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LETTER OF Tl

Dr. Eugene Ha am ,
Director of Mines Branch,

Department of Mines,
Ottawa.

Sir,—I beg to transmit, herewith, my report on Peat, Lignite, 
and Coal: their value as fuels for the production of gas and 
power in the by-product Recovery Producer. The information 
and data relating to the By-product Recovery Producer industry 
in Europe were gathered on the spot, by the commission appointed 
to study the status of the European industry. The commission 
consisted of myself, and my assistant -Mr. John Blizard, B.Sc. 
In submitting the report as a whole, I have pleasure in acknowl
edging my indebtedness to Mr. Blizard for valuable suggestions 
and criticisms; especially in the preparation of the chapter deal
ing with the generation of power; and for individual work done 
in connexion with the notes and curves treating on the drying of 
peat by air, and, in the making of the tables and curves showing 
the effect of moisture on the calorific power of peat. Credit is 
also due to Mr. Edgar Stansfield, M.Sc., for the valuable assist
ance rendered by him in connexion with the calculations relating 
to the allowable moisture content in the peat utilized in the 
Mond producer.

I have the honour to be,

Sir,

Your obedient servant,

(Signed) B. F. Haanel.

Ottawra, April 7, 1914.
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PEAT, LIGNITE, AM) COAL:
Their Value as Fuels for the Production of Gas and Power 

in the By-Product Recovery Producer.

INTRODUCTORY.

The trend of present day civilization is in the direction of 
increasing industrial activity; it is natural, therefore, to look 
for rapid increase in the production of manufactured commodi
ties of all kinds. In order to maintain this marked increase 
in the rate of production, fuel in some form is required in ever 
increasing quantity; and on account of the feverish industrial 
pace that has been set, the principal sources of the more com
monly used fuels are rapidly approaching depletion. Conserv
ative estimates have placed the life of the coal deposits which 
at the present time constitute the most valuable fuel- at between 
one and two hundred years. Hence, it is evident that our 
present civilization is almost directly dependent on fuel. Con
sequently, with fuel, more than with any other of the natural 
resources, is man concerned; for, when the deposits of this 
natural resource become exhausted, commerce and industry will 
cease to exist. But while all the natural fuels with which we 
are acquainted, and which we have learned to use, will, in any case, 
become extinct in time, there are ways and means of prolonging 
their life. Reduction of waste, and the employment of more 
efficient methods for the conversion of the heat energy of the fuel 
into useful work, will effectively contribute to the desired end. 
But to these must be addetl other economies, such as the reser
vation of the respective fuels for the purpose or purposes to 
which they may be most economically applied.

It must be apparent to all who have studied the question, 
that all fuels are not of equal value: for instance, in the pro
duction of power, one coal may prove as economical as another; 
whereas, for metallurgical purposes, where coke is required,
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only a coking coal will serve the purpose. But all bituminous 
coals do not possess coking properties; neither do all coking 
coals produce the same quality of coke. Hence, it may be said, 
that the various fuels arc individually adapted to one or more 
specific purposes; from which they cannot be diverted without 
disadvantage. By way of illustration, take the question of 
generating power, for which purpose the prime requisite is heat : 
in this case one class of coal, which possesses a certain heating 
value per unit, is just as suitable as another of like heating 
value, nothwithstanding the very marked differences which may 
exist in their composition. A coking coal, in this case, would 
serve the purpose as well as a non-coking coal; but the non
coking coal could not be substituted for a coking coal when 
the product required is coke. The same reasoning applies in 
an equal measure to other fuels, petroleum for example. Petro
leum, when utilized in its crude state as a fuel for various 
purposes, cannot command a much higher market price per 
1,000 heat units than any other suitable fpel. In the case of 
petroleum, the choice lies in the greater convenience with which 
it can be stored and handled. But petroleum when submitted 
to a fractional distillation, yields oils of various descriptions, in 
addition to numerous and valuable by-products; the same does 
not hold true with the solid fuels, so that it will be seen that 
petroleum is specially adapted for the manufacture of other 
fuels, which are indispensable and practically irreplaceable for 
many and varied purposes both in the arts and industries.

There are, however, certain fuels which are found in great 
abundance but which are not, at the present time, especially 
valuable for any one particular purpose. Among these fuels 
may Ik* classed lignites, and peat, though from both these fuels 
valuable oils, and other by-products can be obtained by distilla
tion; while coke—which is of special value for some purposes— 
can be obtained from peat. No economic process, however, 
is in existence which can effect the distillation of these fuels 
profitably. Their main value is as generators of heat and they 
can therefore be best used for the generation of heat for power, 
or for domestic purposes. By thus classifying the various fuels, 
according to the purpose for which they are best suited, and for



which another fuel cannot lie substituted; and ascertaining the 
most efficient method or process to employ for that particular 
purpose, conservation will be attained in the most economic 
manner, and the rapidly decreasing life of the various sources 
of fuel, considerably prolonged.

The problem which confronts Canada, however, is. not con
servation; but the best means of rendering available the various 
supplies of low gradefuels. The great Coal Measures of Canada 
are situated in the extreme east and west; but, lying between 
these points is a vast territory devoid of coal measures, 
which is, at the present time, dependent on some foreign source 
for a fuel supply. In one sense conservation is being practised 
to a very high degree, because, in certain parts of the country, 
practically all the coal required for industrial and domestic 
purposes, is being imported from the United States, while 
valuable fuel deposits are lying practically intact. But this kind 
of conservation never leads to commercial or industrial prosperity, 
and cannot, therefore, be recommended. In order to render those 
portions of Canada which are devoid of Coal Measures inde
pendent of foreign supplies of fuel, at least to some extent, it is 
necessary to convert into some convenient form the great source 
of potential energy represented by the peat bogs, which are of 
great extent and well distributed throughout the middle Prov- 
inces; and the same necessity applies to the lignite coals which 
are found distributed throughout the prairie Provinces.

Many of the peat bogs, which are peculiarly adapted for 
manufacture into fuel for domestic and power purposes, are 
conveniently situated as regards transportation facilities, and 
contiguous industrial communities. But notwithstanding this, 
the manufacture of the raw peat, contained in certain of the 
bogs, into a marketable fuel has not, up to the present time, met 
with much success; due, on the one hand, to the long list of 
failures recorded by those who have impracticably interested 
themselves in this problem during the past years, and, on the 
other hand, to unscrupulous speculators, promoters, and so-called 
inventors. The failures, so far recorded, may be ascribed princi
pally to the methods employed for manufacturing the fuel. It 
is a fact that a flourishing and permanent peat industry has
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been established in Europe for almost a century, but no one, in 
this country, thought of turning to the European peat using 
countries for advice and enlightenment concerning the best 
process to employ for the manufacture of peat fuel in Canada. 
This seems incredible, especially at the present day, when the 
inventor of processes is still able to hold the attention and some
times the purse strings of astute business men.

In Europe the annual production of peat is large. In 
Russia alone, during the last year, over 2,500,000 metric tons 
were produced; together with a large output in Germany, and 
other countries. The process employed in all the European 
countries is the air-dried machine peat process, sometimes called 
the “wet process": and this is the only economic process for 
the manufacture of peat fuel known to-day.

Unless the manufacture of peat fuel is conducted on a bog 
situated reasonably near a community which is able to take over 
the entire output produced, peat manufactured for domestic or 
fuel purposes alone would not prove a profitable venture. This 
is due to the comparatively low heating value of the peat to 
its moisture content, and to the large volume it occupies, per 
heat unit, as compared with coal; and when to these disadvan
tages is added that of high freight rates per ton, the reason of 
the foregoing statement will be obvious. But while peat may 
serve as a domestic fuel in only certain cases, it may be well 
adapted for the production of power, or as a fuel gas. This is 
especially so in the case of peat which has a high nitrogen con
tent, since this element can be profitably recovered in the am
monia gas formed in the by-product recovery producer. Accord
ing to the process employed in by-product recovery work, the 
ammonia gas is fixed with sulphuric acid, and the resulting prod
uct “ammonium sulphate" is then sold for agricultural purposes. 
The demand for this commodity is, to-day, greater than the 
supply, consequently its price per unit is somewhat high. 
Whenever, therefore, the nitrogen content of the peat is 
sufficiently high, the production of a fuel, or power gas, accom
panied by by-product recovery, would prove profitable. But in 
the case of the production of power, the same economies must 
be introduced into the manufacture of the fuel that apply to a
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domestic fuel, and even though the content of nitrogen is well 
above the average, any increase in the cost of fuel rapidly 
decreases the expected profits. Peat is a low grade fuel which 
must be manufactured and sold at a comparatively low cost, 
if it is desired that it should serve as a substitute for coal. It is 
evident, therefore, for the foregoing reasons, that the manufacture 
of peat fuel does not hold forth any glowing prospects for getting 
rich quickly, although reasonable and very good profits should in 
almost every case be realized when the industry is run on a 
business-like basis. But the element of speculation, and some 
of the commonly practised methods of promotion must be erad
icated if the peat industry is ever to become an accomplished 
fact.

In order to encourage the peat industry of Germany, 
technical societies have been formed, which are under the super
vision of the Government; and it is their function not only to 
educate the people in the uses and manufacture of peat, but 
to discourage and make impossible the aquisition of peat lands 
for purposes of speculation.

In one well known instance, the German Government has 
undertaken the development and cultivation of a large tract of 
peat land; and its aim is to put this, otherwise waste land, into 
condition for agricidtural purposes. When the project is com
pleted, this particular moor of large extent will be homesteaded 
by about 3.000 farmers. In order to further promote the in
terest of agriculturists, and make their lot a happier one, a central 
power plant is erected on the bog for the purpose of cultivating 
the entire bog and for operating the agricultural implements 
of the farmers. Power at this plant is generated entirely from 
peat, which is manufactured by the government, and sold to 
the power company for about SI.25 per ton. The quantity of 
peat required to generate the power at present produced is 
about 60,000 metric tons annually, but when the plant is opera
ting at maximum load: viz., 10,000 horse power, this quantity 
will be very greatly increased.

There are certain bogs in Canada, of very large extent, well 
suited for the manufacture of peat fuel for domestic purposes, 
and the production of power, and such bogs might lx- cultivated
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and colonized in a similar manner. All ploughing, harvesting, 
etc., could Ik.* performed by electric power, and the homes, in 
addition, lighted by electricity. In this way, a worthless tract 
of land could Ik* converted into agricultural land of value.

If peat can be manufactured successfully in the northern 
part of Germany, where the climatic conditions arc not so fav
ourable as those obtaining in Canada, it is within reason to 
assume that the same or a greater degree of success could be 
realized in this country.

In order to assist the peat industry of Canada, and to place 
it on a firm foundation, those who had during past years been 
interested in the actual attempts to manufacture peat, but who 
had failed, petitioned the Government to send a commission 
to Europe to investigate and report upon the methods and proc
esses there employed for generating power from peat. Especial 
attention was paid to the by-product recovery gas producer 
power plants, and to the methods for preparing the peat for 
gas producers or steam boilers, as the case might Ik?.

In the following report, the writer has described, in some 
detail, the methods for manufacturing peat fuel, and has laid 
considerable stress on the problems encountered in removing by 
pressure or by means of artificial heat the contained water. 
It is shown that the artificial drying of peat cannot be accom
plished economically, and that to attempt to reduce the water 
content of the raw peat to below 76 per cent by hydraulic pres
sure will result in commercial failure. It is further shown that, 
with peat costing SI.50 per ton delivered at the producer plant, 
and having a nitrogen content of 1*5 to 2 per cent, power can 
be produced as cheaply as with some hydro-electric plants; 
and, that where only gas is generated, the revenue derived from 
the sale of the ammonium sulphate produced is sufficient to 
pay a profit on the investment, and to deliver the gas free of 
charge.

The same cases have been considered for plants utilizing 
lignite and coal as fuel.

f
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CHAFTIK I

MANUFACTURE OF PEAT FUEL.

The feasibility of utilizing peat fuel fur power purposes is 
determined by the following factors : (1), cost of fuel to con
sumer; (2), quantity of fuel available; and (3), quality, as regards 
heating power, and moisture content. These factors in turn, 
are directly dependent on the method employed for |n*at fuel 
manufacture, on the distance separating the point of consump
tion front the place of manufacture, and on the quality of the 
peat in the bog front which the peat fuel is made.

In the case of power plants which are primarily installed 
for the purpose of recovering the nitrogen content of the peat in 
the form of sulphate of ammonia, the nitrogen content of the 
raw peat throughout the entire bog becomes a very important 
factor.

Inasmuch as the cost of manufacturing peat fuel is the 
dominant factor, and in most cases the deciding factor in the 
consideration of its utilization for power puqioses, a brief de
scription of the different m uring processes will aid clear
ness of view.

The current processes may lie divided into two classes: 
(1) those depending on the forces of nature the sun’s heat, 
and the wind for the removal of the moisture from the raw 
material; and (2) those depending on mechanical means for the 
separation of the bulk of the moisture, and on artificial heat 
for the evaporation of the remainder.

Feat, in its natural state, that is, as it exists in the bog, 
contains 90 per cent, and sometimes more, of water, and this 
water content is seldom reduced below 88 per cent, even in the 
most thoroughly drained bog. In other words, one hundred 
pounds of raw peat contains 90 pounds of water, and only 10 
pounds of dry peat substance; and this dry peat substance rep
resents the total combustible material in the 100 pounds.

D1D
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In order, therefore, to render this 10 pounds of combustible 
substance available for fuel purposes the bulk of the <>() pounds 
of water must first of all Ik* removed. The problem of the econo
mic removal of this water, in a manner which will permit the 
manufacture of peat fuel to Ik* carried on continuously through
out the year, has not, as yet, been satisfactorily solved. When 
the drying of the peat is accomplished by means of the direct 
heat of the sun in the ojx*n air, it is evident that its manufacture 
must cease in rainy weather, or when cold weather sets in; 
hence this method is not continuous. But though this is the 
case, it is the only ccomonic method known, at the present 
time, for the manufacture of peat fuel, depending as it <I<k*s on 
atmospheric c< ions for the removal of the large amount of 
moisture. Practically all of the peat fuel pnxluced in Kurope, 
is air-dried. An effective method, which has been in successful 
use for many years, and which depends on the direct sun’s heat 
for the removal of the water from the raw peat, will now Ik? 
described.

AIR-DRIKI) MACHINK PKAT.

Air-dried peat, as fuel, has for several centuries been used 
in many of the countries of Kurope, and even today, the peasants 
of Ireland pr<Kluce |K*at fuel, for their domestic purposes, in 
the same primitive manner that was in use centuries ago.

The jK*at is simply dug from the bog with ordinary spades, 
and then laid ujmhi the lx»g to dry. When sufficiently dry these 
sods arc either stored in a shed or stacked in the open field. 
In Sweden and Holland a similar method is followed by the pea
sants, but in these countries the dug peat is placed on hard 
ground, or on a wooden platform, and kneaded into a pulp by 
the treading of men or horses. The pulped peat is then moulded 
by hand into cakes which are laid in the sun to dry.

These primitive hand methods cannot be employed for the 
manufacture of |K*at fuel on a large scale and, in countries where 
the cost of labour is high, this hand methml of manufacture can 
not be considered by the farmers, even on a small scale.

7
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Composition of Peat and effect of Pulping.

Peat consists of the fibres of different Sphagnum and Hyp- 
num mosses, Kriophorum, Carcx, and other fibrous and aquatic 
plants, from which it was derived. These fibres consist of cellu
lose, hydro-cellulose, and a small amount of albumen.

Hydro-cellulose is a gelatinous substance which possesses 
the property of absorbing many times its own weight of water, 
and serves to bind together the particles in the air-dried peat 
sods. The older and more humified peat bogs contain the high
est percentage of this gelatinous substance, hence it will 1m* 
found to the greatest extent in the deeper layers of a bog. grad
ually decreasing in amount towards the surface as the newer 
layers are reached. In almost every peat bog plant fibres and 
roots are found intermixed with the peat, and not infrequently 
a bog contains the remains of buried cones, fir needles, trees, 
trunks, and a considerable amount of roots.

The action of pulping is twofold: (1) it serves to mix thor
oughly the different layers of peat ; and (2) distributes the hydro- 
cellulose uniformly throughout the mass. The fact that pulping 
improved the quality of the finished fuel, was recognized by the 
peasants, accustomed to make their own supply of domestic 
fuel, even when this operation was performed in the crude manner 
above described.

The process of manufacturing air-dried machine peat, as 
it is carried on to-day on a commercial scale, is simply a refine
ment and improvement on the primitive method previously 
described.

The different stages of the process may Ik* enumerated as 
follows :—

1. Excavation of the raw peat.
2. Pulping or grinding of the excavated peat.
3. Transportation of pulped peat to drying field.
4. Spreading and cutting the pulped peat into suitable 

blocks.
5. Turning and cubing the practically dry peat.
6. Transportation to cars or shed.
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EXCAVATION.

The raw peat, in the case of small manufacturing plants is 
usually dug by hand, while in large plants, mechanical excavators 
are employed. Since peat is a low grade fuel, and must there
fore sell at a cost considerably below that of coal—-if it is to serve 
as a substitute—every effort should be made to introduce 
labour-saving appliances in order to reduce the cost of the manu
factured product. This economy is particularly applicable to 
Canada, where the cost of labour is much greater than in foreign 
countries.

PULPING.

The excavated peat is fed into a specially designed pulping 
mill, which, in a general way, consists of circular knives revolving 
against fixed knives, and a conveyer screw which serves to force 
the peat forward. These parts arc enclosed in a strong cast- 
iron casing. The mill is operated by power, and thoroughly 
mixes and pulps the peat obtained from the different depths of 
the bog. Small roots anil fibres, in passing through with the 
peat, arc broken or cut up into small pieces, and mixed with the 
pulp.

Pulping, or, as it is sometimes called, grinding, is one of the 
most important steps of the process, since the quality of the 
final product, both as regards appearance and density, is depend
ent on the thoroughness with which this operation is performed.

Well humified peat which has been thoroughly pulped and 
repulped, has the appearance, when dry, of a high class lignite. 
It has a very fine texture, is hard and dense, and offers consider
able resistance to breaking; consequently it can stand a large 
amount of handling without losing much weight resulting from 
the production of fines.

In practice, however, as the result of years of experience, 
the raw peat is put through only one pulping operation.

Owing to the many improvements which are being made in 
the machinery employed in the manufacture of peat, it may be 
possible to treat it more thoroughly in the ordinary pulp mill 
or in some form of grinder other than those used at present.
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Flo. 1. Anrep pulping mill.
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An “Anrv|>" pulping mill similar to the onv employed by 
llit- Mines Branch for demonstrating the process of manufactur
ing air-dried machine peat is shown in Fig. 1.

I l

Khi. 2. Kotuiing ami fixed knives of the Anrep pulping mill.

Thecasing in which the shaft rotates consists of two cylinders 
of different diameters, connected by a conical piece. In the larger 
of the two cylinders, just below the feed hopper, the shaft is 
provided with 2 double knives of the construction shown in 
Fig. 2. These knives rotate against (> fixed knives attached to 
the bottom of the cylinder, and act as half bearings for the shaft. 
The fixed and rotating knives are of the same pattern, and are 
made exceptionally strong.

In the conical piece connecting the two cylinders, the shaft is

I

.
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provided with a screw thread, which cuts against the lived knives 
provided on either side. The smaller cylinder is provided with 
5 fixed knives: two attached at the top, and three at the bottom. 
These knives form whole hearings for this portion of the shaft. 
In this part of the pulp mill the shaft is supplied with two knives, 
and a double screw thread. This double screw thread can be 
replaced by rotating knives if it is desired to subject the peat to 
further pulping. The front of the machine is provided with a 
conical piece which carries the mouth piece of the machine. The 
shaft in this portion of the mill is provided with a double screw 
thread, which serves to press the pulped peat towards, and 
through, the mouth piece.

After the mill has been in operation for a short time, the 
sharp edges of the knives become dull and worn, leaving a clear
ance between the two surfaces of contact. The fibres and roots 
are to a certain extent broken up even when the knives become 
worn, but the principal action of the machine is plainly not so 
much one of cutting as it is one of grinding and mixing.

Kvery effort should be made to perform the operation in 
the most complete manner |>ossible, since the value of the 
finished fuel depends, to a large extent, on the thoroughness with 
which this operation is conducted.

TRANSPORTATION.

The next step in the process, namely, the transportation of 
the pulped |x*at from the mill to the drying field, if not accom
plished in an economic manner, has a considerable effect on the 
final cost of the finished product. This operation must be per
formed without the use of costly machinery and appliances, 
since the capital charged to manufacturing must be kept as low 
as possible. The trans|notation is usually accomplished by a set 
of small cars running on a portable track. The track may form a 
square, in which case the filled car ready to leave for the drying 
field proceeds from the mill along the two outside arms of track 
to the (Irving field. When emptied of its contents, the car re
turns to the mill along the two inside arms of the track. Switches, 
sidings, and turn tables are arranged to allow for the passing of 
two cars, or their turning when necessary. The cars are drawn
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back and forth by a system of cables operated from a drum on 
the engine which generates the power to drive the pulping mill.

Fig. 3. Layout of track system and drying field and arrangement for opera
ting field press, Anrep system.

The general lay-out of the track system and drying field, and ar
rangement for operating the field press, are shown in Fig. 3.
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Moore System.

Another system which should he described in some detail, 
is the one designed by Mr. Ernest V. Moore. This has been 
adapted to the transportation of peat from the peat machine to 
the field press and is now in operation at the new plant on the 
Alfred peat bog, Ontario. Transportation according to this sys
tem is accomplished by means of an aerial cable and travelling 
buckets. The following is a short description of the system.

The cableway consists essentially of two opposed towers, 
about 900 feet apart, and supported on wheels resting on rails 
held in place by ties of peculiar construction, so that they can 
move only in a direction at right angles to a line drawn from one 
tower to the other, the distance between the towers remaining 
the same. Two parallel cables, lying in the same horizontal 
plane, are strung by means of anchorage from the two towers. 
At each end means are provided for putting any strain desired on 
the cables, which are attached to two rigid semi-circular tracks 
connected to the tower. These tracks are attached to the cables 
in such a manner that a continuous and endless single track is 
obtained in the form of a horizontal loop about 900 feet long, 
9 feet wide, and about 8 feet 6 inches above the surface of the bog.

Light wooden supports arc placed at intervals of 75 feet 
between the two main towers. These are supported on wheels 
which permit their movement only in a direction parallel to 
that of the end or main towers. The cableway is attached to 
these intermediate supports by means of cable saddles, and is 
in this manner kept parallel, and at the proper distance from 
the surface of the bog.

Twenty-four steel buckets, each 10 cubic feet capacity, are 
provided for carrying the machined peat. These buckets are 
slung in a bail which, by the loosening of a catch, permits them 
to be dumped. A two wheeled truck, to which the bail is at
tached by means of a flexible joint, serves to support the buckets. 
The desired motion is imparted to the buckets through the 
medium of a clutch fixed to the bail of the buckets, which engages 
with the haulage cable. The haulage cable is endless, and re
ceives its motion from a series of drums and pulleys situated on
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the tower nearest the excavator. The 10 H.P. motor which 
drives the haulage cable is placed on this tower. The haulage 
cable runs from the drums and pulleys of the inside tower parallel 
to and under the track cable to the outside tower. At the tower 
it passes around a large cable sheave, which supports and directs

l ig. 4. Detail arrangement for taking up strain on cable,
Moore's transportation system.

it in such a manner that it keeps directly Ixdow the semi-cir
cular track. The cable then returns to the first tower parallel 
to, and underneath the cable track, on which the emptied buc
kets are returning to the loading hopper.



