sbove com- .
pani 3, 017, 244 5.10 .27 54.8 32 1177 223

1 Average monthly sales in 1950 were estimated by applying the estimated average 1950 bill (15 percent
larger than the average 1937 bill) to the Power Authority’s objective rate schedules.

! Incorporated Apr. 1, 1937, so data cover § months’ operations in 1937. To avoid distorting the averages
for all up-State companies and all New York State companies, the revenue and sales figures for this company
were expanded to a 12-month basis, by increasing them 4.

§ Incorporated July 31, 1937, so data cover 5 months’ operations in 1037, To avoid distorting the averages
for all up-5tate companies and all New York State companies, the revenue and sales figures for this com-
pany were expanded to 8 12-month basis by multiplying them by 134,

¢ Rural service included.

# Number of residential customers of the Paul Smith’s Electric Light, Power & Railroad Co. not reported,

tted.

90 this smail company was omitted.

6 Number of residential cust s ¢f the Q Borough Gas & Electric Co., an important subsidiary,
was not reported, so this subsidiary was omitted.

7 Obtained by averaging the 1950 sales estimates of the individual companies, each being weighted ac-
eording to number of residential customers.

BoURCE: Federal Power Commission, Statistics of Electric Utilities in the United States, for year ended
Dec. 31, 1937, classes A and B, Vol. II, pp- 30-32.
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in per capita income, and differences in customers’ requirements.
Average monthly sales per customer, as also shown in table 45, ranged
from 42.0 kilowatt-hours for the Yonkers Co. to 89.2 kilowatt-hours
for the Buffalo Niagara Electric Corporation. The level of con-
sumption is markedly lower in New York City than up-State (monthly
averages were 48.7 and 67.9 kilowatt-hours, respectively), which is
due partly to the higher level of rates in New York City and partly
to the smaller requirements of city dwellers in restricted living
quarters, :

It has previously been estimated that the average monthly resi-
dential expenditure will increase about 15 percent between 1937 and
1950. Applying this increase to the average bills of 1937 in the chief
cities of New York State makes possible an estimate of average
monthly residential bills in 1950. In the fourth column of figures
in table 45, the estimated 1950 average bill per customer in each
company service area appears as 115 percent of the actual 1937 bill
for that company. '

The next question is how much electricity these expenditures will
buy at the proposed objective rate schedules. The schedules, as set
forth by the Power Authority, are as follows: 3

Up-State | Metropoli-
area tan area

Cents Cents
First 15 kwh, or less 75.0 85.
Next 35 kwh. at 3.0 3.
Next 300 kwh. at 1.0 1.
Next 600 kwh. at, .6
Over 1,250 kwh. at. .75

ba—ec

The resulting figures for 1950 monthly consumption are shown in
table 45, and range from 145 kilowatt-hours in Brooklyn to 402 in the
relatively small territory of the Orange & Rockland Electric Co.
The up-State average, for the companies represented, is 210 kilowatt-
hours. In terms of percentage increase between 1937 and 1950, the
up-State companies show a 209 percent gain and the New York City and
Long Island companies a somewhat larger gain (235 percent). The
largest expected gains for individual companies are naturally in those
areas where present rates are highest and the prospective rate reduc-
tion therefore is most important. The Buffalo Niagara Electric
Corporation is assigned a consumption increase of only 84 percent per

# Power Authority of the State of New Y ork, 1838 Annual Report, op. ¢it., p. 20.
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customer, since its rates are already the lowest for any nnport.ant
utility in the State.

The increase in oonsumptwn per customer over the State as 8
whole, as shown in table 45, is 223 percent. It should be kept in
mind that this expected increase includes the effect of two factors—
the increase of 15 percent in average expenditure per customer, and
the effect of reduced rates In increasing the purchasing power of the
customer's dollar in terms of electricity.

The Power Authority’s objective rate is designed to apply on farms
as well as in the cities, and would involve there a still greater reduction
from 1937 rates. It appears decidedly conservative, then, to apply
to farm consumption the estimated 209 percent increase in average
up-State consumption per customer.

Since, as previously estimated, the number of nonfarm residential
customers will be 4.5 percent greater in 1950 than in 1937, the total
expected increase in nonfarm residential consumption will be 238
percent (104.5 percent times 323 percent=338 percent). Similarly,
in view of the expected 25 percent increase in farm customers, the
total expected increase in farm consumption will be 286 percent over
1937 (125 percent times 309 percent=386 percent). Applying these
estimated increases to the actual 1937 consumption data, we have
(in millions of Kilowatt-hours):

Class of service 1937 1950
Nonfarm residential 201 6,831
Farm 8% 323
Total - S 2,107 7,168

In order to support this conclusion, it is necessary to adduce reasons
for expecting the continuance of the established trends in farm and
residential consumption. Unless the saturation point of the market
can be shown to be remote, it would be vain to expect that consumers
would continue to increase their expenditures on power in the face of
declining rates.

It is not difficult to show that saturation is indeed remote. In
fact, the demonstration has been so often and so convincingly made
that it is hardly necessary to do more here than recall a few outstanding
bits of evidence.

First, there is the evidence of consumption increases in other places
under the stimulus of low “promotional” rates. In the Tennessee
Valley area, under rates somewhat less “promotional” than the New
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York objective rate * and with a lower consumer-income level, many
communities have already reached average residential consumptions
of about 2,000 kilowatt-hours a year (i. e., 167 per month). In 16
Ontario cities studied by the Power Authority, monthly consumption
rose from 21 kilowatt-hours in 1915 to 208 in 1934,* and is presumably
still going up.

If it be realized that 1950 is still a decade in the future, and that
the same sum ($3.70) which would buy 160 kilowatt-hours a month
under T. V. A. rates will buy 240 kilowatt-hours under the New York
up-State objective rate, the estimates of average consumption which
have been made for New York State areas are seen to be quite in
line with proved experience elsewhere.®

It has been shown that New York State farms are far from com-
pletely electrified. In comparison with the 760 kilowatt-hours which
the Power Authority estimates a really electrified farm would use per
month,* the average New York farm customer in 1937 bought less
than 85.% As tables 46 and 47 show, however, the average farm use
increases rapidly after the service connection is made, particularly on
poultry and dairy farms. In the sample of poultry farms studied,
monthly consumption rose from 60 kilowatt-hours in the first year to
178 kilowatt-hours in the minth. On Grade A dairy farms, the
monthly average rose from 77 kilowatt-hours in the first year to 174
kilowatt-hours in the ninth.

In the nonfarm residential market, likewise, there is great scope
for expansion. Table 48, which a.pphes to the United States as a
whole, demonstrates how fa.r the saturation point is in the matter of
electric household appliances. In 1935, only about half the wired
dwellings had toasters, washing machines, or vacuum cleaners; a third
had electric refrigerators; and electric stoves and ironers appeared in
less than 1 wired home in 10. There is evidently no lack of ways for
the domestic consumer to use additional energy when he is offered
more for his money.

8 The followhig comparable monthly bills are taken from the Power Authority’s 1858 Annual Report, p. 38:

Kilowatt-hours per month
Rate schedule
50 100 150 200 250
New York ob jective:

y . $1.80 | $2.30 ] $2.80 | $3.30 $3.80
New York City. 1.90 2.45 3.00 3.55 4.10
1.50 2.50 3.50 4. 50 5.00
Bonnevﬂle objective. 125 2,25 3.25 4.25 4.75

8 Jbid., table AAA, p. 259,

B The Power Authority’s estimate of average New York State residential consumption in 1950 is 250 kwh.
monthly in the up-State area and 200 in the New York City metropolitan area (1838 Annual Report, p. 149).
The corresponding estimates arrived at in table 45 above are 210 kwh. and 163 kwh., respectively.

 Jbid., p. 31.

8 Census of Electrical Industries, Eleciric Light and Power Industry, 1037, tabl_e 39, pp. 64, 66. This figure
covers sales by private utilities only.
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TasLE 46
Electricity consumed according to years of use on 668 New York farms,
1927-.
Average annual eunsumbtion per farm in kwh., by type of farm !
Year of ase of central station
service
Poultry | Gded | GradeB | Cagh crop | Part-time | AN

First 725 922 7 504 511 716

d 940 1,005 795 514 629 795
Third 1,074 112 623 874
Fourth 1,134 1,309 937 615 623 959
Fifth 1340 1,392 101l 580 650 %7
Bixen__ . JZTTITIIIIIIITT 1344 L 531 065 595 650 L
Seventh 1,676 1,743 1,065 590 6756 1,103
Eighth 2,023 1,844 L1583 600 700
Ninth 2,136 2084 L, 247 696 i 1,32%

1 The percentage changes in consumption of electricity from one year to the next were determined for iden-
tical farms. By using the consumption for the first year as the base, the consumption for other years was
calculated ding to these per h

1 Includes a few truck farms and retail dairy farms not shown as individual farm-type averages because of
small number of records,

SovrcE: W. E. Keepper, Consumption, Costs and Uses izf Electricity on New York State Farms (selected

tables from unpublished thesis), Department of Agricultural Economics and Farm Management, College of
Agriculture, Cornell University, 1940. By courtesy of the author. . .

TaBLE 47
Consumption and costs of electricity on selected New York farms, 1929-37

Average A
. vearly Verage | Average
Year Num of eonsuInp- tt)yt:?lggst keost per
- ion per per farm wh. used
. Kuwh. Cents

1929 14 650 $52.80 8.12
1930 216 766 57.72 7.54
1931 359 916 62.76 6.85
1932 414 - 989 64.32 6. 50
1633, 301 77 62.64 6.41
1934 450 1,076 61. 56 5.72
1935, 485 1,135 6L.08 b5.38
1936 : 562 1,159 54.84 4.73
1937 653 206 56,40 4.68

Somi: W. E. Keopper, Consumption, Costs, and Uses of Electricity on New York State Farms (selected
tables from unpublished thesis), Departn':ent of Agﬁculmx:!l Eoonomz:s snd Farm Management,( College
of Agriculture, Cornell University, 1940. By courtesy of the author,

TABLE 48

Percentage of American dwellings with specified electrical appliances, 1935
l;:ae;lt Percent
Millions Millions | of total
Particulars number Particnlars number
of homes | ¢ Gwell- of homes | ¢ well.
ings
Families 310 Electric percolators. ...__..___
i 25.4 100 || Waffle irons__ 2 ; g
213 84 | Electric heatars. 3.9 15
206 81 || Heating pads 36 14
10.6 42 it Hot plates 3.2 13
10.4 41 || Electric ranges.._ 14 [}
10.2 40 || Electric cookers. L3 5
88 85 i Lo ¢
72 3

BoURCE: Dynamic Americs, Nov. 1937, p. 13. Parcentages computed.
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In interpreting table 48 and in judging the predicted average
monthly consumption figures, it is helpful to know that lighting and
small appliances in an average home use about 50 kilowatt-hours a
month; a refrigerator, 50 kwh.; an electric range, 150 kwh.; a water
heater, 250 kwh.; and complete space heating, 2,500 kwh.

- Section 5 ,
GrowtH IN MiscerLaANEoUs CLassEs oF CONSUMPTION

Some authorities look for an even more rapid increase in the
remaining principal uses—primarily street and highway lighting and
transportation. In local transportation the use of electricity is on
-the wane, except for subways; but any substantial progress in either
steam-railroad electrification or highway lighting would open up a
merket many times greater. Bauer and Gold, whose estimates are
reproduced in table 51, expect municipal, transportation, and miscel-
laneous consumption to increase from 9 billion kilowatt-hours in 1936
to 20 billion in 1950—an increase of 122 percent.?” All of these uses
together constituted only 10 percent of the total 1936 consumption
in the United States, and 15.6 percent of the 1937 New York total;
so the exact rate of increase is not of crucial importance.

On the basis of past experience, however, a doubling of consump-
tion in these uses before 1950 seems unlikely. It will be observed
(table 49) that miscellaneous consumption has increased .only 47.5

TasLE 49

Miscellancous electricity sales to ultimate consumers in the United States,
1926-381
Miscellanecus| Estimated 3 | Miscellaneous
Year sales (million| population sajes per

kwh) (millions) ]capita (kwh)
1926 ' 7,161 116.5 R
1927 7,547 1182 . 63.8
1928 , 7,774 119.9 64.9
1929 8089 1216 66.6
1030 8,323 123.1 67.8
1031 - 8169 1241 65.8
1932 ' ) 7, 568 125.0 - 60.6
1633 - 7,478 126.8 59.5
193¢ : A ) 126.8 61.4
1935 7,956 127.6 62,4
1936 8, 647 128.4 67.3
1937_.. 9,178 120.3 7.0
1938 _ 9, 630 130.2 744

1 Miscellaneons sales here include all classes of sales to ultimate consumers other than farm, residential
commercial, and industrial. ‘The chief consumers in this group are municipalities (for street hghtmg and
other uses), ' street railways, and electrified divisions of steam railroads.

1 Census Bureau, midyear estimates from Statistical Abstract, 1939, table 12, p. 10.

80Urce: Edison Electrie Institute, Statistical Bulletin No, 4 (1937), table I-b, pp. 2-3, and Annual
Btatistical Bulletin, 1938.

#Power Authority of the State of New York, 1638 Annual Report, op. cil., pp. 30, 325-327. The space-
heating figure is the monthly average expense over an entire year, in the climate of the Middle Atlantic
region.

a1 Bauer, John; and Gold, Nathanfel; The Eleciric Power Industry, Harpers, New York, 1939, p. 107.
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percent (from 7.16 billion kilowatt-hours to 10.56) in the 13 years
between 1926 and 1939. The smallness of this increase is accounted .
for by the abandonment of electric railways, which used 9.39 billion
kilowatt-hours in 1927 and only 6.86 billion in 1937.2® Municipal uses
have shown a steady but hardly spectacular growth.

On the other hand, we may quite confidently expect that growth
in the miscellaneous field as a whole in New York will maintain past
rates of increase during the next decade. Metropolitan subways are
one component of the railway load which is actually growing.

Table 49 shows that, since 1926, the consumption of electricity
in miscellaneous uses has tended, despite electric railway abandon-
ments, to grow consistently faster than population, so that per capita
consumption has increased, on the average, a little more than 0.76
percent per year.® Doubtless the correspondence with urban popu-
lation would be much closer, since practically all of this class of power
is used in urban places, but we have no adequate population data
for testing that hypothesis. _ ‘

If miscellaneous consumption in New York continues to increase
at the same rate per capita, and if the State’s population grows 4.21
percent between 1937 and 1950, as has been estimated, the resultant
growth in this category of use would amount to 15 percent (104.21
percent times 1.0076*=115 percent).

Section 6
ToraL EstiMATE oF 1950 ConsuMPTION

The high-load-factor industries are considered separately in a later
section of this report, since their future growth in New York State
appears to be contingent upon the provision of cheap hydro power to
a much larger extent than is true of other classes of service.® The
conclusion reached at that point will be anticipated here, in order to
make possible a complete estimate of the growth of total energy
requirements: It is that with the aid of the St. Lawrence develop-
ment an increase of 52.5 percent may be looked for in those industries
by 1950.

It is now possible to assemble the estimates for various classes of
service and reach an over-all figure, which may be presumed some-
what more accurate than the separate class estimates. Thisis done

'CemmolEleaﬂulmdeMm:MAMMmmw.lm.md&m
Railways end Trolley Bus and Moter Bus Operstions, 1937.

