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the very fact that it is part of an organism
~rained to "team-play."
Care must be taken
=ot to disintegrate such Ol:ganizations, as
Jtherwise great value will be lost to the
20untry at this critical time.
r believe that the pl'oblems facing us will
tle successfully solved in time, but we need
more co-operation, more of the spirit' of
accommodation, all our patience and wisdom,

171

and, above all, a willingness to work to the
limit.
We must discipline ourselves until a
shirker in any field of useful effort will be
regarded with the same contempt as a
shirker in the military service of the country.
There is no difference, or if there is any
difference, a shirker behind the lines is worse
than one in the trenches.

Railway Electrification as a Means of Saving Fuel
and Relieving Freight Congestion *
By E. W.

RICE,

JR.

PRESIDENT AMERICAN INSTITUTE ELECTRICAL ENGINEERS

A recent estimate of the horse power of steam railway locomotives in the United States places the figure
at 25,000,000. This compares with an estimate of 8,500,000 horse power for all of our central stations and an
additional 4,500,000 horse power for isolated plants. Mr. Rice states that these locomotives consume annua1ly 150,000,000 tons of coal, two-thirds of which could be saved by electrification. There is no guess work
about this statement, as its truth has been demonstrated in actual operation. Under average conditions the
steam locomotive requires SIX pounds of coal per horse-power hour, while present central stations could move
the same trains with a consumption of only two pounds of coal per horse-power hour. This saving in fuel is
only one of the great advantages that Mr. Rice points out would result from electrification of our railways.
-EDITOR.

Members of the electrical profession and
industry have reason to be pleased with the
contributions which they have made for the
benefit of the world. While we are glad to
L.hink that our science and our industry are
fundamentally devoted to the products and
conditions of peace, we realize that in the
electric light, searchlights, the X-ray, tele;Jhones, telegraph, wireless apparatus, electric
motors, etc., electricity plays an important
part in the grim business of war.
We are in the midst of an extraordinarv
coal famine, due to causes which it is perhaps
undesirable for us to attempt to outline.
However, I would like to point out how much
worse the situation might have been were it
not for the contributions of the electrical
engineer·; and also how much better our
condition might have been if our contributions had been more extensively utilized.
Suppose we assume that the present serious
situation is due to a lack of production of coal.
It is comforting to consider to what extent
wnditions surrounding such production have
been improved and how the output of our
oal mines has been already increased by the
use of electrical devices in connection with
coal mining-such for example, as the ~lectric
:-:ght, electric coal cutters, electric drifls, and
* Presidential add reS5 at the Sl~th Ivl id winter Con vention of
:ie A.I.E.E".. New York City, February 15, 1918.