Plate II.

- c

< hitsnle lower showing rail in vi-nitil plane for taking up the strain on the val*-.
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The buckets are fixed to the haulage cable at intervals of 
75 feet, so that it is impossible for two loaded buckets to get 
at the same time between any two consecutive cable supports.

The clutches are so designed that they automatically pick 
up and engage the haulage cable as they are pushed out, when 
filled from the loading hopper. When it is desired to dump the 
bucket, the clutch can be made to disengage the haulage cable 
conveniently, and in such a manner that the cable passes through 
the clutch without coming out. When the bucket has been dumped, 
a slight movement of the clutch lever serves to engage the 
clutch with the haulage cable. When the empty bucket arrives 
at the loading hopper, it is automatically released from the haul
age cable, and passes over a guide pulley to the drum which im
parts the motion. The bucket then continues its journey for 
a short distance until it is in a position convenient to the loading 
hopper.

Ties supporting the End Towers. When the cableway is in 
operation, a sufficient stress must be put on the track cables to 
prevent a deflection greater than twenty-four inches, when the 
loaded bucket—about 1,000 lbs. in all is in the centre of a 
span. This means a stress of many tons tending to pull the two 
main towers together. The towers, if made sufficiently heavy 
to resist this pull, would he too cumbersome to move conven
iently, hence they are attached to the ties, which in turn, arc 
anchored to the bog. The towers are attached to the tics so 
that they can be moved when desired without altering the stress 
on the cables.

SPREADING THE PULPED PEAT.

This stage in the process is usually performed with a Jakob
son field press. The field press as shown in Plate III consists 
of a frame built of wood and provided with two wooden rollers 
—one at each end. Between the two rollers is fixed a hopper for 
receiving the pulped peat. The forward roller serves the pur
pose of levelling the ground, while the roller at the back, which 
is adjustable in a vertical direction, regulates the thickness of 
the spread peat. At the extreme back of the machine is placed
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a number <1 knives which cut the spread peat into narrow strips.
These long narrow strips are afterwards cross-cut with a special
tool by a labourer. i

The field press b moved by cables operated from a drum on 
the engine, shown on plan. Fig. .V

This field press i* generally used in connexion with An rep 
peat plants. Other systems employ fieldpresses of somewhat 
different design, one of which will be described here.

The spreading machine designed by Mr. Krnest Y. Moore 
for use in connexion with the manufacture of peat fuel at Alfred 

possesses some ingenious mechanical features which render it 
well worthy of special notice.

The spreader is essentially a box into one end of which 
the peat pulp is dumped. The peat is uniformly distributed j
n this box by a screw conveyer, and is discharged from the box 

which travels on the ground, through 34 moulding spouts 
placed side by side in such a position that the |x*at is forced 
out without any drop on to the ground. This is accom
plished by the provision of separate screws to feed each spout.
The feeding is controlled by a device which regulates these 
screws in such a manner that the peat may be delivered from [
the spouts at any desired rate, within a big range. The box is 
flexibly fastened to a caterpillar tractor, designed especially for 
this purpose, and which at present draws it along at about 
eighty-four inches per minute. Fleetric power is transmitted 
by trolley wires, strung directly overhead, to a motor placed on 
the machine. The spreader is steered by a tiller conveniently 
placed. The peat is automatically crosscut by a special attach
ment fastened to the rear of the spreader. The spreader is 
shown on Plates IV and Y

The capacity of the spreader varies directly as the speed 
of its driving motor. The ascertained data of a run are as fol- 1
lows: thirty-four strips 4" X 4" are laid down side by side, 
making a strip llj feet wide. The spreader moves 7 feet in 
one minute, so that the spread is 11$ X 7 X 1 = 261 cubic feet 
per minute. If there were no delays, the capacity of the spreader, 
at the rate mentioned, would be 8-4 tons per hour of 25 per cent 
moisture peat fuel.
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The spreader with all its moving parts, when loaded, weighs 
about 3,000 pounds, and, as it is moved over the surface of the 
drying field, all twigs and hits of moss, in fact all small inequali
ties in the surface of the bog, are smoothed down, and the peat 
gently laid on. The adjustment permitting the regulation 
of the rate at which the peat leaves the moulding box makes it 
possible for the rate to be kept exactly the same as the linear 
motion of the spreader, no matter how soft or stiff the pulp 
may be. As a result, a very uniform section is obtained. The 
moulding dies are slightly rounded at the corners and so impart 
rounded edges to the peat bricks.

TURNING, CUBING, AND STACKING.

This part of the process is performed by manual labour, 
at a specified rate per ton of manufactured peat fuel.

TRANSPORTATION TO CARS OR SHED.

In the case of small plants, the finished peat fuel is trans
ported to a railway siding, or storage shed, in small hand cars, 
which are pushed over a narrow gauge track. Larger plants 
may employ small gasolene locomotives to advantage.

Some Types of Peat Machines.

The “Anrep" peat machine, which had a daily capacity of 
30 tons of 25 per cent moisture peat fuel, and which was used at 
the Alfred peat bog, is shown on Plates VII and VIII.

The illustrations show the elevator which carries the dug 
peat to the pulping mill: the latter being hidden by the housing. 
The pulped peat is discharged from the mouth piece of the mill 
upon the belt conveyer, which is seen on the right hand side of 
the machine. The pulped peat is discharged from the conveyer 
directly into the small cars shown in the illustration.

The locomobile, mechanical transportation device, and 
pulping mill, are shown in Plate VIII.

This type of peat plant is used almost exclusively in Russia
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and Sweden. The systems which appear to he the most popular 
in Germany are the Dolbvrg and Strcngc. Dolbcrg's system 
is also used in Italy.

The principal difference between the Dolberg and the Anrep 
systems is, the design of the numerator or pulping mill. The 
Dolberg, unlike the Anrep numerator, is not designed to cut 
twigs, fibres and roots; hence when the machine is working on a 
hog containing many roots and fibres, these twist around the 
shaft, and soon necessitate the stopping of the machine for the 
purpose of cleaning.

e. V >

Fig. 5. Arrangement of tracks and general layout of drying field. Dolbcrg’s system.

Later designs of the Dolberg macerator resemble, in many 
particulars, that of the Anrep, for provision is made for cutting 
the twigs, roots and fibres, at least to a small extent.

THE DOLBERV. MACHINES.

These machines are used on certain bogs in Germany and 
Italy and are operated by a steam locomobile, as in the case of 
the Anrep system, but the excavating is done by manual labour.
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A bucket elevator is provided for carrying the excavated peat 
to the pulping mill.

The pulped peat is transported to the drying field in cars, 
pushed by hand over a narrow gauge track This method of

Pig. 6. Details of Dolberg's peat plant, showing peat machine, elevator, 
and motor.

transportation to and from the drying field, together with the 
arrangements on the bog,—as employed in Germany and Italy 
—is shown in Fig. 5.

The above Fig. 6—taken from “Das Kraftwerk im Wies-
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moor in Ostfriesland" by J. Tuiclimtiller—shows the details of 
the Dolberg peat machine as employed at Wiesmoor. It will be 
seen from the illustration that the machine is provided with a 
side elevator, the lower part of which must roll on planks laid 
on the bottom of the excavated trench.

THE STKENCiE MECHANICAL EXCAVATOR.

This machine is employed on several bogs in Germany. 
The peat is mechanically excavated from the bog by an excavator 
of peculiar design. A mechanical device spreads the pulped 
peat, and cuts it in longtitudinal and transverse directions. 
The machine is operated by electric motors, Fig. 7 shows the 
machine in detail. The machine in operation on the bog at 
Wiesmoor is illustrated in Plate IX.*

It will be seen from this illustration that the excavator 
consists of a number of buckets attached to an endless chain, 
which revolves in a vertical plane, enabling it to move either up 
or down in a vertical direction, or from right to left horizontally.

The two ends of the arm supporting the buckets are fastened 
to vertical supports, the outer one resting ‘on the lowest part of 
the excavated trench, while the inner one rests on a higher por
tion. The arm carrying the bucket excavator and along which 
it travels in a horizontal direction is moved up and down on these 
two vertical supports.

The illustration, Plate IX, clearly indicates the method of 
excavating. The bog is excavated in steps, lienee the different 
layers of which the bog is made up arc not mixed; consequently 
the finished fuel will vary in quality according to the different 
constituents of the respective peat layers.

On bogs free from roots, stumps, etc., this machine is said 
to operate well; but when the bog contains these, to any extent, 
this system cannot be employed to advantage.

European Practice.

In Sweden and Russia, the “Anrep" system for the manu
facture of peat fuel appears to meet with the greatest favour.

^ ’Illustration taken from "Das Kraftwerk im Wiesmoor in Ostfriesland," by T. Teich-
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The output of peat fuel in Russia alone for the year VNW, 
amounted to 2,080,000 metric tons. This output was produced 
almost entirely by the "Anrep” system with the employment of 
over 1,300 peat machines. At the present time Russia is the lar
gest producer of this fuel. No mechanical excavators of the 
“Anrep” type are yet employed in Kurope, the one at Alfred, 
Ontario, being the first of this type constructed.

The statistics of the production of peat fuel in Sweden are 
not available.

GERMANY.

At Wicsmoor in Ost fried land, and at Schweger Moor in the 
government of Osnabrück, the writer visited two large |>ower 
plants designed for the use of peat fuel. That at Wicsmoor is 
a steam plant, while that at Schweger Moor is a by-product 
recovery producer gas power plant.

The total production of peat fuel at these two bogs is in the 
vicinity of 70,000 metric tons.

At Wicsmoor, 12 Dolberg machines, each with a capacity 
of ( i 80,000 peat bricks per day of ten hours, and 2 Strenge
machines equipped with mechanical excavators and spreaders 
are employed. The same system is employed at Schweger Moor, 
Osnabrück.

The cost of peat at Wicsmoor, or rather, the price at which 
it is sold to the power company, is 5 marks (about SI .25) per 
metric ton, the average moisture content ranging from 25 -30 per 
cent. Owing to bad drainage, and other difficulties encountered 
during the first year of operations, the cost of peat fuel at Sch
weger Moor was about 15 marks (S3.50). This cost will, it is 
said, lie very materially reduced during the ensuing season.

ITALY.

The only peat fuel manufacturing plant visited in Italy 
was that of the L'Utilizzazione Dei Combustibile Italian! K 
L’lmpianto De Orentano. The total annual output of 30,000 
metric tons was produced at this plant, entirely by the Dolberg 
system—which employs manual labour. The cost of the fuel 
at this plant is said to be about SI.50 per ton.

01
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Canadian Practice.

At present the manufacture of peat fuel is being prosecuted 
on a commercial scale at two bogs: Farnham, Que., and Alfred, 
Ont. Fhese two plants employ machines provided with modern 
labour saving devices.

The peat plant near Farnham employs at present one 
mechanical excavator of special design, Plates X and XI. an 
“Anrep" pulping mill and a modified Jakobson fivldpress. Dur
ing the summer of 1912 the output of this plant was 2.000 tons 
of 25 per cent moisture air-dried machine peat.

It is expected that a much larger output will be produced 
this summer. The costs of manufacturing at this plant are not, 
as yet, available; since the machinery had not during last season 
passed the experimental stage. A description of the plant can 
be found in Bulletin No. 0. issued by the Mines Branch.

AI.I KKI) PEAT PLANT.

During two seasons, the Mines Branch manufactured about 
5.0(H) short tons of 25 per cent moisture air-dried machine peat 
fuel. The method employed was that invented by Anrep, 
the system which is so extensively used in Russia and Sweden. 
The plant was not equipped with a mechanical excavator, and 
its capacity was small only 30 tons per day. hence the over
head charges, amortization, interest on investment, etc., were 
high. The improved "Anrep" system, as employed at this plant, 
is described elsewhere ; it is only necessary, therefore, to add a 
few remarks regarding the cost of manufacture.

The result of the two seasons' manufacturing operations 
at Alfred, under unfavourable conditions, indicate that, with 
efficient management, peat fuel can be manufactured at a cost 
of SI.75 on the field. This cost includes all exjlenses; such as, 
interest on investment, amortization, repairs, etc. It is more
over the opinion of the Swedish |K*at engineer, who conducted 
the last season's o|x*rations, that a period of 110 working days 
can be counted on, as a fair |>eri<>d during which manufactur
ing operations may be conducted. The total production during
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this time would Ik- 3,300 short tons; and this output will lx* used 
as a basis for calculating the cost of peat per ton.

In estimating the capital necessary to install an “Anrep" 
peat plant of 30 tons daily capacity, and to start operations, 
it is assumed that a lx»g of 100 acres and 9 feet deep will furnish 
sufficient peat to supply the plant with peat for 20 years. At 
the termination of this period, the entire plant, lx>g, etc., will 
he amortized. The distribution of the capital expenditure on 
this basis will lx* as follows:

100 acres of jx*at lx>g at SO |x*r acre S 600
Machinery: Peat machine, locomobile, portable tracks,

cars, cables, etc......................................................... 7.500
Blacksmith shop and equipment, office, loading plat

form and railway siding............... 1.000
Draining bog.............. 1,500
Office, furniture. 100

Total. 810.7(H)

In round nutnlxTs say $11,000. The amortization on 
this capital, if the plant is paid for in twenty years, will lx* 5 
per cent; and the interest on the investment will lx? taken as 
5 |x*r cent. The amount which will have to lx* charged up to 
these two items is, therefore, SI,KM), which will amount to 
331 cents |x*r ton, on a total season's pnxluction of 3,300 tons. 

The lalxxtr required is:—

1 engineer.............................................................per day S 2.50
7 men in trench, excavating peat at SI. 75 each............ 12.25
3 men on field press ............. “ “ “ ... 5.25
1 man filling cars “ “ “ 1.75
4 boys..................................... “ .75 a ............. 3 ()0
1 extra man............................... 1.75

Total daily wages................
Salary of manager, 5 months at S100 per month.

S 26.50 
3.85

S 30.35
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The labour cost, including manager's salary, for five months, 
is 110 X $26.50 -f 500 = 83,415, and per ton of peat this 
will amount to:

$3,415 + 3,300..................................................................S 1.04
Cost of turning partially dried peat bricks per ton .... 0.07
Cost of ( (piling in small stacks)............................ 0.10

Total cost on field exclusive of amortization and interest $ 1.21
Amortization and interest................................................. 0.33J
Repairs, fuel, oil, waste, etc............................................... 0.15

Total cost on field..............................8 1.69J
or S 1.70

The work of cubing, turning, and stacking is done by con
tract at a fixed sum per ton of peat fuel of 25 per cent moisture. 
The price paid for this work is as stated in the previous esti
mation of labour charges.

Before it was decided to discontinue manufacturing opera
tions under government auspices, the manager in charge of the 
peat plant entered into an agreement with the employees whereby 
they agreed, for the next season, to work on a unit basis as is 
the custom in Sweden. It is apparent that this system possesses 
certain economic advantages over that which operates on a 
fixed daily wage, and especially is this so when the raw peat is 
dug by manual labour. In this case, the men excavating in the 
trench set the pace for the entire number of labourers, and if 
they are not of an industrious disposition the daily output is 
bound to be small. When the men are paid a fixed daily wage 
their desire to produce as large a daily output as possible is not 
so keen as when they are paid on the unit basis. When employ
ing this latter system the experience has been that the men do 
better work, and pay closer attention to the details of the work 
allotted to them, e.g. moving of tracks, cables, etc., and this 
saves a large amount of time which is very often lost when the 
men are paid a fixed daily wage. Consequently, the system 
results in a larger daily output.

3



The unit prices agreed on by the men employed by the Cana
dian government were as follows:—

1 engineer at 6c. jx-r ton (2,000 lbs. 25r< moisture) . . $ 0.06 
7 men excavating at 6c. per ton..................................... 0.42
3 men tending field press at 6c. per ton . . 0.18
1 man loading into cars at 6c. per ton ............................. 0.06
4 boys at 4c. per ton........................................................... 0.16
1 extra man at 6c. per ton................................................. 0.06
Turning at 6c. per ton....................................................... 0.06
Cubing at 12c. per ton....................................................... 0.12
Salary of manager S500 (5 mos. at SI 00 per mo.)............. 0.15
Amortization and interest.................................................. 0.33

Total cost............................................ S 1.60

or, in round numbers, SI.65. It is certain that, when working 
under these conditions, the output would be, at least, 30 tons, per 
day and quite probably 35 tons.

The foregoing estimates of costs clearly show the necessity 
for introducing every possible labour saving device, and thus 
increasing the capacity of the plant unit. In the new plant erec
ted at Alfred by private parties, for purposes of experimentation 
and demonstration, an improved Anrep mechanical excavator, 
of novel design, is employed. A graphic description of some of 
the unique and interesting features of this plant will be found 
on pp. 19 to 23. This plant has not run continuously for a long 
enough period to determine, with any accuracy, the cost of the 
product per ton, but there is every reason to believe that the 
peat fuel manufactured with this plant will cost considerably 
under $2 per ton at the Alfred railway siding including all 
expenses. Its capacity, moreover, is more than double that of 
the "Anrep" plant previously installed by the government, 
while the number of men employed is actually less. The cost 
of equipment, including power house, peat machine, and all other 
machinery, is considerably greater than that of the pioneer type 
of plant previously described, but the overhead charges when 
distributed over a large output is appreciably less than that of 
the cheaper plant.
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One power house, moreover, will he sufficient to supply 
power for operating several units, and this will decrease the cost 
of production, by reducing the number of engineers, and, finally, 
one superintendent or foreman can easily look after at least 
4 units, which w ill result in still further reduction in the cost per 
ton.

SEPARATION OF WATER BY PRESSURE AND 
ARTIFICIAL DRYING.

The second method for the manufacture of peat fuel which 
will be described is that depending on pressure and artificial 
heat for the separation of the moisture from the raw substance. 
Since there is no commercial process developed along the lines 

in existence today, such methods may be regarded as 
still in the experimental stage. Moreover it is very doubtful 
whether any such method will ever prove to lx* economic.

Separation of the Contained Water by Pressing.

For many years past a good deal of experimentation, in
volving the expenditure of large sums of money, has been con
ducted for the purpose of devising some means of successfully 
pressing the water out of raw peat; and even at the present 
time considerable work is being done in this direction. From time 
to time reports have been circulated to the effect that the prob
lem has been solved, and, as a result, capital has been invested 
and lost. The reason why so much time and money has been 
and is being expended on the solution of this problem, is the 
desire to render the manufacture of peat fuel independent of 
weather conditions, and consequently to make it possible to 
operate continuously throughout the year. A secondary con
sideration is the higher grade fuel resulting. Air-dried machine 
peat, as is well known, has a low specific gravity, it is conse
quently quite bulky when compared with coal, or even with the 
product manufactured according to the method now under dis
cussion. For power purposes, however, air-dried machine peat 
is an admirable fuel.

04
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The results of the investigations conducted, so far, on the 
pressing of water from peat, indicate that the water content 
of the raw substance cannot lie reduced to below 70 |x-r cent 
by pressure alone. It is true a greater reduction than this has 
been obtained in laboratory experiments, made on a very small 
scale, but these results cannot be said to have any practical 
bearing on the economic possibilities of the process.

Properties of Peat Preventing the Expulsion of Water by 
Pressure.

After a great deal of experimentation with presses of dif
ferent designs, capable of developing very high pressure and with 
peats of various kinds, Ekenlx-rg undertook to investigate the 
physical properties of peat which make the mechanical separa
tion of the water impossible. He found that the various peats 
used in his experiments did not all behave alike when submitted 
to pressure; that some parted with their moisture much more 
rapidly than did others. For instance, a very fibrous peat, in 
which the process of humification has not been carried to a 
great extent, parted with its moisture more readily, and to a far 
greater extent, then well humified black-fuel peat. The reason 
for this is the existence in all humified peat, of a complex gela
tinous, hydrocarbon compound, termed by K ken berg, hydro
cellulose. The quantity of this hydrocellulose depends on the 
degree to which humification has progressed. The older and 
more humified bogs, therefore, contain the largest quantity, 
while the newer bogs contain the smallest amount. Surface 
peats, which are as a rule very fibrous, sometimes contain only 
a trace, or none, of this substance. In well humified black-fuel 
peat the quantity of hydrocellulose contained, is as much as 
1 • 2 per cent, and more.

Hydrocellulose possesses some rather remarkable proper
ties; it is capable of increasing its volume enormously, through 
the absorption of water, and in raw, well humified peat, it is 
found as a swollen mass, having the consistency of soft soap. 
When this gelatinous substance is separated from the raw peat 
the bulk of the contained water can be separated by a moderate
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pressure. For example, raw peat, containingalxmt 90|x*rcent of 
water, from which the hydroccllulose has been extracted, will, 
if placed in a canvas bag and submitted to pressure, part with 
the bulk of its water. The same |x-at to which has been added 
the extracted hydroccllulose, and the same amount of water 
it originally contained, will not part with the water again when 
pressed under the like conditions. In the latter case the peat 
passes through the meshes of the canvas bag with the water.

These are the precise conditions that prevail when raw 
peat is submitted to pressure in a specially designed hydraulic 
press or filter press. The peat, after the removal of some of the 
water, either passes through the openings in the filter plates or 
screens provided for the escape of water, or else clogs the openings.

A somewhat different explanation is given by Larson of 
the phenomenon produced by hydroccllulose when raw peat is 
subjected to pressure. He maintains that when raw |x*at in a 
canvas bag is pressed, the hydroccllulose or gelatinous substance 

as he prefers to call it adheres to the surface of the canvas 
or metallic screen, and prevents the water from passing through. 
Larson maintains, moreover, that the peat pulp docs not con
sist of cells, since these are destroyed by humification, but of a 
substance in a gelatinous condition. Hence, according to his 
theory, the water, which is so difficult to press out, is not con
tained in the cells as is maintained by Kkcnbcrg. The bulk 
of the water in peat was supposed by Kkenlierg, and others, 
to be contained in the hydroccllulose. While, however, there 
is disagreement as to the precise condition in which water exists 
in the peat direct from the bog, both investigators agree that the 
raw peat submits much more easily to the separation of its water 
by pressure when the gelatinous substance is extracted or de
stroyed.

Since hydroccllulose cannot be economically extracted by 
mechanical means, another method was sought for, which so 
altered the nature of the compound that it offered no resistance 
to the separation of the water from the peat by pressure.



Wet Carbonizing Process.

(liken her»).

By means of his wet carbonizing process Kkenljerg thought 
that he had technically solved the problem of the economic 
manufacture of peat fuel. The process is as follows: when

II.#. 7

54 Atm

Fir. 8.—Curves illustrating the relation between the pressure i 
ami quantity of water expelled.

raw peat containing approximately VO per cent of water is 
heated under pressure in a closed retort, a chemical change is 
effected. The carbon content is increased, and some of the 
hydrogen <>f the peat combines with the free oxygen, forming 
water, thus increasing the water content. No gases are evolved

68
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during the heating, as in the case of dry distillation, hence none 
of the combustible components of the fuel are lost.

When the raw peat is carbonized in this manner, it is sub
jected to pressure. The illustrative curves' (Fig. 8) indicate 
the relation between the pressure employed and the quantity 
of water expelled. These curves also indicate the marked in
fluence the temperature at which the process is ' has
on the pressure necessary to employ for separating the water. 
The peat |iarts more easily with its water as the temperature 
rises to 220° C. Nothing is gained by employing higher tent|>era- 
tures. At a temperature of 220° C. the water content of the wet 
carlxjnized peat was reduced to alxmt 33 jht cent, by means 
of a pressure of 54 atmospheres (800 lbs. per sq. inch).

Flo. 9.—Ideal diagrammatic section of apparatus employed for carrying 
out the kkenlHTg wet carbonizing process.

