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length of 21,100 miles. Persia has as yet no rail-
road systeins, but the Russian syndicates appear to be
ready to profit by the monopoly which they have
secured for the construction of railroads in that coun-
try. Turkey isadding a number of important lines of
road to the 1,600 miles already possessed in Asia;
the Franco-German line, of Bagdad, is one of the larg-
est of these systems.
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ELECTRICAL SUPPLY BY GAS COMPANIES.
BY ALTON D. ADAMS,

That the essential equipment in gas service is well
suited to serve an important purpose in electrical sup-
ply has become apparent with the development of the
gas-engine. A gas worksready to deliver a large sup-
ply of gas at any point in a wide and thickly settled
area can operate in that area a number of gas-driven
electric stations at a minimum cost. There are two
very good reasons why such gas-driven stations can
be operated with decided advantage by gas com-
panies. One of these reasons lies in the fact that elec-
tric energy from these small stations can be sold for
several times the price of the gas consumed in its opera-
tion. The other reason is due to conditions that make
it possible to generate electric energy at such stations
at a less sum per unit than with most other systems.

First consider the selling-price of gas consumed to
drive dynamos and the market value of the electric
output. For gas-engines of not less than 100 horse
power, such as would be used at these small electric
stations, a consumption of 18 cubic feet of gas, contain-
ing 700 heat units per cubicfoot, is sufficient, per brake
horse-power hour developed, at nearly full load. Di-
rect-current dynainos, in sizes to compare with the en-
gines just named, easily show a full load efficiency
of 90 per cent. Each electrical horse-power output
at the dynamo terminals requires, therefore, the
consuinption of 18 +0'90 = 20 cubic feet of gas in the
engines. As the electrical horse-power hour, or 746
watt-hours, is very close to three-fourths of the kilo-
watt-hour, the latter requires 20 + 075 = 26'7 cubic
feet of gas at the engine. In the largest cities, the
average price per Kkilowatt-hour is about ten cents.
Under siwilar conditions the average price of gas con-
taining 788 heat-units per cubic foot is about one dol-
lar per thousand cubic feet. At thisrate, the 26'7 cubic
feet of gas necessary to produce one kilowatt-hour at
the dynamo terminals have a selling price of 267
cents. The product of the electric plant is, therefore,
10+-2-67=3-75 times as valuable as the gas consumed in
its engines. The 26'7 cubic of gas should supply five
or six sixteen-candle power burners during one hour.
The most common efficiency for incandescent electric
lamps is 3'5 watts per candle, or 56 watts per lamp, so
that one lamp-hour corresponds to 56 watt-hours. The
gas-engine and dynamo deliver 1,000 watt-hours on a
consumption of 26°7 cubic feet of gas per hour, so that
this amount of gas, through the medium of the elec-
tric plant,supplies energy for 1000+56=18 incandescent
lamp-hours nearly. In other words, gas, used in an
engine to drive a dynamo, will operate three times as
many incandescent electric lamps as gas-burners of
equal candle-power. If the electric energy from the
gas-driven dynamo be used in arc lamps, the illami-
nating effect produced from a given quantity of
gas is still further increased. The actual average
candle-powers of arc-lamnps is about one-fourth of the
nominal candle-powers. On a basis of their actual
average illuminating powers, arc-lainps consume 1
watt of electrical work per candle-power. One Kkilo-
watt-hour of electrical energy thus produces 1,000
candle-power hours at the arc-lamp, while the 267
cubic feet of gas consumed to generate 1 kilowatt-hour
give about 16X6=96 candle-power hours at the gas-
burners. Gas used to drive an engine and dynamo
supplies about ten times as much illumination at are-
lamps as it could give off if burned directly for light-
ing purposes.