electric mmmg and hauling locomotives. I
have no figures before me, but I think it is a
fair assumption that the output of coal mines
should have been increased at least 25 per cent
on the average by the employment of such
electrical devices. If this estimate were cut
down to 10 per cent it would still leave a
possible increase in the tonnage of coal
produced of something like 50,000,000 tons
during the past year.
If, on the other hand, our situation is not
due to a shortage in the production of coal,
but rather to the failure of the distributive
agencies of the country, which is more
probable, it is interesting to see how this
difficulty would have been largely removed
if the railroads of the country were operated
by electricity instead of steam.
Where electricity has been substituted for
steam in the operation of railroads, fully
50 per cent increase in available capacity of
existing tracks and other facilities has been
demonstrated. This increased capacity has
been due to a variety of causes, but largely
to the increased reliability and capacity,
under all conditions of service, of electric
locomotives, thus permitting a speeding up
of train schedules by some 25 per cent under
average conditions.
Of course, under the
paralyzing conditions which prevail in extremely cold weather, when the steam
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Trans-continental Passenger Train "Olympian" Climbing the Rockies before Electrification
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All-steel Passenger Train "Olympian" at Deer Lodge after Electrification
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locomotives practically go out of business,
the electric locomotives make an even better
showing. It is well known that extreme cold
(aside from the physical condition of the
traffic rail) does not hinder the operation of
the electric locomotive but actu.allv increases
its hauling capacity. At a time- when the
steam locomotive is using up all its energy by
radiation from its boiler and engine into the
atmosphere, with the result that practically
no useful power is available to move the
train, the electric locomotive is operating
under its most efficient conditions and may
even work at a greater load than in warm
weather. It may, therefore, be said that cold
weather offers no terrors to an electrified road,
but, on the contrary, it is a stimulant to better
performance instead of a cause of prostration
and paralysis.
But this is not all. It is estimated that
something like 150,000,000 tons of coal were
consumed by the railroads in the year 1917.
Now we know from the results obtained from
such electrical operation of railroads as we
already have in this country that it would be
possible to save at least two-thirds of this coal
if electric locomotives were substituted for the
present steam locomotives. On this basis
there would be a saving of over 100,000,000
tons of coal in one year.
This is an amount three times as large as
the total coal exported from the United States
during 1917.
The carrying capacity of oUr steam roads
is also seriously restricted by the movement
of coal required for haulage of the trains
themselves. It is estimated that fully 10 per
cent of the total ton mileage movement behind
the engine drawbar is made up of company
coal and coal cars, including in this connection
the steam engine ·tender and its contents.
In other words, the useful or revenue carrying
capacity of our steam roads could be increased
about 10 per cent with existing track facilities
by eliminating the entire company coal
movement.
I have not mentioned the consumption of oil
by the railroads which we are told amounted
in 1915 to something like 40,000,000 barrels,
nearly 15 per cent of the total oil produced.
"!.'his fuel is entirely too valuable to be used
:n a wasteful manner. It is important for
:nany reasons that such a wonderful fuel as
oil should be most economically used, if for no
other reason than that it will be needed for the
ships of our forthcoming merchant marine, for
the tractors that till our fields, and the motor
trucks that serve as feeders to our railways.
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The possible use of water power should
also be considered in this connection. It is
estimated that there is not less than 25,000,000 h.p. of water power available in the
United States, and if this were developed and
could be used in driving our railroads, each
horse power so used would save at least
6 lbs. of coal per horse power hour now
burned under the boilers of our steam
locomotives. It is true that this water power
is not uniformly distributed in the districts
where the railroad requirements are greatest
but the possibilities indicated by the figures
are so impressive as to justify careful examination as to the extent to which water power
could be so employed and the amount of
coal which could be saved by its use. There
is no doubt that a very considerable portion
of the coal now wastefully used by the
railroads could be released to the great and.
lasting advantage of the country.
The terrors of these "heatless days" will
not have been without benefit if they direct
the attention of the people and of our law
makers to the frightful waste of two of our
country's most valuable assets-our potential
water power and our wonderful coal reserves.
The first, potential water power, is being
largely lost because most of it is allowed to
run to waste, undeveloped, unused.
The
second asset, coal, is wasted for exactly the
opposite reason. It is being used but in an
extravagant and inefficient manner.
Our waterfalls constitute potential wealth
which can only be truly conserved by development and use-millions of horse power are
running to waste every day, which once
harnessed for the benefit of mankind become
a perpetual source of wealth and prosperity.
While the amount of coal in our country is
enormous, it is definitely limited.
While
Providence has blessed us with a princely
amount of potential riches in our coal beds,
it is known that there is a finite limit to the
amount of coal so stored and when this coal
is once exhausted, it is gone forever. It is
really terrifying to realize that 25 per cent of
the total amount of coal which we are digging
from the earth each year is burned to operate
our railroads under such inefficient conditions
that an average of at least six pounds of coal
is required per horse power hour of work
performed.
The same amount of coal burned in a
modern central power station would produce
an equivalent of three times that amount of
power in the motors of an electric locomotive,
even including all the losses of generation and
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transmission from the source of power to the
locomotive.
Where water power may be
utilized, as in our mountainous districts in the
West, all of the coal used for steam locomotives can be saved. In the middle and
eastern states, however, water powers are
not sufficient and it will be necessary in a
universal scheme of electrification that the
'locomotives be operated from steam turbine
stations but, as I have already stated, the
operation of the electrified railroads from
steam turbine stations will result in the saving
of two-thirds of the coal now employed for
equivalent tonnage movement by steam
locomotives.
It is, therefore, not too much to say that