An ideal diagrammatic section of the apparatus employed 
for carrying out this process is shown in Fig. 9 which is self- 
explanatory.2

An experimental plant was erected some years ago at 
Dumfries, Scotland, by the Wet Furl ionizing Co. of London,

1 Fuel from Peat; Kkenhern, The Journal of the Iron ami Steel Institute. No. 1. 1909, 
paid1 122.

1 Journal of the Iron and Steel Institute, No. 1. I'«19. pane 328. Fuel from Peat, by 
Ekenberg-
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for thv |)ur|x»sv of demonstrating the process, and carrying 
on further investigations. This plant is no longer in existence. 
A large commercial plant (so the writer was informed) will shortly 
lx* in operation, hut up to the present time nothing further 
has lieen learned concerning this project.

In a paper written by the late Dr. Wolff technical ad
viser to the German Peat Society this process is severely crit
icized. According to Dr. Wolff, the water content of the wet 
carbonized |x*at is not reduced by pressure to lielow 60 |x*r cent, 
so that after pressing, the moisture must lx* further reduced 
by some system of artificial drying. This was accomplished, 
it is stated, at the Dumfries plant by burning one-half the pressed 
carbonized peat in Mond producers, and utilizing the gas thus 
generated, for heating the driers. The nitrogen content of this 
portion of the jx*at was recovered in the form of sulphate of 
ammonia.

In 1902, the government of Sweden made a grant of 20,000 
kronor to Kkenlwrg and Larson to enable them to carry out 
further experiments in connexion with this process, and to es
tablish it on a commercial basis. This grant was ex|x*nded 
without obtaining any economic results. In 1910, a second grant 
of 19,000 kronor was made to Dr. DeLaval to enable him to 
investigate the commercial possibilities of the process, and to 
make further experiments. In 1911, lie received another grant 
from the Swedish government and, in addition, a considerable 
sum from the Iron and Steel Sfx'iety. Mis re|»ort on the results 
of his work is considered very promising; but those qualified to 
pronounce an opinion, do not consider the process, as yet, techni
cally solved.

In a recent rejxirt on this preness, by Larson,* the statement 
is made that in continuous operation on a large scale, a moisture 
content below 70 per cent in the pressed cake cannot be counted 
on. In these experiments a filter press was used to squeeze 
the water out of the carbonized |x*at.

Although large funds have lx*en placed at the dis|x>sal of 
various investigators, in order to enable them to demonstrate 
the economic value of the process, and although a private com-

•IVat Hull<tin Xo. 4. Mint1* Branch, L)c|>art mint of Mini1*. Canatla.
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pany lias conducted elaborate ex|x*riments on a large scale, 
involving the expenditure of a large amount of money, not one 
ton of peat fuel lias been manufactured on a commercial scale 
by means of this process.

Brune and Horst Process for Pressing Water out of Peat.

In order to render wet |x*at amenable to the separation 
of its moisture by pressure Brune and Horst invented a process, 
which consists in pressing in a specially constructed hydraulic 
press, a mixture of dry or partially dry peat, and wet peat in 
definite proportions. The actual pi in which the dry
and wet |>eats were mixed was, one part of dry to three parts 
of wet, by weight. The dry peat should not contain more than 
2(1 per cent moisture. After the wet and dry stuff is thoroughly 
mixed, it is placed in an hydraulic press, and subjected for a 
short time to a preliminary pressure of a few atmospheres. 
I'pon the completion of this pressing, the peat cake is removed, 
broken into small piece: then returned to the press, where it 
is subjected for a short time to a greater pressure. As a result 
of these two pressings, the moisture content is reduced to 53 
per cent.

The claim is made th.it the ai lire of dry peat |>ermits 
the formation of minute channels through which the expelled 
water can escape.

The further reduction of the water contained in the pressed 
peat must lie accomplished by air-drying or some form of 
artificial dryer.

The different steps of the process may be enumerated as 
follows:—

(1) . Mixing one part dry with three parts of wet jieat.
(2) . Pressing the mixture.
(3) . Artificial drying of the pressed peat mass.
(4) . Briquetting if desired.
In order to comprehend clearly what is really accomplished 

by this process, the changes which the raw’ peat undergoes 
in passing through the different s eps of the process must be 
clearly kept in view. It must lie understood that the dry peat

2
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used for mixing does not, theoretically speaking, enter into the 
final product, but is used over and over again, as an admixture, 
hence it must be regarded as a fixture of the process. In order to 
begin the manufacture of peat fuel, according to this process, 
there must 1>e on hand a certain quantity of dry fx'at ready for 
mixing with the raw stuff.

Suppose, by way of illustration, that 100 pounds of |x*at, 
containing 20 |x*r cent moisture, is mixed with 300 jxmnds of 
raw peat containing 87\ |x*r cent of water; the total dry peat 
substance contained in the mixture will Ik- (100X0-8)4-3 
(100X0-125) = 117-5 pounds, and the total quantity of water 
contained in thi> mixture (100X0-2)4-3 (100X0-875) — 282-5 
pounds, making the percentage of moisture in the mixture, 
282-5-4-400 — 70-6 per cent.

After pressing, the moisture content of the mixture is re
duced to 53 percent. The amount of water in the pressed cake 
is (117-5X53)-r47 = 132-5 pounds.

Quantity of water in mixture before pressing 282-5 pounds 
Quantity of water in mixture after pressing . . 132-5 “

Quantity of water removed by pressing............. 150 “

The total quantity of water in the raw peat is 3 (100X0-875) 
— 262-5 pounds; but if the total quantity of water pressed out 
of the mixed peat is deducted from this, or (262-5 — 150= 112-5 
pounds), the moisture content will lie 1 12-5-5-(112-54-37-5) 
= 75 |x*r cent. The reduction of the moisture content of the raw- 
peat from 87£ per cent to 75 per cent by pressing is quite jx>s- 
sible with ordinary presses. The difficulty arises when attempts 
arc made to reduce the moisture content below 75 per cent.

At Orentano, Italy, for instance, the moisture content of 
the raw |x*at is reduced to 77 |x*r cent by means of pressing in 
an ordinary hydraulic hay press and, in fact, a large portion 
of the peat produced for consumption in the Mond gas plant at 
that place, is partially dewatered to this extent in this manner. 
The further reduction of the moisture content -from 77 to 30 
per cent—is then accomplished through the agency of artificial 
heat.
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Whether the raw peat is merely mixed with dry peat, and 
then pressed until the moisture content is 53 per cent, or simply 
pressed without the aid of an admixture until its moisture con
tent is reduced to 75 |x*r cent, the quantity of water removed 
is the same.

In order, therefore, to obtain finished peat with 20 |x*r cent 
moisture, which is the moisture content of the admixture, the 
quantity of water which must he removed from the mixed pressed

neat is: 400— ^ “ ^ = 253 II».; of which 150 lbs. has Ix-en
80

removed by pressing. Thus, there is left (253—150) or 103 lbs. 
to lx* removed by other means.

In the case of the raw peat, the total water to be removed 
in order to reduce the moisture content from 87$ per cent down

to 20 per cent is, 300 300 X 12 5 
80

or 253 11». of which amount

150 lbs., it is assumed, has lx*en removed by pressing in reducing 
the moisture content from 87$ |x*r cent down to 75 |x-r cent. 
This leaves—as in the previous case—103 lbs. to be removed 
by other means. From a technical (m>int of view, therefore, 
this method is the more rational, inasmuch as there is no un
necessary handling of a quantity of material which is not in
cluded in the final pnxluct

The ratio of the dry peat substance contained in the ad
mixture to that contained in the raw peat is 80:37$. This 
means that more than twice as much dried peat must be added 
to the raw material as is found in the resultant product; since 
the dry jxat used as an admixture, must, after the pressed sub
stance is dried dow n to 20 per cent, lx* separated from the finished 
product, and used over again. If, for example, the daily output 
of such a plant is 100 tons of 20 per cent moisture peat, 200 tons 
must lx* added and subtracted; this involves the handling and 
rehandling of alxmt 400 tons of admixture material alone, for 
the dry peat utilized for mechanically ejecting moisture must 
lx? handled twice for every ton of peat made.

Moreover, the presses and drying apparatus must lx* of
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sufficient capacity to aecoiniiK slate enough man-rial to produce 
300 tons of 20 |x-r vent moisture |x-at, when, as a matter of fact, 
the output is hut 100 tons.

Before peat so pressed can In- used for fuel purposes its 
moisture content must In- further reduced to. say. 20 |x-r cent 
moisture. This reduction of moisture involves the eva|>oration 
of 103 Ihs. of water .is previously explained; and the quantity 
of heat required to eva|M»rate this water is. assuming a dryer

efficiency of 70 |x-r 1120X103
0-70

or 164.800 British

thermal units. The quantity of heat required to raise one |*ound 
of water from 02° K to 212° K, and to cva|x>rnteit is. 1120 British 
thermal units.

If the calorific jxmer of tin- absolutely dry |x-at is assumed 
to lx- ‘>.200 British thermal units jx-r |xiund. its effective heat
ing value, when the moisture is 20 |x-r cent, will Ik- (9,200 X 0-8) 
—(1,120X0-2) or 7,136 British thermal units |x-r |iound. 
The quantity of peat which must In- burned in order to pro
duce the required heat is (164,800-1-7,1.16) or aliout 23 pounds. 
The total amount of 20 |x-r cent moisture |x-at obtained with 
the process, from the 3(H) |x>un«|s of 871 lK'r t*ent moisture 
|x-at, is 46-9 p *s. The net |x-at. therefore, available for use 
or sale is (46-9 23), or 24 |XMindh. which is alnuit 50 |x-r cent
of the total quantity manufactured.

Front the foregoing calculations, it will lx- seen that, in 
order to produce 20 ix-r cent moisture peat from raw peat con
taining 871 lK‘r cent water, it is necessary, in addition to press
ing, to burn one-half the priKluct manufactured which is not 
economic.

Artificial Drying of Peat.

In all forms of artificial driers, devised for evaporating 
moisture front peat, heat is supplied by the combustion 
Whether the heat thus pnxluced is first used for generating steam, 
which then transmits heat to the system by means of steam coils 
or plates—as is done in some forms of drying; or for preheating

0

5
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air as is somethin* the ease, the primary quantity of heat is 
all that it is necessary to consider here. When heat which 
would ordinarily he wasted, is available, such as exhaust steam, 
the products of combustion resulting from the burning of fuel 
under boilers, or in furnaces, or the exhaust gases of a gas engine, 
the thermal efficiency of the drying plant is not of much con
sequence. When, however, fuel in some form must Ik* burned 
in order to supply the heat, the quantity of heat required to 
effect the desired result is all important. So important in fact, 
that a process, otherwise feasible, may technically fail when it 
comes to the point of artificially drying the wet material through 
the application of heat.

Many dryers have been devised for evaporating the mois
ture from peat, for which high efficiencies have been claimed; 
but none of these have, so far, proved to Ik? economic. The 
cost of artificial drying is not determined altogether by the fuel 
which must lie burned in order to supply the requisite quantity 
of heat. Other equally important factors must lie taken into 
consideration, e.g., cost of the drying plant, and the cost of 
handling the raw and dried peat. Moreover the capacity of the 
dryers must be large enough to accommodate a large quantity 
of wet substance, in order to obtain a relatively small quantity 
of dry peat.

When the peat to be dried contains moisture above a certain 
percentage the evaporation of the moisture by this means becomes 
impossible. The illustrative curves (Fig. 10)*, were constructed 
to show when the process of drying with heat pnxluced by the 
combustion of peat containing varying percentages of moisture 
becomes impossible. These curves show the quantities of dry, 
20, 25, 35, and 45 i>er cent moisture peat it is necessary to burn 
in order to obtain 100 pounds of peat, dry and of 20, 25, 35, 
and 45 per cent moisture. The calorific power of absolutely 
dry jx*at is assumed, for these calculations, to be 0,500 British 
thermal units per pound, while the lower calorific power of 
the peat, when containing 20, 25, 35, and 45 per cent water, is 
calculated on the assumption that a quantity of heat is required 
to raise the temperature of the contained water from 62°F

*( <nv«irutted by John Wizard.
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to 212°F, and to evaporate it; i.e. the calorific power of |x*at 
containing X per cent of moisture is (9,500 -106 times moisture 
per cent), British thermal units. The quantity of heat required 
to evaporate one pound of contained moisture is taken as 1,120 
British thermal units; and the efficiency of the process of evap
oration is taken as 70 per cent.

The curves A, B, C, I). and E, show the quantities of raw 
peat of any moisture content which require to be supplied to 
the dryer, in order to produce one hundred pounds of dry peat 
(A): and peat of the following moisture content: 20% (B) 
25 per cent (C) 35 per cent (D), and 45 per cent (E). The curves 
a, 1>, c, d, and e, show the quantities of peat, dry, and containing 
20, 25, .45, and 45 per cent moisture it is necessary to burn in 
order to evaporate sufficient moisture to produce dry peat, or 
peat containing 20, 25, 35, and 45 per cent moisture, from peat 
of any moisture content.

For example, if it is desired to produce 100 pounds of dry 
peat substance from raw peat containing 80 per cent water, 
the line (Y-L) dropped from the point (Y), corresponding to 
80 per cent moisture, on the curve (A), to the abscissa shows that 
500 pounds of peat containing 80 per cent moisture are required 
to produce 100 pounds of dry peat. The curve (A) shows the 
number of pounds of raw peat required to produce 100 pounds 
of dry peat. The intersection of the line (Y-L) with the curve 
(a) at (M) shows the number of pounds of dry peat—the inter
section of (M-M) with the right hand ordinate—it is necessary 
to burn in order to evaporate the moisture from 500 pounds of 
raw peat containing 80 per cent moisture, in order to produce 
100 pounds of dry peat substance. For this particular case, it 
will be seen that 67 pounds of dry peat substance must be burned 
to produce the required heat.

The quantity of peat containing 20, 25, 35, and 45 per cent 
moisture, it is necessary to burn in order to produce 100 lbs. 
of dry peat substance from peat containing 80 per cent moisture, 
can be determined, in like manner, by drawing horizontal lines 
from the intersections O, P, Q, and R of the line (L-Y) with the 
curves a, b, c, d, and e, and reading the number of pounds re
quired directly on the right hand ordinate. The number of
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pounds of peat which must be burned in order to produce 100 
lbs. of peat containing 25, 35, etc., per cents of moisture, can 
be determined in a similar manner from the curves B, (\ 1). 
and E.

From these curves ii vill be seen that in order to produce 
100 pounds of dry pe< t r 100 pounds of peat containing 20, 
25, 35, and 45 per cent i water from peat containing 86 per 
cent of water, 100 lbs of peel dry, or of 20, 25, 35, and 45 per 
cent moisture must Ik* burned. Hence the limiting value of 
the process is 86 per cent the absurdity, therefore, of at
tempting to dry peat of this moisture content by means of 
artificial heat, is apparent.

OTHER FACTORS TO BE CONSIDERED IN THE ARTIFICIAL DRYING 
OF PEAT. \

The artificial drying of peat is not a process which simply 
involves the evaporation of so many pounds of water. Peat 
possesses peculiar physical properties that make the solution 
of the problem difficult : an important one is its poor conduc
tivity of heat. When wet peat is subjected to a comparatively 
high temperature, as in a drying oven heated directly by the 
combustion of some fuel, the surface becomes charred before 
even a small percentage of its moisture has been evaporated. 
Pieces of peat dried in this manner have on inspection been found 
to be completely charred on the outside while the moisture 
content on the inside was in the vicinity of 76 per cent.

In order therefore to completely dry wet peat by such a 
method a high temperature gradient must be maintained. As 
a consequence, by the time the drying has been completed, the 
peat will have lost an appreciable amount of volatile matter. 
It is quite evident, moreover, that a large quantity of heat is 
wasted, inasmuch as the wet air and moisture leave at a com
paratively high temperature. In the case of the evaporation 
of water, a thermal efficiency of 70 percent is quite possible—but 
when the water to be evaporated is contained in the peat and the 
heat must be conducted through the peat substance in order to 
raise the temperature of the moisture to 212° and evaporate 
it, it is quite apparent that an efficiency of 70 per cent cannot



lx* realized in practice. I nfortunately no reliable data are avail
able concerning this method for drying peat and such data 
as are available concerning other substances cannot be employed 
when designing an apparatus for evaporating the moisture from 
wet peat, since the physical properties of peat differ so much 
from other substances which require to be dried.

DRYING BY MEANS OE HOT AIR.

This method includes preheated air. the circulation of the 
hot products resulting from the combustion of fuel under boilers 
or in furnaces or the hot waste gases from the exhaust of a gas 
engine. Air, moreover, may be mixed with any of these waste 
gases and circulated.

When drying peat according to this method, the peat is 
generally placed on racks supported on trucks which arc then 
rolled on tracks into long rectangular chamlx*rs. The ends of 
these chambers are partially closed when the process begins. 
The heated air, hot gases, or mixture of both, are admitted 
through openings in the sides and roof of the chamber, and arc 
forced through and around the trays of peat by means of a power 
driven fan. A method on the above lines is employed at Oren- 
tano for drying a large portion of the peat consumed in the Mond 
gas plant at that place. The waste heat from the boiler plant, 
the gas engine exhaust gases and a large amount of heat ob
tained from a special preheater are mixed with air which is then 
forced through the drying chambers. At this plant about 20 
tons of peat of 30 per cent moisture per day are obtained from 
the raw peat containing 77 per cent moisture. The heat avail
able for drying is that contained in the hot gases of the gas 
engines exhaust, the products of combustion of the boiler plant 
and the heat derived from the combustion of 8 tons of peat, 
or its equivalent in gas, in a specially constructed furnace for 
heating air. These hot gases are mixed with a quantity of 
air which reduces the temperature of the mixture of air and gases 
to about 150° ('. A forty horse power fan, operated by an elec
tric motor, forces this hot gaseous mixture through five drying 
chambers. The hot gases enter through ojxmings provided on
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the sides and roof at the middle of the chamber and pass out at 
both ends. The peat to be dried is loaded on trays which are 
then placed on trucks, and wheeled into the chambers. Each 
truck is provided with fourteen trays and has a total capacity 
of about 4,300 pounds of jx*at containing 77 per cent moisture 
(which is the moisture content of the peat after it has been pre
pared for artificial drying). Each truck is left in the drying cham
ber for two hours during which time the moisture content of 
the peat is reduced to about 30 per cent. The maximum quantity 
of .30 per cent moisture peat obtained by this method is about 
1,400 lbs. per car for every two hours—which amounts to 20 
metric tons per day of 24 hours.

The following calculation shows the quantity of heat re
quired to produce 20 metric tons of .30 per cent moisture peat.

The quantity of raw j)eat containing 77 j>cr cent water 
required to make 20 metric tons of peat containing 30 per cent 
water is:—

20 X 70
^ =61 tons or 134,000 lbs. Of this quantity

134,000— (20X2,200) or 90,000 lbs. of water must be removed 
in order to give 20 tons of 30 per cent wet peat. The quantity 
of heat required to raise this quantityof water from 62° F to 212° 
F and evaporate it, is:

9’,000X1,120 = 100,000,000 Brit. ther. units (approx.): and 
the quantity of heat available is:

1st. The heat of exhaust of two gas engines of 300 B.H.P. 
each or a total of 600 B.H.P. This it might be assumed is 35 
per cent of the total heat of combustion of the gas in the cylinders 
of the engines, which will, therefore, supply per hour, assuming 
a thermal efficiency of 25 j>er cent for the gas engine:

2545 X 35
2^ =3560 Brit. ther. units per B.H.P. The total

heat available for 600 H.P. during 24 hours will be approx.: 
3,560 X 600 X 24 = 51,000,000 Brit. ther. units.
2nd. The gas burned under the boilers: This is equivalent 

to the heat of combustion of 11 tons of peat fuel of 30 per cent 
wet peat and of this heat 20 per cent is available as chimney 
gases. This will be approx. :
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11 X 0.20 X 2,200 X 6,320 = 30,000,000 B.T.U.
3rd. The gas burned under the air preheater: This is 

equivalent to the heat produced by the combustion of 8 tons of 
30 per cent wet peat which is approximately equal to:

6,320 X 2,200 X 8 = 111,000,000 B.T.U.
The total heat available for drying from the above sources 

is the sum of 1, 2 and 3, or approximately 192,000,000 B.T.U.
The total quantity of heat theoretically required to evapo

rate the water is 100,000,000 B.T.U. The efficiency of the pro
cess is therefore 100,000,000 -4- 192,000,000 or about 52 per cent. 
In the above calculation the heat equivalent of the 40 H.P. 
electric motor required to drive the fan is not taken into account.

ARTIFICIAL DRYING OF PEAT BY AIR.1

When unsaturated air is passed over water it becomes more 
nearly saturated with moisture. In so doing its temperature is 
reduced. For any degree of saturation of the entering air the 
fall of temperature in passing over the water will depend upon 
the degree of saturation of the discharged air. The amount 
of water removed by the air will depend upon the reduction of 
temperature of the air as it takes up moisture until it reaches 
any definite humidity.

A series of curves (see Fig. II)2 have Imhmi prepared showing 
the lbs. of moisture present per lb. of air for varying degrees 
of saturation and temperature. The inclined lines in these 
curves are drawn to show the increase in the quantity of vapour 
per lb. of air when the temperature of the air is reduced by pass
ing it over water which is supposed to remain at the constant 
temperature of 60°F. Thus the ordinate A B represents the 
lbs. of vapour per lb. of air for 40 per cent saturation and a tem
perature of 80°F. If this air be passed over water it will Ixcome 
saturated at 63 • 7°F when the moisture content will be represented 
by the ordinate C D. The difference between the ordinates C D 
and A B or E D will then represent the amount of moisture 
removed per lb. of air. Similarly, from the curves the amount 
of moisture removed with an increase to 90, 80, 70, 60 or 50 
per cent saturation may be found.

1 John Blizard.
» Ibid.



The curves have been constructed for air entering at 40 
and 50 per cent saturation.

The lower set of curves show the |>ounds of moisture re
moved per II). of air entering with 40 and 50 per cent humidity 
and varying temperatures and leaving saturated or 90 per cent 
or 80 jx*r cent saturated.

From these curves the lbs. of air to evaporate one pound 
of moisture may be calculated. In the case of any proposed 
installation for the drying of peat by this method of more or 
less complete saturation of air. it is necessary to estimate the 
number of heat units in the peat which would be required to 
drive the air over the moist substance. These figures have been 
calculated and the results are represented by the curves in 
Fig. 12. For these calculations the following arbitrary figures 
are used:

Efficiency of Peat Gas Producer and Gas Engine, -125
Efficiency of Electric Generator............................ -88

“ “ “ Fan Motor........................ -88
“ “ Fan....................................................... -66

giving an overall efficiency of .0639.
The pressure at which the air is delivered to the fan is as

sumed as I ., inches of water above the atmosphere.
The heat in the peat necessary to propel one cubic foot of 

air at a pressure of 1| inches of water (or 7-8 lbs. per sq. foot), 
will be

78 1
778 X 063y •157 B.T.l .

It will be observed that the lowest figure shown on the curves 
is that for air entering with 40 per cent humidity at 80°F and 
leaving saturated, this figure is as low as 570 B.T.l'., but it is ex
tremely unlikely that so low a figure would be reached in practice, 
the inlet air temperature being higher and the humidity lower 
than might be expected, moreover, the practicable size of the 
drying chamber would preclude the complete saturation of the air.