It may now be considered whether the first cost and
operating expenses of smmall electric plants, as part of a
gas system, would be such as to offset the higher re-
turn on a given amount of gas. Many a gas system
would, probably, supply a number of small electric
generating stations along its main pipe lines, with
increase of the latter or additions to the plant for gas
production. This opinion is based on the fact that
gas-producing equipment is not usually worked to its
full capacity during all hours of the day, and that
gas-mains have a very small flow during the greater
part of each twenty-four hours. Moreover, an increase
fromm the pressures of a few ounces per square inch,
now cominon, to pressures of several pounds will ma-
terially multiply the possible delivery from present
mains. Neglecting then, for the moment, any possible
outlay for the increase of gas plants and mains, the
first cost of electric stations supplied by these mains
may be considered. Therearesome very obviousadvan-
tages of gas-driven over steam-driven electric stations.
With gas-engines no boilers and no high chimneys are
necessary ; the handling of coal and ashes is avoided ;
only sufficient water is necessary to make good the
evaporation due to cooling; and a generating equip-
wmeant of relatively large capacity requires but a small
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space. These features of gas-driven electric plants re-
duce to a minimum, the charges that must be made
against them for real estate. The installed cost of gas-
engines and dynamos, with all connections and acces-
sories, should not exceed one hundred dollars per kilo-
watt of electric output capacity. During ten hours
operation at full load, the value of the output from this
gasand electric machinery would amount to one per
cent of its cost, and four months of such operation,
averaging ten hours per day, would give a gross return
equal to the entire investment. It would probably
prove desirable to install storage batteries with capa
cities of, perhaps, twenty per cent of the maximum
rates of output at these zas-driven electric stations, to
steady the station voltage, keep working engines fully
loaded and supply the entire demand at times of mini-
muin loads. These batteries, however, would reduce
the necessary engine and dynamo equipment by an
amount equal to the battery capacity, because all
would work together during the short periods of max-
imum loads. The weight of the electrical conductors
for a given electric pressure, rate of energy transmis-
sion, and per cent of loss must vary as the squares of
the distances between stations and consumers. One
distinctive feature of the plan here proposed is that
these distances are short—much shorter than those
over which present electric systems usually extend—
and the cost of conductors will, therefore, be compara-
tively light. As an approximate figure, it may be said
that the total outlay for the distribution system be-
tween these gas-driven stations and their customers
should be about fifty dollars per kilowatt capacity of
conductors at their maximum loads, on an average, or
about one-half the expense for plant equipment. In
order thustoincrease the gross return on gas about
3'75 times, there must be added to fixed investment
about $150 for each 267 cubic feet of gas consumed,
for the increased return, per hour. The electric en-
ergy produced from these 26:7 cubic feet of gas hourly
has a market value of 10—2°'67=7'33 cents more than
that of the gas, and, allowing 3,000 working-hours at
full capacity per year, the increase of revenue from
the gas used in the electric generating and distributing
equipment, at the estiinated cost of $150, amounts to
$0°0733 x 3,000=%$219.90. Labor in an electric plant
driven by gas-engines is a comparatively small item,
and much below the necessary amount of work to
operate a steam and electric station of equivalent capa-
city. Whether these main facts, and the many minor
ones bearing on the subject, warrant the supply of
electric energy from numerous, comparatively small
gas-driven plants must depend, in some measure, on
the relative first cost and operating expenses of steamn
and electrie plants for the same service.

The economical transmission of electric energy is a
very real and pressing problem in the design and opera-
tion of extensive electric systems. The necessary sub-
stations for a high-pressure electric system require
fully as much room and more equipment than would
gas-driven electricgeneratingstations of equal capacity.
In batteries, the most expensive elemment of equipment,
the electric sub-station requires more than the gas-
driven plant of the same output, in order to lessen the
load on the main station during times of maximum de-
mand. Aside from the battery-capacity and output,
the electric sub-station must contain, per unit rate of
delivery, unit capacity in rotary converters and a little
more than unit capacity in transformers, making fully
two units of electric nachine capacity per one of out-
put. Rotary converters are more expensive per unit
of output than direct-current dynamos, while trans-
formers are less so, making the machinery equipment
for electric sub-stations about twice as expensive as the
dynamos of a gas-driven plant for equal output.

Considering the additional requirement for batteries
at electric sub-stations over that at gas-driven plants,
and the double charge for electrical machinery, the
total internal equipment of eleciric sub-stations and of
gas-driven plants may be taken as about equal in cost
for the same output. The local distribution system
from each kind of station should cost substantially the
same. The electric generating station with steamn-
boilers, high grade engines, dynamos, transformers,
and high-pressure transmission lines, delivers not more
than ten per cent of the energy contained in coal to
the sub-stations, and derives a return only on what the
sub-stations send out to consumers. In contrast, on
the other hand, is the gas-plant and pipe system, dis-
tributing in water-gas fully 60 per cent of the con-
tained energy in coal and more than 90 per cent of the
energy in the oil consumed. Considering only the
efficiency in transforining the energy of coal for each
sase. the gas-driven electric plant delivers 0°60 X 0°20 X
090 = 108 per cent of the energy of coal as electric
current, while the electric sub-station at its best can
include in its output not more than 0°75 X 0:15 X 090 X
95 X 90 = 8'6 per cent of the energy in coal con-
sumed in the boiler-furnaces. These figures are based
on efliciencies ot 0'60 for the water-gas process, 0:20 for
gas engines, 0°75 for steam-boilers, 0'15 for steaiu-en-
gines, 0°90 each for dynamos and rotary converters, and
0-95 for large-station step-down transformers. No ac-
sount is taken of the small losses in gas-mains and
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high-pressure electric lines from main to electrie sub-
stations. A much larger portion of the energy of coal
can be transmitted through a gas pipe than through an
electrie cable, and the best locations for the generation
of electric currents are close to the areas to be served.
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PARIS EXPOSITION NOTES.