® The geometrie trend fitted to this series has the equation ¥,=64.97 (1.0076)¢, with ¢ in years from 1932,

-Atamndﬂvcdevelopmentwhuesﬁumﬂwhmhﬁve!ymstmt,thaldmhgedhydmpowu
over steam s likely to increase as the gystem load factor increases, since a higher proportion of the costs of
such & hydro system are fixed regardiess of variation in eonsumption. ‘This applies to the Bt. Lawrence-

Nisgars development, where, on sccount of the functioning of the Great Lakes as storage reservoirs, the
river fiow is remarkably regular.
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Chart 21-ESTIMATES OF ELECTRICAL ENERGY CONSUMPTION IN
NEW YORK STATE, 1937 AND 1950

Bihon Bihon
kilowott -hours kitowott-hours
10 10
- -4
8 8
7
6 // 6
2 e 2
['o) | vrosrss.| ) 2 0
Farm High load * Commercial Residential Industriol
factor )
Source: Table 50 wPA 3707

in table 50 and is graphically represented in chart 21. The total
estimated 1950 level of consumption is 26,632 million kilowatt-hours
per year, indicating about an 88 percent increase in the aggregate
annual energy purchases of the State between 1937 and 1950.

TasLE 50
Summary of estimates of 1950 energy sales in New York State, by class

‘ of service

Estimated sales (mil-
S lone of kwh.)( Increase, 1937-50
Class of service
' 1937 1950 | Milionsaf| poroong

Industrial ... 5212 8,860 3,648 7.0
C cial 2,616 5,023 2,407 92.0
Residential - 2,021 681 4810 238.0
High-load factor 2,000 1,050 52.5
Farm_ 88 332 246 286.0
Miscellaneous. 2,205 2,536 331 15.0
Total 14,140 26, 632 12,492 8.3

This checks closely with the estimates of Bauer and Gold for the
United States and of the Power Authority for New York State, which
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were arrived at independently and by quite different methods.** . All
three are higher than the figure given by the Niagara Frontier
Planning Board.® This last, however, can hardly be considered an
estimate, since it is apparently obtained by pure extrapolation. - Two
highly dubious statements occur in connection with its presentation.
First, the total saving in power costs under the St. Lawrence plan is
given as $22,000,000, with the indication that that is ‘the Power
Authority’s estimate from its 1939 Report. The true figure is
$26,700,000.2 It is further declared in the Niagara Frontier report 4
that *“since this (Power Authority) plan is based on a demand of
26,870,000,000 kilowatt-hours, any material reduction in that demand
would reduce the estimated savings in like manner.” Actually,
unless firm St. Lawrence power were allowed to run waste, the sum
saved would be unaffected by alterations in the amount of increased
requirements to be met by steam plants; and, as is pointed out by
the Power Authority,® the percentage saving would actually be
larger if somewhat less than 26,870,000,000 kilowatt-hours were
used all told, because a larger portion of the total would be hydro
power. - .
TasLE 51 .

Bauer-Gold estimates of electricity use in 1950 and 1975

[Figures in parentheses { ) indicate deaem]

Billions of kwh,

Percentage

Class of service increase

1938 1950 1075 | 1936-60
Residential . . 15 30 60 100
C cial 16 30 60 88
Industrial.. 48 90 150 88
Municipal _ .. 2 10 20 400
Street railways [ 0 0 {100)
Rai IR 1 [ 20 400
Rural electrificati 2 10 25 400
Miscell 1 &5 15 400
Total e 20 180 350 100

SouRce: Bauer, John; and Gold, Nathaniel; The Electric Power Industry, Harpers, 1939, p. 107.

¢ The Bauer and Gold estimate (shown In table 51) involves about the same rate of increass for domestic
and farm use as for all other uses. The Power Authority, on the other hand, looks for a much larger rate of
Increase in domestic and farm uses than in the other uses.

‘The procedure and lusions of the New York Power Authority are briefly described on pp. 146-140
of its 1038 report. The total estimate for 1950 is 26.87 billion kilowatt-hours yearly. In this 1950 estimate is
included & 1.05 billion kilowatt-hour Increase for the high-load-factor Industries. Growth of domestic and
farm demsnd is allowed for. as well as an over-all 10 percent increase over the 1937 total on the score of popu-
lation growth, and an increase of 3.48 billion kilowatt-hours for * various sources, including New York City
subways, highway lighting, air conditioning, and the displacement of commercial and industrial isolated
generating plants.” .

‘The chief provislon for expansion of industrial and ecommercial consumption (apart from the high-load-
factor industries) app in the ¢ that “the population of the State is increasing at a rate slightly
under 1 percent & year.. As domestic, commercial, local manufacturing, and municipal uses are closely
related to population it may be assumed that a 10 percent increase will be obtained from this factor alone,”

% The St. Lawrence Seawvay Project (Buffalo, 1940), pp. 114-116.

@ Power Authority of the State of New York, 1839 Annual Repori, p. A-9;

% The St. Lawrencs Seaway Profect, p. 115.
and Danger of Over-development,” p. 115.

# Power Authority of the State of New York, ep. cif., p. A-14,

282071—41——7
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The Niagara Frontier report goes on to state that “during the period
1924~39 there was a decrease in consumer rates practically equivalent
to the amount which the Power Authority states would be the future
decrease over the 1939 rates.” Table 52 will shed some light on this
point, comparing the changes in rates and consumption over two
equally long periods, 1926-39 and 1937-50. The 1926-39 changes
apply to the United States as a whole, and the 1937-50 changes are
those estimated in the present report.

TasLe 52
Comparison of changes in electricity rates and sales, 1926 and 1939 and
. 1937 and 1950
[Figures in parentheses ( ) indicate decrease]
United States New York State
Percent Percent
{ . 1926 1939 change, 1937 1950 3 change,
1926-39 1937-50
- Average revenue per kilowatt-hour (mills):
Residential and farm_ 65.9 38.6 (41) 50.0 118.1 (64)
Commercial and industrial ___________ 2.18 169 (22) 218 16.3 3(25)
Annusl sales of energy {millions) of kilo-
watt-hours:
Residential and farm . __ . _co.__ 7,449 23, 060 210 2,107 7,163 240
Commercial and industrial __. ... * 41,478 73,300 77 7,828 13,883 2

1 Revenue calculated as explained on p. 83 below.
3 Tentatively assumed as basis for sales estimates in this study.
$ Estimated.

Sources: United States data are from Edison Electric Institute, Statistical Bulletin No. §, table I-b,
p. 3, and Statistical Bulletin No. 7, table I, p. 2. Figures for 1939 are provisional.

New York State data for 1937 are from Census of Electrical Industries, Electric Light end Power Industry,
1937, table 39, pp. 64, 66. In order to make approximate allowance for the high-load-factor industries, which
are to be considered separately, 2 billion kilowatt-hours were deducted from the Census total of industrial
and commercial sales, and $5,000,000 was deducted from the Census total of industrial and commercial power
revenue. ‘This assumes an average price of 2.5 mills per kilowatt-hour to high-load-factor electroprocess
customers. In 1937, according to the reports made to the Federal Power Commission, the average revenue
per kilowatt-hour on industrial sales was 3.37 mills for the Niagara Falls Power Co. (24 customers) and 1.85
mills for the St. Lawrence River Power Co. (sales to Aluminum Co. of America). Federa! Power Com-
giisiﬁn. &atal{.;lg of Electric Utililies in the United States, for year ended D ber 31, 1937, cl A and B,

ol » PP. 30, 32.

It appears from table 52 that the 1937-50 rate reductions are con-
siderably greater than those of 1926-39, in both the residential-farm
and the industrial-commercial classes of service. If the reasonable-
ness of the anticipated rate reductions can be established, then, it
seems likely that the period 1937-50 will see even more rapid expan-
sion of energy sales than the period 1926-39. -

Unfortunately, no New York State data are available to check on
the applicability of past national trends to the State. It can easily be
shown, however, that the over-all average revenue per kilowatt-hour
has fallen much less in the State than in the whole country. In 1927,
the New York average was equal to the United States; in 1932, the
New York average was 11 percent higher; and in 1937, it was 22
percent higher.® It seems highly improbable, then, that reductions

# Census of Electrical Industries, Electric Light and Power Indusiry, 1927, 1932, 1637.
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in New York State’s average price for electricity can have been any
more rapid than those of the country as a whole, and the hkehhood .
is that they have been less rapid.* .

Section 7

ExtEnT oF ProBABLE RATE REDUCTION

The foregoing estimates of 1950 energy consumption rested in part
upon certain assumptions as to reductions in the average cost of energy"
to the consumer between 1937 and 1950. For residential and farm
service, the objective schedules designed by the Power Authority were
taken as the basis, and for industrial and commercial service an aver-
age reduction of 25 percent was assumed. No specific rate assump-
tions have been introduced in the analysis of the other classes of
service.

Since it is part of the legal duty and avowed policy of the Power
Authority to favor domestic and farm consumption,* it seems best to
accept the objective rate schedule as the most probable basis for do-
mestic and residential rates if the St. Lawrence project'is put into
operation. The question then is, what reductions in commercial
and industrial rates might be possible at the same time?

The first stepis to see what contribution the residential and farm
service makes toward defraying the total costs of the system. Costs
not covered by residential and farm revenues must, of course, be
covered by the revenues from other types of service.

The revenue brought in by the sale of the estimated 7,163 million
kilowatt-hours of residential and farm sales at the objective rates is
easily calculated. The number of non-farm residential customers
was estimated at 4.5 percent more than in 1937; that is, 3,223,357.
It was further estimated that these would each spend in a year, on
the average, $37.88 for electricity, which gives a total of $122,100,763
a year. For farm sales, 106,795 customers were estimated, spending
on the average $50.31 a year each, which gives $5,372,856 a year.
The total revenue from residential and farm sales under the assumed
objective rate schedules, then, will be $127,473,619 a year.

About half of this, however, must go to meet distribution expenses.
The Power Authority, on the basis of an extensive survey of distribu-
tion costs under varying conditions, concludes that 3,000 kilowatt-

@ Tt will be recalled that hydro development in the Buffalo-Niagara ares had virtually ccased by 1927, and. -
that the State’s expansion of hydro capacity between 1927 and 1937 was much slower than that of the rest of
the country. Bee tables 23 and 24 above. .

@ Ct. 1938 Annual Repert, p. 203: “The Power Authority Act requires, as a matter of public power policy,
the devotion of the benefits to be derived from the develop t of the St. L and Nisgara resources

primarily to the domestic and rural users. The savings made possible under the coordination planmny
therefore be largely allocated to domestic and rural service.”
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hours per year can be delivered to the average customer at an over-all
cost of just under $19.% Although the annual consumption estimated
in the present study (table 45) is somewhat lower (2,124 kilowatt-
hours for residential service and 3,146 for farm service, or a combined
average of 2,157 kilowatt-hours per customer), the figure of $19 per
customer will be taken es affording a wide margin of conservatism.
To distribute the entire 7,163 million kilowatt-hours of residential
and farm sales yearly, to 3,330,152 customers at $19 per customer,
would cost $63,272,888 a year.

'The total residential and farm revenue of $127,473,619 can be
allocated as follows: '

T DIStEDUbON e e e o oo e $63, 272, 8388
C Contribution to generation and transmission costs... 64, 200, 731

B DR 127, 473, 619

This allocation can be carried a step further, however. The total
costs of generation and transmission (“power ready to distribute’)
are partly variable and partly fixed, and it is possible to determine the
contribution made by residential and farm service to each of these
categories of cost. _ ‘

Under the Power Authority’s plan, the generation and transmission
of residential and farm energy is charged 2.0 mills per kilowatt-hour
up-State and 2.6 mills per kilowatt-hour in the New York City
metropolitan area, where fuel costs and transmission costs from hydro
sources are higher. These classes of service are allotted a somewhat
higher up-State variable cost than other classes because estimated
losses are greater.® If we split the total residential and farm sales
between the up-State and metropolitan areas in the same proportion
as the Power Authority’s consumption estimates (39 and 61 percent,
respectively), the total variable cost allocation for the estimated
7,163 million kilowatt-hours of such sales would be $5,587,140 for the
up-State area and $11,360,518 for the metropolitan area, or $16,947,658
for the whole State. This calculation is shown in detail below:

Energy sales Variable costs
Area Percent of | Million | Mills per Total
total kwh. kwh.
Up-State 39 2,794 20 $5, 587, 140
+Metropolitan 61 4, 369 2.8 11, 360, 518
~ Total 100 7,163 24 16, 947, 658

T & Ppid,p. 25,
8 Of. ibid., pp. 203-203.
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That pa.rt. of the revenues ﬁ'om residential and farm service noti
allocated to distribution and to variable expenses of generation and.
transmission constitutes the net contribution of these classes of
service toward the defraying of the fixed costs of the generation and
transmission system. Thus the complete a.lloca,txon of costs of
residential and farm sales is as follows: o

Total revenue.. o cerceccmom e ccciccmcmamen——— $127, 473,619
) 0171701 VT | mme———————— 63, 272, 888
Generation and transmission:
Variable o e o ceccec e ———— 16, 947, 658
Fixed. oo e mceee e ceme———— - 47,253,073

In order to determine the costs which will have to be covered out:
of nonresidential nonfarm revenues, then, we must subtract the
above residential and farm cost allocations from total costs. This is
done below. The estimates of total cost are those of the Power
Authority, which are here accepted without change on account of the
very small discrepancy (0.8 percent) between this study’s estimates
and the Power Authority’s estimates of total energy consumption.
It should be noted that the total cost figures cover generation and
transmission (i. e., “power ready to distribute”), and include 5%-
percent return on public investment, 6-percent return on private
investment, amortization at usual rates, insurance, and taxes® .

Transmxssmn and generation costs are estimated by the Power
Authority as $260,000,000, out of which $205,639,000 are fixed and
$54,361,000 are va.riable. Subtracting the amounts already allocated
to residential and farm service and covered by the revenues from
those classes of service, we obtain the costs allocable to other classes
of service, as follows:

_ Alclasses ~ Resdenticlondform Al other classes
Total costs. oo e $260, 000, 000 $64, 200, 731 $195, 799, 269

Fixed costae o ccimecncceas 205, 639, 000 47, 253, 073 158, 385, 927
Variable €08t8.cc e o voueeeo 54, 361, 000 16, 947, 658 37, 413, 342

It has now been calculated that for all nonresidential nonfarm
service taken together, the variable costs of generation and trans-
mission will be $37,413,342 and the fixed costs $158,385,927. Since
the objective is to test the validity of a previous assumption of 25-
percent reduction in industrial and commercial rates, the next thing
to determine is how much of the above costs should be allocated to
the generation and transmission of industrial and commercial power.
Variable and fixed costs will be considered separately.

With regard to the variable costs, it will be assumed that there will

S Ibid., pp. 21, 201.
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be no difference in the per-kilowatt-hour allocation as among different
classes of nonresidential, nonfarm service. There must be, however,
a difference between up-State and metropolitan. variable costs per
kilowatt-hour, on account of the difference in fuel eosts. Conse-
quently, it is necessary to estimate how much energy will be sold in
each of the two areas. The high-load-factor group is of course entirely
up-State, and for the remainder of nonresidential, noncommercial
service, the total sales estimate has been broken down geographically
in the same proportion as the Power Authority’s estimate; that is,
with 51 percent up-State and 49 percent in the metropolitan area.
The estimated distribution of nonresidential, nonfarm sales is as
follows:

Industrial, commercial, | Total, nonresidential,
High-load factor and miscellaneous ’ nonfarm ’
Area
Amount Amoun Amount
Percent (kwh.) Percent (kwh.) Pt_areent (awh.)
Up-State. 100 3,050 51 8,463 59 11, 518
Metropolitan. ——— 49 8,132 41 8,132
Total .o eeeeee 100 3,050 100 16, 506 100 19, 645

It appears, then, that the up-State area will have a nonresidential,
nonfarm consumption of 11,513 million kilowatt-hours and the metro-
politan area 8,132 million. As previously calculated, these classes of
service in the whole State must cover variable costs totaling $37,413,-
342; so the next question is to determine the variable cost per kilowatt-
hour in the up-State and metropolitan areas separately. It will then
be possible to find the total amounts of variable -cost chargeable to
commercial and industrial service, respectively. -

As noted before, up-State variable costs are considerably lower than
metropolitan, The Power Authority estimates that they are only 53
percent as great:5? in other words, that 1 kilowatt-hour up-State has
the same variable cost of generation and transmission as 0.53 kilowatt-
hour in the metropolitan area. The variable cost per kilowatt-hour
for the metropolitan area may be found by taking the total metro-
politan-ares sales (8,132 million kilowatt-hours) plus 53 percent of
up-State sales (53 percent of 11,513 is 6,102 million kilowatt-hours),
and dividing the sum (14,234 million kilowatt-hours) into the total
variable cost of $37,413,342, This procedure gives 2.61 mills per
kilowatt-hour as the average variable cost of generation and trans-
mission for metropolitan area nonresidential, nonfarm service, and 1.38
mills (563 percent of 2.61) as the corresponding up-State average.