A general examination of the curves will show that with 
ordinary conditions throughout a season, little, if any, l>etter 
results might be expected by artificial air drying than by 
the direct heating method. The limits of such a method as the 
latter have been previously demonstrated.
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Fig. 12. Curves showing the number of heat units in the peat which would be 
required to drive the air over the moist substance.
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CHAPTER II.

CHEMICAL ANALYSES AND EFFECT OF MOISTURE 
()\ CALORIFIC POWER OF PEAT.

Chemical Analyses. The chemical analyses of the various 
samples of peat taken from the peat bogs so far examined in 
the provinces of Ontario, Quebec and Manitoba, are shown in 
Tables 1, 2, and 3. Only proximate analyses were made of 
the samples contained in these tables—but these serve to show 
the slight differences existing between the various samples of 
peat which are representative of peat bogs separated by consid
erable distances. The ash content of five of the samples is 
moderately high, but for the rest it is very low.

For the purpose under discussion in this report, viz., the 
recovery of the nitrogen contained in the peat, it will be inter
esting to note that all of the bogs so far examined contain over 
one per cent of nitrogen, while several of them contain nearly 
2 or over 2 per cent. This is a high average, and compares fav
ourably with the best of the European peats, as will be seen by 
comparing Tables 1, 2, and 3, with Table 4, which gives the 
analysis of samples of peat taken from many representative 
European peat bogs.

Sulphur is contained only in slight amounts in all the sam
ples, and requires no further consideration.

Calorific Power.

In considering the feasibility of utilizing peat for power pur
poses, the calorific power is the most important factor to consider; 
while the nitrogen content is of equal inqjortance when its re
covery is contemplated in conjunction with the generation of 
power gas in by-product recovery gas producers.

The calorific power of the samples of peat shown in Tables 
1 and 2 arc determined on the absolutely dry sample. The calo-
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TABLE 1,

Analyses of the Different Peat Samples Collected in Ontario.

Analyses of Peat (absolutely dry).

1
2
3
4
5
6 
7

2

2
3

2
3
4
5
6 
7 
1 
2

1

Peat from Composition of Peat.

Mer-Bleu, Ontario ... Sphagnum more or less mixed 
with eriophorum ........................

Alfred. Ontario . . Principally formed by sphagnum

Welland, Ontario . 

“ “
Newington, Ontario

. Sphagnum mixed with carex, 
eriophorum and hypnum...........

. Sphagnum slightly mixed with 
aquatic plants .................

Perth, Ontario Sphagnum mixed with hypnum

Victoria Road, Ontar 
Brunner, Ontario . 
Komoka, Ontario 
Brockville, Ontario

Rondeau, Ontario

Alfred, Ontario: part of
bog

Hypnum mixed with sphagnum. .
Principally hypnum........................
Sphagnum mixed with carex.........
Carex slightly mixed with erio

phorum and aquatic plants.. . 
Carex mixed with remains of

grasses and aquatic plants.........
Sphagnum slightly mixed with 

hypnum and eriophorum...........

Volatile Fixed
maltrr. Carbon. Ash Phosphorus Sulphur Nitrogen

65-90 24-22 10-88
67 • 57 25-35 7 -18 0-026 0-314 1-40
68-40 25-00 6-60
63-22 24-86 11-92
68 • 76 25 • 73 5-51
68 • 73 26-27 5-00 0 024 0-317 1-13
69-49 26-04 4 47
68-13 26 56 5-31 0-029 0-292 1 23
68-72 24-22 7-06 0-022 0-375 1 92
67-14 26 48 6-38 0-027 0-317 1-13
70-90 24 84 4 26 0-024 0-248 t -74
70-53 24-28 5 19
66-75 25-71 7-4* 0-028 0-530 185
67-07 26-27 6 66 0-030 0 4<>4 1-80
68 • 84 26-65 4 51
71-32 24 44 4 24 0-032 0-345 1 63
69-54 26-75 3-71
65-77 27-30 6-93
66-97 26 70 6-33
70-34 25-35 4 31 0-030 0-405 1 66
71-51 24 60 3-89 0-027 0-334 1 94
69-52 25-18 5-30
64-00 25-16 10 75 0 035 0-303 1-73
60-90 18-52 20-58 0-087 1 34 1 -63

66 70 21-75 11-75 0-038 0-90 2 41

61-00 22-90 16-10 0-049 0-73 2-77

68-23 26 00 5-77 0-033 0-218 1-76

Calorific 
value B.T. 
U. per lb.

8821 
‘HI 21

8805
<>126
<>441
<>301
8730
<>058
<>118
8506
8667
8721
8465
8877
8336
<>102
8210
8312
9067
9148
8649
8850
74<>0

8173

7914

9005
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rific power, it will be seen, varies from about 7500 to 9500 
B.T.U. per pound. The heating value of all the peat used in 
the producer trials at the fuel testing plant, which was manu
factured at the Alfred peat bog, was above 9400 B.T.U. ix?r 
pound, and the peat contained in this bog, moreover, contains a 
fair amount of nitrogen. It is quite probable that as the work of 
investigating the peat bog progresses, many bogs will be dis
covered which contain peat of an equally high calorific power, 
and nitrogen content.

TABLE 2.

Analyses of Samples of Peat taken from the Holland 
Peat Bog.

Volatile matter. 595 63-2 63-4 64-3 59 664-666-8 63-5 65 0 65-4 53 0

Fixed carbon. 21-2 24-6 23 0 23 5 23-1 20-2 24-2 26-2 24 5 24-1 18 5

Ash......................... 19 3 12-2 13-6 12-2 17-3 15-2 8 8 10 1 10 5 10 5 28-5

Phosphorus....................  0 050 0-69 .. 0-67 ................  0 147

Nitrogen.......................... 2-7................2-8................. 2-7 ........2-5
Calorific value,

B.T.U. per Hi. 7610 8350 8080 8390 7790 7950 8380 7980 8250 8510 672(1

The heating power, however, of the absolutely dry sample 
is no index as to the effective heating value of the manufactured 
peat fuel, since the moisture content of the commercial fuel 
may be anything from a few per cent up to 60 per cent. It is 
usual for power purposes to deliver the peat to the power plant 
with a moisture content of from 25 to 30 per cent and all effective 
heating values arc calculated on this moisture content. In 
all the calculations and the curves plotted from them the calori
fic value of the absolutely dry sample of peat has been assumed 
to be 9500 B.T.U. per pound.

To determine the effective heating value when the moisture 
content and the calorific power of the absolutely dry peat are 
known, the following formula may be used:

A = 1 [100 B-X (B-f 1120)] (1)
100



TABLE 3.

Peat Bogs Investigated in Ontario.

The names of 
the peat 

bogs.

Locality.

AEF
Volume of workable peat. Partia 1 analyses of absolu

tely dry peat.
Tons of 

fuel

contents

moisture.

contents

moist ure.

Volatile
Ash

Remarks.
C.do-

County. Township.

C ubic Fixed
yards. carbon

Russell Gloucester and Cum- 5.004 5.125,665 38.442.494 25-00 68-40 6 60 9126 Principally formed
berland. of sphagnum.

Alfred
6.800 0.360.360 70.270.2(H) 26-56 68-13 5-31 8730 Principally formed

Welland Wainfleet and Hum- of sphagnum.
4.0(H) 4.106.197 30.796.480 24-28 70-53 5-19 8667 Formed of hvpnum.

Stormont Osnabrück, Roxbor- eriophorum, and
sphagnum.

3.800 0.208.864 46.566,478 26 27 67-07 6-66 8465 Principally formed
of sphagnum.

3.800 5.126,030 38.445,222 24 60 71-51 3-89 9148 Formed of sphagnum
hvpnum, and erio-
phorutn.

Bexley and Carden. 67 53,659 402.441 25-18 69-52 5-30 8649 Principally formed
of hvpnum mixed
with sphagnum.

Ellice. 2.288 1.172.130 8.790.979 25-16 64-09 10-75 8850 Principally formed
of hvpnum.

0(H) 253.831 1,903.733 18-52 60-90 20-58 7490 Formed of remains
of sphagnum and

1.400 1.694.129 12.705,960 21-75 66-70 11-75 8173 Formed of remains
of sphagnum and

Harwich 1.571 1.047.544 7,856.581 22-90 61 -00 16 10 7914 Principally formed
Holland West and East < .wil-

York......... limburv and King. 14.641 8.218.931 61.641.981 2620 63 • 50 10-50 8510 Principally formed

Coney Island Coney Island. Lake of the Woods. 25 32.267 242.000 ...........Principally formed
of carex.

355 518.291 6.912,223 ............. .........Principally formed
Mclrvine and Cro- of sphagnum.

district . . 891.205 6.684,040 28-9 62-4 8-7 8910 Principally formed

Total ................... 47,251 43.299.812 518.291 324.748.598



51
TABLE 4

Analyses of Peat from Different Countries.*

Description.
I'1' Hy-

- E Ash. Authority.

Peat dried at 212 F .... (A-55 10-39 18-59 2-76 1 70 Flickenscher. ( ierinany.

(-80 Mulder. Holland

14-50 Johnston, Scotland
Average peat .............. 2-4 Tylvad.

Surface peat. Phillips- 
town, dried at 22(1 F. 58-094 0-971 32-883 1-4514

Dense neat, Phillips- 
town, dried at 212 F. 0-097 12- 540 0- 8H(in .

Light surface peat, Wood 
of Allen, dried at 220

6-014 32-207 1-2558
Dense peat. Wood of

01-022 5-771 32-400 0-8070
Surface peat, Twlclc- 

nevin. dried at 220 F. . 00 102 0-723 31-288 1-8800 .
Light surface peat. Shan

non, dried at ' 10 l (Ml 018 5-875 33-152 0-9545 e
Dense peat. Shannon, 

dried at 220 F. 01-247 5-010 31-440 1-0904 -
Kilbeggan. Westmeath 0-670 30-47
Kilbuha, < lare................... 6-330 34-48
( appoge, Kildare 0-850 39-55
(k-kta, in Eastern Russia 3-788 51-0X8 Waskrescenskv.
Peat. 4-5 feet from sur

face, Tuam, Ireland . 57-207 5-655 28-949 3-(Ki7 . Ronalds.
Peat. 3*5 feet from sur-

58-300 5-821 29-009 2-509 .
Peat, 2- 5 feet front sur-

59-552 5-502 28-414 1-715 .
Good^ air-dried peat,

4-0 24U
Poor air-dried peat. 

Galway .......................... 29.4 42.| 3-1 21-0 4-4 •
Dense peat, Galway ....
Air-dried peat. Devon 25-50 54-02 28-17 2- 30

23- 20 00-(Ml 1-90 Paul.
2-17 40-80 0-40 Marsillv

Th«, 30-95 1 92
7 -20 43-05

Bourdon ...............................
35-97 2-03

Vulcaire............................... 5-03 29-07 2-(Ml 5-58 Régnault.

Faramont.....................
( 80 Mulder.

10-70 02-15 27-30 1-00 2 -70 Walz
Steinwenden ................ 16-(Ml 57-50

17-IMI 47-00
8-92 Baer.

21-70 55-01
17-03 50-43 9-80 Jacket.
19-32 53-51
18-89 53-31
31-34 59-43

Hamburg............................ 18-83 57-32 2-31 "
57-84 57-81 2-00 Breuninger.

Schopfloch .......................... 20-(Ml 53-59 8-10 Nester and Petersen.
Sindefingen....................... 18-(Ml 45-44
Irish peat, perfectly dry, 

average........................ 59.0 6-0 m. n ,.7« 4-0 P. Dawson.
Irish peat, including 25 

Iter cent moisture aver-
25-0 44-0 4i5 ..n 1-0

Irish peat, including 30 
Iter cent moisture aver-

30 0 A| , 2 8
Switzerland, air-dried, 

compressed, average . 23-17 40-(8> 4-51 21-50 2-84 7-87 (ioppelsrocder.
Peat, àir-dried................... 21-9 42-; 27-4 1-6 2-4 Tyvald.

♦From "Peat, Its Use and Manufacture," by P. R. Bjorling and F. T. Hissings.



52

Where A is the calorific power of the wet peat, in B.T.U. 
per 11».; B is the calorific power of the absolutely dry peat, in 
B.T.U. per lb.; X is the percentage of moisture contained in 
the peat for which it is desired to determine the calorific power.

The total quantity of heat required to raise 1 pound of 
water from 62°F to 212°F and evaporate it is denoted by 1,120 
Brit, tiler, units.

If it is desired to calculate the calorific power from the ulti
mate analysis, the following formula (an adaptation of that of 
Dulong) may be used :

Y-CX14600+(H JO) 62100 (9 H+X) 1120 (2)
C = weight of carbon.
H= “ hydrogen.
0= “ oxygen.
X = weight of water.
In this formula, the loss due to the water formed by the 

combination of the hydrogen and oxygen of the fuel is taken 
into consideration; while in formula (1) such loss is not taken 
into account.

The following ultimate analysis of a sample of peat taken 
from the Alfred bog will be used as an illustration.

( arbon......................................................... 56*0 per cent.
Hydrogen..................................................... 5*2 “
Ash ............................................................. 6-0 “
Oxygen, nitrogen and sulphur by differ

ence ..................................................... 32-8 “
The nitrogen and sulphur may be taken as 2 per cent, leav

ing 30-8 per cent as oxygen.
If a moisture content of 25 per cent is assumed, the per

centages of carbon, hydrogen, ash and oxygen will be:
Carbon......................................................... 42*0 per cent.
Hydrogen..................................................... 3*9 “
Ash ............................................................. 4-5 «
Oxygen......................................................... 23 1 «

and these values when substituted in formula (2) will give:—
Y = 0-42 X14600 + (0-039-11'^1)62,100-(9 X 0-039 + 0-25)X

1120; or
Y = 0-42 X 14600 + 621—673, or 6080 Brit. ther. un,its I
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as the effective calorific value of the wet peat. The calorific 
value as determined from formula (1) will be:—

A= 1 [100 X 9460 — 25 (9460+1120)] 
l(M)

= 6815 Brit. ther. units. Here, 9460 B.T.U. is the actual 
calorific value of the absolutely dry peat as determined in the 
bomb calorimeter.

EFFECT OF MOISTURE ON THE CALORIFIC POWER OF PEAT.

The following tables, 5 and 6, have been prepared for the pur
pose of clearly showing the effect which the quantity of moisture 
present in the fuel has upon its calorific power.

The column showing the quantity of heat required to evap
orate the moisture is calculated; firstly, assuming that the

TABLE 5.*

Per lb. of Wet Peat.

Lbs. of mois
ture per lb. of Per

Per content

peat.

H

evaporate

moisture.

warm, cv- 
aporate

superheat.
b

H-a H-b

tire.

9 90 10 950 870 1170 80 -220
73 88 12 1140 850 1140 290 0
6 85-7 14-3 1360 830 1110 530 250
5 83-4 16-6 1580 805 1080 775 5(H)
4 80 20 1900 770 1040 1130 860
3 75 25 2375 720 970 1655 1405
2 66-6 33-3 3166 645 870 2521 2296
IK 60 40 3800 580 780 3220 3020
1 50 50 4750 480 650 4270 41(H)

2/3 or -66 40 60 5700 380 520 5320 5180
•54 35 65 6170 340 450 5830 5720

3/7 or -43 30 70 6650 290 390 6370 6260
1/3 or -33 25 75 7125 240 330 7885 6795

0 0 100 9500 9500 9500

I
Table prepared by John Rlizard.
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90 90 •0 0 1-23 0 -220
88 73 •17 190 10 0 0
86 6 1 •29 32 2 •835 16-5 220
84 5-25 •37 ii ; 719 28-1 427
82 4 55 44 49-5 622 37-8 646
80 4 0 •5 55-5 •548 45-2 858
77 3-35 •56 •459 54 1 1182 |
75 3 0 •6 66-7 •410 590 1405
70 2-3 •67 315 68-5 1950
66 19 •71 78-5 260 74 0 2390
60 1-5 •75 It l 205 795 3020
55 12 •78 86-6 165 835 3570
50 10 •80 99*0 137 86-3 4100
45 •82 •82 91 *0 112 88-8 4630
40 •67 •83 92*1 •096 90-4 5180
35 •54 •846 940 •074 92-6 5720
30 •43 •857 95-2 •059 94-1 6260
25 •33 •867 96 3 •045 955 6795
20 •25 •875 •034 966 7240 ,
16 19 •881 97-8 •026 97 4 7780
10 10 •890 98-9 013 98-7 84 .V)

heat required is only that which overcomes the latent heat of 
the water, or 966 B.T.U. per pound; secondly, the calculation 
assumes conditions which prevail in a gas producer or steam boiler 
in which it is assumed that the water enters at the tempera
ture of the charged peat—about 60°F—and leaves at the tem
perature of the hot gases—about 600°F. Under these latter 
conditions, the total heat required to evaporate the water 
and then superheat it to 600°F will be per pound, as follows:

B.T.U.
To raise the temperature of the water from 60° to 212°F.

212-60............................................................................. 152
Latent heat of water per pound........................................... 966

* Table prepared by John Rlizard.
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Heat required to su|xirhvut the steam, assuming the 
specific heat of superheated steam to lx* 0*48, is 0*48 
X (600-212).......... ............ 186

A HIGHlR CALORIFIC VALUt OF WIT PfAT P[R LB 
B HI AT RlQUtPtD TO [VAPOR ATI A HD SUPt RHf AT 

C0HTAIN10 HOiSTURt
CAB

IMS

:::::::

Total heat per pound of water 1304
or, in round numbers, 13(H) B.T.T. per |>ound.

The calorific power of 1 pound of absolutely dry jx*at is 
taken as 9500 B.T.IJ.

1(HNN)

8000

7000

5000

4-000

■OHIO

2000

KNN)

1000

Fig. 13.*—Curves showing the higher ami lower calorific power per pound of 
peat containing different percentages of moisture, and the quantity of 

heat required to evaporate and superheat the moisture removed.

•Curve constructed by J. Wizard
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The curves shown in Fig. 13 show graphically the results 
set forth in the above tables.

In these curves A is the higher calorific power of wet peat 
per pound. B is the quantity of heat required to evaporate 
and superheat the contained moisture. C is the net or effective

WW -"i 9Êff

Fig. 14.*—Curves showing pounds of moisture |>er pound of dry peat, for 
peat containing different percentages of moisture; percentage of dry 
peat available for power at different moisture contents; and percentage of 
total moisture removed from 90 percent moisture peat in order toobtain 
peat with different moisture contents.

* Curve constructed by John Wizard.
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calorific power of the wet peat and is obtained by subtracting 
the values represented by curve B from those of curve A. The 
abscissa represents the percentage of moisture in the wet j>cat 
and the ordinate the corresponding calorific |x>wer in Brit, 
ther. units. The curves A, B, and C, Fig. 14. show the pounds 
of moisture contained in the peat substance per pound of dry 
peat for varying percentages of moisture, the per cent of dry 
peat available for power purposes in the wet peat, and the per
centage of the total moisture contained in the wet peat substance 
which is removed when the moisture content of the dried peat 
varies from 0 to 90 per cent.

As an example, suppose it is required to find from curve 
A how many pounds of moisture per pound of absolutely dry 
peat are contained in a mass of 50 per cent wet jx*at. The ab
scissa shows the quantity of moisture in the peat and the right 
hand ordinate the weight of water in pounds per pound of dry 
peat substance. Thus 50 per cent on the abscissa will give one 
pound on the right hand ordinate as the weight of water contained 
in the 50 per cent wet peat per pound of dry peat, 80 per cent 
moisture corresponds to 4 pounds of water to 1 pound of dry 
peat and 90 per cent moisture to 8 pounds of water per pound 
of dry peat.

If the peat substance contains 87 per cent water, by referring 
to curve B, it will be seen that no dry peat is available for power 
purposes. The percentage of moisture contained in the peat is 
shown on the abscissa, as in the previous case, and the percentage 
of dry peat available is shown on the left hand ordinate. If 
the peat contain 80 per cent moisture the dry peat available 
for power purposes is about 44 per cent; for 60 per cent mois
ture about 79£ per cent of the dry peat is available; if it con
tain 40 per cent, over 90 per cent of the dry peat is available, 
and so on for any per cent of moisture. Curve C is self-explana
tory, the abscissa represents the percentage of moisture contained 
in the peat and the left hand ordinate the percentage of the total 
moisture content removed from peat with 90 per cent water 
content, when the moisture content of the dried peat is between 
0 and 90 per cent.
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Thus to reduce the moisture content of the peat to 50 per 
cent, 89 per cent of the total water contained in the 90 per cent 
wet |H*at substance must be removed, and so on for other mois
ture contents.

Fui. 15.*—<*urve showing die effect on the calorific power of wet peat by 
removing different percentages of the total moisture content.

The effect produced on the calorific power of wet peat by 
the removal of different jiercentages of the total moisture is 
graphically shown in Fig. 15. The raw peat is assumed to have 
a moisture content of 90 per cent. If now 50 per cent of the 
total moisture content be removed the calorific power of the 
peat will be a little over 600 B.T.U. per lb. If 80 per cent be 
removed the calorific power will be increased to about 2500 
B T.l ., etc.

v cosntrurtvd by John Blizanl.
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VHAin'KR III.

AMMONIUM SULPHATE.

Ammonium sulphate is a chemical compound composed of 
the elements, nitrogen, hydrogen, sulphur, and oxygen. It has 
the molecular formula (NHdsStb and contains 25-75 per cent 
ammonia (NHg) when chemically pure. The sulphate obtained 
in commerce, however, may not contain more than 21 22 per

From the molecular formula (NlldjSO, the ratio of the 
pounds of ammonium sulphate to the pounds of nitrogen is 
found to be:

lbs. of sulphate 132 ^
lbs. of nitrogen 28

that is, the quantity of ammonium ? formed is
4-7 times the quantity of nitrogen entering into the combina
tion. Thus, if a long ton (2,240 lbs.) of coal contains 1 per cent 
nitrogen or 22 - 4 lbs., the quantity of ammonium sulphate which 
could be theoretically formed would be 22-4 X 4-7 105*6
lbs. and for the short ton (2,000) lbs. 20 X 4-7 = 94*3 lbs. 
The efficiency of the recovery process is seldom greater than 
70 to 75 per cent, the ammonium sulphate resulting would, there
fore be: 105-6 X 0*75 = 79 lbs. and 94-3 X 0-75 = 71 lbs. 
respectively. The following curves, Fig. 16, show the quantity 
of ammonium sulphate which can be theoretically obtained from 
fuels having a nitrogen content varying from 0-1 to 2 -1 per cent 
nitrogen.

Sources of Ammonia.

The principal commercial sources of ammonia and its 
compounds with other substances are: the coke ovens, gas works, 
and by-product recovery gas producer plants. The principal 
sources of the nitrogen are the coals, lignites, peats, and

C3C
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oil slink's, which arc found in abundance in almost every 
country of the world. Ammonia is also formed synthetically 
from the elements nitrogen and hydrogen on a commercial scale 
in Germany but this method for its manufacture docs not
concern us here. In France considerable quantities of ammonia

S*Krg

01 .2-3-4 5-6-7 -8

Fig. 16.*—Sulphate of ammonia which can Ik* theoretically obtained from 
fuels having a nitrogen content, varying from 0-1 to 3-0 per cent.

are obtained from the sewage of Paris and suburbs and from the 
distillation products of distilleries—but so far as Canada is con-

* Curve constructed by J. Wizard.
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cerncd, at the present time, the principal sources of ammonia 
are the by-product recovery coke ovens of the steel works.

Such low grade fuels as peat and lignite often contain a 
high percentage of nitrogen which cannot be profitably recovered 
by any of the above mentioned processes for the manufacture 
of an illuminating gas or gas resulting from the coking of coal. 
These fuels can, however, be utilized in a most efficient manner 
in the by-product recovery producer. The large quantity of 
nitrogen contained in these fuels, especially in the enormous areas 
covered by peat bogs, can by this means be rendered available 
for the use of man.

