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.."1s 'Duc to thé universal ‘epplisation.of:electric power in
.mapufacture, it plays a decisive part in the production-of all.
‘manufactured articles in time’ of wars Tts sufficiency: to meet. the

@g@anié_6fféhyja@@i§i6ﬁal?load?of“manufécture‘imposedfby,war-;5

. gonditions’ 15 & question nf some imporbtande to thoce who are. ..
;. ~concerned with the preparation' for wary: Aceordingly, -in 1921;: as

a result of reports made to Tho War Department’ throughithe: Chief

of Engineers, that officer vas'd irected tn ‘furnish -information to

the Assistant Secrctary of War as follows and to keep it up to
ufa;:‘ﬁ@e'exi$£ing resourccs of ‘the.country -in electric

. power,

i - ”Aléﬁt Thq“prébaﬁle completion af extensionéfiﬁ~pr6cess of
... construction and the “increase in electric power which will be

| effected thereby,

Co The increases in electric power-Which.may;he“
 expected to grow out of programs for future development, and
. the dates when the resulting increases of -power-are likely

. . to become availables
2, These three provisions constitute:the directive:to the
Chief of Engineers for the power survey which he has- been making and
..reporting on annually since 1921, to the Assistant Secretary of War
withott the appropriation »f any funds for 'the purpoge. The work is
extra work for the personnel 6f the engineer department-and of the
power compsnies ‘and associations. If the.data.is useful to.The
Assigtant Sectetary af War; or likely to be:useful-in the preparatien
for war, the survey will doubtléss be continueds- If we go on the
‘theory that what we do not know does not hurt us, then the recom-
-mendations of some gentlemen that the power survey be discontinued
. may be adopted. . . i ek Sl S e S

S ‘OF ELECTRIC PONER GENERATION,'
SEE T e L

By GENERAL CHARACTIRISTI
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7 TRANSMISSTON, ANP DISTRIBUTION. -

7" 3, . Blect¥ic ‘power 'is Bemerated from-the. enevgy-stored in fuel
or a hydrostatic hesd, -The fuel may be used to’'generate steam cr to
ﬁppgﬂuqe:gaschtluéé;infinbé?ﬁal combustion engines. The motion of a
conductor across 4 magnetic‘field creates ‘electro-motive:force., Power
of some kind has to be applied to effect this motion. The great




English experimentor, Michael Farady (1791 1867) discovwered the
above-named principle of the electric generator. It is amusing now
to read that Faraday, as a witness, explained his discevery to a
committee of the House af Commeons, and that one member asked "Now
that you have found this thing, what gnod is it?" Farady's answer
was, \mvbe some day you gentleimen can tax ite"

o3 4, -4 hundred years has seen the great devglppment from
Farady's experlment.. Electric power .can now be transmltted ;

+teconomically 200 to 30A miles., Ths was made possitla by the
successful handling of alternatimg current in years beginning in
this:century. It has been pmssible to transform currents of

~relatively low voltage tn those of very high vnltage, transmit
them over high resistance in. small wires and then at the p01nts of

- distribution to transform.them dﬁwn to low and safe voltages with=-
out great loss in transmission or transformlng.

: . be.-It-has become possible to generate electrlcal energy

at a cost of one or two mills per kilowatt hour in very large

generating plants. The major part of the cest is found in trans-
-~ mission, distribution and administration, not in generation.

«i : There is in many. mlnds a mistaken idea in this regard, People

look at the great generating plants and hear the lew cost in mills
at the switch board, and become incensed at the charges the
consumer has to.pay. .They are not always right, but maybe in some
cases they are. . o :

B 1here is, of course, a 11m1t to the distance that
electricel energy can be transmitted economically, but the distance
. is,:as stated, considerable,. 200 to. 300 miles, depending on the
. . cost of generation. A steam. plant close by may be able to compete
with a water power plant far away.

st e e The tendency now 1is to cover the country wlth 1nter-
connected systems. One system can trade power with another if the

.« two are connected in their main transm1551on lines., But. this

- .interchange can maturally be economic. for only a fractional part

-of the- load of one .district or system, not the whole loade

8. The main feature bf an electrical power system that tends
toward uneconomie results is the fact that the imad is not uniform,
At a-certain moment in a period, ssay a day of twenty-four hours,
the “demarid runs sharply to a maximum on-a "peak". - The peak is of
short duration but it must -be metes . Therefore the capacity of
generation at ‘any time must be’ greatly in cxcess of the total
generation required. The ratio of the actual generaticn over a