# Power Authority, 0p. eit., p. 201. The variable costs there arrived at are 1.44 mills per kilowatt-hour
ap-State and 2.70 mills in the metropolitan area.
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Having now found the amount of variable costs per kilowatt-hour
for all nonresidential, nonfarm classes of service, it is possible to deter-
mine the total variable costs allocable to industrial and commereial
service specifically. In the calculation below, the total State estimate
for each of these two classes has been distributed between the up-
State and metropolitan areas in the same proportion as the Power
Authority’s estimate for that class of service:* ,

Industrisl
Industrial | Commercial | and eg;:mer-

Up.State: . . .

Sales as percen! of State. 65 0 56

Bales in nulhon?%? kilowatt-hours 5.759 1,959 7,718
Mo Vnmble cost at 1.38 mills per kilowatt-hour . ....ooo—..-] §7,047,420 | $2,703,420 | $10, 650,840

cropolitan:

Sales as percentage of Btate__.. 35 61 44

Sales in millions of kilowatt-h 3,101 3,064 8,165

Variable cost at 2.61 mills per kilowatt-hour . _....__.....| $8, 003, 610 $7,007,040 |  $16, 000, 650
Total State:

8ales in millions of kilowatt-hours. 8, 860 5031 13,883

Variable cost. $16,041,030 | $10,700,460 § _$26, 741, 400

Variable cost in mills per kilowatt-bour. . _._____ | L81 213} . Le

It appears that the total variable cost of generation and transmis-
sion is $16,041,030 for industrial service and $10,700,460 for commer-
cial service. On a per-kilowatt-hour basis the variable costs are 1.81
mills and 2.13 mills, respectively.

Turmng to the allocation of the fixed costs of nonremdentml, non-
farm service, which were estimated at an earlier point as $158,385,927,
the question is raised: How much of this will be charged against indus-
trial and commercial service respectively? -

In the allocation of fixed costs there is always room for considerable
variation in policy, and the determination of the relative responsibility
of different classes of service for the combined system peak load (i e.
the required capacity) is difficult to calculate accurately. In prac-
tice, it seems likely that the fixed costs will be allocated roughly in
proportion to the peak demands of the respective classes of service,
which are estimated in table 53.

On the basis of estimated class peak demands, commercial service
should bear 41.9 percent of total nonresidential fixed costs and
industrial service 42.2 percent. The total fixed costs allocated to
nonresidential service have already been estimated at $158,385,927;
out of this, the allocations to commercial and industrial service
would, then, be $66,363,704 and $66,838,862, respectively.

By adding the variable and fixed cost allocations we may now obta.m

8 Cf. Power Authority estimates, op. k., pp. 152-153.
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the total cost of commercial and industrial power ready to distribute,
as follows:

A Cost ready to distribute
Claas of service g | Voriatle | Pired costs s

of kwh.) Total el

Commercial 5,023 810,700,460 | $66,363, 704 | $77,004,164 153

I al 8,860 | 16,041,030 | 66,838,862 | 82 879,802 0.4

"l‘ohl 13,883 | 26,741,400 | 133,202, 566 | 159, 944,060 ns

In order to determine what levels of average revenue might be
economically sound, distribution costs must now be added. The
studies of industrial and commercial distribution costs made by the
Federal Power Commission # seem to afford the best guidance to
reasonable estimates here, although the data therein presented apply
to 1932 and 1934 and thus.leave out of account any subsequent
improvements or economies.

The Power Commission studied 22 systems, located in various parts
of the country and serving communities ranging from 504 to 1,238,048
in population. Distribution costs were obtained in itemized detail,
including all operating costs and fixed charges, with depreciation at
3 percent and, for private systems, taxes. Various rates of return
on investment were set up, but for the sake of uniformity with the
Power Authority estimates we shall use the distribution cost figures
based on a 6-percent return.

TaBLE 53
Estimation of nonresidential class demands for allocation of fixed costs
Class de-
Annual salee Percent of
pitey Annus! class mand

. Class of service ‘millions of sum aof class

: ser ( kwh’.l)s load factor } (t.hokwusan.) ?’ of | ¥ demands

Percent
C 5,023 20 2,867 4.9
Industrial 8, 860 85 2, 890 422
High-load factor 3,050 80 35 64
Railway & 1, 691 44 413 6.0
Btreet lighting # 458 50 111 L6
Other public uses 3 457 40 130 1.9
"Total, exch residential and farm

i usive of tial am 19,460 6,846 100.0

1 Power Authority, 1858 Annual Report, pp, 152-153, In combining the up-State and metropolitan load

for each el&g of service, no interare: diversity has been allowed: That is, it is assumed that for any

given class of service, the up-State and metropolitan peaks are synchronous. Asbetween the entire demands

of the 2 areas, there is some diversity, estimated at 5 percent by the Power Authority (ibid., p. 149); we assume

ll:r&th;tthisdivusityisdue primarily to the different relative importance of the varions classes of service
e 2 areas,

3 Obtained by dividing annual sales by 8,760 times the load factor. .

% In the present study, these three classes of service have been lumped together s “miscellaneons,” with
total estimated 1950 sales of 2,536 million kwh. (table 50 above). For the purpose of obtaining the sum of class
peak demands, this 2,536 million kwh. bas been distributed among the 3 classes in the same proportion as
the Power Authority estimates (1638 Annual Report, pp. 153-153).

# Federal Power Commission, National Power Survey, Power Series No. 3, Cost of Distribution of Elec-
tricity, 1836,
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Table 54 and charts 22 and 23 exhibit the relationship between sales
per customer and distribution cost per kilowatt-hour. As wou;d_be
expected, the unit costs of distribution decline rapidly with increasing

Chart 22 - DISTRIBUTION COSTS OF INDUSTRIAL ELECTRICITY: .
IN 17 SELECTED COMMUNITIES, 1932-1934
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Source: Toble 54 . ) WPA 3708,

density of consumption and the data for the systems reported follow
8 sufficiently consistent pattern to justify the use of a fitted trend as
a basis for estimates. Industrial distribution costs per kilowatt-hour
vary from 8 mills or more, for low levels of consumption, down to less
than 2 mills for average annual consumption in the neighborhood of
200,000 kilowatt-hours. Commercial distribution costs run much
higher, due to the lower load factor and smaller consumption per
customer. For average sales of 2,000 kilowatt-hours a year, they
appear to average about 16 mills, while for average sales of 10,000
kilowatt-hours per year they fall to about 6 mills, '
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Due to the failure of the available data on energy sales to distinguish
consistently between industrial and commercial service, it is not easy
to determine just what consumption per customer should be assumed
for each class of service in New York State in 1950. For the purpose
here in hand, however, it is probably best to take the ‘“small com-

Chart 23 ~ DISTRIBUTION COSTS OF COMMERCIAL ELECTRICITY
IN 17 SELECTED COMMUNITIES, 1932-1934
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mercial” category to represent commercial service and the “large
commercial” to represent industrial service. In 1937, the average
annual consumption per customer, for the United States as awhole,
was 4,439 kilowatt-hours for the “small” and 260,364 kilowatt-hours
for the “large.””® The latter figure will be scaled down to 180,159

# Tables 35and 36, above. These ﬁgums are based on the Edison Electric Institute’s revised classification
adopted in 1937.
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TasLE 54

‘ :
Distribution costs of industrial and commercial electricity in repre:mtatwe -
systems, 1932-34 (both undzrground and overhead systems)

‘ Industrial service . Commercial service
Distribution cost Distribution cost
Community * .
Sales per Sales per
customer | Per cus- customer | Per cus- )
tomer per { Perkwh. tomer per | Perkwh,i
year year
Kuh, Mills Kwh, Mills
Los Angeles 17,845 $89. 60 5.0 8, 831 $61.75 7.0
‘Washiogton 2 10, 148 65.39 - 6.4
Beattle $_ 93,383 503.03 5.4 301 50.93 8.0
461, 22 5.0 15, 141 125.97 8.3
207. 25 5.0 7,016 60.46 8.8
236, 7.9 6, 916 85.24 12.3
373.12 2.0 11,030 47.14 4.3
211,079 367.66 17 , 915 38. 5.6
Pasadens. ... cocececemvnmneancoc|ocnmmcceccoc]amcancaaaas 8,001 78.53 9.8
Springfield, D). oo emeeeaaeae 52,014 201.49 3.9 8, 578 47.05 b.5
Nashua, NN HA ... __._. - 171, 105 288.37 L7 1, 550 23.37 15.1
San Josqum Valley, Calif.®, - 43,911 138,42 3.2 3,754 35.11 9.4
Supenor, WIS o ecrccnanans 18,234 104. 22 5.7 3,312 25.31 7.8
QGr 14, Mass.®. 41,393 634.356 15.3 3,403 45, 59 13.4
Manchester, Conn 29, 813 263. 22 8.8 2,538 50. 58 19.9
Helens, Ark. . 106, 640 248.00 2.3 3, 559 35.44 10.0
Marianna, Ar] 47, 663 173. 56 3.6 1, 860 33.67 18.1
Bristol, Tenn.-V 87,540 . 208.37 2.4 4,111 28.76 7.0
Lewisburg, P8._ceowveaeeeeeeeo. 36,117 233, 66 8.5 1,011 23,60 12.3

1 Where the name of 8 community appears twice, two different distribution systems are represented.

The following systems are municipally owned: Los Angeles, Seattle (first one listed), Tacoma, Lansmg.
Pasadena, Springfield,

2 Industrial included with eommerclal

$ Small industrial included with commereial.

4 Includes very large industrial customers served at primary voltages.

¥ Service to customers in 24 cities and towns; rural, railway, and wholesale included with industrial. -

¢ High distribution costs in Greenfield are aseribod largely to the unususlly scattered loeation of the
industrial customers in that area, with resultant high unit investment in distribution facilities.

Source: Federal Power Commission, National Power Burvey, Power Series No. 3: Cost of Dlalnbulion
of Electricity, tables 84 and 8-7, pp. 14-15, 20-21.

kilowatt-hours in order to remove, approximately, the influence of
the high-load-factor group of industries.’

Assuming these averages to hold good for New York State in 1937,
and applying the 73-percent and 100-percent increases in consumption
per customer which have previously been estimated for the interval
1937-50, the following figures for average annual consumption per
customer in 1950 are obtained:

. . Kwh.
“Small” commercial (i. e., commercial) _________________ 7,679
“Large” commercial (i. e., industrial) .« oo _______ - 360, 318

From charts 22 and 23, it would appear that the corresponding

¥ The procedure is as follows: Total 1037 industrial and high-load-factor sales in New York State (7,212
million kwh,) are divided by the United States average sales to “large commercial” enstomers in 1937 (260,364
kwh.), giving 27,700 as the number of customers. Then the 1937 industrial sales in New York State (6,212
million kwh.) are divided by 27,700, giving 180,150 as the average sales per industrial customer. The number
of high-load-factor customers is relatively negligible. This method assumes that the proportion of high-
load-factor sales is as high in the United States as in New York State, which is not true; it thus understates
the probable average sales per ordinsry industrial customer.

# It has been estimated earlior in thissection that the annual power expenditure per enstomer will increase
80 parcent for commercial service and 50 percent for industrial service; also that each doliar will buy one-third
more energy in 1950 than in 1937. Consequently, the incresse in oonsumption per customer will be 73

Percent for commercial servios (130 percent X 133}4 percent=173 percent), and 100 percent for industrial
servioe (150 percent X 13334 percent=200 percent).
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average distribution costs are 7.5 mills per kilowatt-hour for commer-
cial service and rather less than 2.0 mills per kilowatt-hour for indus-
trial service. The total costs of rendering these classes of service,
including generation, transmission, and distribution, can now be
calculated as in table 55.

This table shows the estimated total cost of generation, transmis-
sion, and distribution in 1950 to be 11.4 mills per kilowatt-hour for
industrial power, 22.8 mills per kilowatt-hour for commercial power,
and 15.5 mills per kilowatt-hour for both classes taken together.
Rates such as to yield average revenues at these levels, then, would
repay all costs, including insurance, amortization, taxes, and a fair
return on investment.

It remains to compare this level of average revenue with that pre-
vailing in New York State in 1937, to see whether we were justified in
the original assumption of a 25-percent reduction in average com-
mercial and industrial rates. Unless the 1950 average revenue shows
at least & 25-percent reduction under the 1937 average revenue, the
estimates of increase in energy consumption based on such a reduction
must be invalidated.

In the 1937 figures it is not possible to distinguish at all accurately
between industrial and commercial service, so the two classes must be
taken together. The Census of Electrical Industries reports the
following data for private utility sales to nonfarm industrial and
commercial customers in New York State in 1937:%

Number of customers. - - e ccmcce oo 590, 232
Current sold (kwh.) oo 9, 828, 227, 018
Revenue_ ... ececeemeccm—————— $175, 588, 471
TaBLE 55
Calculation of estimated total 1950 cost of commercial and industrial service
Class of service Commercial | Industrial Total
Annual sales (millions of kilowatt-hoars) 5,023 8,860 13,883
Cost of power ready to distribute $77,064,164 | $82,879,892 | $159, 944, 056
Distribution cost 37,672,500 | 17,720,000 | 55362 500
Total cost, Including distribution 114,736,664 | 100,599,892 | 215, 336, 556
Cost of power kwh. (mills) ready to distribute......._.... 15.3 9.4 1.6
Distriblft‘;on c&‘f (mills) v 7.5 2.0 - 4.0
Total cost. 238 1.4 15.5

The above figures, however, include the high-load-factor group of
industries. The influence of this group can be removed as indicated
in table 52, above, giving approximate average revenue of 21.8 mills
per kilowatt-hour for ordinary industrial and commercial sales in
1937. In 1950, it is estimated (in table 55) that average revenue of

8 Census of Electrical Industries, Electric Light and Power Industry, 1937, table 39, p. 66,



ECONOMIC EFFECTS OF THE ST. LAWRENCE POWER PROJECT 93

15.5 mills per kilowatt-hour in these classes of service would coyer_all
costs and allow a fair return. This 1950 figure represents a reduction
of 29 percent below the 1937 figure. Consequently, we must conclufie
that the provisional assumption of a 25 percent reduction in industrial
and commercial rates, on which the consumption estimates were
based, errs if anything on the side of conservatism. A greater re-
duction, which seems not unlikely, would provide still further
stimulus to energy sales as well as to profits. :

‘Section 8

GENERATING CaraciTy REQUIREMENTS

The amount of generating capacity required to deliver the estimated
net energy requirements depends on the efficiency of the system and
the extent to which the peak demands of different classes of service
are diversified or non-simultaneous. "An elaborate report on these
questions was presented by the Power Authority in its 1938 report, and
the efficiencies and load factors there assumed will here be applied to
our estimate of 26,632 million kilowatt-hours of energy sales.®

First, there is the matter of losses in transmission and distribution,
which are assumed to absorb 15 percent of all energy generated. In
order to deliver 26,632 million kilowatt-hours, then, there must be gen-
erated 31,332 million kilowatt-hours (26,632—+-85 percent=31,332).
On the basis of extensive investigations, the Power Authority assumes a
57 percent load factor for the State-wide coordinated system as a
whole® A load factor of 57 percent means that average energy
output is 57 percent of peak demand for the system. The generation
of 31,332 million kilowatt-hours in & year would mean an average
demand of 3.577 million kilowatts, since there are 8,760 hours in a
year and 31,332-+-8,760=3.577. If this average demand of 3.577
million kilowatts is 57 percent of the peak demand, the peak
demand, which the system must be ready to provide, is 6.275 million
kilowatts (3.577--57 percent=6.275). )

For the State as a whole, then, the peak load in 1950 is expected to
be 6,275,000 kilowatts. At least that amount of capacity must be
available to meet peak demands. At 746 watts to the horsepower this
is equal to 8,412,000 horsepower.