In order to show the large quantity of nitrogen which can 
be recovered from peat bogs in the form of ammonium sulphate, 
thirteen of the bogs so far examined in the Province of Ontario, 
which have a total fuel content of 43 million tons of 25 per cent 
moisture pent and an average nitrogen content of about 1 • 73 
per cent of the dry peat will be taken as an example. The 
nitrogen content of the wet peat will be 1 -3 per cent and this 
content of nitrogen will correspond to 43,000,000 X 0-013 = 
560 thousand tons of nitrogen, which with 70 per cent recovery 
in the present day practice will give 1,800,000 tons of ammonium 
sulphate with a gross value, at the present market price, of 
about 130 million dollars.

In addition to the ammonium $ , there would be pro
duced a quantity of power gas f " :nt to generate approxi
mately 40,000 H.P. continuously for 100 years.

Applications. According to Lunge,* nearly all of the am
monium $ e manufactured is employed as a fertilizer. It 
is especially valuable for the cultivation of beet root and cannot 
for this purpose be replaced by the cheaper nitrogen of nitrate 
of soda. This is the principal reason for the very large importa
tion of this salt into Germany. The action of ammonia as a ma
nure is slower than that of nitrate of soda, but for that reason it 
is all the more lasting. It is absorbai by the soil and retained 
even after large quantities of rain have come down; whereas 
under such conditions, nitrate of soda is washed out, and the soda 
moreover renders the soil in the end too hard for tilling. Am-

*Coal-Tar and Ammonia, Lunge. Part II. p. 1105.

D6D
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monium sulphate is preferable for potatoes, while for wheat, rye, 
and oats, nitrate of soda is of equal value. The sulphate also 
serves for preparing the other ammonium salts, and sometimes 
for liquor ammoniac, and for making ammonia-alum. In the 
manufacture of ammonia-soda the sulphate is now mostly re
placed by the cheaper concentrated gas-liquor.

A 10 per cent solution of ammonium sulphate is employed 
to render tissues, papers, etc., non-inflammable.

A very important ation for ammoniacal nitrogen
seems to be in store for the m Lire of nitric acid from am
monia, by the invention of Ostwald and others.

But by far the most important application of this salt, and 
one which will consume all that is produced for a long time to 
come, is its use as a manure.

Statistics of Production and Consumption.

ENGLAND.

1 he sources of production of ammonium > i> in Kng- 
land are shown in Table 7.1 An examination of this table will 
show that the quantity of ammonia recovered from coke ovens 
and gas producers increased from 17,000 metric tons2 in 1<)00 to 
129,000 metric tons in 1911, or nearly eight fold, while that re
covered from illuminating gas works increased only from 142,000 
to 169,000 metric tons. The total production at the end of the 
ten year |H>ri<xl was very nearly 80 per cent greater than in 1900. 
According to the “Mineral Industry"3 the coke ovens and pro
ducer gas and carlxmizing works contributed the following quanti
ties of ammonium t e.

,w 1.10 m, 1,11
Coke ovens.............
Producer cas and 

carbonizing works Z'Z 11.K7J n’Z ]‘,Z 1 132,000

■Annuaire Statistique des Engrais et Produits Chimiques destinés A l'Agriculture, by 
M. Lambert, 1912.
:l metric ton = 2204 Ibs.
•Mineral Industry. 1912, Vol. XXI, p. 33.

0
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TABLE 7.

Sulphate of Ammonia.
Sources of Production in England. 

In Metric Tons.

Production. 1900 1901 1902 1903 1904 1905 1906 1907 194)8 1909 1910 1911

Illuminating (las. 142.1**1 143.000 150.000 150.000 150.000 156.000 157,000 165.504) 164.4**) 171 000 168.000 169,500
Blast Furnaces. . . 17.l**l 16.500 IS.500 19. I*K) 19.500! 20,000 21.000 21.000 20.000 19.000 20.4**)
Oil Shales ............
Coke Ovens and

40.000 37.000 37.500 42.500 46.000 48.54*) 51.000 51.000 57,4)4)0 60.4**) 60.04K)

Gas Producers . 1, CKKI 18.000 23,500 27,500 33,500 46,500 62,504) 75.4)00 79,000 101,000 120,000 129.4)04)

Total.............. 213,000 217.500 229.000 234.000 245,000 268.54*) 289,4**) 312.500 314.000 348.004) 369.000 378.500



TABLE 8.

Sulphate of Ammonia.
Exports from Germany. 

In Metric Tons.

Country of 1900 1901
Destination.

1902 1903 1904 1905 1906 1907 1908 1909 1910 1911

Belgium............................. 16,625 13,380 15.918 20,668 18,944
11,101 8.813 7,185 11,031 7,558

England............................ 203
Italy........................ 7.162 7.246 6,182 10.065 5,035
Holland............................. 1.945 5.619 4.077 6,729 5,338
Switzerland...................... 55 210 260 499 507
Antilles and -

Honolulu.................... 1.428 1,631 1,717 1.945 368
10,862 8.353 400 11.262 4,169
11,753 25.469 20,596 17,855 27,081

United States................. 4,840 2,215
Portugal............................ 624
Other countries. . . . 94 160 285 1,366 1.356
Spain .. 2.160 3.669 3,174 9,154 6,339

Total ........... 2,403 9,841 5.744 5,591 10.696 25.000 63,185 74.550 59,794 96,241 78.910



TABLE 9.

Sulphate of Ammonia.
Imports into Germany.

In Metric Tons.

Country. 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911

Belgium................ 860 694
Denmark.............. 163 211
England................ 13,500 24.913 .14.715 7,105 2,685
Hdhmi 800 1.263
Austria-Hungary . .. 1 16.523 17.928 16.925 18.894 18,123
Other countries. . . 1.667 4.424 6.492 5.40? 3,655

Total............ 23,104 44,407 42,258 35,168 35,165 48,005 32.454 33,522 49.433 58.132 31.404 24.463



England occupies the second place as a producer of am
monium sulphate—hut of the total annual production of 379,000 
long tons in 19121 her consumption was only 90,000 gross tons 
for all purposes.

GERMANY.

The pnxiuction of ammonium sulphate from all sources 
in this country was in 1911, 400,000 metric tons —see Table 13. 
The exports and imports were 78,910 and 24,463 metric tons re
spectively—see Tables 8 and 9.* Germany consumes for agricul
tural purposes a larger quantity of this fertilizer than any other 
country. The total consumption in 1911 for all purposes was 
345,553 metric tons and the rate of increase in both the produc
tion and consumption is rapidly increasing. The new by-prod
uct recovery plants in connexion with coke ovens and gas 
producers for utilizing low grade fuels such as peat and lignite 
which are being erected together with the synthetic process for 
the manufacture of $ " 3 of ammonia, will very greatly in
crease the production of this commodity during the next few 
years. From Table 9 it will Ik* seen that the total imports in 
1900 were 23,104 metric tons, and that these steadily increased 
up to 1905 when they decreased for the following two years. 
The next two years, 1908 and 1909, showed a decided increase 
but from that time on the imports considerably decreased. 
Germany practically consumes the whole of her ammonium 
f - production, while England exports the major portion
of hers.

The ammonium sulphate produced in France is derived 
principally from the gas works and coke ovens but a very con
siderable quantity is obtained from the sewage of the Paris and 
provincial districts. The production from this source is steadily 
decreasing (see Table 10), while that from the coke ovens shows

'Mineral Industry, 1912, Vol. XXI, p. 33.
’Annuaire Statistique dee Engrais et Produite Chimiques destinés à l'Agriculture, by 

E. and M. Lambert, 1912.

D6A
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TABLE 10.

Sulphate of Ammonia.
Sources of Production in France.

In Metric Tons.

Sources of 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911
Production.

Paris Gas Works. . 
Suburban Gas

10,000 10.000 10,000 10.500 11.200 11.200 11.200 11.500 11.200 11.500 11.500 12,500

Province Gas
1300 1.500 1.500 2.800

Works................ 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.300
Sulphate from the

Coke region of 
the North.......... 7.000 7.000 8.000 9.500 13.000 14.500 16.550 17 <«»> 1K.UMM 20.000 24 24.300

Sulphate from the
Coke Region of 
the Centre and 
S.W. 2.000 2.000 2.000 2.000 - am , ...... , N|U 3.000 4.700

Sulphate from
Sewage, Paris
District.............. 10.000 10.000 10.000 10.000 9,000 9,000 9,000 9.000 9.000 8.200 8.200

Sulphate from
Sewage, Provin
ce Dist net......... 3.500 3.500 .i.son 3.500 3.500 3.500 3,500 3.500 3.500 3.500 3.500

Sulphate front
Shales ,..............

Sulphate from
500 500 500 MO 700 700 800 800 900 «• 1.000 1.000

Wine and others 800 700

Total.............. 37 000 37 0"° 38.000 40.000 4.1.41*1 44.900 4T.««. 47.800 49.900 52.700 57.500 62.000



TABLE 11.

Ammonia Production of the United States expressed in Sulphate Equivalent.
(Tons of 2000 lbs.)

1899 1900 1901 1902 1903 1904 1905

13,800 
(a) 13,800

15.279 24.098 32.653
22.011

41.864
23.432Coal gas and bone carbonizing works. . (a) 13.500 (a) 14.000 (a) 17.641

Total 19.500 27.600 29,279 36,124 41,873 54.664 65,296

Percentage from coke ovens................... 31 50 52 51 57 60 64

1906 1907 1908 1909 1910 1911 1912

Bv-product coke ovens ..........................
Coal gas and bone carbonizing works. . .

62.700 
36.609

50,073
33.327

75,000 
(a) 31.500

86. (KK) 
(a) 30. (MX)

95.000 
(a) 32.(MM)

130.0(M) 
(a) 35.(XX)

Total................................................. (a) 75,000 99.309 83.400 106,500 116.(MX) 127.000 165.000

Percentage from coke ovens.................... 62 60 70 74 75 79
(a) Estimated.



TABLE 12.

Ammonia Consumption of the United States, Expressed in Sulphate Equivalent, (a)
Tons 2000 lbs.

Year 1903 1904 1905 1906 1907 1908 190) 1910 1911 1912

Imports ............... lf>. 777 16.667 15 288 9.182 32.669 34.274 in 1*2 63.178 103.743 67.003
Total Consumption 58,650 71,331 80.584 84.182 132,00(1 121.874 149.192 179.178 2.40. 743 232.003
Average Price . . Sf»2 10 161 71 $62 33 S61 93 $59 90 $56 04 $55 60 $62 21 $65.95
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a marked increase. The total annual production has increased 
from 37,000 metric tons in 1900 to 62,000 metric tons in 1911. 
France imports about 8000 metric tons a year from Germany. 
(See Table 8).

UNITKI) STATUS.

Table 11 shows the annual production of ammonia expressed 
in s e equivalent for the years 1899 to 1912 inclusive. 
The production from the coke ovens shows a remarkable increase 
of from 6000 tons in 1899 to 130,000 tons in 1912. This indicates 
that a very large number of coke plants have been equipped with 
by-product recovery ovens. The remainder of the annual out
put is from coal gas and carbonizing works and the
production from these also shows a very marked increase, viz. 
from 13,500 tons in 1899 to 35,000 tons jn 1912. The total con
sumption of this fertilizer for the year 1912 was 232,003 tons 
(seeTable 12), while the total production for that year was only 
165,000 tons. The deficiency of 65,003 tons was made up of 
imports from other countries. From this it will be seen that the 
I 'nited States is not only the third largest producer of ammonium 
sulphate but is also the largest importer. Table 12.

CANADA.

Canada produces a very small amount of ammonium 
sulphate and this is obtained almost entirely from the coke plants 
at Sydney, Nova Scotia, and Sault Ste. Marie, Ontario. The 
total production in 1909, 1910 and 1911 was as follows: 3,351, 
3,491 and 7,124 tons respectively. The imports of natural and 
artificial fertilizers (including ammonium sulphate) for the years 
1908 to 1912 inclusive were as follows:

Year Dutiable Free Total
1908 .259,132 110,034 369,166
1909 ....... 341,102.. . 131,573 474,675
1910 350.907. .130,549. .481.456
1911.... ....... 399,597 146,560 .546,157
1012 ....445,385.... . 43,342 . ..488,727

C6D
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TABLE 14.

Sulphate of Ammonia.
World's Conscription in Metric Tons.

Country. 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911

England................... 68.000 70.000 70.001 72.(MM) -, (KN) 80. (MM) 80.000 80. (MM) 83.(MM) 87.(MM) 87.000 87.000
Germany 126.000 142.000 162.000 169.000 186.(MM) 226 000 250. (MM) 263. (MM) 291. (MM) 330.000 350.000 380. (MM)

52.000 48.000 55.(MM 56.(MM) 58.(MM' 60. (MM) 67.(MM) 73.(MM) 80. (MM) 80.000 83. (MM)
Belgium. . 19.000 19.500 22.300 19.4(M) 23.700 36.000 37.(MM) 38.100 40.800 49. (MM) 53.000 51.000
Holland 6.000 5.800 6.500 7.(MM) 7.(MM) 9.(MM) 10.(MM) 12.000 12.000 11. (MM) 13,000
Spain and

Portugal. 46.000 45.000 50.000 58.000 55 000 60. (MM) 57.000 60.(MM) 64.(MM) 62.000 68.000
Italy........................ 8.000 8.000 8.900 10.800 14.500 20. (MM) 28.000 30.000 33.000 38. (MM)
I'nited States 56.000 44.000 54. (MM) 58. (MM) 71 .(MM) 80. (MM) 84. (MM) 132 000 122.000 150. (MM) 180. (MM) 193.000

1.000 1.500 3.000 5. (MM) 15 (MM) 35.000 63.500 43.000 55.000 61.500 81.000
15.000 20.000 22.(MM 25.(MM) 25.000 20. (MM) 30.(MM) 30.000 30.000 45.000 50.000 45.(MM)

Other Countries . 35.000 20.000 15.(MM) 25.000 20.000 19. 7(M> 33.400 31 ,(MM) 23.000 39.500 11.000

T"'al 410.000 423.800 468.700 498.400546.500 630. (MM) 679.500 800.000 820.800 925.000 1.010.000 1.050,000
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The fertilizers include the manufactured nitro
genous compounds. The imports of this class of fertilizer in
creased front 250,132 dollars in 1008 to 445,385 dollars in 1012, 
while the imports of the free or natural fertilizers dropped from 
110,034 dollars to 43,342 dollars during the same period. From 
this it may be inferred that the demand for such fertilizers as 
ammonium sulphate is constantly increasing.

THE world’s PRODUCTION AND CONSUMPTION.

Tables 13 and 14 show the world's production and consump
tion of ammonium sulphate from the years 1900 to 1911.

PRICES.

The average price by years and by the English ton of 2,240 
lbs. of ammonium sulphate f.o.b. port of Hull is > in Table 
15. An inspection of this table will show that the price steadily 
increased from 1901 when it was £10 11s. ($61.24) per ton 
to £13 15s. ($66.78) in 1911. The average price of this 
salt in the United States for the years 1912 was shown in
Table 12. The price in 1912, viz. $65.95, is very nearly the same 
as the English price for 1911 ($66.78).

The indications are that the prices of ammonium sulphate 
will remain firm at the present level for some time to come.

The following table* shows the quantities of ammonium 
sulphate used per acre in Belgium, Germany, England, France, 
and the United States, and the yield |x*r acre in wheat, barley, 
oats, and potatoes, obtained from the land fertilized with the 
salt.

Country.
l.bs. of ammoni- Total crops raised per acre.

Wheat. Barley. Oat*.
I'ota-

IBs. Ills. IBs. tons.
Belgium ............. 17-83 2,228 1 .'1(18 2,572 6 58
Germany ........... <>•98 2,012 1 . UNI 1,586 5 • 25
England............. 5- 35 1,756 1,591

2-23 1 .238 '>(18 1,154 1 18
1 nited States.... 1 34

•Iron and Coal Trades Review.
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TABLE 15.

Sulphate of Ammonia Average Price1 by years and by the 
English ton of 224b lbs. F.O.B. Port of Hull.

I H. «1.
10 11 4
II Id 3
12 9 2
12 3 8
12 10 <>
12 0 <>
11 15 8
11 12 0
11 5 0
12 .1 2
13 15 3

'Annuaire Statistique îles Engrais et Produits Chimiques destinés à l'Agriculture, by H. tk M. Lambert.

Recovery of Ammonia as a By-Product in Producer Gas 
Power Plants.

While the recovery of ammonia as a by-pnxluct when peat 
fuel is utilized in power gas producers is the principal considera
tion in this report, certain of the power gas plants in England, 
which burn bituminous coal, will he described in detail.

POWER PLANTS VISITED.

The following by-product recovery power gas plants were 
visited: The South Staffordshire Mond Gas Co., Dudley Port; 
The Langwith By-Product Co. Ltd., Langwith; the power plant 
of the Societa per L'Vtilisazzione du Comhustibili Italiani, 
Orentano, Italy, and the ammonia recovery power plant of the 
German Mond Gas Co., situated in the district of Wittlage and 
Bersenbriick near the city of Osnabrück. The large steam power 
plant of the Siemens Electrical Co., situated in Wiesmoor in 
Ostfriesland, designed for burning peat, was also visited.

All of the above ammonia recovery plants, with the ex
ception of that at Osnabrück, are constructed on the Mond 
system; that at Osnabrück according to Frank and Caro.

1901
1002
1903
1904
1905 
1900
1907
1908
1909
1910
1911

I
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Fig. 17. Diagrammatic section of the Mond hv-product recovery producer-gas system.
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THE MONO PROCESS.

The Mond process makes use of the fact that a low tem
perature and the presence of steam in gas-producers are con
ducive to the formation of ammonia. Hence a limited supply 
of air charged with a large quantity of steam is introduced into 
the producer.

The ammonia and tar are collected by cooling and con
densing, or the ammonia may he absorbed, without cooling, 
by a solution of sulphuric acid.

Description of the Mond By-Product Recovery Producer- 
Gas Power Plant.

A Mond by-product recovery power-gas plant consists, 
in general, of a producer A, Fig. 17, superheaters I), mechani
cal washer K, ammonia alisorption tower F, gas cooling towers 
G, air tower H, and the necessary blowers, pumps, etc., 
for forcing air through the producer, and circulating the water and 
acid. When the solution of ammonium sulphate is evaporated 
at the plant suitable evaporators are provided.

The paths of the gas and air are clearly t" by red and 
green lines respectively in Fig. 17 while the circulation of the 
hot and cool water is shown by broken black lines.

The gas leaves the producer at the top and passes through 
one or more superheaters 1) into a mechanical washer E. From 
the mechanical washer the gas enters the ammonia absorption 
tower F at the bottom and leaves at the top, freed of its ammonia 
gas and some of its tar. From the ammonia absorption tower, 
the hot gases pass through one or more water cooling towers, 
from which it is distributed to gas furnaces or is further purified 
for power purposes. The air which is supplied to the producer 
is first passed through the air tower H where it absorbs heat 
and moisture from the hot water leaving the first gas cooling 
tower. From the air tower the air passes through the super
heaters I) in which some of the sensible heat of the producer 
gas is absorbed. From the superheaters the pre-heated air 
enters the producer near the bottom. Further saturation of 
the air is accomplished by adding low pressure steam, generated 
in a boiler plant.

12
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THE MOM) PRODUCER.

The producer is of the water bottom type, and consists 
of an inner shell (the producer proper) constructed_of steel

■ ■

/T^l

Fig. 18.—Section of Mond gas producer.

plates lined with fire brick encased within a similar outer shell. 
The air and steam composing the blast passes through the an
nular space A, Fig. 18, between the inner and outer shells,
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Mond, by-produvi recovery |>eal prod m er-nas power plant 
at Orentano, Italy.
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Ix-fore entering ihv producer Ix-low the fire liars (i. The lower 
part of the producer is conical in sha|x-, and extends downwards 
into the water lute I..

A constant fuel level is maintained by means of the cast-iron 
liell B : which is, however, not an essential part of all Mond 
producers. This liell also assists, to a certain extent, in the pre
liminary dry distillation of the fuel. The products of this distil
lation must, moreover, pass out at the bottom of the liell and 
through the hot fuel in the IhhIv of the producer lieforc reach
ing the gas exit into the superheaters outside. By means of 
this arrangement, it was generally supposed that the deeoni|xisi- 
tion of a portion of the tarry products of distillation was ac
complished, hut its value in this respect is somewhat doubtful 
in the opinion of certain investigators.

The blast, consisting of air and steam, in passing through 
the annular space A, Fig. 18, alistracts considerable quantities 
of the heat radiated from the inner shell and, since the blast 
must, moreover, pass through the hot ashes at the liottom lie- 
fore entering the producer, a considerable heat economy is 
effected which results in a high thermal efficiency.

The lower part of the producer is |toked through holes 
situated near the fire bars, while the upper portion of the fuel 
lied is poked through similar holes provided on the top. The 
ashes are removed from the water seal without in any wax 
interfering with the operation of the producer. Fuel is admitted 
to the hop|x*r through the hopper slide, and from the hopper 
into the producer through the hopjx*r Ik-11. This arrangement 
prevents the e-ca|x* of gas when fresh fuel is charged. This 
is clearly shown in Fig. 18.

AIK ANI) STEAM HI.AST SUPERHEATERS.

The superheater consists of two pipes of different diam
eters, the one of smaller diameter Ix-ing enclosed within that 
of the larger diameter, see Fig. 17. The gas leaving the pro
ducer passes through the inner or smaller pipe and the air and 
steam blast pass in the opposite direction through the large or 
enclosing pipe. In this manner a part of the sensible heat of
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the nas is abstracted by the entering air and steam. The liases 
of the superheaters are provided with dust collection lioxes, 
and dust valves, for the easy removal of the dust settling out 
of the gas.

MKCHAMCAL WASIII R.

The gas, after leaving the superheaters, passes through a 
mechanical washer. This consists of a steel rectangular chamber, 
closed on top and sealed at the liottom by means of a lute tilled 
with water. A steel paddle operated by an electric motor is 
placed within the chandler and impinges on the surface of the 
water. These paddles turn at about 190 revolutions per minute, 
and in so doing fill the chandler with a mist through which the hot 
gas must pass before leaving. This washer removes a large part of 
the dust, some tarry matter, and at the same time serves to 
reduce, to a certain degree, the temperature of the gas. The 
dust and tarry matter separated from the gas float on the 
surface of the water forming the seal and can lie removed from 
time to time by skimming from the surface of the water in the 
lute. Since ammonia gas is readily soluble in cold water, the 
temperature of the water in this washer is kept sufficiently high 
to prevent such absorption to any appreciable extent.

AMMONIA ABSORPTION TOWER.

This tower consists of a tall cylindrical chandler closed at 
the top and bottom. The interior is lined with lead and filled 
with ring tiles. A weak solution of sulphuric acid is introduced 
at tin- top in the form of a spray which in falling to the liottom 
conies into contact with the tiles. The washed gas leaving 
the producer and charged with its ammonia gas and tarry matter 
enters this tower at or near the liottom and in passing upward 
towards the top, where the gas outlet is situated, comes into 
intimate contact with the sulphuric acid. In this manner 
chemical reaction is caused to take place between the ammonia 
gas and the sulphuric acid—the product formed lieing ammonium 
sulphate. Considerable tarry matter is separated from the gas

■



in this chamiier and in order to prevent its decomposition, which 
would discolour the ammonia sulphate crystals, the acid solution 
is kept very weak—in the neighlnnirhood of 2 per cent sulphuric 
acid. The liquor consisting of a weak solution of sulphuric acid 
and ammonium sulphate is circulated over and over until it is 
sufficiently saturated to send to the sulphate house for e\.i|Mira
tion. The strength of the liquor is maintained at 2 per cent 
by adding sulphuric acid from time to time.