if the roads of the country were now electrified
that no breakdown of our coal supply, due to
failure of distribution, would exist. What
this would mean for the comfort of the people
and the vigorous prosecution of the war,
I will leave for you to imagine.
Of course, this picture which I have
briefly and inadequately sketched of the
great benefits which our country would have
received if the roads had been electrified does
not improve our present situation, and it may
be claimed that any discussion of such a
subject at this time is of an academic nature.
This point of view is in a sense true, but I
think that we can properly take time to
consider it because of the effect which it may
have upon our future efforts. This picture is
not merely an inventor's dream but is based
upon the solid foundation of actual achievement. We have had enough experience upon
which to base a fairly accurate determination
of the stupendous advantages and savings
which will surely follow the general electrification of the railroads; in fact, I think we can
demonstrate that there is no other way
known to us by which the railroads problem
facing the country can be as quickly and as
cheaply solved as by electrification.
The solution of the railroad problem would
also "kill two birds with one stone" by
solving the fuel problem at the same time.
If it is a fact, as has been stated, that the
steam railroads of the country have failed to
keep pace with the country's productive
capacity-the increased output of manufacturing industries, the extension of agriculture and other demands for transportation
-it is obvious that if the country is to go
ahead, the railroad transportation problem
must be solved and it must be solved at the
earliest possible date. It becomes a matter of
national importance that the best solution
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should be reached in the shortest possible
time. That solution is best which will give
the greatest amount of transportation over
existing tracks, in the most reliable manner,
and if possible, at the lowest operating cost.
'fi,re electrical engineers are confident that
we can make good our claim that the best
solution is to be found in a general electrification of the railroads. That such a solution
would be of great advantage to our profession
and to our industry is important, although
not as important as the great advantage
which it would be to our country, freeing it
as it would from the present threatened
paralysis of business, possibility of untold
human suffering and incalculable financial
loss. It should give us courage and optimism
for the future of our profession to contemplate
the service which we may render in this
direction, and which it seems to me is immediately at hand. It should arouse in all of us,
and particularly in the younger engineers, an
enthusiastic confidence in the present and
future stability and value of our profession
and of the electrical industry. It should
satisfy the young engineer that the opportunity for him to render important service
is as real and great today as it has been in the
past for those of us who have seen and
participated in the marvelous grov.rth of the
industry up to the present time.
We would not be justified in being so
confident of the benefits of electrification of
railroads if every element in the problem had
not been solved in a thoroughly practical
manner.
The electric generating power
stations, operated either by water or by steam
turbines, have reached the highest degree of
perfection, efficiency, and reliability, while the
transmission of electricity over long distances,
with reliability, has become a commonplace.
Electric locomotives capable of hauling the
heaviest trains at the highest speeds,. up and
down the heaviest grades, have been built and
found in practical operation to meet every
requirement of an exacting service. There is,
therefore, no element of uncertainty, nothing
experimental or problematical, which should
cause us to hesitate in pressing our claims
upon the attention of the country. Electrification of railroads has progressed with relative
slowness during these many years, waiting
upon the development and perfection of all of
the processes of generation and transmission
and of the perfection of the electric locomotive
itself. When all these elements had been
perfected, as they now have been for several
years, the railroads found themselves with-
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out the necessary capital to make the investment.
I realize that the task of electrifying all of
the steam raihoads of the country is one of
tremendous proportions. It would require
under the best of conditions manv vears to
complete and demand the expe~diiure of
billions of dollars.
The.country, however, has clearly outgrown
its railway facilities and it would require, in
any event, the expenditure of billions of
dollars and many years of time to bring the
transportation facilities up to the country's
requirements.
It is not necessary that electrification.
should be universal in order to obtain much
of its benefits. It is probable that the most
serious limitations of our transportation
system, at least in so far as the supply of coal
is concerned, is to be found in the mountainous districts and it is precisely in such
situations that electrifications has demonstrated its greatest value. Electrification of a
railroad in a mountainous district will, in the
worst cases, enable double the amount of
traffic to be moved over existing tracks and
grades.
If a general scheme of electrification were
decided upon, the natural procedure would
be, therefore, to electrify those portions of the
steam railroads which will show the greatest
results and give the greatest relief from
existing conjestion. Electrification of such
sections of the steam railroads would have an
immediate and beneficial effect upon the entire

transportation system of the country and
it is our belief that electrification offers the
quickest, best, and most efficient solution
that is to be obtained.
It may be said that the present is not a
propitious time in which to deflect any of the
country's money into railroad electrification.
I -think that in spite of the enormous advantages of which I have spoken, we would be
inclined to agree with such a point of view if
it were not for the recent unpleasant demonstration of the failure of our railroad transportation systems to meet the demands
which have been placed upon them by the
industries, aggravated, it is true, by the -war
conditions and also by the unkindness of the
weather.
After all, the question for the country to
decide is whether we dare to limp along with
the present conditions of restricted production, due to limited transportation, at a
time when the world demands and expects
from us the greatest possible increase in our
efficiency and total production.
What assurance have we that the present
conditions are temporary, and even if they
improve as they surely shall with the coming
of warm weather, what are we going to do
next winter? Of COUTse, even if we should
start electrification at once, we could not
have all our railroads electrified by next
""inter but- we could have a good start, and as
Sherman said about the resumption of specie
payments, "The way to resume is to resume,"
so " The way to electrify is to electrify."
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