According to the Power Authority’s coordination plan, which is

® CL Power Authority, 1658 Annual Reporf, appendix 4, see. 2, pp. 146-156. This load factor of 57 per-
eent for the entire State is obtained from the Power Autharity’s estimates as follows: Total energy supply is
estimated by the Power Authority st 20,870 million kilowatt-hours, which with allowance of 15 percent for
Josses would call for generation of 31,611 million kilowstt-hours. ‘The peak load s estimated by the Power
Authority af 6,200,000 kilowstts (see note 60 below), and dividing 31,611 million by 8,760 times 6,300,000
gives 57 percent as the annual load tactar for the whole system. .

® Bbid., p.149. In 1937 the Niagara-Hudson system had s Joad factor of 76 percent, while that of the Con-
solidated Edison system was 50 percent. As between the up-State and metropolitan areas there iss

diversity of about § percent (ibid., pp. 148-140). In the Power Authogity’s plan, however, this regional
diversity ls not taken advantage of.
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based on a 1950 peak load of 8,400,000 horsepower, the existing
private hydro plants of the State can be counted on for about
1,200,000 horsepower of dependable capacity. Existing steam
stations can supply 4,650,000. The remaining necessary capacity,
2,562,000 horsepower according to present estimates, will have to be
constructed during the next decade. The Power Authority proposal
is to develop 787,500 additional horsepower at Niagara and
1,100,000 in the International Rapids Section, and to contract for-
enough steam capacity to firm-up all of this new hydro power. The
remaining load—about 675,000 horsepower—will be provided for by
additional private construction between now and 1950.

In summary, it is clear that the proposed Niagara-St. Lawrence
hydro development will supply 1,887,500 horsepower, or not quite
three-fourths of the increase in power requirements that can be
confidently expected in the next decade.



CHAPTER IV |

THE EFFECTS OF ST. LAWRENCE-NIAGARA POWER
ON NEW YORK STATE’S INDUSTRIAL GROWTH

In previous chapters it -has been shown that New York State’s
increasing dependence upon steam power, in which it is at a cost
disadvantage due to distance from fuel supplies, makes the State
unattractive for the establishment of new industries using relatively
large amounts of power. The State’s competitive position will
become worse to the extent that the area’s original power-cost advan-
tage will recede as other areas develop cheap hydro power. Unless
other developments not now in sight reverse current trends, the
State seems unlikely to experience before 1950 any substantial growth
in manufacturing employment. beyond the levels attained 20 years
ago. Whereas other regions are forging ahead, New York State is
trying to catch up with its past.

The final appraisal of the benefits.of the proposed hydro develop-
ment must of course turn on a consideration of the economic effects
specifically ascribable to the project; and these it is now proposed to
measure. -It has been cstablished that the development will not
threaten existing utility investments; it will supply the increased
power requirements of the future. It is now proposed to inquire
whether the St. Lawrence-Niagara plan will significantly affect gen-
eral industrial development in the tributary area as compared with
alternatives. ‘

On the basis of its load estimates the Power Authority has calcu-
lated the costs of meeting the estimated 1950 demands under two
alternative schemes: (a) With the St. Lawrence-Niagara coordinated
development and (b) under the best feasible alternative plan of
steam generation.

To the extent that any economies of the hydro plan, reflected in
lower rates, would affect the growth of consumption, the load of
course would actually be different under the two alternatives. For
purposes of cost comparison, however, it seems legitimate to set up
costs for equal deliveries of power under the two plans as the Power
Authority does.

The difference in average generatlon and transmission costs between
the two plans works out at almost exactly 1 mill per kilowatt-hour.!

! Power Authority of the State of New York, 1958 Annual Repori, p. 25, - The oost of power “ready to
distribute”’ is computed at 9.66 mills under the proposed St. Lawrence-Nisgara plan, as compared with
10.67 milis under the alternative steam plan,

95
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Of course, this takes into account the downward trend of steam as
well as hydrogeneration costs. The saving of the St. Lawrence plan
as compared with present rates, which is nearly 5 mills per kilowatt-
hour, should not be used in estimating the effect specifically ascribable
to the project. It is the difference in the cost of power and rates
between the two alternative plans in the future that enters into the
present attempt to estimate the degree of industrial expansion that
may result specifically from the St. Lawrence project. For this pur-
pose the average saving per kilowatt-hour will be taken as one mill,
This assumption does not apply to the electro-processindustries,
for which the Power Authority’s hydro plan specifically set aside 1.05
billion kilowatt-hours annually, in addition to present requirements.
This power would be used in the immediate neighborhood of the hydro
plants, at an estimated average load factor of 80 percent as compared
with 35 percent for other industries and 20 to 50 percent for the
remaining classes of use? It is planned to market this specifically
allocated part of the power on terms which will bear comparison with
“such areas as Bonneville and T. V. A.
- The analysis which follows will then consider separately the high-
load-factor industries, and other manufacturing industries.

Section 1
Hicu-Loap-Factor INDUSTRIES

" In an earlier section, some consideration was given to the electro-
process or high-load-factor industries of the Niagara area. The
importance of these industries to'ithe general industrial structure of
the area, and their dependence on cheap hydroelectric power, were
briefly indicated. It is obvious that these industries, using large
smounts of electric energy, are more directly dependent on power
costs for their profitable operation than are other types of manufac-
~ turing enterprises. The early concentration of the electroprocess
industries around Niagara Falls bears sufficient witness to that.
The St. Lawrence power development on the International Rapids
Section is designed to operate initially as a run of river plant. The
river, furthermore, has a highly even flow, with comparatively slight
variations between maximum and minimum. This is because the
Great Lakes operate as natural reservoirs. Consequently, the energy
generated is, because of its continuous nature, suitable for use either
by high-load-factor industries or in the base load of an integrated
power system. Both of these uses are contemplated for St. Lawrence
power. At this point, the discussion centers on its suitability for
high-load-factor industries because of its low generating costs.

2 Ibid, p. 152.
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The simplest measure of the importance of cheap power to any
given industry is the amount of energy required per dollar’s worth
of product. Manufacturing industries as a whole, as reported in the
1937 Census of Manufactures, purchased only 0.77 kilowatt-hours of
energy for each dollar’s worth of product, and probably a little more
than one kilowatt was consumed.? In the electro-process industries,
however, energy consumption runs much higher, as shown in table
56 and chart 24. The manufacturer of aluminum, for example, must

Chort 24-ELECTRIC ENERGY CONSUMPTION PER UNIT OF PRODUCT
IN SELECTED ELECTROCHEMICAL AND ELECTROMETAL-
LURGICAL INDUSTRIES, 1937 )

Kslowoti-hows per pound
INDUSTRY (] 2 4 6 - 8

Source Table 56 wPA 3n0

provide 12 kilowatt-hours of energy for each pound of metal produced,
which at 1938 prices means 60 kilowatt-hours per dollar’s worth of
product. At the November 1940 price of 17 cents a pound, 12 kilo-

watt-hours per pound would be nearly 71 kilowatt-hours per dollar’s
worth of aluminum.

'hm.hmhﬂh“ﬁ:dwﬂnﬂwmhm‘ , Ianuiscturers
MMW&W-MUWMWMMW.
m.mm-mmu-aguﬁmmmﬂhm
very rooghly estimsated. hmmhﬂn&-m‘—b-mdmdﬂmby-ﬂ
m.ﬂlﬁ—whnd.w.'ﬂ-m-dmhnhﬂ-mmh
wenid require 18 § billion kilowsit-botrs of emergy (12 4 milkion X2,000 X0.746). Adding this to the estirnated
mmm.wmmmmnnrmw-w
kilowstt-hours per dollar's worth of meaufactured produet. The data here osed
Pty iy axe all from the U. B

262071—41——8
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TasLE 56

Electric energy consumption in selected industries, 1937 1

Kilowatt-hours required
Product Per dollar’s | per poung
wort|

product of product
8ilcon carbide 128.6 4.69
Ferrosilicon (50 percent ) 88.6 2.78
Ferromanganese (80 percent t) 71.0 3.26
A inum 60.0 11.99
Fused alumins. 56.1 1,57
odjum 2_. .. 38.3 7.20
Zine (eloctrolytic reduction) 37.1 1.86
Magnesium. 33.3 10.00
Calcium carbide. 3.6 1.58
Chlorine and tic sodad_ 27.8 1.50
Anhydrous ammonia.___.___..._._. 17.0 .76
Copper (electrolytic leaching of ore) 12.8 141

"1 Based on data of Federal Power Commlission, Power Requirements in Electrochemical, Electrometal-
lurgical, and Allied Industries (1938), table 3, p. 14.
11,54 pounds of chlorine as byproduct.
31 pound caustic sods plus 0.885 pounds chlorine,

The actual importaiice of power costs in locating an industry will,
of course, depend on the exient to which a power cost differential
would compensate for other cost différences between alternative
locations. It is obvious, however, that a process requiring 12 kilo-
watt-hours to the pound, or 24,000 kilowatt-hours to the ton, as in
the case of aluminum, will be located with reference to cheap power.
A power-cost differential of as little as 1 mill per kilowatt-hour would
amount to $24 on each ton of the product. Savings on the order of
$24 a ton of product would in most instances outweigh differentials in
labor, other production costs, or transportation. In cases where elec-
tricity consumption is smaller, power costs may still be a very im-
portant factor, even if not always predominant, in determining the
geographic distribution of the industry.

~Aluminum. .

In the production of aluminum, New York State has been a leader
and possesses two of the four plants now in operation: One at Niagara
Falls and one at Massena. The other two plants, more recently
developed and extended, are in Tennessee and North Carolina and a
fifth plant is being built in the Bonneville area. It is noteworthy
that the expansion of aluminum manufacture in the Southeast and in
the Pacific Northwest has gone on rapidly subsequent to the exhaus-
tion of the original cheap power possibilities in New York State.

" The following statement by the Bureau of Mines, from the Minerals
- Yearbook, 1940 (Bauxite and Aluminum preprint, pp. 10-11) covers
some recent developments: '

Primary aluminum production in the United States in 1939
increased 14 percent in quantity and value over that in 1938 and
was the largest on record. Output would have been greater had
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it not been for the unusually low rainfall in certain areas, which
reduced the amount of power available. Of the total output, 41
percent was made at Alcoa, Tenn. ; 35 percent at Massena, N. Y.;
13 percent at Badin, N. C.; and 11 percent at Niagara Falls,
N. Y

In 1939 the Aluminum Co. of America completed a $26,000,000
expansion program begun in 1937 and later announced the begin-
ning of other developments to cost $30,000,000. A new alumi-
num-reduction plant to be finished about January 1, 1941, at
Vancouver, Wash., will utilize Bonneville power and alumina
shipped from existing plants, and it will be capable of producing
30,000 short tons of metal annually. This plant, together with a
20-percent increase in capacity of the Alcoa works, will enable
the company to produce more than 215,000 tons of aluminum
annually, - In addition to the development of reduction works,
the new program will include: A bauxite beneficiating and dry-
ing plant at Paranam, Surinam, of 450,000 tons annual capacity;
acquisition of additional ore-carrying vessels by the Ocean
Dominion Steamship Co. to take care of increased bauxite ship-
ments from South America; additions to the alumina works at
Mobile, Ala., and East St. Louis, Ill.; hydroelectric-station im-
provements along the Little Tennessee River; improved labora-
tory facilities; and enlarged manufacturing capacities at Alcoa,
Tenn., Cleveland, Ohio, Lafayette, Ind., Los Angeles, Calif.,
Massena, N. Y., and New Kensington, Pa.

The trend of domestic production of primary aluminum shows a
very rapid increase (see table 57 and chart 25)* New uses for the
metal and its alloys are being rapidly developed, due to its special
properties of lightness, malleability, ductility, noncorrosion, and low

TasBLE 57
Domestic primary production of aluminum in the United States, 1908-39

Production Production

Year in short tons Year . in short tons
1908, . 5,340 || 1924 75, 282
1909 . 4 14,540 |{ 1025 70,058
1910. 17,701 || 1926 73,693
1911 19,198 || 1927. 81, 804
1912, 20.903 | 1928 105,272
1913, . 23, 640 {| 1929. 113, 986
1914, 28,986 | 1930. 114,518
1915, 45,252 || 1931 88,772
1916, 57,554 |1 1932 52, 444
1917. ,930 [ 1 42, 562
1918 62.362 || 193¢ 37,088
1019 64,238 || 1935
1920, 69,021 {| 1936 112, 465
1921 27,266 (| 1937. 146, 340
1922 36,816 (| 1938 143, 441
1923....... 64,320 || 1939. 163, 5456

SourCE: United States Bureau of Mines; 1908-38 data as given in Federal Power Commissi
Requirements in_ Electrochemical, Electromelallurgical, and Allied Industries, table 1, p. %tmi“!)‘;'ﬁ':‘l{g:g
from Minerals Yearbook, 1940, preprint of “Bauxite and Aluminum® chapter, p. 10.

¢ The Federal Power Commission estimated an annual production of aluminum of 160,000 tons by 1942,
Power Requir is in Electrochemical, Electrometallurgical, and Allied Induatries (1938), p. 34, This eati-
mate was surpassed in 1939. As a result of the new expansion program, aluminum production by 1942 was
estimated at 412,500 short tons. Edward R. Btettinius, Jr., National Defense Advisory Commission,
press release, November 28, 1040, e - . .
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heat-emissivity. Extruded structural shapes, heat-insulation foil,
barrels, and tanks, and architectural trim are examples of uses which
take advantage of one or more of these properties.

Chart 25-DOMESTIC PRIMARY ALUMINUM PRODUCTION

1908-1939
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The greatest market at present is in alloys requring strength and

lightness, for all kinds of. transportation equipment, electric cables,®

and large mobile parts such as dredge booms and power-shovel dippers
where the reduction of dead weight is important.

" 8 About & third of the aluminum consumed in the United States until recently was going intotransporta.
tion equipment and one-eighth into electric conductors, according to estimates by the Aluminum Co.of
America, quoted in Federal Power Commission, op. cit., p.19. Cooking utensils take about gne-ixth of
the total. Dus to the rapid expansion of the aircraft industry, the proportion of aluminum used in trans-
portation equipment is now much higher and rapidly rising.
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The primary basis of the estimates of this study is the trend of nor-
mal peacetime demand. In the case of aluminum, however, ond can
hardly ignore the tremendous additional demand of the air defense
program. The following item from the New York Times, August 9,
1940, speaks for itself. The figures were originally quoted in pounds
but have been converted to short tons in order to facilitate comparisons.

Aluminum Called U. 8. “»Bott'lgneclc”.

The production of aluminum, the largest single irgredient
required for airplane manufacture, was pictured yesterday as
one of the ‘“bottlenecks™ that threaten the production of defense .
goods. The charge was made bg Walter L. Rice, special assistant
to the Attorney General in charge of the government’s anti-

" trust suit against the Aluminum Co. of America and 60 other
defendants.