The liquor flows from the liottom of the tower into an open 
vat from which it is again puuqN-d to the top by means of so
cially const ructed acid pumps.

tiAS COOI.I Mi TOWER.

The gas c<kfling tower, or towers, consist of cylindrical 
steel chamliers similar to the ammonia absorption tower just 
descrilxtl. Tliex are closed at the top by a steel cap and are sealed 
at the liottom by means of a water lute. At the top cold water 
is introduced in the form of a spray which falls to the liottom 
and into the lute. The hot gas leaving the ammonia tower enters 
near the liottom and passes upwards through the spray of water 
to the gas exit situated at or near the top. In its passage towards 
the exit the gas comes into intimate contact with the cold water 
to which it gives up most of its sensible heat. Thus the gas 
leaves the top of the tower comparatively cool while the cold 
water leaves by the water lute situated at the liottom as hot 
water. In this tower considerable tar is removed from the 
gas which can Ik- removed whenever necessary from the water 
lute. The surplus water resulting from the condensation of the 
moisture contained in the hot gas overflows at the lute.

If it is desired to further cool the gas, the gas leaving the 
tower just mentioned is passed through a second, exactly similar 
to the first. In the second tower traces of tar are separated from 
the gas and removed in a manner similar to that just descrilied.

AIR-TOW HR.

In order to accomplish the two-fold effect of cooling the 
hot gas in the first gas cooling tower and of warming and satura-
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ting the air for the air-blast, a third tower is provided similar 
to those descrilxxi alxive. The air enters at the Inittom, which 
is sealed by means of a water lute, and passes upwards towards 
the top, where the gas offtake is situated, through a fine spray 
of hot water, which is pumped from the lute of the first gas 
cooling tower to the top of the air-tower. In this manner the 
air, brought into intimate contact with the finely divided parti
cles of hot water, abstracts heat from the water, and at the same 
time Ixroines saturated. The hot water, by this means, is 
sufficiently cooled to return to the first cooling tower to lx* used 
over again.

The tar mixed with the hot water leaving the first gas cooling 
tower is here separated by condensation and is removed from 
the cleaning lute.

From the second gas cooling tower the gas is led directly 
to heating furnaces, if it is to lx* used for heating, without further 
purification.

When the gas is used for power purposes, by burning in 
gas engines, it is further purified through centrifugal tar ex
tractors and moisture ahsorlxTs.

AUXILIARY APPARATUS RKQUIRKI).

A Mond gas plant as above descrilxxl is not complete with
out a battery of steam boilers. In the a!Hive description only 
the methfxl of carrying out the process is descrilied. the auxiliary 
machinery and steam generators which are indispensable Ix-ing 
left for further consideration.

When the first consideration of the gasification of coal in 
the Mond gas plant is the recovery of ammonia in the form of 
ammonium sulphate, the efficiency of the plant as a generator 
of power gas is to a certain extent sacrificed in order to obtain 
the maximum ammonia recovery. In order to render the re
covery of ammonia from the nitrogen contained in the fuel as 
high as possible, large quantities of steam must he introduced with 
the air blast. In ordinary practice, at those * opera ted prin
cipally for the recovery of ammonia alxmt two lbs. of steam are 
introduced for every lb. of coal or fuel burned. This necessitates

5
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the production of a large quantity of steam in addition to that 
taken up by the air blast on its travel to the producer. The 
steam required to make up this deficiency is supplied by a bat
tery of boilers in which coal or producer gas is burned.

AIK, WATER XXI) ACID CIRCULATIN'!! PUMPS.

The air blast is delivered to the producer, by means of a 
Roots blower which first delivers atmospheric air into the air 
tower. The air, now charged with moisture, is forced through 
the superheaters into the bottom of the producer under tin- 
pressure generated at the blowers.

Water circulating pumps are provided for pumping tin- 
water from the lutes of the cooling towers to the tops of the towers 
when it is to be used over again for cooling.

The acid pumps are constructed of special metal which is 
capable of resisting the action of the sulphuric acid. The water 
and acid circulating pumps are all situated in the same build
ing. In this building is also situated the acid pump which de
livers the gas liquor to the sulphate house for evaporation.
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SOMK CHEMICAL CONSIDERATIONS IN THE MANU- 
FÀCTURE OF MONO GAS, WITH THE RECOVERY 

OF SULPHATE OF AMMONIA.

The chemical reactions which take place in an updraft 
producer of the Mond type in which the air blast is highly 
saturated with steam, are dependent on the following factors:—

(1) The temperature of the fuel bed.
(2) Depth of fuel bed, and
(3) Rate of flow of gas through the fuel.
In considering the influence w'hich any or all of these fac

tors have on the formation of the final gas as regards its chemical 
composition and hence its heating value, it is necessary to con
sider separately the effect of the oxygen of the air on incandes
cent carbon, and that of the steam entering with the former.

Under ordinary circumstances, i.c., when a shallow' depth 
of fuel is completely burned, the solid carbon of the fuel burns 
directly to carl ion monoxide with the evolution of heat. The 
reaction may be expressed thus—the quantity of carbon 
burned being 24 Kilos:

(a) 2C +(>2 = 2 CO + 2 X 29,000 Cals.
The carbon monoxide thus resulting is however almost 

instantaneously burned to carbon dioxide with a further evolu
tion of heat. The equation expressing this reaction may lie writ
ten thus:—

(b) 2 CO + 0,-2 CO, + 2 X 68,000 Cals.
As regards the final result, viz.: the formation of CO, and 

the generation of heat it makes no difference whether the solid 
carbon is first burned to carbon monoxide which is then burned 
to carbon dioxide or whether the carl ion is at once burned 
to carbon dioxide,—the evolution of heat in both cases would be 
the same. These then represent the reactions which take place 
between the oxygen of the air and the carbon of the fuel when 
a shallow layer of fuel is burned completely as on grate bars.

In the case of a gas producer, however, when incomplete 
combustion is aimed at, the carbon dioxide resulting from re
action (b) is again reduced to carl>on monoxide in its passage 
upwards through the bed of fuel, and as was stated before,
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this is dependent on the temperature and rate of flow of the gas 
through the fuel bed. The rate of flow of gas through the bed 
of fuel or the time occupied by a molecule of the gas in traversing 
the entire depth of the fuel, determines the time of contact be
tween the gas or molecule of gas and the incandescent carbon.

High temperatures favour the formation of carbon monoxide 
while low temperatures favour the formation of carbon dioxide. 
Thus it will lx* seen that the quantity or |x-rcentage by volume 
of either carbon monoxide or carbon dioxide present in a pro
ducer gas is dependent on the tem|x*ratures prevailing at differ
ent heights in the fuel, and that while with a rise of temperature 
carbon dioxide will be reduced to carbon monoxide, the carbon 
monoxide is as readily oxidised to carbon dioxide with a fall in 
temperature. In the first case the reaction takes place with an 
absorption of heat while in the second case the reaction is ac
companied by an evolution of heat.

Thus the reaction between carbon and carbon dioxide is 
reversible and may be expressed as follows:—

(c) CO, + C . 2 CO.
The arrow replacing the signs of equality in the above 

equations indicates that the reaction may proceed front right to 
left or from left to right. The concentrations of the reacting 
substances, together with the temperatures, govern the direction 
in which the reaction will proceed, and for every temperature 
there is a certain constant relation between concentrations of 
CO and CO, in equilibrium with carbon.

According to O. Boudouard, the following mixtures of car
bon monoxide and dioxide are in equilibrium with solid carbon 
under atmospheric pressure, at temperatures of 650, 800 and 
925°C respectively.

Temperature Percentages of
°C CO CO,

650° 39 61
800° 93 7
925° 96 4

From the above it will be seen that the reversible reaction 
CO, -f C = 2 CO tends to increase the percentage of carbon 
dioxide in the resulting gas when the temperature of the zone 
of reaction in the producer is lowered.
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I he percentages of carbon monoxide and dioxide which 
are in equilibrium with solid carlxm at various temperatures, 
have been more recently investigated by J. K. Clement, L. H. 
Adams, and ( . N. Haskins'. In the following table 16 setting 
forth their results, which includes, also, the value of the equilib
rium constant K, it will lie seen that the |x*rcentages of carbon 
monoxide in equilibrium with carbon determined for temper
atures ranging from 500°—1,600°C do not agree with those 
determined by Boudouard.

In the manufacture of Mond gas, large quantities of steam 
are introduced into the producer with the air blast, it is there
fore necessary to consider the reactions which take place lx*tween 
steam and incandescent carbon. At comparatively low tenipera- 
tures (about 500°—600°( ) steam reacts with carbon in accord
ance with the equation

(d) 2 H2() + C - 2 H* + CO* 19,000 Cals.
while at temperatures of 1000°( and upwards the main reaction 
involves the production of carbon monoxide and hydrogen, 
in accordance with the equation

(e) H2() 4- C = H, -I- CO — 29,000 Cals.
TABLE 16.

Values of K from Experimental Determinations.

Tempera! urt*
(V).

K (ob«.) K (cal.) X 30 (oils. ) X oo(cal.) X * (oba. l 
Boudouard

500 0 000007 0-021
600 0 00013 0-093
650 0-U0046 0-185 0-39
7(H) 0-001.17 0-283
800 0-0065 0 0060 0-526 0-582 0-93
850 0 022 0020 0-738 0-722
900 0 059 0-042 0-871 0-832
925 0-094 0060 0-912 0-873 0-96

1 .000 0-136 0-151 0-939 0-945
1,100 0-283 0-448 0-971 0-981
1.2(H) 1-120 0-944
1.300 2-455 0-997
1.4(H) 4-826 0-9985
1.5(H) 8-671 0-9992
1 6(H) 14-44 0-9996

'l-rom "Essential Factors in the Formation of Producer das." by J. K. Clement. L. H. 
Adam», ami < X. Haskins, Department of the Interior. Bureau of Mines. Washington. 

’Bulletin 7, Bureau of Mines, Washington, D.C., U.S.A., page 33.
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This reaction predominates in the manufacture of water gas 
which requires for its formation two producers if the operation 
is to lx? continuous. The first step in the manufacture of water 
gas is the production of producer gas, which operation is con
tinued until the fuel in the producer is of high temperature 
(incandescent). When the temperature t ions are right 
the air supply is cut off and steam is admitted under pressure, 
which results in the formation of water gas and a cooling of the 
fuel in the producer. The process of making water gas is dis
continued when the temperature of the fuel bed falls below 
1,000°(\ When this temperature is reached the steam is cut 
off and the producer again blown with air until the temperature 
is s jntly high to again reverse the cycle.

The process of the formation of water gas, it must be under
stood, is by no means a simple one, the reactions described have 
simply outlined what occurs.

According to Bone and Wheeler1, at temperatures between 
600° and 1,000°(\ the product» correspond to a simultaneous 
occurrence of reaction (d) and (e), the second reaction gradu
ally asserting itself as the temperature rises, until at 1,0()()°C 
it entirely supersedes the first. Both reactions are endother
mic, i.e., absorb heat, the first named representing the disap
pearance of 19,000 Cals and the second 29,000 Cals. Both 
consequently o|>erate in reducing the temperature in the pro
ducer and in raising the thermal efficiency of the system

Bone and Wheeler suggest that the large quantities of steam 
which are necessarily used in the Monti process, where the chief 
aim is the recovery of ammonia, may reduce the temperature 
in the producer sufficiently to allow a considerable occurrence 
of reaction (d) and that this would probably account for the 
relatively high percentage of carbon dioxide in Mond gas. Tin- 
following table 17 shows the percentage composition by volume 
of gaseous fuels2:—

1 Journal of the Iron iit Steel Institute, No. I. l')07, page 129.
•Handbook of Chemical engineering, George li. Davis, Vol. I, page 320.

3
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TABLE 17.

Natural Goal Water Dow- Mond Sie- Blast
( «as. h urnare

(»as. Gas. C.aa.

Hydrogen................... 9-2 40-27 48-6 24-36 29-0 8-6 1-96
Marsh Gas ... 85-1 47 -55 0-4 131 20 2-4 2-23
( arhon Monoxide 10 111*» 44 <1 17-55 n it 24 4 26-29
Nitrogen ....................... 20 i ui 3-7 50-48 42 0 59-4 60-78
( arlionic Acid............... 05 0-8(1 3-3 6-07 16 0 52 8-74
Other Hydro Carlton 20 .V 17
Heating Power1 952 648 297 144 U4 125 Ü8

' British thermal units |ier cu. ft. at 60°F.

In this connexion it is interesting to note that the results 
of several tests made with the Westinghouse double zone bi
tuminous suction gas producer which was operated with lignite 
and bituminous coals, shows the same high percentage of carbon 
dioxide when steam is introduced with the air in the lower zone. 
The following gas analyses, taken from a portion of a test 
recently conducted on a lignite taken from Alberta, show the 
marked increase in carbon monoxide and hydrogen with the 
introduction of steam into the lower zone.

TABLE 18.»

Westinghouse Producer Trial 40, July 16- Lignite.

Sample No.............. 23 24 25 26
Time.......................... 8.0 A.M. 10.0 A.M. Noon. 2.0 P.M.

Carlton dioxide 9-9 9-5 17-3 14-5
Oxygen...................... 0-8 0-5 0-0 0-8
Ethylene.................... 0-1 00 0-0 0-1
Carbon monoxide 17-2 19-2 8-8 119
Methane................... 1-7 1-9 4 4 4-3
Hydrogen................ 15-3 14 6 23-8 23-1
Nitrogen................. 550 54-3 45-7 45-3

Cal. Val. gross 123 127 149 157
nel........... 113 118 132 141

•H.T.U. per vu. ft. Mines Branch. Dept, of Mines, Ottawa. Canada.

The carlxm dioxide is low in the two samples of gas taken 
at 8 A.M. and 9 A.M. Up to about 11 A.M. only atmospheric
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air was introduced into the lower zone of the producer. The 
considerable amount of hydrogen contained in these two samples 
of gas is due to the moisture contained in the fuel, viz.: 15 
per cent. At about 11 A.M. steam was admitted with the air into 
the lower zone with the results shown in the analyses of the 
samples of gas taken at noon and 2 P.M.

It is quite evident from these analyses that the tempera
ture in the lower zone was sufficiently reduced by the intro
duction of steam to allow the reaction 

C + 2H,0 = CO, + 2 H,
to proceed to a considerable extent. Continued introduction 
of steam resulted in the lowering of the temperature of the 
reaction zone to such an extent that the use of steam, even in 
small quantities, had to be discontinued.

The products formed by the action of steam and carbon 
according to the equation.

H,0 + C = H, + CO

2 HaO + C = 2H2 + CO,
may undergo a readjustment in accordance with the equation 

H,0 -p CO jzî H, -H CO,
This reaction is reversible, i.e., carbon dioxide may react 

with hydrogen according to the equation 
CO, + H, = CO + H2()

or steam may react with carbon monoxide according to the 
equation

H,() + CO- H, + CO,
At all temperatures above 500° or vicinity, steam reacts 

with carbon monoxide, and hydrogen with carbon dioxide. 
The direction in which the action proceeds depends on the tem
perature and the relative concentrations of the reacting sub
stances, so that for every temperature above 500°C there is a 
condition of e ' >rium for which the product of the concentra
tions on one side divided by the product of the concentrations 
on the other side of the equation is a constant.

H,() X CO 
H, X CO,

Thus: K = a constant.

7
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This constant has lxxm determined by Hahn* for tempera
tures between 786° and 1,405°C, as follows:—

Temp.
H,0 X Co 
H, X Co,

786° 0-81
886° 119
986° 154

1086° 1-95
1205° 210
1405° 2-49

A consideration of these equilibrium constants permits 
one to predict the direction in which the reaction w ill take place.

For example: in the case of a mixture which is in equilib
rium at a comparatively low temperature, about 800°C, 
the reaction will take place in the direction 

CO, + H, = CO + H,0
as the temperature is raised, and it will proceed in the direction 
CO -H H,0 = CO, + H, when the temperature is lowered. 
Addition of steam tends to lower the temperature, hence it will 
cause a change in the latter direction.

When the reaction proceeds in the direction C02 + H, = 
CO + H,0 there is an absorption of heat, w hile a change in the 
opposite direction involves a corresponding evolution of heat.

The intnxluction of steam into the reaction zone of a 
producer not only increases the thermal efficiency of the system 
but also reduces to a minimum clinker troubles which often arise1 
when high temperature's prevail.

In the case1 under consideration, however, viz: the gasi
fication of a solid fuel with a view to recovering the maximum 
amount of ammonia, ste*am in excessive quantities is introduced 
for the purpose of carrying out the process, regardless of the 
thermal efficiency of the system.

As a result of the intnxluction of an excess of steam the 
gas produced is inferior in heating value to that obtained when 
the Mond process is operated for power gas alone, hence its 
thermal efficiency as a power gas producer is sacrificed, to a 
certain extent, to the most efficient recovery of ammonia.

•Zeitschrift für Phyaikalische Chemie, VX)J, Vol. XLIII, p. 70S; Vol. XLIV, p. 51.1.
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The following table 19 containing the results of a series of 
tests carried out by Bone and Wheeler* with a Mond producer 
gas power plant at the iron and steel works of Messrs. Monks, 
Hall and Co., Limited, Warrington, shows the decrease in the

TABLE 19.

Steam saturation 
temperature.

Coal consumption at producer.
cwts. per hour..........................

Coal consumption at boiler, cwts. 
per hour

Coal consumption for blast steam 
Total carbon losses, per cent.

60° 65° 70° 75e 80°

16-51 14-26 13-88 14-32 13-21

2-0 1-8 2-38 2-87 3-35
nil. nil. 0-38 0-87 1*35
5-8 7-8 8-1 7-1 8-4

Mean Carbon dioxide 5-25
ix-rcentage Carbon monoxide . 27-3(1

composition Hydrogen 16-6(1
of gas Methane . . 3-35

obtained. Nitrogen........................... 47-5C

6-95 
25 • 40 
18-30 
3-40 

45-90

9-1$ 
21-70 
19-65 
3 40 

46-10

11-65
18-35
21-80
3-35

44-83

11 28 
16-05 
22-65 
3-50 

44-55

Total combustibles . . 47-2Sj 47-10 44-75 43-50 42-20

Calorific value of gas. . gross... 46-77 46-74 44
net .... 43-60 43-32 41

•74 43-37
14 39-65

42 73
38-69

(Kilog. cent, units perçu, 
ft. at 0°C. and 760 mm.)

Yield of gas.ru. ft. fier ton .. 138.25(1 134.4(H) 141.150 145.8(H) 147.5(H)

Lbs. of steam in blast |jer lb. of coal
gasified..........................................

Percentage of steam decomposed 
Cu. ft. of air at 0°C.and 760 mm. 

in blast per lb. coal gasified
oxygen from steam.

0-45 0-55 0-80 MO 
87-4 80-0 61-4 52-0

36-95 34-9 36-8 36-9

0-50 0-62 0-65 0-75

1 - 55 
40 0

37 1

0-80
oxygen from air.

Ammonia in gas, as lbs. of am
monium ! î per ton of coal 39 0 44-7 51 -4 65-25 71-8

Efficiency ratios in actual trial—
(1) Including steam for blower

U-778 0-750 0-727 0-701 0 • 665
(2) Including steam for blower

engine and washers............. 0-715 0-687 0-660 0-640 0-604

♦Journal of the Iron and Steel Institute. No. I, 1907, paw 154.

C6A
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thermal efficiency of the system with the increasing degree of 
saturation of the air blast.

These tests were made for the purpose of determining the 
influence of variation in the proportions of air and steam in the 
blast upon the composition of the gas, its suitability for furnace 
operations, and upon the general thermal efficiencies of the pro
ducers. The plant in question was operated under commercial 
conditions although no attempt was made at ammonia recovery. 
Careful determinations were, however, made of the amounts of 
ammonia present in the gas during the tests.

In the last test the saturation temperature was very nearly 
that generally maintained when ammonia recovery' is one of 
the chief aims, and will, therefore, serve to indicate what may lie 
expected from such a plant when operating under ordinary 
commercial conditions for the recovery of ammonia and pro
duction of power gas.

The Distillation of the Volatile Matter in the Fuel.

By referring to Fig. 18, which shows in section the Mond 
gas producer, it will be seen that at the top a large bell is pro
vided into which the fuel is discharged from the hopper alxm?. 
The level of the fuel in this lxll is always maintained above that 
in the producer proper as is show n in the section. Thus the fuel 
is maintained at a constant level and the products resulting from 
the distillation of the fuel in this bell must pass down through a 
portion of the hotter fuel below the 1x11 before passing out with 
the gas through the gas offtake.

It has been maintained that this construction favours the 
decomposition or cracking of some of the volatile matter con
tained in the fuel and, therefore, certain fixed hydrocarbon 
gases are formed in this manner; but Bone and Wheeler* are 
of the opinion that its value in this respect is somewhat doubt
ful. Practically the total quantity of the tarry products of the 
distillation resulting here, leaves the producer as tar, which must 
be separated from the gas by some means, and does not enter in

♦Journal of the Iron and Steel Institute, No. 1, 1907, page 135
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any way into the formation of the final gas. Only that portion 
of the volatile matter distilled in the hotter zones of the producer 
will Ik* decomposed into stable hydrocartxm gases. I'nder the 
most favourable conditions, however, but a small quantity of 
the total tarry matter contained in the fuel, is thus decomposed 
and in the opinion of the writer its value as a factor in the forma
tion of the final gas is quite negligible.

The Formation of Ammonia and Ammonium Sulphate.

The Mond process as here dcscrilxtl is designed for the 
production of power gas and the recovery of the nitrogen content 
of the fuel in the form of ammonium sulphate.

The first step in the formation of ammonium sulphate is 
the formation of ammonia gas by the chemical union of hydrogen 
with nitrogen. Different theories are advanced regarding the 
manner in which ammonia gas is formed in the producer, but it 
is not necessary to consider all of them here. A theory has, 
however, l>een advanced which seems to fully explain all the phe
nomena observed. This theory, according to Mr. J. A. Weil, 
chief chemist to the Power Gas Corporation, is that the ammonia 
is formed in two stages :

(1) By the low temperature distillation of the fuel; in this
stage a considerable amount of nitrogen is lost.

(2) By the action of nascent hydrogen upon nascent nitro
gen formed by the reaction of steam upon incandes
cent, nitrogenous, carlxmaceous material.

This view is supported by temperature considerations as 
theory would demand ; with a low concentration of hydrogen 
less ammonia would lx? formed and vice-versa. This is found 
to be a fact. Further, as the temperature is reduced the reversi
ble reaction CO + H*0 CO* + H, will proceed in the direc
tion CO + HjO = CO* + 112 with evolution of heat. The 
hydrogen concentration is according to this reaction increased, 
and this is a < ’ ion for high ammonia yield.7
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The ammonia gas thus formed is passed through a tower 
when it comes into intimate contact with sulphuric acid with 
which it reacts according to the equation

2NH, + H2S()4 » (NH«)sSO«.

The ammonium s'" • thus resulting is in solution with
weak sulphuric acid -about 2 j)er cent strength—and is recovered 
in crystalline form by evaporation.

D3A
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CHAPTER IV

BY-PRODUCT RECOVERY POWER GAS PLANTS FOR 
THE UTILIZATION OF PEAT AND GOAL,

IN OPERATION IN EUROPE.