The work of installing the different exhibits in the
annex to the Paris Exposition, at Vinecennes Park, has
been somewhat behindhang, but at the present time
the park contains a series of buildings in which a num-
ber of exhibits of different kinds are being prepared.
One of the most important of these is the building de-
voted to the Transportation section, this being an
annex to the main building in the Exposition grounds.
It contains the exhibits of locomotives, railway mate-
rial and electric traction, and a considerable space has
been allotted to each of the principal nations; France,
Germany, England, the United States, Russia, ete.,
have important exhibits which include locomotives of
different types, electric cars and trucks, air brakes,
etc. In the Austrian section the Ganz Company has
an electric car truck with two 25 horse power motors,
and the Société Electrique of Winterthur, Switzerland,
has an electric motor car of the type used on the in-
clined railway of Lyons. An electric locommotive of
considerable size is that constructed by the Ateliers
du Nord de France, the electric material being furn-
ished by the General Electric and Thomson-Houston
Companies. In the American section, the J. G. Brill
Company, are putting in an exhibit of car trucks with
and without ear-bodies. The American Air Brake
Company has a large exhibit showing its system, and
a number of other exhibits are now being installed.
When complete, this building will contain one of the
most interesting collections of the Exposition. Near
by is the section of ground allotted tothe United States
—in which several buildings and pavilions have been
erected. The largest of these is the Machinery Hall,
a long building with a main aisle and two side pas-
sages, giving a considerable floor-space for the different
exhibits. The motive power for the machines was to
have been furnished by a Ball engine and a dynamo
of American make ; the engine is now in place, but the
dynamo is lacking, as it wassent on the ** Pauillac.” In
place of this set, a Willans engine of the upright type
and a Bullock dynamo of 150 horse power were brought
over from England and rapidly set up. The different
machine tools are run by small electric motors of differ-
eut makes averaging 15 horse power. A large collection
of American machine-tools is to be seen here, includ-
ing lathes, planers, drill-presses, ete., of improved
models; the Brown & Sharp Company has an inter-
esting ezhibit of tools, dies and gauges, and the Inger-
soll-Sergeant Drill Co. show a number of air-compressors
and drills. An overhead electric crane of the Shaw
pattern has been installed in the building. Near by
is a fine pavilion erected by the McCormick Company
for its exhibits of agricultural implements, and another
handsome structure has been built for the American
bicycle exhibits; a number of these are already in
place, but the building is not yet open to visitors. A
number of windmills of American types have been
erected in the section, and one of the interesting features
is an oil derrick. Not far from the United States sec-
tion is a building erected for various types of small
engines, and here have been installed a number of gas
and steamn engines of various makes. Another build-
ing contains the Acetylene exhibits, and a few of these
are already 'in place. In this part of the grounds is
the Automobile building, which is to econtain the vehi-
cles of different countries, and in the neighborhood is
a vast bicycle track of oval shape with an extensive
series of tribunes; it is called the Vélodrome Munieci-
pal, and will be used for the numerous bicycle events
which will take place during the season, in which the
champions of various countries are to be represented.
In the section allotted to the Army and Marine, special
provision has been made for an exhibition of carrier
pigeons. Near this is the Aerostatic park, which will
have the necessary buildings for the balloons; here a
number of ascensions and contests have been arranged
for, and the most recent immprovements in the art of
ballooning will be shown. A space has been set apart
for an extensive collection of agricultural machines,
for which sufficient room could not be provided in the
Champ de Mars. The groups of horticulture, avicul-
ture, athletic sports, etc.,. have spaces assigned then.
On an island in the center of the Lake Daumesnil is
situated the Forestry building, which is an annex to
that of the Exposition. A large tract of ground has
been devoted to the agricultural and stock exhibits,
which are in charge of the Minister of Agriculture.
An interesting feature is a number of groups of work-
men’s houses, which occupy a considerable space ; they
are built after various models by France, Germany,
Austria, Switzerland, etc., and show the most approved
construction in wood, brick and other materials. On
the main automobile track around the lake has been
erected a line of iron poles supporting a’double over-
head wire for the use of the new systemn of electric
motor wagons constructed by the Trolley Autowtear
Company.
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