Questioning I. W. Wilson, vice president of the company, Mr,
Rice brought out that the total capacity of the company’s plants
this year would be 187,500 short tons of aluminum. - Last year’s
production amounted to 163,500 tons, Mr. Wilson testified..

Mr. Rice then asked how much aluminum was used in the
production of a Martin bomber, which was set at 8 tons. To -
make 50,000 such planes, the number asked by President Roose-
velt, Mr, Wilson figured, would require 400,000 tons of aluminum.

Under questioning by defense counsel W. W. Smith, however,
Mr. Wilson said be believed the metal produced by the company
was sufficient to meet current requirements. Planned expansion
will take care of the future, he said. He testified also that a new
plant, which will add 30,000 tons a year to production capacity,
18 nearing completion at Vancouver, Washington. This plant
will receive power from the Bonneville Dam.

. Another plant, to increase production facilities by another
30,000 tons, is to be built in the Tennessee Valley area, the
witness said. That project is expected to be finished by July 1,
1942, according to the testimony.

The inception of an active rearmament program with emphasis on
aircraft and mobile equipment thus throws peacetime estimates far
into the shade. The severe curtailment of imports (which in 1937
amounted to more than 22,000 tons in crude and semi-crude forms or
about one-sixth as much as the domestic primary production of the
metal ¢) will of course call for still further expansion.

The extrapolation of the Federal Power Commission estimates
indicates a domestic primary output of 190,000 tons by 1950, and the
Commission’s report stated that “within 10 to 15 years” (from 1937)
an annual domestic primary production of 260,000 tons could be
expected, with the continuance of the influences obtaining in 1937.
On the basis of developments since then, and the defense program in

® Statistical Abstract, 1938, table 737, p. 723, and Federal Power Commission, op. ek, table 1, p. 2, The

ehlef sources were Canada, Switterland, and Norway, with smaller amounts from France, Germany, and
Great Britain (cl. Foreign Commerce and Navigation of the United States, 1937).
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particular, one may say that the prospects for increased aluminum
production in this country have still further improved. It can be
confidently expected that primary production will pass the 260,000-
ton figure long before 1950. This figure represents an increase of 78
percent over 1937, which was itself a peak year.

- Evidence has already been presented. to show that New York State
cannot expect to share in this 78 percent expansion under the present
conditions of power supply. The possibility of importing power from
Canada on an increased scale does not offer a solution, since the amount
of such power available for export from Canada is likely to decrease
as Canadian markets expand, and in any, case the contracts would
remain terminable on short notice. The proposed Niagara-St.
Lawrence development offers an opportunity to put the Niagara and
Massena areas back on an equal footing with rival regions so far as
power rates are concerned. New York State is at no disadvantage
in procuring the necessary raw materials (alumina or bauxite, and
Greenland cryolite) 7; and the opening of the St. Lawrence Seaway
- might further improve its position, making it possible to bring bauxite
up the St. Lawrence. In relation to markets for aluminum, New
York State has an advantage over both the T. V. A. and Bonneville
areas.

Although it may be hazardous to attempt to predict the policies
of an individual firm, it would certainly appear justifiable to expect
New York State to get its share of the national growth of the aluminum
industry if the Niagara-St. Lawrence development is undertaken.

Chlorine and Caustic Soda.

These two products, obtained by electrolysis of ordinary salt brine,
constitute essential materials for a very large number of further
processes and products, including water purification, soap, glycerine,
pulp and paper, carbon tetrachloride, explosives, solvents, bleaches
and cleaners, antifreeze, oil refining, dyes, and rayon. The im-
" portance of low power costs in the electrolytic process is shown by the
fact that 27.6 kilowatt-hours are required for each dollar’s worth of
products. In physical terms, 1.5 kilowatt-hours are required for the
joint production of 1 pound of caustic soda and 0.885 pound of
chlorine. _

Caustic soda is also produced by an alternative method, the lime-
soda process; but the electrolytic process has been rapidly gaining
ground because of the growing demand for chlorine, and in 1937
accounted for 50.5 percent of the total output.® Electrolytic caustic
- ¥ At present, South American and Arkansas bauxite are converted to alumina at East 8t. Louis and

Mobile; and eryolite, of which relatively small quantities are needed, is imported through New York City.
Experiments in the manufacture of artificial eryolite from native ores have been conducted in the Tennessee
v:ng;m of Manufaciures, 1937, table 4, p. 654, and Chemical end Metallurgical Engineering estimate for

additional electrolytic production in pulp and paper mills for their own use, which is not reported by the
Census, i
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soda production increased from 94,843 tons in 1919 to 266,807 tons
in 1929 and 498,919 tons in 1937, the record year to date.’ |

Although caustic soda is used in such growing industries as ra.yon
and petroleum refining, the more important factor in the increase of
electrolytic production is, as indicated, the demand for chlorine:
The Federal Power Commission report quotes the following estunate
of 1936 domestic uses of chlorine, “from a trade source”:®

Percent
Chemical manufactures. moo oo 51
Bleaching pulp. o - el 30
Sanitation .o e e cc—————— 6
Bleaching textiles._.______ N PSSR SUPI .- B
All other uses. - hcemic————— r—m e 8

The future of these uses is believed to be one of continued expansion,
and additional uses are being discovered. The Federal Power Com-
mission estimate made in 1937, was that by 1942 the annual produc-
tion of electrolytic chlorine would reach 500,000 tons, representing a
21-percent increase over 1936. It seems very probable, as a.matter
of fact, that production in 1937 was actueally in excess of 500,000 tons,
though complete data are lacking.®® By 1950 it seems not unreason-
able to expect a repetition of the 1929-37 increase of 87 percent.

New York State is exceptionally well situated with respect to the
raw material, being a leading salt-producing State with the principal
deposits in the Syracuse area. In addition, many of the expanding
markets for chlorine and caustic soda—notably the general chemical
industry—are close at hand. However, one very rapidly growing
chlorine market (the bleaching of kraft pulp) is developing in the South
and seems likely to attract a considerable share of the new chlorine
capacity to that section.!* Consequently, the -caustic-and-chlorine
industry must be regarded as one in which even with cheap power
New York State can scarcely hope to hold its full share of national
production. Instead of a growth of 87 percent for the period 1937-50,
we shall take for New York State the estimate of 50 percent increase
in production. Even this represents a substantial amount of added
production, since in 1937 the State had 10 of the 40 electrolytic chlorine
plants in the United States.'*

¢ Federal Power Commission, op. cit., p. 60. “Chemical manufactures” include antifreeze, carbon tetra-
chloride, chlorinated naphthalene, chloroform, refrigerants, hypochlorites, bromine, ethyl gasoline.

® Electrolytic caustic sods production in 1937 was, as previously stated, 498,910 tons. Applying the ratio,
of 0.885 to 1 to this gives an estimated 441,543 tons of chlorine produced in conjunction with electrolytic
oaustic soda. In 1936, this process accounted for 86 percent of all electrolytic chlorine (Federal Power Coms

mission op. cit., table 2, p. 66); spplying this same ratio in 1937, we reach a total estimate of 513,422 tons of
electrolytic chlorine.

U Federal Power Commission, op. cit., p. 69. Three examples are there given of recently built cblonnq
plants in the Gulf coast region.

2 Federal Power Commission, op. cit., p. 65, map and list of producers of chlorine by all electrolytic pros-
esses, including 15 pulp and paper mills and 1 oil refinery., Eight of New York’s 10 plants were in the
Buffalo-Niagara area, 1 at Syracuse, and 1 near Troy.
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Electric Furnaces.

The part played by electric furnaces in iron and steel production
and the alloys needed for special steels is rapidly increasing. In 1938,
505,024 long tons of steel were made in electric furnaces. This rep-
resents less than 2 percent of the total steel output, but in the produe-
tion of alloy steel ingots and castings, electric furnaces accounted
for 332,475 long tons out of a total for the country of 1,476,348, or
23 percent. The Bureau of Mines states that “thebulk . . ., of
the steel made in the electric furnace is alloy steel. Typically, steels
with higher alloy content are made in the electric furnace, and steels
with lower alloy content are made by the open-hearth process.” 13

In the making of ferro-alloys themselves the electric furnace is of
still greater importance, as table 58 shows. In 1938, a year of rela-
tively low production; 584,724 long tons of ferro-alloys were produced
in the United States, of wlnch 244, 161 tons, or about 42 percent,
came from electric furnaces.

There is a compounding of growth factors in electricity consumption
. in the making of alloy steels. Steel consumption is increasing, and
the demand for special alloy steels is a larger and larger part of the
- total. Then there is a steady trend toward the use of higher alloy
content which means that high-alloy steel production tends to in-
crease still faster. And high-alloy content steels, as noted, are char-
acteristically electric-furnace products. Furthermore, this calls for
still more of the necessary alloys which are themselves largely electric-
furnace products.

TABLE 58

- Electric-furnace production of ferro-alloys in the United States, 1938

Electric-furnace production
Ferro-allo; : i

. e Amount ‘Pertg%;lf of
(long tons) | production’
Ferrosilicon . 122, 070 48.9
Fetrophosphoms 114, % "Mlgst;;

Ferr X
F mangamem . . . " . (‘) llsmall'l
O‘Zm 3100, 000 |® “Very high”

Total 244, lﬁl 41.8

1 Total ferrophosphorus production was 15,842 long tons, and “most of the 1938 output was made in electric
turnaces” (Minerals Yearbook, 1939, p. 569).

1 Total sh ts of fer were 223,720 long tons “made at 7 blast-furnace plants and 1 electries
furnace plant . . . the bulk of the output was made in blast furnaces” (ibid., p. 568).

L Bough estimate on basis of other figures given in table.

" Source: All data from U. 8. Bureau of Mines, Minerals Yearbook, 1939, pp. 534, 568-569, “In 1938, ferro-
alloys were made at 12 blast-furnace plants, 16 electric-furnace plants, ‘and 3 alun}‘mo‘themnc lants; in
_ addition, 3 plants made ferrophosphorus, and 1 plant made ferrosili as 8 byp (Ibid.,, p 568.) -

1 U, 8. Buresu of Mines, Minerals Yearbook, 1939, p. 672,
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In iron foundries, electric furnaces in duplex with fuel-fired cupolas
offer substantial advantages by way of flexibility and greater ease of
control of quality, and this opens the possibility of tremendous ex-
pansion of electric energy consumption in low-rate areas where there
is a market for iron castings. Improved process control made possible
by electric heating has already revolutionized the properties and uses
of cast iron.™

Future developments in the steel industry not yet in even an experi-
mental stage may very radically increase the importance of power
costs to the industry as a whole. For instance, if & practicable ingot
soaking pit can be developed for electrio use, this will open the way to
a tremendous market for electric energy. The expansion of electric
heat-treating of steel in resistor furnaces since 1920 has been very
rapidly applied to pressed-steel automobile bodies, bearings, ete.
However, the cost of electric power is not the most important factor
in locating these processes, since they are generally part of an inte-
grated series of operations in & larger industry. For this reason,
heat-treating in New York State will not be included among the
electroprocess industries whose growth depends on the provision of
additional cheap power.

The prospects for continued expansion in ferrous electrometallurgy
would thus be bright, even without consideration of recent develop-
ments in connection with the national defense program. The Federal
Power Commission survey forecasted 3 years ago the following per-
centage increases for the 6-year period 1936—42: 16

Percent
Electrie-furnace fron. .. o oo 90
Electric-furnace steel ... . 48
Electric-furnace ferro-alloys___ .. ______________________ 43
Total__________ _— Z ———— 46

In view of the vital role played by alloy steels in the national
defense program, it is certainly likely that this increase will beredoubled
by 1950, which would mean a 1937-50 increase of over 100 percent
(146 percent X 146 percent=213 percent).

At present, New York State is fairly prominent in these industries,
by virtue of cheap Niagara power, nearness to markets in the steel
and metal-working industries, and water transport of imported and
domestic raw materials. Table 59 shows the 1937 distribution of
electric arc furnace capacity in the United States, in which New
York State accounts for over 9 percent of the national total, with the
Buffalo area leading. The submerged-arc furnaces used for ferro-
alloys are concentrated in the Niagara area to a much greater extent,

M See Federal Power Commission, op. a&.mmnﬁmmmmmam
T S Rid, p. 18
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with 4 out of the country’s 15 furnace installations located there.
The Federal Power Commission states that for the country as a whole,
“about 95 percent of the energy . . . for years before 1935 was
purchased from utilities supplied largely from hydroelectric sources,
and the remainder was generated in the industry’s own stations.””®

TasLE 59
Electric arc furnaces for mzltmg iron and steel, by States, in order
of importance, 1937
Aggregate | Percentage
Area (chief conters in each State indicated with percentage of State capacity) (s"gg’:fg{u Uni‘;'e:io?t:nu
: per charge) capacity
Pennsylvania_ : 375.4 20.1
(Pittsburgh 67.0 percent.)
Michigan 3019 161
. {(Detroit 80.0 percent.)
Ohio 200.0 18.8
(Canton 77.5 pereent.)
" Mlinols_ : 7.9 2.4
(Chicago 83.7 percent.)
New York 169.6 91
(Buffalo 38.0 percent.)
(Albany-Troy-Schenectady area 24.9 percent.)
(Syracuse 18.3 percent.)
(Dnnkn-k 13.0 percent.)
‘West Virginia. 9.5 5.4
(Charleston 98.5 peroent )
California. 86.8 47
isconsin. 50.2 27
(Milwaukee 75 percent.)
Maryland A 30.6 21
(Baltimore 100.0 percent.)
bi —. 2.0 21
(Seattle 69.4 percent.)
Massach 3.4 L8
(Boston 78.5 percent.) -
New Jersey. 30.8 L7
Indiana 20.7 L6
Virginia 18.5 1.0
(Norfolk area 83.9 percent.)
Missouri. 15.4 .8
(8t. Louis 77.5 percent.)
Caonnecticut. 142 .8
Téxas 1.0 .7
Kansas . . 1.6 <8
(Atchison 100 percent.)
All other Btates? . 7.9 3.8
United States 1,864.3 100.0

t These States in order of importance are Alabama. Minnesota, District of Columbia, Louisiana, Iows,
Colorado, Utah, Tennessee, Arkansas, Georgia, Nebraska, Arizona, Delaware, Nevads, New Hampshijre,
Oklahoma, Florida, and North Carolins. Each of them constitutes less than 0.6 percent of the total.

80URCE: Federal Power Commission, Power Reguir ts in Electrochemical, Electrometallurgical and
+ Allied Industries, 1038, pp. 74-75.

¥ pid. p 84
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In induction furnaces, New York State is estimated to have about 4
percent of the ferrous and 8 percent of the nonferrous capacity.y ]
The probable future expansion of electrometallurgy and heat treat-
ing in New York State will depend mainly on whether additional cheap
power is made available there to meet.the competition of the regions
which are at present getting all of the expansion in these industries.
With the St. Lawrence seaway and power development, the State
should certainly be at no disadvantage in regard to power, markets,
or water-borne materials. A considerable potential advantage is the
presence, within New York State itself, of large magnetite ore deposits,
at present being worked by the Republic Steel Corporation and the
Chateaugay Ore & Iron Co.®® The average iron content in 1938 was
67.1 percent, the highest for any State, and about 2 million gross
tons, or 7 percent of the national ore output, was mined in New York
and at one Pennsylvania mine.”® Reserves are known to be very
large.® The production of ferromanganese, which is likely to depend
increasingly on new domestic sources of manganese ore,” can probably
expand in New York State only to the extent that ore can be shipped
in by water or beneficiated at the mine, since nearly 2 tons of the ore
are now required per ton of ferromanganese.?? On the whole, one
would seem justified in expecting the State to retain aft least its present
share of the electrometallurgical and heat-treating industries and thus
expanding them by the same percentage as the country as a whole,

-or an estimated 100 percent between 1937 and 1950.