The object of the writer's visit to Europe was to collect 
information, by direct observation, concerning the cost—both 
plant and operating economy and reliability of producer gas 
power plants designed for by-product recovery, when operating 
with coal and peat.

In the case of power plants burning peat fuel, one of the 
most important factors to Ik* considered is the cost of the fuel at 
the producers. This phase of the problem was, therefore, fully 
investigated, and included the methods employed for manufactur
ing the fuel, and the cost per ton delivered at the producers.

Whenever possible, financial statements were obtained, 
which set forth the cost of operations covering a pericxl of some 
months. Such statements were, however, obtained for only 
two cases—both of which were plants burning coal. The costs 
and probable profits to be derived from power plants burning 
jx*at fuel will be calculated on the basis of the actual plant cost, 
cost of labour, and the selling prices of the by-products obtained, 
and the power produced.

The by-product recovery power gas plants designed for 
burning coal were all confined to Great Britain, and were con
structed according to the Mond process while those designed 
for burning peat fuel—two in numlx-r were situated in Germany 
and Italy. The former was designed and constructed on the 
system devised by Frank and Caro, while the latter was a Mond

The difference between the two systems, viz., the Mond and 
the Frank-Caro, is so slight, that a description of the one suffices 
for both, the principle lx*ing precisely identical in ln>th.

The plants visited were : the South Staffordshire Mond Gas
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Company, Dudley Port; the Langwith By-Product Company, 
Limited, Langwith ; the Deutsche Mond Gas and Ncbenproduk- 
tion Gesellschaft, in the Schweger Moor, near Osnabrück, 
Germany, and L’Ltilizzazione Dei Combustibili Italiani E. 
L'Impianto Di Orentano, Italy. At the time of the writer’s 
visit to Europe, a large Mond plant was in course of erection at 
Codigoro, Italy, for burning peat fuel, while a second large plant 
designed for burning peat fuel and lignite was nearing comple
tion at the works of the Power Gas Corporation at Stockton-on- 
Tees. This latter plant will lie used for experimental purposes, 
and for making commercial tests on the two fuels named.

The Mond gas plants of the South Staffordshire Mond Gas 
Company, and that of the Langwith By-Product Company, 
were operated with bituminous coal, while the two plants on the 
continent were designed for burning petit fuel only.

MOND BY-PRODVCT RECOVERY POWER GAS PLANT, 
AT ORENTANO, ITALY.

This plant (plate XI1) is situated on the edge of a l>og a 
few miles distant from Orentano, a village conveniently located 
as regards railway facilities. The total area of the bog is 600 
hectares (1,482 acres), but of this the company operating the 
recovery power plant owns only about 200 hectares (494 acres). 
This portion of the bog has an average depth of about \ \ meters 
(5 feet) of good peat fuel, but this average thickness is, unfor
tunately, not continuous, but is divided by a parting layer 
of gravel and clay of about one foot in thickness, into two peat 
layers, of about equal thickness.

Such physical characteristics militate against the success
ful winning of peat fuel in all places where labour is dear, but at 
Orentano the cheapness of labour makes the economic manu
facture of the fuel possible. The bog, moreover, lies in the low 
lands, and must, consequently, be drained by pumping, which 
is an added expense, likely to reach considerable proportions when 
a large area is worked.

The peat so far manufactured into a fuel has been taken, 
almost entirely, from the upper layer, and before the lower layer

_



95

can Ik* worked the parting of gravel and clay must Ik* removed, 
an operation which will prove expensive, even in Italy where 
latxwr is cheap.

Method of Manufacture.

The peat, which is excavated entirely by manual labour, 
is fed into Dolljerg peat machines, of which there are five. 
These machines are provided with 1k*U conveyors, which serve to 
transport the excavated peat to the macerators.

The |K*at fuel is transported from the l»og to the power plant 
over a well iaid-out narrow gauge railway, by means of Ik>x cars 
hauled by peat-burning locomotives, of which there are two.

A portion of the total quantity of peat supplied to the 
producers is machined and air-dried on the field, but the larger 
quantity is simply hand-dug, in the form of sods, stacked on the 
field, and from time to time transported to the power plant, 
where it is mechanically treated, and artificially dried. (See 
Page 96).

For excavating peat during the working season, 70 lalwmrers, 
at .3 shillings (72 cents), and 30 labourers, at 8 pence (16 cents), 
per day, are employed. The cost of excavating one* metric ton 
(2,200 lbs.) of peat, on the basis of 30 |x*r cent moisture, is said 
to 1m* 2 shillings and 6 pence (60 cents).

For mechanically treating that |M>rtion of the fuel air-dried 
on the field, 5 Dolbe/g machines are employed; 13 men form the 
necessary complement of lalxmrers for each machine. The capac
ity of the Dolberg peat machines is 20-22 tons of theoretically 
dry iK*at per day of 1 ? hours.

Notwithstanding the low lalntur wages prevailing in this 
section of Italy, great trouble has lxx*n experienced in producing 
the required quantity of peat fuel, viz., 70 tons of theoretically 
dry peat, per day, to operate the power plant at full capacity. 
As a consequence, the plant has been operated much under its 
maximum capacity, the daily consumption iKing alxjut 30 tons 
of theoretically dry peat.

The following is from an average analysis of the peat so far 
manufactured and burner! in the producers:



N .
Total C . 
Total Ash

1-56%

This analysis was made on the absolutely dry sample. 
The nitrogen content of the peat as fired, with a moisture con
tent varying between 32 and 35%, will, therefore, Ik* about 
1 04%. This is comparatively low, in fact too low to permit of 
its recovery at a profit in places where high labour wages obtain, 
and, consequently, where the cost of fuel would be high.

Artificial Drying of Peat.

The larger portion of the |x*at burned in the producers, as 
is stated elsewhere, is mechanically treated at the power plant 
and artificially dried with the heat obt ’ " from the exhaust
heat of the gas engines, the heat of the boiler chimney gas and 
the heat resulting from the combustion of a quantity of gas, 
equivalent to 8 tons of 331 per cent peat fuel |x*r day, in a special 
air-preheating furnace. The quantity of peat thus obtained is 
sufficient to produce about 20 tons of theoretically dry peat per 
day of 24 hours. If, however, the plant is brought up to full 
capacity, necessitating the combustion in the producer of 70 tons 
of theoretically dry peat, or 105 tons of peal containing 33J per 
cent moisture, which is the average moisture content of the fuel 
so far used, other means must Ik* sought for supplying the defi
ciency, since the heat for drying cannot, with the* present efficiency 
of the drying ovens, be increased sufficiently by the contemplated 
increase in the production of power to dry the extra 40 tons of 
peat, without burning an excessive and prohibitive quantity of 
peat fuel, or its equivalent in gas, in the air-preheating furnace.

Notwithstanding the mild climate which prevails in this 
section of Italy, the period during which |x*at can lx* excavated 
and dried in the open air is of somewhat short duration; at its 
best it is not much longer than that which obtains in the eastern 
and southern portions of the Province of Ontario. In place of 
snows, heavy rains swamp the bog, which is thus either wholly 
or partially covered with water for some time.

9
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The management hope, in the near future, to lx* in a |h>m- 
tion to supply the plant with the required quantity of peat fuel 
to enable them to ojx-rate at full capacity. In order to make 
this possible, it will Ik* necessary to produce some 42,000 tons of 
peat fuel, of 33} per cent moisture during the manufacturing 
season.

Nitrogen Content of the Peat Fuel.

If we assume the peat fuel delivered to the producers has 
an average moisture content of 33} |x*r cent, then the average 
nitrogen content of the jx*at with this moisture content will 
lx* 1 04 per cent. The plant at present, as previously stated, 
is operating under capacity, the daily consumption of peat fuel 
amounting to only 30 tons of absolutely dry peat, or alxmt 
45-11 tons of 33.} |x*r cent moisture peat.

During a year of 50 working days, the total consump
tion of fuel on this basis will lx; 15,790 metric tons (about 17,370 
short tons), and the quantity of nitrogen available will lx: 180 
short tons, which, with perfect ammonia recovery, would amount 
to alxmt 849 short tons of ammonium sulphate.

The recovery of the nitrogen in commercial practice, how
ever, rarely exceeds 70 per cent, and with this efficiency of re
covery the available ammonium sulphate would lx- reduced to 
594 short tons.

When the plant is operating at full capacity for a period 
of 350 days, the quantity of fuel consumed will Ik- 40,530 short 
tons, and the quantity of nitrogen available for recovery as sul
phate of ammonia, assuming 70 jx*r cent as the efficiency of the 
recovery prexess, would lx- 295 short tons. This would represent 
a quantity of ammonium sulphate equal to alxmt 1,390 short 
tons.

Quantity and Cost of Sulphuric Acid Used.

The formation of ammonium sulphate—by passing the am
monia containing gas leaving the prixluccr through a spray of 
sulphuric acid—requires at this plant a quantity of sulphuric 
acid equal to 1-2 times the weight of the ammonium sulphate 
produced.

05
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As the plant is now operated, viz., with a capacity of 30 
tons of absolutely dry peat per day, the annual production of 
ammonium sulphate would amount to al>out 594 short tons. 
This quantity would require, then, 594 X 1 -2, or 713 short tons 
of sulphuric acid, 50 Baume.

Sulphuric acid delivered at the works costs 42 lire* (about 
$8.11) per metric ton—2,200 lbs.—or about S7.37 per short ton. 
The cost of the total quantity of sulphuric acid entering into the 
process would annually amount to 713X7-37, about $5,260, 
and with a market value of $65 per ton, which is a low valuation 
at the present time (1913), the gross receipts resulting from the 
sale of the ammonium sulphate produced would lx* $594 X 65: 
= $38,610, and when the plant is operating at full capacity 
gross receipts which would lx; realized from this source alone 
would amount to approximately $90,(KM).

Description of By-Product Recovery Power (ias Plant.

The power gas plant consists of a battery of 4 prcxlucers, 
3 of which are of the Mond type and one of the Cerasoli type. 
The 3 Mond producers (see description, page 76) differ from the 
usual ammonia recovery type in that no space formed by the 
outer and inner shells is provided. The superheater also gener
ally found on all Mond by-pr<xiuct recovery plants are not 
installed here.

The principal departure from the usual Mond design is 
found in the Cerasoli prexiucer which constitutes the fourth unit 
in the battery of producers. This prcxlucer is shown in vertical 
and horizontal section in Figs. 19 and 20.

In designing this prtxlucer, an attempt has lx?en made to 
utilize w ithin the producer itself a portion of the water contained 
in the peat, in order to reduce the quantity of steam which must 
lx? supplied by a battery of Ixxlers. It was also hoped that the 
ingenious ideas incorporated in the design would permit of the 
decomposition of a large ix>rtion of the tarry matter distilled 
from the peat, which in the usual type of a Mond pnxlucer 
leaves as tar. The moisture contained in the peat burned in

*1 lire— 0.193 Can. gold dollar.
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the producer, when no provision is made to utilize it, is evapora
ted and superheated at the expense of a considerable quantity 
of heat which lowers the temperature of the producers and is not 
again recovered. The moisture thus evaporated not only carries 
away an appreciable quantity of heat but takes no part what
ever in the formation of producer gas. If, therefore, a portion 
of the moisture of the peat can be made to enter into the chemical 
reactions taking place in the reaction zone of the producer, a 
conservation of heat would result, (l) by decreasing the quantity 
of steam otherwise necessarily supplied by a battery of boilers, 
and (2) by rendering latent a quantity of heat resulting from 
the decomposition of the steam representing the moisture con
tent of the peat, which can again be recovered when the gas is 
burned in cylinders of a gas engine or for some other purpose 
Theoretically the thermal efficiency of s,uch a producer should be 
superior to the ordinary Mond type, but no reliable data are at 
hand to confirm such theoretical considerations.

TUE CERASOLI PRODUCER.

From the vertical section, Fig. 19, it will lx* seen that the 
producer is internally divided into three compartmi r.'„s by means 
of two partition walls. The partition A extends from the pro
ducer top to within a short distance of the fire bars. Partition 
B also begins at the prtxlucer top, but is considerably shorter 
than former. The Ixjttom portions of these partitions are arched.

Air is admitted through fire bars for a distance equal to 
one-third the circumference of the producer -the other two-thirds 
being solid, as shown in Fig. 19. Thus the combustion of the 
fuel in chamber E is necessarily more rapid than in chambers 
F or G. The paths of the gas and air currents are shown by the 
dotted curves and arrows.

The combustion is so regulated by this manner of admitting 
the air blast, that about two-thirds of the fuel charged is burned 
in chamber E, the remaining third being burned in chamber F. 
By means of this arrangement the volatile matter, consisting 
largelv of tarry matter, is caused to pass down through the fuel 
bed and through the incandescent carbon, across the bottom,
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before leaving at the offtake. The moisture evaporated from 
the peat carbon in chamber E, also passes down and through 
the incaudesrviW carbon in the lower portion of the producer 
where it reacts with i/u hot carbon, forming carbon dioxide or 
monoxide and hydrogen. The quai/ihy of steam usually re
quired for saturating the air blast is. by this incur;.-. reduced.

The volatile matter and moisture distilled in chamber F !.-> 
but slightly, if at all, decomposed in passing to the gas off-take; 
but since two-thirds of the moisture and tarry matter of the 
total fuel charged into the producer is burned in chamber E, 
and consequently comes into intimate contact with incandescent 
carbon, only one-third of the moisture and volatile matter, of 
the total fuel charged leaves the producers without reacting 
with carbon. Theoretically, therefore, it appears |M>ssiblc, 
with this arrangement, to effect the deconi|x>sition of the larger 
portion of the volatile matter and moisture, thus reducing the 
quantity of steam necessary for saturating the air-blast and the 
quantity of tar usually produced, and it naturally follows that 
the thermal efficiency of the producer should be increased.

No reliable tests, unfortunately, have been ma le which 
would establish any of the above points, and the test- which the 
writer has seen are too incomplete and of too short duration 
to enable an opinion to Ik* formed as to the practical advantages 
offered by this ingenious design.

MKTHOD OF CHARGING FUEL INTO PRODUCER.

Fuel is delivered by means of a bucket elevator to the charg
ing platform where the fuel is automatically ied into large 
hoppers located on the top of each producer. In the case of the 
Cerasoli producer two hoppers are provided—one for each com
partment. Ashes are removed through a water seal at the bottom 
of the producer. Poke holes are provided at equal intervals 
around the producer near the fire bars and on top. The top 
poke holes are closed by means of iron balls. A producer when 
burning peat, however, requires but little poking.

9
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STEAM BOILERS FOR SATURATING AIK BLAST.

Three steam boilers arranged for burning gas are supplied 
for generating the steam necessary for saturating the air blast.

CONSUMPTION OF GAS FOR STEAM RAISING, DRYING PEAT 
AND POWER PURPOSES.

A quantity of gas equivalent to that generated from 11 
tons of peat is daily burned under the boilers for generating 
steam. This is about one-third of the total peat gasified in the 
producers.

The heat required to supplement that contained in the ex
haust gases of the gas engines and the chimney gases of the boiler 
plant, which is utilized for drying peat fuel for the producers, 
necessitates the heating of air in a special pre-heater. The 
quantity of gas burned in this pre-heater is equivalent to that 
generated from eight tons of 33$ per cent moisture peat.

The total quantity of peat or its equivalent in gas which 
is used for raising steam and pre-heating the air, it will be seen 
amounts to 19 tons. This leaves a quantity of gas equivalent 
to that generated from eleven tons of 33$ per cent moisture 
peat, for the production of power.

The general arrangement of a Mond by-product recovery 
power gas plant designed for burning 100 tons of theoretically 
dry peat, is shown in Fig. 21. The arrangement of this plant 
will serve to illustrate the disposition of producer and auxiliary 
machinery* of the plant at Orentano.

AC ID TOWER AND GAS COOLING AND AIR PRE-HEATING 
TOWERS.

The producer gas, charged with ammonia, tar, moisture, 
etc., is carried by a common main (6) through a mechanical 
washer ( 8), where dust and some tar is removed, to the acid tower 
(9). In this tower the ammonia gas reacts with the sulphuric 
acid, introduced as a spray, and flows from tower (9), into the 
lead lined vat (12). From this vat the liquor is circulated over
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and over again until it becomes sufficiently saturated to send 
to the sulphate house for evaporation. The required strength 
of the liquor is maintained by pouring into this vat small 
quantities of sulphuric acid.

From the acid tower the gas, now freed from the ammonia 
gas and some tar, passes through two water cooling towers (10). 
The gas enters at the liottom and leaves near the top while the 
path of the cooling water is in the opposite direction. The 
hot water resulting from the abstraction of the heat from the 
gas in the first cooling tower is now pumped to the top of tower 
(11) where in falling to the liottom it comes into intimate con
tact with the cool air which enters near the liottom of tower (11). 
In this manner the hot water parts with the greater portion of 
its heat and thus liecomes sufficiently cooled for returning to 
the first cooling tower, where the cycle of operations is repeated. 
The air, in addition to performing the function of cooling the 
water, is itself heated and saturated. The cooling water from 
the second tower (10) is circulated lietween the vat (13) and the 
tower.

CIRCULATING PI MPS.

Specially constructed pumps are provided for circulating 
the liquor between the vat (12) and the acid tower and, also 
for forcing the liquor to the sulphate tower (26). All pipes 
and troughs through or over which the acid or liquor flows are 
made of lead or are lead lined.

The hot and cold water which is circulated lietween vats 
13 and towers 10 and 11, is pumped by means of ordinary 
double acting plunger pumps. Provision is, however, made for 
introducing steam into the water end of the pumps for the pur
pose of softening any tar or pitch which collects on the walls of 
the cylinders and pistons.

A rotary positive blower (18) forces the air required for the 
producer, through the pre-heating and saturating tower (11) 
and the air pipe line (4) into the producers. The saturation of 
the air is completed by introducing live steam at 7 into the air 
main.

The gas, after leaving the second water cooling tower, passes
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through a gas holder governor (16) and scrubbers (25) in which 
moisture and the final traces of tar are removed. From this 
battery of scrubbers the gas passes through a main (27) into 
the power house.

ARRANGEMENTS FOR CLEANING PRODUCER PLANT.

The parts of the gas plant which are the most likely to 
become clogged with dust and tarry matter arc, the gas main 
(6), dust washer (8), and the water circulating system. The 
gas main (6), through which passes all the gas generated in the 
producers, collects a considerable quantity of the heavier tarry 
products and dust. In order to clean this main, without dis
turbing the operation of the plant, scrapers operated by winches 
(5) are provided. The tar and dust collecting in the washer (8) 
are separated through a water lute. The tar separated from the 
gas in the cooling towers and air pre-heating and saturating 
tower is in like manner withdrawn from the surface or bottom 
of the vats provided for circulating the cooling and heating

Since the major portion of the tarry matter is separated 
from the gas before it enters the gasometer governor, and some 
tar is of course separated out here, the pi|M*s leading from this 
point in the system to the final scrubbers are fairly free from heavy 
deposits of tar, but in order to provide against possible shut
downs, due to choking of the main leading from the gas regula
tor to the scrubbers, this part of the system is duplicated. By 
means of this arrangement the gas can be by-passed from one leg 
of the main to the other, thus cutting out from the system the 
pipe line which it is desired to clean.

SULPHATE HOUSE.

When the ammoniacal liquor has reached the desired degree 
of saturation in the acid tower, it is pumped to the sulphate 
house where are situated a vacuum evaporator, air pump, and a 
centrifugal machine.

The solution of ammonium sulphate is concentrated by 
evaporation in the vacuum evaporator until saturation is reached,
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when on cooling, the solid ammonium sulphate crystallizes out. 
This is further dried in the centrifugal machine and bagged for 
the market.

POWER EQUIPMENT.

The power equipment consists of two gas engines of 350 
metric horse power each, built by Langen and Wolf, at Milan. 
Italy. These engines drive through l>elt transmission two 
alternating current generators, each of which is provided with 
its own exciter. At 750 revolutions per minute a current is 
generated at 6,000 volts.

In addition to the above, the power station equipment 
includes a switch Iniard with the necessary measuring instru
ments, high tension switches, etc.

The gas engines run continuously from 3 P.M. Sunday to 
8 AM. the following Sunday, and after a shut clown of seven 
hours for purposes of general cleaning they resume their service.

The first of the motors installed was operated, under these 
conditions, from Dcccmlier 10. 1009, to March 15, 1011, when 
it had to its credit 9,600 hours service without undergoing any 
repairs.

No trouble has been experienced in placing the generators 
in parallel.

Production of Gas.

The total quantity of gas produced |x*r metric ton of peat 
containing 15 per cent moisture burned in the producer is said 
to lie 1,610 cubic meters. This figure was determined by means 
of a calculation based on the analysis of the fuel used and of 
samples of gas * examined during a test on the plant*,
and is approximately correct.

The quantity of gas per ton of 33J per cent moisture peat 
would therefore Ik*

2.000X0-665 XI,61 OX 35 • 31 
2.220X0-85 40.430

♦Test made by Alberto Ccr.it ili. consulting engineer for this company and representative 
of the Power (las Corporation of London. England.

4^8061
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cubic feet. The apportionment of this quantity, for steam rais
ing, drying peat, and production of power, is as follows:

11
l or steam raising, ^ X40,4.10= 14,824 cubic feet.

8
For drying peat, ^ X40,430= 10,782 cubic feet.

11
For power, ^ X40,430= 14,824 cubic feet.

( AI.OKII K I'OWI K of (IAS.

The mean calorific power of the gas was found to be 1,380 
calories |x*r cubic meter. This is the higher calorific power, 
and is equivalent to 155 British thermal units per cubic foot. 
The lower calorific power is taken as 138 British thermal units 
per cubic foot.

The following analysis shows the average com | nisi lion of 
the gas:

VO, 
VO 
( II

N

20% 
‘>•5% 
3-5 % 

24%

(.AS AVAII.AHI.i: FOR I'KOl.t ( TK)N OF I’OYVKK.

The quantity of gas available for the production of power 
is equal to 14,824 cubic feet for every ton of 33.J per cent mois
ture |K*at burned in the producer. The daily consumption of 
peat fuel is 30 tons absolutely dry |R*at, or 45-11 tons of 33J 
per cent moisture peat.

The total quantity of gas available per day of 24 hours is, 
therefore, 14,824X45 • 11. or 736,000 cubic feet. With a mean 
net calorific power of 138 British thermal units per cubic foot, 
the quantity of heat available for producing mechanical work 
is 736,000X138, or over 100 million British thermal units, 
and the quantity of heat per hour is 736,000X138-5-24, or 
4,232,000 British thermal units.



107

The load developed at the electrie generator is: 200 K.XV. 
during the day, and 270 K.XV. during the night I with |>eriods 
being of 12 hours' duration. The average daily load is conse
quently 2.15 kilowatt days.

'I'lie brake horse |>ower de\elo|>ed at the engines is 2.15X 
1,000+(746X0-NO) = 404. The heat consumption per brake 
horse |lower hour is, accordingly, 4,242,000 + 404, equal to about 
10,740. In the alnive «ah illation the ethciency of the electric 
generator is taken to Ik- SO |k*r cent.

The daily consumption ol power at the plant lor driving 
fans, pumps, etc., is approximately 70 K.XV.. and tin* electrical 
energy sold to consumers is on an average 165 K.XX". per day 
140 kilowatts during the day and 200 kilowatts during the night.

No data concerning the character ol the load carried could 
be obtained, but it is assumed that the usual commercial con
ditions obtain here, viz., a minimum and a maximum or |ieak 
load during certain periods of the day. A load of 404 horse power 
implies a load factor of over 60 |>er cent, which is quite usual 
for |lower plants of this description.

Plant and Operating Costa.