.pericd to the ultimate capacity. of generation is called the load

. factor,.. - The load factor is never equal to unity or 100%. The
:greater, the diversity of demend, then the greuter the. load .factor,
.and the mpre economical the. system., If the load were constant the
@:load factor might be 100% -and . economy Would be at 1ts helght,?

w0



If manufacturing werse ‘done - only on off peak loads the economy of
s ypowertwould: be increased. :

28 -...:"'*’

S T, Slnce electrlc current is” of “such wide appllcatlon in

.;w:domestlc :affairs: for hewt, light, "and’ power; & great curtallment in
vravailable -current for: such punposeé “is qulte dlfflcult and will be

u.found 80 in emergency. : ;

10. The cnnstructlon of ‘large generating plants is a task
that -requires time: “In ‘the ‘case of steam the’ time may be taken as

+.mok less “than 18 months, "In the case of watér power the “time will
ran to four ‘or five years, In any emergency ‘installations only
steam or internal combustion engines could b: vonxidered, and the
need of them must be seen in advance to secure thoir use in
:,-eme.rg.encyo ) ] S S : (3 T - St s N

11, Lhe practlce in bus1ness is to build plants only up to
..demand. - The line of demand is projected into-the ‘future from
definite knowledge of the past and- presppt In any case of
abnormal increase in demand, such as may be brought about in any
‘district by war mneeds, there is suré teo bs found & deficiency in
power. The deficiency can be met by interchange between that
district and those not over-burdened, by a curtailment of non-
- essential uses, and last by new 1nstaLJatJons 3f mude w1th great

premptness on plans already formed ‘for ‘the occasion. -

et GENERAL EXPERIENCE AS' TO POvER Ui THL UNI”bD STATLS

w

uﬂPTN THn LAST YEAR o

12 Due to the thrse years war in Europe from 1914 to 1917,
.- i dndustridl activity in the United States was stimulated -and in 1917
ltthe great needs ‘of the United States for war materials of every
dﬁscrlptlon, and oh an uuprecedented scale, increased the demand
‘ on' American’ industry to & point where a s}wrtage in a]l *acllltles
became. apparent. - As great as was-‘the power of Jmericsn productlon,
it was over- texed., Theve was a shortage in shipe nos: marked and
“also -in ‘railwey equipment that’ continied Yo be tel: fh;'hgh 1920,
though all. roads were uider consclidated management:, Of course,
there was felt a shortage of power ium the most acvtive industrial
centers such as Pit sbu:gh and the Lake regLouq

T 13, Tha power’ vovpanles are in prhvate or manicipal cwnesship,
managemenb anc control during ovdinary times. :Ths power predueing

: capacl 5y is ascurately ad:nsted to the norral demard. Ildle plants
in reserve are kept *o”a- m:n1mum‘+broagh Porecastz-as to deman<,

. New:plants.are buil®: oniy &s-the probapility off gemand - indicatss
as advisable. The marketc is co protested and is at 1ts bess when
-the demand is ahead of tn° supp y,_ SULh a oora*taon is pieasing to
power :Lntereq Sae i &




L+ m4y ‘During the war the ‘value of intérconnected: systems -of -
power became apparent from the standpoint876f: both security of supply
and economy of operation. The diversity factor of the demand is
greater in a far flung system than in-a 8méll"one, - In a:vast inter-
‘connected system it is possible to relieve- 4 shortage in one district
- with a surplus from an adjacent one, and- this process may be-opérated
over much longer distances by steps than is.possible by continuous
transmission. The value of interconnected systems, or the sp-called
super power systems became apparent to everybody during the war and
has been aprlied to a considerable extent gince the war, In the
south there are four companies operating under one holding company,
they are all inter-connected and the general pollcy is governed '
by the holdlng companye :

15, During the war when power shortage became apparént, -the
Admlnlstrqtlon caused the follow1ng actlon to be taken.

a, Collection of 1nformablon or a survey to determlne
the power available and the means of its transmissions

b Collection of 1nformat10n as to the uses to whlch
‘porier was being applied, .

c. Collection of information as to the requlrements of
power Tor the war industries, ~

~ d. Preparation of policy to govern the allocation of
power To various needs,

e, A limited control of power was established,

16, There weife difficulties encountered in the administration
of power questions that involved differences of cost of production,
loss to private interests, shertdge of fuel for steam plants, high
‘cost of new facilities, inability of private companies to secure the
‘necessary capital for operation, maintenance and extension, -

17, The experience of the Werld viar with the power question
indicated the following measures as desirable in any future emergency
of like character and extent:

a, The central government should assume control of power
in all distriets where the. productlon of war. materlals is to
be allotted, -

b. Some regard to the capacity of the power producing
agencles must be cons1dered 1n the allocatlon of war orders.