Artificial Abrasives.

Though known under many trade names, artificial abrasives com-
prise only two important products—silicon carbide and fused alumi-
num oxide—and are all made in -electric resistance or arc furnaces.
Silicon carbide requires sand, coal, sawdust, and salt as raw materials,
while fused aluminum oxide is produced either from the oxide itself or
directly from bauxite.

In both cases, the predominant necessity for profitable production
is cheap electric power. Two of the three American producers are in
Niagara Falls and the third (relatively small in abrasives capacity) is
in Alabama. It is interesting to note that no less than six subsidiaries
of American concerns were making crude artificial abrasives in 1936
on the Canadian side of the Niagara area, and shipping their product

" Bid. p. 88,

® Minerals Yearbook, 1939, op. cil., p. 553. . : .

¥ Ibid. pp. 553-856. In order to avoid disclosures, the output of the important Cornwall mine in Lebanon
County, Pa. is combined with the New York figure.

® See D. H. Newland and C. A. Hartnagel, The Mining and Quarry Industries of New York State for 1034
to 1936, New York State Museum Bulletin, No. 319, February 1939,

% In 1938, 94.9 percent of all manganese ore used in making ferromanganese in this country was imported,
mainly from Russia, Africs, Brazil, India, and Cuba. Minerals Yearbook, 1939, op. cit,, p. 560, Domestio
deposits are widely distributed over 10 southeastern and southwestern States (Federal Power Commis-
sion, op. cit. p. 85) and st present are being treated in experimental plants,

8 Minerals Yearbook, 1938, op. eit., table on p. 568.
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into the United States in bulk for fabrication into grinding wheels and
other finished products.®

This would appear, then, to be an industry in which the Niagara
area has outstanding advantages, provided that additional cheap
power can be made available. Energy requirements are very high:
4.69 kilowatt-hours per pound of silicon carbide and 1.57 kilowatt-hours
per pound of fused alumina. At 1936 prices, this means that 128.6
kilowatt-hours and 56.1 kilowatt-hours, respectively, are required per
dollar’s worth of product,® and & one-mill power-cost differential
would mean a 13-percent and a 6-percent differential, respectively, in
the total costs of these products. .

The Federal Power Commission said in 1937: “., . . it seems
reasonable to suppose . . . that the annual energy consumption
within the next 5 years may approach the requirements for capacity
operation of the three operating plants, or 116 million kilowatt-hours
per year.” % o '

The past activity of the industry has followed the fluctuations of

" machinery production, as may be roughly indicated by comparison
with the output of the motor-vehicle and parts industry. The ratio
between indices of artificial abrasives production and of motor-vehicle
and parts output appears to show if anything a slight upward trend
over the period 1926-36.2 Despite the competition of other forms of
abrasives, then, it ‘may be expected that the artificial varieties will
share in any general expansion of machine production such as is now
in prospect. In aircraft production, with highly machined and
finjshed parts, the importance of abrasives is particularly great. At
least a 25-percent increase would seem likely during the next decade,
and with the St. Lawrence-Niagara hydro development, New York
State should be in a good position to take her full share of the gain.

Summary. .
- It is believed that the industries discussed include the principal
possibilities for expansion of electroprocess activity in New York

State, contingent on development of further cheap power. Certain
other electroprocess products have been intentionally omitted as not
yet of great importance: For instance, calcium and lithium. Still
others have been omitted because they are nonexistent or insignificant
in New York State and because it is not expected that the State will
provide a particularly advantageous location even if cheap power is
available there: For instance, zinc. No consideration has been given
to possible growth in copper refining because in the opinion of experts

8 Herbert Marshall, ¥. A. Bouthard, Jr., and K. W. Taylor, Canadian-Americen Indusiry, Yale Univere
sity Press, 1936, p. 75; quoted in Federal Power Commission, op. cit., p. 94n.

: f;:'enl :’;wc Commission, op. cit., table 3, p. 14.

L Bas;dpt;n dsta in Federal Power Commission, ep. cif., p. 95, and Works Progress Administration, Na-

tional Research Project, Production, Employment, and Productivity in 69 Manufacturing Indusiries, part II,
p. 140, R
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present domestio capacity is sufficient to take care of the probable
demand for some time to come.® Finally, no consideration has been
given to the possible expansion of synthetic ammonia and calcium
carbide production because of the especially great uncertainties in
these fields and the fact that coal is an important necessary material.
Other regions will continue to be somewhat better situated than
New York State with respect to coal supply.

It can hardly be expected that the high-load-factor industries of
New York State (now largely concentrated in the Buffalo area) will
show appreciable further growth if no additional low-rate power is
provided. On the other hand, the plants already established, with
power contracted for at advantageous rates, may be expected to
remain. Without the development of St. Lawrence and Niagara
power, the most reasonable estimate of 1950 employment in these
industries in New York State is, then, approximately the level of
recent years. . :

A fairly close approximat'on to this figure may be gained from the
Directory of New York State Manufacturers (1937), which lists
manufacturing firms by products and indicates the number of em-~
ployees. A list of the larger firrns in the chief electroprocess in-
dustries in the Buffalo Industrial Area was given in table 12 above,
followed by a summary (table 13) indicating total 1936 employment
of over 14,000 wage earners in those industries in the Niagara and
Massena areas. ‘

As has been indicated in foregoing sections, the provision of a new
supply of cheap high-load-factor power may be expected to enable
these industries in New York State as a group to share in the
nationa! growth. The following estimates of percentage growth from
1937 to 1950 were made:

U. 8. N. Y. State

Aluminum_._________ ———— e - 178 78
Caustic soda and ehlorine._ - oo oo 87 50
Electric furn ——— 100 100
Artificial abrasives —— 25 25

In chart 26 the estimates for New York State are depicted graph-
ically for comparison with the 1942 estimates of the Federal Power
Commission. A logarithmic vertical scale has been used, so that
linear slopes represent rates of percentage change.

For further comparison there is the New York State Power Author-
ity’s estimate of 1.05 billion kilowatt-hours per year which it tenta-
tively allocated to expansion of the high-load-factor group. Since,
8s has been estimated earlier, the 1937 consumption of these in-
dustries in the State was about 2 billion kilowatt-hours, the Power

'P:u:l PmCommldaﬁ,op.d.,p.ﬁ. ‘War demands sre likely to upset this forecast, which was
made ta 1937,
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Authority 8 figure of 1.05 billions additional corresponds to & 52.5
percent increase. This appears decidedly conservative in the light
of the more detailed analysis here apphed to the principal electro-
process industries. -

The 52.5-percent figure, although it is quite likely too low, is here
adopted. One reason for this step is that the amount of very low-
rate power available to the high-load-factor industries depends upon

Chart 26-ESTIMATES OF GROWTH OF ENERGY CONSUMPTION IN SELECTED
ELECTROCHEMICAL AND ELECTROMETALLURGICAL INDUSTRIES
IN THE UNITED STATES

Percentoge of
1936 consumpfion RATIO SCALE
250 ]
Power Commission - St Lowrence Walerway
Estimates Survey Estimotes
1942 1950
200 ~
: s 7
W
a0 / < //
|3 s

Electric furnace < it

iron, steel, and //. ,&/

ferrc-nlloys P factor _industries
-~ z ¥

150

100 &=
1936 1942 1950

Estimates for 1942 from Power RWUIWS in Electrochemical, Electrometallurgical,
ond Allied Industries, Federol Power Commission, Washington, D.C., 1938, p. 18.

Estimotes for 1950, see text poge wPA 3712

the sales policy adopted by the public authority administering the
sale of the new power. Such an authority will presumably aim at
furthering the economic interests of the State as a whole, rather than
any particular industrial group; and may, after a certain balance of
the load has been reached, decide that greater benefits would accrue
to the State from diffusing the remaining hydro power to general
industrial, residential and farm use than by assigning it all to a few
large-scale users. Such a policy would be to the best interests of New
York State, and it is here assumed that it will be followed despite the
Power Authority’s qualifying statement that “in no sense does this
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estimate 1.05 billion kilowatt-hours limit the ultimate use of power
for electrothermal purposes. If additional development of such
industries can be obtained, the coordinated system will make pro-
vision to supply it.” &

A 52.5 percent increase in the high-load- factor group would involve
additional employment of more than 7,000 persons in the State
(52.5 percent of the estimated 1937 employment), as a direct contri-
bution of the St. Lawrence development. This, of course, ignores
altogether the effect of growth of electrochemical and electrometal-
lurgical industries upon other industries which use their products.

Section 2

ManvuractTurING INDUSTRIES IN GENERAL

Effect of Power-Cost Differential on Rate of Profit.

In considering the role of power costs in affecting general manu-
facturing activity, it is worth recalling that New York State at the
present time does not have a particularly cheap power supply. It
has already been noted in table 28 above, that in 2 out of 12 categories
of power rates, New York is actually the most expensive State in the
Union, and that in no class of rates is the State as cheap as either the
median State or the national average.

When it is realized that the State-wide figures include the relatively

"low-rate Buffalo area, it is plain that the remainder of the State is
still more disadvantageously served than the averages indicate.

A method generally used to show the relative importance of power
costs to different manufacturing industries is to compute the ratio of
kilowatt-hours purchased to value added by manufacture.?® This
procedurt gives a rough notion, but is unsatisfactory, for the following
reasons:

1. It leaves out of account the electric power generated by the
factory for its own use. This constitutes a steadily decreasing share
of industrial power consumption but is still important in many indus-
tries. The Aluminum Co. of America, for example, purchases rela-
tively little electric energy. At Niagara Falls it purchases mechanical
energy (i. e., the right to connect its generators to the power shaft),
and at its other plants it generates much of its own hydroelectric
power.

2. It does not indicate specifically the relative importance of
power rates as compared with such other locational factors as transport
costs.

¥ Power Authority of the State of New York, 1938 Arnual Report, p. 148.

® Cf. F. X. W, “Cheap Power and Industrisl Migration,” Public Utilities Portnightly, August 17, 1839,
p. B37. .
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For these reasons an.attempt will be made to measure the influence
of power costs on specific manufacturing industries by more appro-
priate methods. Two approaches are adopted: The first relates
power-cost changes to rate of profit on investment, and the second
relates them to transport costs and thus to the geographical extent of
the market.

In table 60 are shown the calculated rates of average energy
consumption per dollar’s worth of product in the various selected
industries, which makes it possible to express the effect of a 1-mill-
per-kilowatt-hour  change in energy costs as percentages of value
of products ]

It is evident that a cost difference amounting say to one percent of
the value of the finished product will be much more important to an
industry that turns over its capital rapidly than to an industry with
a slow capital turn-over. . If annual sales are three times the invested
capital, a saving of one percent on sales adds profits amounting to
three percent on invested capital. On the other hand, if annual sales
are only half the invested capital, a one percent saving on sales
amounts to only half of one percent in terms of return on capital.

_ TasLE 60
Prospective power savings in relation to capital investment, for selected
. industries

Wage ‘earners in Saving from

o New York State, | J3ioated | 4560880 | Lomill
* Industry 16837 hours pur- | annual prg::;tt'acst

hased sales to on
Percent | dollar of | investment “:g’:’;ﬁ:_t‘
Number | i otal sales ? 1925-28% | OO nent
Electrical equipment including radios and

phonographs________________._______.____.._ 32,982 3.31 0.571 1.02 0.058
Steel works and rolling mills and blast furnaces_| 22, 469 2.26 1.476 410.70 .103
Motor vehicles, bodies and parts. ... 19,673 1.98 . 303 1.7 .052
Paper and cardboard 13,158 1.32 2.091 .56 117
Chemicals.__ _ 12,878 1.20 8. 460 .76 .643
Nonferrous alloys. 10, 664 1.07 .922 107 .099
Iron and steel forgings and castings_..___ ... 7.185 .72 1179 .68 . 080
8ilk and rayon woven goods. ..o _.o.__.._ 6. 691 .67 .849 LZ .108
Rubber products, excluding tires, tubes, shoes. 4,878 .49 1.528 118 .180
Glass._.__.... 4.747 .48 1.826 L25 .28
Cotton woven goods. 4,597 .46 2.621 101 . 265
Flour and feeds. 4220 .42 .574 34 .197
Hardware and plumbers’ supplies 3. 555 .36 .662 L10 .073
B | | B %] 4| 3

ay and stone ucts, exclu A X . N .
wu—’é_. products, 18 poltery. 1.826 .18 . 571 1.02 .058
Cement.__ 1,308 .13 7.091 .58 .397
Cotton yarn and thread 774 .08 3.325 L45 .482

Total, above Industries.... ... 156, 987 15.76

1 Census nf Manufactures, 1937. The Consus classification of industries does not conform in all cases to
:g“i ugedtb_y Ralp%e% Epstein, but an effort has been made to select the closest possible counterparts of

e industries specified.

3 In most Census industries & small percentage of the enerzy purchases were reported by value only.
Adjustment has been made for this by assuming that the average price per kilowatt-hour was the same for
suc?_ qt;srgy as for that reported by both value and guantity. The range of possible error here is relatively
negligible.

- 3 From Ralph C. Epstein, Source Book for the Study of Industrial Profits, 1932,
4 Rough es; te, not trom Epstein but based on data in Poor's Manual of Industrial Companies.
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In order, then, to appraise the true relative importance of power
costs in different industries, it is necessary to determine the rate of
capital turnover per year; that is, the relation between value of
product and total capital. Such ratios are presented in table 60,
computed from data in Ralph C. Epstein’s Source Book for the Study
of Corporate Profits, 1932, and referring to samples of corporations
over the period 1925-28. The number of kilowatt-hours used per
dollar’s worth of product has then been multiplied in each case by
the ratio of value of sales to total capital, thus obtaining the relation-
ship between electric energy consumption and invested capital. On.
the basis of an average power-cost saving of 1 mill per kilowatt-hour
under the projected power development plan,?® the savings for indi
vidual industries are converted into terms of percentage on invested
capital and shown in table 60. ' .

The 18 industries included in this analysis may be ranked as follows
on the basis of the effect of power-cost differentials on profits:

1. Chemicals.
2. Cotton yarn and thread.
3. Cement.
4. Cotton woven goods.
5. Glass,
6. Flour and feeds.
7. Rubber products.
8. Clay and stone products.
9. Paper and eardboard.
10. 8ilk and rayon woven goods.
11. Steel and iron works.
12. Nonferrous alloys.
13. Iron and steel castings and forgings
14. Hardware and plumbers’ supplies.
15, 16. Electrical equipment and wire.
17. Tools,
18, Motor vehicles, bodies and parts.

The effect of a 1-mill reduction, as shown in table 60, varies from
0.643 percent on capital in the chemicals industry down to 0.052
percent in the automobile and parts industry. While these percent~
ages appear small, they should be appraised with reference to usual
earnings percentages. If an industry is making, for example, 6
percent. on its investment, an additional 0.6 percent from power-
cost, savings offers a 10 percent boost in actual returns, which may
significantly influence the growth of the industry in the region affected.

»
LI T AT 2 %, Bttt
spective differential fs mucht larger. Also, any other industry finding it possible to locate near the gen-

ersting station and to take power at primary voltages might expect a relatively low rate,
282071—41——09 "
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Effect of Power-Cost Differential on the Extension of Sales.

" Unfortunately, the foregoing method provides no way of deter-
mining quantitatively the probable industrial expansion resulting
~ from cheaper electric energy; it merely indicates the probability of

substantially increased profits in a number of industries,

i An alternative approach has been designed to yield a quantitative

estimate of the expansion of New York State manufacturing directly

induced by power-cost reduction. The' estimate obtained is an

excéedingly rough one, and not to be taken as strictly accurate with

regard to any single industry, but at least it gives some indication of -
the order of magmtude -of the effect on New York State mdustry in

general.

-In order to make clear the logic of the approach a brief analytlcal
discussion will be necessary. When a manufacturer’s, potential
margin is increased by a reduction in his production expenses per
unit, there are three ways in which he may convert this saving into
an increase in sales.® -

1. By passing the savmg along to the buyer—i. e., lowenng the
average factory selling pnce of his product.

2. By passing the saving along to his advertising department or
agency—i. e., increasing his outlays for sales promotion.

3. By passing the saving along to transport agencies—i. e., sending
goods to more remote markets and thus paying larger average freight
costs per unit.

Since all three methods are usually available, actual policy is hkely
to involve a judicious combination. Merchandising judgment is in
fact devoted largely to deciding how far.to go in each of. these three
directions of outlay in order to increase sales. For some parts of the

_manufacturer’s output, he may concentrate on one method, while for
other parts he concentrates on another method.

He is presumably aiming at a certain most profitable combination
of policies; and this ideal combination will be attained when it is no
longer possible to make any further net gain in sales by shifting a
dollar of outlay from one form to another. Suppose at a given time
his sales_are 1,000 units a day. So long as it is possible to increase
this by shlftmg say $10 a day from sales promotion to price reduc-
tion,* he has not yet arrived at the optimum combination of policies,

# The assumption that the manufacturer will pass along the differential in one form or another, and take
his own gain in increased sales at the same unit profit, might be questioned if & short period of time or a
highly moncpolistic situation were involved. For the case in hand, however, where reference is had to
the longer-run effects of a ch known & decade in advance, and where a certain degree of competition
is present, the assumption here made seems the reasonable one. See the Itsof & questi ire survey
on this point in Harrod, Hall, Hitch, “Price and Cost in Entrepreneur’s Policy,” Ozford Economic Papers,
No. 2, 1939. Another assumption underlying the present discussion is that the changes in rate of output
here contemplated have no effect upon average unit costs. This assumption, too, would be unjustified for
the short run. but appears appropriate for the anaylsis of ultimate results. It is not assumed here that all
of a manufacturer’s goods are sold at a uniform f. o. b. price.

2§, ¢., cutting his advertising outlay by $10 a day and lowering the price of his product by 1 cent.




ECONOMIO EFFECTS OF THE ST. LAWRENCE POWER PROJECT, 115

and will approach closer to' it if he makes the indicated sh1ft So -
long as it is possible to increase his sales over 1,000 by shifting say
$10 a day from price reduction to transport‘outlay,"% he has not yet
attained the optimum combination, and will approach closer to it if
be makes the indicated shift. The goal of his policies, then, is a
situation in which the same net increase in sales could be attained
equally well in any of the three ways by the same outlay or sacrifice..

- The importance of establishing this principle is that it enables us:
to consider any one of the methods of sales increase—e. g., longer.
transportation—and to assume that (at any rate for small readjust-
ments) the added sales obtainable by -this method would be a fair
measure of the added sales he could expect to get by either of the:
“other two available methods, or by a combination of all three.

There is, in the particular case under consideration, 2 fairly definite
cost reduction made possible through cheaper electric power. This.
gives New York State manufacturers the opportunity to increase sales-
in any or all of the three ways indicated; and if the cost reduction is
relatively small and if we may assume they have been operating under
the rational principle of maximizing profits through the best combina-
tion of the three policies, then the gain in sales will be approximately
the same no matter which way we figure it: As the result of a decrease
in price, or of an increase in sales promotmn, or of an increase in
transportation outlays.

- It happens that with the data in hand the only one of these capable
of being even roughly estimated is the last. It is not possible to
make any well-supported guess as to the elasticity of demand for the
seller’s product in his market, nor can we predict the response he might
get from a given advertising outlay However, the degree of increase
in market associated with a given added expendlture on transporta-~
tion can be estimated roughly.

To do this precisely would involve making the assumption that the
market has a uniform geographic distribution; i. e., that quantity of
sales is proportional to area.®* In an individual market situation, this
is never more than approximately the case, and sometimes is very far
from being the case; but when we seek to find the total result in a great
many market situations, the divergences from uniformity tend to
cancel out, leaving no strong net bias in the total estimate. That is,
sonie sellers may be able to increase their sales through extra transport
out of all proportion to the additional area involved, if they are fortu-
nate enough to break into a concentrated urban market previously just

®{. ¢., by raising the average delivered price by 1 cent and shipping the product enough farther to add
&n average of 1 cent per unit to his freight bills.

% In no sense fs this intended to imply that manufacturers have exclusive sale territories. The degree of
overlap in sales territories varies widely from one commodity to another.
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outside their profitable range; others, on the other hand, will not find
that addition of market area gives anywhere near a proportional
increase in market. For all the sellers taken together, in the typical
case, it seems reasonable to assume that market is proportional to
market area.

It must be recogmzed however, that New York State is not entirely
-a typical case. It is part of the most densely settled and intensively
industrialized section of the country. As a New York State manu-
facturer extends his sales farther afield, in many directions he en-
counters territory of decreasing density of demand. To this extent
the assumption of proportionality between market area is biased
upward.

It is proposed to counterbalance this by another assumption deliber-
ately involving understatement. If a manufacturer could extend his
market radially as well as in distance, by absorbing more delivery
expense, his market area would increase more than in proportion to
his average haul.¥® This would hold good regardless of whether the
market area is circular, polygonal, or shaped like a piece of pie.
However, if extension of market took place along a band or bands of
uniform width, in one or more directions, then the area would of
course increase only in direct proportion to average haul.

Actually, as one proceeds south and west from New York State, the
potential domestic market area widens, so that extensions of area in
that general direction may be considered roughly proportional to the
square of the average haul.®® The density of demand in that direc-
tion, however, probably decreases with distance for most products,
s0 8 conservative estimate would perhaps require that we consider
the increase in actual market to be proportional merely to average
haul, and not to its square.

In the other direction (the New England market), area would ap-
pear to increase only in approximate proportion to distance. Here,
however, due to the concentration of population and industry in the
Boston-Providence region, market would increase at least as fast as
area, s0 we may conservatively assume that market would increase in
proportion to average haul.

. #In s circular market area, for instance, the ares is proportional to the square of the radius, and the
average haul (assuming uniform distribution of demand over the area) is two thirds of the radius. In this
case, total demand is proportional to the square of the radius and to the square of the average haul. If
demand per unit of area decreases with distance, the average haul is half the radius, and total demand varies

" “Just proportionally to each, With areas of other shapes, approximately analogous relationships apply.
% This would mean that a given small percentage change in average haul would be associated with slightly

more than twice as great a percentage change in area. For example, for a 10 percent increase in haul, the
ares would be 110 percent X110 percent, or 121 percent; i. e., 8 21-percent increase,
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These considerations of course have validity not with respect to an
individual commodity and its specific markets—which may be quite
localized—but rather to the composite of New York State products
in general. The final conclusion which is indicated as a conservative
minimum is that any cost saving which would permit New York
State manufacturers to pay for a certain percentage increase in aver-
age distance of dehvery would lead to an approximately equal per-
centage increase in their total sales, if they devoted the entire cost
saving to extra delivery expense. As explained previously, it is
reasonable to suppose that this still applies in cases where they devote
part or all of the saving to increased sales promotion or to pnce
reductions.

The total industrial power purchases by New York State manu-
facturers in 1937 have been estimated at 7,212 million kilowatt-hours.
(See table 50 above.) If the average price were reduced by 1 mill
per kilowatt-hour, a net saving of about $7,212,000 would be obtained.
If the high-load-factor industries are excluded the total energy
purchases are about 5,212 million kilowatt-hours (see table 50 above) ,
and the total saving is about $5,212,000.

In table 61, an attempt is made to allocate part of this saving by in-
dividual ‘industries, so as to determine which branches of manufac-
turing have the largest stake in energy-cost reductions. Since no
statistics are published on electricity purchases by individual indus-
tries in New York State, it is necessary to rely partly on United States
data. The total value of products in each of the selected industries
is shown in table 61, and is then converted to approximate energy
purchases on the assumption that an industry’s average energy pur-
chases per dollar’s worth of product are the same in New York State
as in the United States as a whole. This assumption is probably rea-
sonable, for rough estimating purposes, in all of the selected industries
with the exception of Chemicals, not elsewhere classified, where New
York State’s specialization in the electroprocess field makes the ratio
of energy purchases to product value undoubtedly much higher in
New York State than in the country as a whole. As table 56, above,
shows, some products in the electroprocess group require over a hun-
dred kilowatt-hours per dollar’s worth of product Consequently,
the figure given in table 61 for energy purchases in the Chemlcals
n.e.c. mdustry in New York State is far too low.
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TasLE 61

E.mmated .mmng.r Jrom 1-mill reduction sn electricity costs, in selected
New York State manufacturing sndustries

- | Energy pnr- | Approximate
Value of chased per | energy pur- | Estimated
products, |dollar’s worth| chases, New savings
Industry New York | of product, | York étate. from t-mill
. -} Btate, 1937 (United States| 1937 power-cost
R (milliors of | average, 1937 | (millionsof | reduction
dollars) (kilowatt- kilowatt- (dollars)
hours) hours)
Chemicals, n. 6. ¢ 174.8 8.46 11,477 | 11,477,000
Steel works and rolli.ng mill products. . 157.8 170 268 | 268,
Paper 110.6 2.10 232 232, 000
Ice, manufactured 14.2 10. 66 151 151, 000
Electrical machinery, apparatus, and supplies. . 182.7 .62 113 113, 000
Printin, g and publishing, newspaper and
369.3 .2 96 95, 000
Nonferrous “metal alloys: nonferrous metal
producis, excluding aluminum, o. e. ¢. - 951 .92 87 87, 000
Pulp (wood and other fiber) 20.1 4.14 83 83, 000
Bread and other bakery products.. 243.8 .31 75 75, 000
Flour and other grain-mill p 102.8 .65 1 67 67, 000
Cement. 9.0 7.09 64 64, 000
Motor-vehicle bodies and motor-vehicle parts... 114.9 .50 58 58, 000
Printmg and pubhshmg book, musie, and job_ 207.4 <26 v 53 53, 000
_____________________________ _106.5 .43 46 46, 000
Rubber goods other than tires, inner tubes,
and boots and shoes. 29.4 1.52 45 45, 000
Ice cream._ . L 414 1051 4“4 44, 000
Feeds, prepared, for animals and fowls_ ... ———- 100. 5 .37 37 37, 000
Meat packmg, wh - 174.9 21 37 37, 000
Li , malt. 89.7 .40 36 36, 000
Glass___. . . 21.4 1.68 36 36, 000
Machineshop produets. - .=z oooaooooooo 49.7 .68 34 34, 000
Cotton woven goods, over 12 inches in width___ 1.5 271 31 31, 000
Furniture, mcludmg store and office fixtures_.. 9.8 .30 29 29, 000
Foundry products (gray-iron and malieable-
iron)._ 20.7 1.2 26 26, 000
-Pamts,plgmenf.s, and varnishes 6.4 | .39 24 24, 000
All manufacturing industries. . 7,314.4 2,99 17,212 7,212, 000

1 This figure is a gross understatement so far as New York State is concerned, since the electrochemical
Industries are more important in the chemicals group in New York State than in the country as a whole,
and therefore the energy consumption per dollar’s worth of product in the chemicals group in New York
Btate is certainly higher than the figure 8.46 given above for the United States.

2 Based on actual New York State figures, as given in the Census of Manufactures, 1937, table 2, 1670,
agil table 3, p. 20. Adjustment has been made, as in table 50 above, for purchased energy teported y cost
only.

* SOURCE: Oemmof Mnmufacturc.v, 1937, table 1, pp. 1388-13%4; table 1, pp. 1656-1668; and table 4, pp. 22-33,
Last 3 columns calculated. that some industries for which no New York State productlon
ﬂgu:es are pubhshed would rmkmsl‘mr in esnmnted energy eonsumptmn than some of the industries

Ranking high in the list of energy consumers and potential benefici-
aries of energy-cost reductions are such other important New York
State industries as steel, paper, printing, baking, flour milling, aubo—
mobile bodies and pa.rts ms,chmery, and meat packing.

The estimated savings accruing to each industry from a 1 mﬂl—per—
kilowatt-hour energy cost reduction are shown in the last column of
table 61, and represent simply the estimated energy purchases times
1 mill. To the extent that the actual reduction resulting from the
St. Lawrence-Niagara development would be less than 1 mill for some
industries and more than 1 mill for others, some further inaccuracy
is here introduced into the estimates.
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New York State manufacturers might use this advantage in various
ways to increase their sales—by increased transportation- outlay te
reach more distant markets, by increased sales promotion outlay, or
by price reduction. Some idea of the magnitude of the probable effect
may be obtained from an estimate of the extra transportation mileage
which could be paid for out of the saving in erergy costs. = - - ¢

Unfortunately, no statistics are. available on the amount. of trans-
portation costs incurred in delivering New York'State manufactured
products to their destinations, However, the Interstate Commerce
Commission has estimated that in 1936 the rail freight revenue on -
class I roads in the United States amounted to 8.5 percent of the total
value of all goods transported.?” The total value of New York State
manufactured products in 1937, as reported to the Census of Manu-
facturers, was $7,314,446,524.® If we assume that the ratio- of
transport costs to value of products was the same in New York State
as for the country as a whole, then the total transport costs involved
in delivering New York State manufactures to their destinations in
1937 may be estimated as in ‘the neighborhood of $600,000,000 (i. e.,
8.5 percent of $7,314,446,524).

If transport costs are $600,000,000 ‘and the power—cost saving is
$5,212,000, it follows that the power-cost saving is equivalent to 0.84
percent of total transport costs. The average New York State manu-
facturer; with a saving of 1 mill per kilowatt-hour on his energy purs
chases, could thus afford to absorb an 0. 84 percent increase in trans-
port costs.

If - transport. costs were on a umform mjlea,ge basis, this wou]d
mean an 0.84 percent extension of market radius. However, trans-
port costs are far from proportlona.l to distance. It appears from an
examination of typical progressions of transport charges; as presented
in reports of the Federal Coordinator of Transportation and the Inter;
state Commerce Commlssmn, that for small extensions of prevailing
average lengths of haul, a given percentage increase in frelght-expendl-
‘ture will purchase about. two and one quarter tlmes a,s great a perr

& Interstate Commerce Commission, Bureau of Statistics, Statement No. 3747 Freight Revenue umi
Value of Commodstics Traneported on Class I Steam Railways in the United States, Calendgr Year 1936, ‘Wash-
ington, 1937. The total value of manufactured products as reported to the Census contains a large propog-
tion of duplication in the sense that the products of ons establishment may be used as materials in anothep

astablishment and constitute part of the valus of the product there also. The transportation cost factor ip
thus more important than the ratio 8.5 percent would imply, sinoe its effects are felt cumulatively at sev:

stages of manufacture. The ratio of transportation costs to total value of finished consumers’ goods wo:lqg
give a fairer indication of the actual importance of transportation costs in production. The Twentieth
Century Fund, for example, estimating on such a basis, arrives at 8 figure of 13 percent (Docs Dustribution
Cost Too Much? p. 211). However, in the present case the purpase is to compare the influence of energy
‘cost savings with that of transportation costs, and precisely the same adjustment would be required for ong

88 for the othcr. It is simpler, then, to omit the adjustment in both cases,
" Census of Manufactures, 1937, op. cit. table 1, p. 1388,
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centage increase in distance.® This relation varies, of course, accord-
ing to the commodity, region, and type of ca,rner, but the fa,ct,or of
2 25 seems reasonably representative.