' Co lhere the demand for' power is 1lle]y to be exceeded,
measures must be taken in advance of the :eads to increase
the supply from adjacent districts and from increase of
generating capacity. This must be done before any shortage
appears if delay in manufacture is to be avoided.
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Do POWER SITUATION TODAY.

18. Of course in the abnormal situation ef teday there is an

" excess of power and no new facilities are being provided. Since the

:'war consolidation 6f smaller companies and interconnection of their
" facilities havebeen much extended., In this regard the situation is
“better than was the'case during'the war., WNevertheless, a shortage

of power is sure to develop: in districts like Pittsburgh and Niagara
during any emergency such as confronted the country during 1917-19
unless measures- are taken early to'forestall a shortages

19. The measures proposed by the Assistant Secretary of War

Q'fﬁo?iﬁ?e'handling'of the power situdtion in war are:

I~ ‘a, To increase the production of power to meet all
_probable needs of industry and the civil population.

b. To secure the most economical use of fuel in the
_production of power.

c. To conserve transportation in obtaining the fuel
supplye.

- 4, To distribute power to-industrial districts where
© there is an anticipated shortage. o

es Refrain from interference with pewer systems not
necessary in the production of war materials,

f. The complete control of plants wherever their out-
'put is necessary for war purposes. '

" B, RECOMMENDED PREP! ATORY MEASURES

20. In addition to the survey which merely determines the
amount of power existing in any power zome, the amount that might

be conside;ed‘as surplus should be estimated in each year,

e g s iphe 'Chief “of Engineefs should- be informed of the anti-
cipated orders to be placed “in each power -zone and be required to
report an estimate of the power shortage that may appear there as
a result of the added load, together with measures that should be
taken, and when, to increase the amount of power to a sufficiencye
Such would be real and definite preparatory worke

22, Responsibility should be placed on the Chief of
Engineers for preparing plans and securing personnel for the organi-
zation of such power control as may be deemed necessary under the
conditions as forecast. Such plans would be subject to the approval
of The Assistant Secretary of war, as a matter of course. Individual
responsibility for results must be clearly fixed if results are to
be obtained, Approval is & matter of study and advice by the staff,
and action by The Assistant Secretary is appreval or further
instructionss
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B f-23,%=Theré-wiLiQBé.iﬁha'ﬁng f:ﬁgfééﬂcy‘sdme?indiﬁi&ﬁélJthat
C will be held: responsible directly, urder the orders of “THe President,
“foF the.contral -of .power.and for. insuring that there-is encugh of it

to meet the-needs of war.and essential od¥il uscy i - -

s

i 24y The machinery. and policy of control is simple.

_ 25, In critical war prodyctinn ‘sress thore'miss: be absolute
‘control of power by the government. This does not mean that existing
power ofganizations will be destroyed or in any-wway disorganizeds
But it does mean that they will take and implicitly execute orders
" received ‘from.the proper governmental agenoy. If they do not do se
those in high executive control will be' displace@ by those who will
_ take and execute orders, -~ Bt e AR

T S

26. The necessary capital not producéd by operation must be

supplied by the government, e LR De
27. 1In each organization, and in contact with the directing

 powers of each company at all points’ of ‘controel; there must be

" representatives of the military and naval services thoroughly

acquainted .with-military and naval requirements, clothed with the

authority of the governmental contrel agency, &nd belonging to it.

' THey will aoquaint power agencies of the needs of the services, and

if these needs are not met at once, without -hesitation, then report
will be immediately made to the high govérnmental authority of the
situation with all its attendant circumstances and the suggested
remedy.

28, Of course, the relations between the power pcople and

" the local representatives of the power control agcnoy will be friendly,

" close, ‘and with mutual understanding, but the grip of the govermment
will.be-absolutely secure and certain, - - - o gha

~ 29 The necessity of the control will begin as soon as the
emeérgency appears .imminent; and it ‘must be: organized.and perfected
then, = If we had elose and powerful enemies thé control would. be
doubtless kept:fully organized in peéace time, rather than:simply
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