It would appear, then, that the l-mﬂl-per—kllowabt-hour power-
cost saving in New York State, which would amount to about 0.84
percent of the total transportation bill, would have the effect of
extending the markets of New York State manufacturers on the
average about 2.25 X 0.84 percent, or 1.89 percent.

The number of manufacturing wage earners in the State in 1937
was 995,658, and total manufacturing wages were approximately
$1,236,048,000.° Even without allowance for any trend of increase
of these figures between 1937 and 1950, then, one could anticipate
that the direct effects of the 1-mill power-cost saving would include
‘the employment of well over 18,000 additional manufacturing wage
‘earners, with an added payroll (assuming 1937 average earnings) of
more than $23,000,000.4

Section 3
- EstiMaTE oF ToraL INcrREASE 1IN EMPLOYMENT

"’ The final approximate estimates of the increases in employment
ascribable to St. Lawrence power are, in the high-load-factor industries,
7,000 wage earners, and in other lines of manufacturing industry,
18,000 wage earners, Small further increases could be expected in
the electric power industry itself and in the manufacture of electrical
machinery, but these have not been estimated. The total directly
induced employment, then, is taken as roughly 25,000.
" In terms of total social and economic effect this is of course only a
beginning. These 25,000 extra wage earners will spend probably well
over $30,000,000 each year,” mainly on New York State products and
services, which will provide a basis for additional employment in

# Federal Coordinator of Transportation, Freight Tyaffic Report, Vol III, Analyses 49.9-49.12, pp. 157-160;
Interstate Commerce Commission, Bureau of Statistics, Statement No. 3719, Progression in Freight Rate
Mileage Scales, Washington, 1937,

# Census of Manufactures, 1937, op. cit., table 3, p. zo

- 41 The following considerations suggest that the estimate is if anything highly conservative. Rail trans-
portation is here taken as the basis, because of the availability of data and because the selected products
are all of the type which travel largely by rail. However, water or highway transport is used and will
‘continue to be used where it is more economical. In such cases, actual transport costs are less than rail
rates, and more miles eould be purchased for the given saving.

The calenlations were based on freight charges as of 1936. Any improvements which lower the costs of

transportation by rail or alternative means will increase the importance of power costs relative to trans-
portation costs,
" The calculations were based on energy consumption in 1937. It is common knowledge.that the use of
power in manufacturing is rapidly increasing, and this increase is reflected in increased purchases from
central stations, Consequently, in 1950 the relative energy consumption will be much larger than in 1937,
and importance of power-cost differences correspondingly greater.

The stimulation of any one industry also stimulates other industries which supply it with materials or
services.

# This assumes average annua) earnings somewhere near the 1937 level ($1,240) in New York State manue
faotures. Ceasus of Manufactures, 1937, op. cit., p. 20,



ECONOMIC EFFECTS OF THE ST, LAWRENCE POWER PROJECT, 121

{ .
-ever widening circles. The probable character and extent of the sec-
ondary employment thus created will depend upon the circumstances

- of the time, but some idea of the final outcome may be gained from the

- distribution of occupations in the population. About one-half of the
gainfully employed urban population of New York State is in manu-
facturing and the other bhalf in nonmanufacturing activities. To
a very large extent these other activities are dependent and resultant
upon manufacturing. .

Roughly, then, any increase in manufacturmg employment provides
the basis for an equa.l further increase in trade, service, professional,
and other urban nonmanufacturing employment. As a further effect -
of the 25,000 extra manufacturing jobs created by the St. Lawrence
power project, there will probably be about 25,000 additional urban
nonmanufacturing jobs as well, or a total of 50,000 jobs. Q

Finally, to each two gainfully employed persons there are three
who are not gainfully employed—housewives, children, aged, and other
dependents. The proportion of gainful employment to population,
that is to say, is consistently around 40 percent.”® Corresponding to
50,000 urban jobs, on this basis, we have two and a half times that num-
ber of persons provided for—or 125,000 all told. The St. Lawrence-
Niagara power project is thus estimated to provide directly and
indirectly the means of support of the equivalent of a city about the
size of Albany or Trenton.. .

In viewing this interpretation it is important to remember that. we'
are dealing in terms of ultimate effects and long-run trends. It is not
suggested that in 1950 a new city, complete with industries and insti-
tutions, will appear in some vacant spot; but merely that the effect of
the St. Lawrence-Niagara power development will be such as to lift
the trend of the State’s economic growth by the indicated differential
above where it would be in the absence of that development. Cyclical
and other fluctuations about the trend will naturally still occur but
these ups and downs will occur at a somewhat higher level.

Sectxon 4

THE S'r. LAWRENCE-NIAGARA Power Project anD RAIL '
TRAFFIC

One of the functions of the Survey being conducted by the Depa.rt-
ment of Commerce is to determine the effect of the St. Lawrence
Seaway upon railroads. This problem is analyzed in another report
of the Survey. However, if the power development is considered as a
coordinate part of the whole, then the final influence of this project

“ This represents the ratio of “gainfully employed’” persons, according to the Censns of Occupations, to
total population. Many persons report themselves as gainfully employed, however, who are mnpomﬁly .
out of work. Actusal employmant often rans oonsldenbly lower than 40 pereent of population.
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upon the railroads cannot disregard the effects of the power develop-
ment, specifically, upon railroad traffic. In this brief section an at-
tempt will be made to give an estimate of the possible effects of the
‘construction of the St. Lawrence project, and of the industrial devel-
opment that may result from the power phase of the project, upon
rail traffic. .

Estimate of Increased Freight Revenue.

The following data covering all up-State New York trade areas for
1932 show the relation between population and railroad load:# -

Urban population : - 2,998,000
Freight cars originated, 1932__ e oo e 1,183, 000.
Cars originated per 1,000 urban population ... 395

It is advisable to bring these fizures up bo 1937 in order to make
them comparable with the data on manufactures taken. from the
‘Census.” Between the 1930 population Census and 1937, the total
arban population of the up-State New York trade areas may have
increased as much as 8 percent; while between 1932.and 1937 the
snumber of carloads of revenue freight originated in.the United States
48 a whole increased 57.2 percent.* Applymg these ad]ustments we
get the followmg estlmates for 1937:

1

Urban population________ -_-___--_;_________: ______ 3,238,000
Freight ears originated . ..o -.-.___._ 1,860,000
- Cars originated per 1,000 urban population. .o coea .=’ 575

. The approximate present relationship between urban population and

revenue carloadings in up-State New York, then, is 575 cars annually
per 1,000 urban population. ''The 1938 average revenue of all “manu-
factures and miscellaneous” carload traffic per car originated- in the
Eastern District  was $115. The probable carload freight revenue
per 1,000 urban population was $66,125 (575X$115=%$66,125).

An increase of 125,000 in urban population, then, could be expected
to produce 125 times that amount of added carload freight revenue,
or $8,265,625, on the basis of 1937 carload freight per 1,000 population
and 1938 average freight revenue per carload freight. In view of the
fact that L. C. L. freight has been left out altogether, an estimate
of 8.5 million dollars hardly seems excessive. It should be kept in
mind that this is based on data for recent years and makes no allow-
ance for future trends in population growth or for diversion of carload
- rail traffic to other carriers.

Effect Upon Fuel Requirements.

Not all of this 8.5 million dolla.rs represents a net gain in frelght-

revenue, however, since insofar as the hydroelect.nc development

-4 Federal Coordlnator of Transportation, Freight $vaffic Report, vol. I1I, op. cit., P.. o

# This is for all classes of freight combined. .The 1932-37 increase in originations of cars of “manufacturing
and miscellaneous” freight was 81.9 percent.

4 1. C. C. Statistics of Railroads, 1938. A verage revenue per orlgmated car of all carload freight was $126.
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takes the place of alternative steam capacity there might be less
growth in coal traffic to power stations than under the all-steam plan.
This possibility will be briefly explored.

The Power Authority gives the following estimates of fuel costs in
1937 and under the alternative 1950 plans. Dollar figures have here
beenconvertedtotonsattbeasumedaversgepnceof&maton,
probably a rather low figure for 1937.9

FUEL EXPENDITURES OF POWER PLANYS

Incrosse svey
Telel coet Tons 1957 (soms)
1937, $23,493, 467 - 5,873 367 e
1950:
Hydrosteam plan____________ 38 128 000 9, 532, 000 2, 658, 633
Allsteam plan_______________ 54, 082, 000 13, 520, 500 7,647,133

It‘iﬂbeseenthatwhﬂethean-steamplanuﬂsformmcreeseof
7,647,133 tons annually over the 1937 consumption, the coordinated
hydro-steam plan including the St. hwrence—l\iaga.m project would
call for an increase of only 3,658,633 tons, in order to generate the
same quantity of energy.

It does not follow, however, that the amount of fuel consumed in
New York State power stations would actually increase 4 million
tons less under the hydro plan than under the steam plan. As pre-
vious sections have indicated, a considerable fraction of the hydro
output will serve demands which would not exist without the low
power rate; only the remainder may be considered as taken away
from posible steamn generation. It is possible to make a rough
estimate here, taking the average over-all rate differential between
the St. Lawrence-Niagara and the alternative steam plans as about
1 mill per kKilowatt-hour.® .

In 1937, the cost of power ready to distribute in New York State
constituted about 65 percent of the average retail price.® On this
basis, the 10 percent saving in generation and transmission cost
afforded by the coordination plan would constitute a 6.5 percent
saving on the total cost of distributed power. This leaves wholly
out of account any narrowing of the distribution margin bron,,ht
about by the coordination p]an, and is thus certainly a minimum
estimate of the prospective average saving to the consumer. We
maysaythenﬂmttheaveragepriceofenérgtotheﬁmleonsmner

€ The Power Antberity’s foel enut estimates aﬂmm*d..mﬂl.lm—--l
prices the mume in 1950 as i 1937, -
® The ive costs of produciag power “ready to distribute™ were estimaged by the Power Antharity
s 9.68 and 16.67 mills respectively.
'Am“dmmﬁybmnmmuuj-ﬂhhm 1958 Axnual
m;s-dAMmﬂmu_--b-Ih———-!&'Yd
&--mmw—cwmm:uuummm tables 20
and 9, pp. 62 and ).
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will be at least 6.5 percent lower under the coordination plan than

under the steam plan.
We have already seen that consumption in most classes of use

varies more than in inverse proportion to rates. A 6.5 percent
‘average rate difference, then, would produce a difference in con-
sumption amounting to more than 6.5 percent. An assumed increase
of 7 percent in consumption as a result of the lower cost of hydro is
highly conservative. The total power consumption of the State in
1950, exclusive of high-load-factor industries, will be in the neighbor-
hood of 25 billion kilowatt-hours. Seven percent of this amounts
to 1.75 billion kilowatt-hours, and the high-load-factor growth of 1.05
billions must also be added. We thus reach a total of 2.8 billion
kilowatt-hours as the difference between consumption under the all-
steam plan and consumption under the St. Lawrence plan. This
accounts for 28 percent of the entire anticipated output of the
St. Lawrence-Niagara development.®

" Since only 72 percent-of - the St. Lawrence-Niagara power will
really replace any possible steam alternative, the true picture with
regard to coal consumption is probably more nearly as follows:

* Fuel consumption of power plants

Inecrease
_ over 1987
L, Tons (tons)
1937 e m e e 5,873,367 @ ceeeeeee
1950:
Hydro-steam plan. - oo 9, 532, 000 3, 658, 633 -
Allsteam plan. i 12, 403, 720 6, 530, 353

The difference between 1950 power-plant fuel consumption under
the two plans.is here 2,871,720 tons, or 72 percent of the difference
as estimated by the Power Authority.

The hauling of bituminous coal in the Eastern District of the United
States in 1932 brought the railroads an average revenue of 0.68 cents
per ton-mile, and the average ton was hauled 151 miles in the district;™
the revenue per loaded ton would then be $1.025. If we assume
that all coal consumed by New York State power plants in both 1937
and 1950 is carried an average of 151 miles by rail, the tonnage figures
may be converted to freight revenue, as follows:

1 The total anticipated energy supply of the 8t. Lawrence-Niagara public power system, including the
suxiliary steam necessary for dependability, is 10 billion kilowatt-hours, Power Authority, 1938 Annual

. AReport, p. B,

# Coordinator of T'ransportation, Freight Traffic Report, Vol. 111, ep. ¢it., pp. 125-126.
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Freight revenue from fuel hauled to power plants A
: " Increase -

. Revenue over 1957

1937 e ————— —mmmmnm --- $6,020,20% . . ____...____
1950: o~ o ' . .
Hydrosteam plan_._ ... _ .o _____ 9,770, 300 - $3, 750, 099
Allsteam plan__ . ___ —m—— 12, 713,813 6, 693, 312

Under the coordinated power plan, then, the annual revenue on
coal hauled to power stations in the State will increase by $3,750,099,
while under the all-steam plan it would increase $6,693,312. The
difference, $2,943,513 is to be offset against the extra gains in freight
revenue which the hydro-steam plan would bring, which have pre- .
viously been estimated at $8,500,000. Making this deduction, we
may say that annual freight revenues will increase by about $5,500,000
more under the coordinated hydro-steam plan than under the all-
steam alternative plan.

The above figure, $5,500,000 per year, represents a contribution of
the hydro plan to the railroad systems of New York State a.nd im-
mediately adjacent territory.®
Transportation Requirements in Connection with Construction.

In appraising the probable effect of the St. Lawrence-Niagara
project upon the demand for transportation, it is necessary also to take
into account the construction of the project itself.

The Bureau of Labor Statistics has broken down the original
engineers’ cost estimates into total values of the various materials
that will be required at the construction site.®- From these it is
possible to estimate the number of ton-miles of transportation needed
to assemble these materials and the resulting gross railroad revenue if
all materials were to be hauled by rail.

The Bureau of Labor Statistics value figures were first converted
into tonnage, for each commodity or group, by using Interstate
Commerce Commission data on 1936 value per ton at point of pro-
duction * wherever available. The machinery group was considered
as a single item, with a value of $751.27 per ton (the I. C. C. figure for
“Machinery and Boilers”). In several cases precisely comparable
commodity data were unavailable, and the closest approximation had
to be taken. The value per ton for “hardware” and “other iron and
steel products” was arbitrarily assumed equal to the average value
for the other commodities in the iron and steel group for which figures
were available, _
mm&m of revenus were based on average length of the entire haul, and of course some of the
haul, for fuel and for commodities in genersl, takes place outside the State,

8 This was done by detailed comparison of the records of similar projects done under public contract.

W I. C. C., Bureau of Statistics, Statement No. 3747. Freight Revenue and Value of Commodities Trans-
ported on Class I Steam Railways in the United States, calendar year 1936, Washington, 1937,
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The estimated. tonnage of each commodity was next multiplied by
the corresponding average carload-rail haul in local traffic in the
Eastern District in 1932, as given by the Coordinator of Transporta-
tion.®* Next the ton-mile figure for each commodity was multiplied
by the corresponding average revenue per ton-mile in local traffic in
the Eastern District in 1932.%* 'The very large item “sand and gravel”’
was left out altogether, under the assumption that these materials
could probably be obtained locally. It would have quadrupled the
ton-miles and nearly tripled the revenue to include it.

The item “all other materials,” since it amounted to 9.52 percent
of the cost of the specifically itemized materials (excluding sand and
gravel) was assumed to contribute that same percentage to the
tonnage, ton-mile, and revenue figures. The final estimates are
1,712,700 tons, 191,678,000 ton-miles and revenue of $3,315,700. It
would be safe to say, then, that the St. Lawrence project would directly
contribute well over $3,000,000 to railroad freight revenue during the
construction period, over and above the $5,500,000 annually which it
would contribute indirectly in New York State through stimulation:
of industrial development-there.

L] FnigM_ Traffic Report, vol. ITI, op. cit.