The cost of the entire plant, including power equipment 
and transmission line to Pontedera ten miles distant from Oren- 
tano is said to Ik* 800,000 lira (154,000 dollars). This figure 
probably does not include the cost of promoting and experi
menting which would Ik* considerable and should Ik* charged to 
the capital ex|x*nditurc. The at Hive, however, includes the cost 
of buildings, machinery for manufacturing peat, tracks from 
Inig to producer plant, and two small locomotives for hauling 
peat cars from the bog to producers.

Ol’I KMIM. COSTS.

Management, which will include a staff of chemists. It is 
assumed, in order to arrive at the probable cost of o|K*ration, 
that the salary of the plant manager or su|ierintendent is SI,500 
|s*r annum, and that the chemists, one chief and one assistant,
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receive 8800 and S400 per year res|x*ctively. The general office 
expenditures, e.g. salaries of general manager, consulting engineer, 
etc., cannot lie considered here, since information concerning 
costs of management other than that directly pertaining to the 
plant, is not in the possession of the writer.

Labour. Operations are carried on continuously in two shifts 
of 12 hours each. The total number of men employed |X*r shift, 
including the producer, sulphate filant, and power house, is 21. 
This number includes two foremen, two engineers, and two elec
tricians.

Six men are employed for attending the producers. Their 
duties are to feed the fuel, remove ashes and poke the fuel bed 
at the top and around the bottom. Nine men are employed 
for performing duties connected with the pnxlucer and sulphate 
plant. Two foremen, one for each shift, superintend the above

The power house employs eight men : four men |ier shift ; one 
engineer, and one oiler, one electrician, and an assistant.

Total Daily IIVz.i'cx. Pnxlucer and sulphate plant:
12 pnxlucer men, at 3 lira (60c) per day $7.20
20 men employed for general work, 3 lira each 12.00
2 foremen 1.74
2 engineers, power house, 5 lira each per day, 1 -93
2 oilers, “ “ 3 “ “ * 1 16
2 electricians, “ “ 5 “ “ “ 1.93
2 assist. " “ “ 3 M “ “ 1.16

Total ....... $27 12

The cost of operation for 365 days is:

17,400 tons of jx*at for 350 days allowing standby 
losses for shut down of 7 hours |x*r week or 15 
days 11er year $17,400.00

Wages on gas plant, including boiler attendants
$7,643, say 7,640.00

Wages on power house, $2,255, say 2,260.00
Repairs, stores, maintenance, say. 2,000.00



Oil and stores for engine....................................... S 200.00
Interest, depreciation, and amortization, say 14 |>er

cent on coat 21 ,(>10.00
Salary of plant manager, $1,200 SI,500, say 1.500 (Ht
Chemists: 1 chief at S8(K>.00 8(H).(Ml

1 assistant at $400.00 4(H) (H)
715 tons of sulphuric acid at $7.37 |>cr ton............ 5,260(H)
Hags for packing ammonium sulphate at alxiut SO.50

|ier ton 300 (H)

S59.370 (H)

Credit.

594 tons of ammonium sulphate at $65 |x-r ton $38,610. (H)

Net cost of power per annum $20,760.00

Net cost of power |x-r K.W. hour on the basis of 165 
K.VV. hrs. for 350 days of 24 hours * 1,386,(HH)
K.W". hours... 1*5 cents

In the allow estimate of the cost of producing one kilowatt 
hour, general office expenses, including salaries of general man
ager, consulting engineer, and the other unforeseen expenses 
are not as previously stated, included. Such expenses can best 
lx* addl'd by those conversant with the methods employed in 
exploiting and financing such or allied undertakings.

The cost of generating one kilowatt hour, viz. 1-5 cents, 
is the lowest which can lx- realized with the conditions obtaining 
at the plant. Unforeseen excises might arise which would 
slightly increase this figure; but it is lielievcd that alowerfigme 
based on the actual cost of the plant, fuel and lalxiur, cannot 
|x»ssibly lx- obtained. The fact that the plant is lx-ing operated 
much under capacity must lx* Ixirne in mind when estimating 
the lowest probable cost |x-r kilowatt hour which can, under tin- 
most favourable circumstances, lx* obtained. On the other hand

22
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it must Ik* understood that the plant, even though operating at 
considerably under half load, is nevertheless favoured with ex
ceedingly cheap fuel which is assumed to never exceed a mois
ture content of 33§ i>er cent and the recovery of ammonium 
t is assumed to average 70 jx*r cent theoretically
possible. In actual practice it is not reasonable to sup|x>se 
that all the alxne conditions will lx- so favourable, e.g. it is highly 
improbable that a minimum moist mv content of 33 £ per cent 
of the peat fuel supplied can be maintained throughout the year 
for every ton of peat burned in the producers; and it is not 
likely that the yearly average recovery of the nitrogen in the 
fuel will reach as high a figure as 70 jx*r cent of that theoretically 
possible.

The selling price of the power is about 20 centimes per 
KAY. hour, this is equivalent to 3• 86 cents, and as the cost 
|x*r KAY. is estimated to be 1-5 cental the margin of profit 
should lx* considerable. According, however, to statements made 
to the writer by the consulting engineer for this company, no 
dividends have lx*en declared since the inception of the plant- 
even though the annual cost of operating is greatly reduced 
by their method of estimating costs, by about 10,000 dollars - 
the amount charged by the writer to interest and amortization 
on the capital. In Italy the custom is to charge up against the 
plant depreciation only.

It is understool that this company will be in a position this 
year, 1913, to declare a dividend of 6 per cent.

Cost of Power, when Daily Consumption of Fuel is 70 
Metric Tons of Absolutely Dry Peat.

In estimating the cost of generating power when the plant 
is operating at full load, i.e., when the consumption of fuel per 
24 hours is 70 metric tons of theoretically dry peat, two conditions 
will lx* considered; (1), that the thermal efficiency of the 
producers is 44-3 |x*r cent as is the case when the fuel consump
tion is 30 tons of theoretically dry peat jx*r day; and (2), that 
the thermal efficiency of the prcxlucers is 60 per cent. It is quite 
proltable that the thermal efficiency of the profiteers at maximum

C3D 7



Ill

load will lit* lx*tween 44 and 60 |>vr cent. It must be understood, 
however, that since the plant has not been thoroughly tested 
under conditions of maximum load, as far as the writer knows, 
the results that will be obtained are based on theoretical 
considerations and deductions front data relating to the pro
ducers in question when operating at less than half load or that 
relating to other plants.

In order to gasify 70 tons of theoretically dry peat jx-r 
day of 24 hours, the only additional requirement is to supply 
the necessary quantity of peat fuel. The force of labourers, 
and the office staff will remain the same, since the producer 
and ammonium recovery plants were originally designed to 
handle 70 tons of theoretically dry |)eat |x r day, and no additional 
labour is required to handle the increased quantity of fuel burned. 
It is, therefore, at once evident that a material reduction in the 
cost of operating the plant per ton of fuel gasified will result, 
if the cost of the fuel remains the same.

yi ANTITV OF FUEL REQUIRED.

The quantity of fuel required at full load will be the same in 
both cases, i.e., when the thermal efficiency of the producers is 
44 per cent and 60 per cent. Seventy metric tons of theoretically 
dry peat is practically equivalent in heating value to 

;n - 1 toO
. »...... = 116short tons of peat fuel containing 441 per

0.065 X a,000
cent moisture, and it will lx* assumed that this is the maximum 
moisture content of the fuel burned in the producers.

The annual consumption of fuel will lx*, for a working 
period of 4*0 days, 116 X 450 + 40 = 40,640 which allows 40 
tons for standby losses during 15 days.

Cost of Generating Power when the Thermal Efficiency 
of the Producers is 44 4 per cent.

With a thermal efficiency of 44-4 |x*r cent, which is that 
realized when the plant operates at less than half load, the fuel, 
or its equivalent in producer gas, burned for steam raising, pro-
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duct ion of i owcr, and for tlic drying of peat, will boar the ratio
11 : II

According to this ap|x>rtionmcnt of gas for the various pur
poses enumerated, the 70 tons of theoretically dry peat would 
he divided as follows: for power purposes 25-7 tons, steam rais
ing 25*7 tons, and for drying peat 18-6 tons.

POWliR.

The average jxiwer which it will he possible to develop, assu-

tiling the same load factor, viz. 60 percent, is 235 X ^ - 548 K.W.

The energy required for driving fans, auxiliary machinery, etc.,
70

is assumed to increase in the ratio • and since at the lower

load factor, 70 K.W. were required for such pur|x>ses, with full
70 X 70

load factor, the energy required would lx* ^ = 164 K.W.

The net K.W. which could he sold would therefore be 548 163
185 K W

ADDITIONAL COST OK Ol'KRATINd.

The additional cost of o|x*rating would lx* that due to the 
increased quantity of peat consumed and the larger quantity 
of sulphuric acid required for the formation of ammonium sul
phate the other cost items will remain the same.

Costs.
40,640 short toils of peat fuel at 81.00 per ton . . 840,640.00
Wages on gas plant............................................. 7,640.00
Repairs, stores and maintenance 2,000.00
Interest, depreciation and amortization, 14 |xr cent 21,610.00 
Wages on power house 2,260.00
Oil and stores for engines 200.00
Salary of plant manager SI,200 81,500 1,500.00
Chemists: 1 chief at 8800 jx*r year. 800.00

1 assistant at $400 per year . 400.00
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1 ,Mi8 tons of sulphuric acid at 87.37 |x>r short ton SI 2,290.(M) 
Hags for packing ammonium sulphate, 51) cents |x-r

ton............................................. . 7(H).(HI

Total . 890,040.00

Credit.
1,390 short tons of ammonium sulphate at S(>5 |xr ton 890,350 (H)

Net profits without sale of gas. 8 310 (H)

Vnder these conditions, therefore, the power would lx* 
generated free of cost, the sale of which should |X‘rmit a large 
profit to l>e realized.

Cost of Cenvratinft Tower when the Thermal Kfticiency 
of the Producers is Ml per cent.

The chief effect of an increase in the thermal efficiency of 
the producers would lx* the lilxTation of a larger quantity 
of gas for |lower purjloses, hence an increase in the amount of 
power available for sale. This is due to the fact that a smaller 
proportion of the total peat burned would lx* required lor drying 
and steam raising, since a greater quantity of heat would lx* 
obtained |x*r lb. of peat gasified. The ap|iortionmenl of the 70 
metric tons of dry |x-at for steam raising, drying wet peat, and 
for power pr.nxises, will no longer lx* in the ratio of 11 : 11 : 8, 
but will lx\ fo |Miwer purposes 31 tons, steam raising 23 toils, 
and for drying peat 16 tons. All other items will remain the 
same as in the previous case.

Ill AT AVAIL.XIII.I FOB CONVERSION INTO ELECTRIC 
KNERCX .

The quantity of heat in the producer gas, available for con- 
31 ■ 2,200 ■ 9,500 • '•<! 

version into electric energy will lie ^ ^

= 16,197,(HH) British thermal units per hour. Assuming a heat 
consumption of 18.0(H) British thermal units per KAY. hour
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win1» the load 

energy available will Ih>

is 60 |x*r cent, the amount of electric
,6',970ü"- W« K.W.

POWI-K REQUIRED FOR DRIVING FANS AND AUXILIARY 
MACHINERY.

I he power required for driving fans for circulating hot air 
and gases through peat drying chambers will lx* the same as in 
the previous case, viz, 16.3 K.W. The net power available 
for sale will, therefore, lx* 900—163-737 K.W

ADDITIONAL POWKR UNITS REQUIRED.

In order to develop the increased power, now made possible, 
three additional power units of 300 horse power each, must lx* 
installed. I he cost of these, including generators, foundations, 
etc., fully erected, it is estimated, will lx* between 30,000 and 
40,000 dollars—the exact cost of gas engines and electric gener
ators made in Italy are not known to the writer, but the cost 
assumed is so much lower than that which could lx* realized in 
almost any other country, that it will probably fall on the low 
side 30,000 dollars will lx* taken as the additional capital cost 
to lx* charged against the power plant.

( ANTAL COST OF ENTIRE PLANT.

With the addition to the power plant, now existing, of 
three new units, the entire capital cost will lx* increased by 
30,000 dollars. The total capital to lx* considered is now 154,400 
+ 30,000 = 184,400 dollars.

Costs per year:—
40,640 tons of peat fuel at SI.00 jx*r ton 840,640 00
W ages on gas plant 7.640. (H)
Repairs, stores and maintenance 2,000.00
Interest, depreciation and amortization 14 |x*r cent

on $184,400, about...............................................25,810.00

1
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Wages on |Kiwer house
Oil and stores for engines
Salary of plant manager SI ,500 per year
Chemists..............................................................
1,668 tons of sulphuric acid at $7.37 per ton 
Bags for packing sulphate at 50c per ton

S 2,260.00

12.290 00 
7(H) (HI

4(H) 00 
1,500 00 
1 .2(H) (HI

$94,440 (H)

Credit.
1.390 short tons of sulphate at 865 per ton. S90.350 (H)

Net cost of power $ 4.090 (H)

Power available for sale. 737 KAY. years.
4.090

0 (HHKi7 cents.Com per KAY. hour
737 X 350 X 24

M l I'KOI IT Ki:sri.Tl\(, I ROM M AM I-ACTVRI. OF St I.IMI ATI .

In order to estimate the |xissilile net profit resulting Iront 
a year's operation of the plant for the recovery of ammonium sul 
phate only, it will lie necessary to deduct front the capital cost 
of the plant the cost of the |tower equipment and transmission 
line to Pontedera.

The cost of the power plant will lie assumed to lie 34,000 
and that of the transmission line 20,000 dollars (2,000 dollars 
per mile) or, a total of 54.000 dollars. On this liasis the capital 
cost ol the producer and ammonia recovery plant will lie 154,400

54.IHHI = alwwt KH).(HH) dollars.
All charges except those referring to the power plant will 

remain the same as in the foregoing, and the total costs will 
lie as follows:

Costs per year:
40,640 tons of peat fuel at 8100 per ton
Wages on gas plant
Repairs, stores and maintenance

840,640 (H) 
7,640 00 
2 .(HH) (H)

-



Interest, depreciation and amortization 14 |H*r cent
oil SKH).(HH) (HI S14.(HHMH)

Salary of plant manager $1,500 jwr year 1 ,500.00
Salary of chemists...................................................... 1,200.00
1.668 short tons of sulphuric acid at 87.47 per ton . . . . 12.200 00 
Bags for packing t ' e at 50c per ton 700.00

Total $79,970.00

Credit.
1,390 short toils of sulphate at 865 per ton . $90,450.00

Net profits 810,480 00

This profit is equivalent to 10 per cent on a capital invest
ment of 1(H),000 dollars.

Power is sold to consumers at an average price of 4-86 cents 
per KAY. hour. At this high price the power is probably sold 
to many small consumers who require power intermittently. 
When the total output is sold to many small consumers, the cost 
of distribution, which has not lieen taken into consideration, 
would be considerable and would appreciably increase the c<»t 
of producing.

OllSI-.K VATIONS.

In Italy, especially in the interior, the conditions are very 
favourable for the successful e> at ion of a by-product re
covery power plant of the type just descrilied.

The cost of coal, which must Ik* inqiorted, is high, and tin- 

cost of |H*al fuel, wages of labour, and even the cost of the plant 
is much lower than that obtaining in most other countries. On 
the other hand, the selling price of ammonium > i- in Italy 
is governed by the market price of the world, which in turn is 
governed by the supply and demand. The demand, moreover, 
is constantly increasing at a more rapid rate than the supply, 
so in Italy this commodity is sold at the maximum market price

8
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anil is manufactured at |M>ssibly the lowest cost per ton, i.e., with 
a Mond plant, the conditions for making a large profit on the 
capital of the plant arc consequently most favourable.

The plant has now been operated continuously for more 
than two years and during this time no trouble has been ex
perienced. The producers require but little attention and the 
repairs are slight, indeed almost negligible. Owing to the large 
quantity of steam introduced with the air blast the internal 
temperatures of the producer are kept very low. As a consequence 
clinkcring of the fuel is avoided, and the life of the producer lining 
thereby increased.

The power plant is of excellent design and construction 
this is of paramount importance in a plant designed for con
tinuous service and no trouble from any source has been ex
perienced during the long |x*riod which they have been in service.

Moisture Content of Peat Fuel burned in the Producer.

The management has made every effort to keep the mois
ture content of the fuel as low as per cent, since they main
tain that the most efficient results as regards the recovery- of 
ammonium sulphate and production of power gas are obtained 
with this as a maximum moisture content. The writer concurs 
in this opinion. To enable them to control the moisture content 
of the fuel and insure that the peat delivered to the producers 
shall not contain more than |x*r cent, an elaborate instal
lation for mechanically treating and drying the fuel has lieen 
established at the plant this portion of the plant has been 
previously described, and is reiterated here, only for the purpose 
of emphasizing the ini|x>rtance of keeping the moisture content 
of the peat fuel as low as |x>ssihlc.

OTHKR MOM) PLANTS IN ("Ol'RSK <>l KRI.CTION.

A Mond by-product recovery producer plant of several 
thousand horse power was at the time of the writer’s visit to 
Kurope in course of erection at Codigoro, Italy.

This plant will Ik* capable of burning 100 metric tons of 
theoretically dry |u-at |>er 24 hours, and will lie situated dose

it
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to an extensive peat hog. The quality of the jxat in this bog, 
the writer is informed, is excellent as regards both heating value 
and nitrogen content. The actual cost of obtaining the peat 
for the producers will, it is said, be considerably less than is the 
case at Orentano. This plant is the second one to lx* erected 
for the “Society for the Utilization of Italian Combustibles," 
the plant at Orentano being the first.

No attempt will be made for some time to utilize the pro
ducer gas for power purposes, the sole aim being to recover the 
ammonia, as ammonium sulphate.

Fig. 22 shows the disposition of producers and machinery 
of a 100 ton “Mond" plant which will be erected on a large bog 
in Italy.

BY-PRODUCT RKCOYKRY PKAT POWER-GAS PLANT 
NEAR ()SN\BRÜ( K, <-I RMANV

The only by-product recovery power-gas plant in Ger
many designed for burning peat fuel on a large scale, is that 
erected during 1910-11 by the German Mond Gas and By-Prod
ucts Company on the Schweger Moor, about 50 kilometers 
from the city of Osnabrück.

The inventors of this system, which is incorporated in 
the design of this plant, aimed at the efficient utilization of peat 
fuel containing upwards of 60 per cent moisture. If peat of 
such a moisture content could lx efficiently burned in the pro
ducers, the resulting advantages would at once be apparent. 
The principal advantage arising would be the lengthening of the 
season during which peat manufacturing operations could be 
carried on. Hence a sufficient supply of fuel could in most cases 
be guaranteed. When it is imperative that the maximum 
moisture content shall be considerably below 60 per cent, the 
difficulty of obtaining the requisite quantity of fuel for a year's 
operations becomes a very serious one during a rainy season. 
The desire, therefore, to render a plant of large proportions 
independent—to a small degree at least—of weather condi
tions, is not to be wondered at. The results of the numerous 
attempts so far made to utilize peat with a high moisture con-



Fi*. 22. I



REFERENCE
1 Boiler lionne
2 Water Tube Holler»
3 Babcock and Wilcoa Boiler
4 Drain Pipe

6 Gu» Pipe to Boiler*

I «' 9 Steam Turbine», Motor» and Switch board
10 Dae Tower Tank
II Pipe to Waste

; 13 Blow-off Valve»
15 14 Water Pipe.

15 Gangway
16 Water Pump»
17 Acid Pump*
18 Acid Pipe*
19 Acid Tower Tank

. 20 Steam Driven Blower
\ 21 Air Tower Tank
I 22 Acid Tower

23 Snail Pipe
24 Chemical Laboratory
25 Air Tower
26 Byepaee
27 Mechanical Cue Waaher

29 Gaa Collecting Main, fitted with
Hydraulic Scraper

30 Peat G a» Producer»A f* ja

*1 r

30 -r\ .°» • *

Fig. 22. General arrangement of Mond gas plant to bum 100 tons of dry peat per 24 hours



■



tent, do not, unfortunately, give one reason for hoping for an 
early solution of the problem. The reasons why peat of high 
moisture content cannot, in the writer's opinion, Ik- success
fully utilized for the production of power with by-product re
covery, will lx* considered later in some detail.

Frank-Caro Process.

This process, like that of Mond, aims at the maximum 
production of a power gas with the maximum recovery of by
products. The two aims are not entirely compatible since the 
ci > influencing the efficiency with which the two opera-
tions are carried out are quite different. For example, the most 
efficient power gas process is realized when the temperature 
of the producer is high, while the formation of the maximum 
quantity of ammonia gas requires that a low working tempera
ture lx? maintained in the pnxlucer. Maximum efficiency in 
the prtxluction of both the power and the ammonia gas cannot 
therefore lx* realized—one must lx* sacrificed to the other, or 
the efficiencies of both must be reduced.

It is claimed for the Frank-Caro process that the maximum 
quantity of power gas is obtained with the maximum recovery 
of ammonia gas from peat containing upwards of 60 per cent 
moisture. The only imix)rtant difference, however, existing 
Ix-tween the Mond and Frank-Caro processes is the method 
of recovering the sensible heat of the gases—Ixjth producer 
and boiler flue gases. In all other respects the two systems are 
practically identical.

In the Mond system the sensible heat of the gas is ab
stracted by the cold water introduced in the gas c<x)ling tower. 
This water lx*comes heated and is introduced into another 
tower where its heat and some moisture are imparted to the air 
blast which is forced through the tower. When burning peat 
in the pnxlucers, according to the usual Mond practice, the tem
perature of the exit gases is necessarily low. No attempt is 
therefore made to utilize the sensible heat of the gas leaving the 
prtxlucers by means of superheaters as is the practice when 
burning coal. The only recovery of heat when employing the

4425
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Monti system is, therefore, that of the cooling water of the gas 
cooling tower. All additional moisture required is obtained by 
introducing live boiler steam into the air blast main.

Frank and Caro on the other hand do not utilize the sensible 
heat of the producer gas in the manner explained above, prob
ably on account of the very low temperature of the exit gases 
due to the excessive moisture content of the peat, but pass 
the air blast over hot water contained in thermal reservoirs or 
tanks. The hot water supplied to these tanks is obtained from 
special economizers situated in the stack of the boiler plant. 
The waste heat of the boiler furnaces is, therefore, utilized in
stead of the sensible heat of the producer gas. As a result of this 
departure from the usual Mond practice 40 per cent more of the 
gas generated, il is said, is available for power purposes.

The operations of the Frank-Caro plant at Osnabrück were 
unfortunately conducted in great secrecy, hence no information 
other than that obtained by direct observation could be secured. 
The above description for this reason merely serves as an out
line of the process in general.

The air blast after passing through the thermal tanks 
referred to enters the producers at a point about one-third the 
height of the producer from the ground level. This section of 
the producer is jacketed and the air blast in passing down to 
the grates must first fill this annular space, which is situated 
in the hottest portion of the producer. The temperature of the 
air blast is consequently raised.

The additional steam required for saturating the air blast 
is supplied by a battery of boilers which are heated by burning 
peat and the tar resulting from the process of gasification.

The scrubbing, cooling, and fixing of the ammonia of the 
gas are effected in a manner similar to that previously described 
for the Mond process, the only difference existing in the employ
ment of horizontal chambers instead of the towers common to 
Mond practice.

PRODUCER.

Five producers of the usual Mond design are installed. 
This battery, it is estimated, will produce a quantity of gas suffi-
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PLate XVI

3,000 horse-power, by-product recovery |>eat producer-gas power plant on the Sehwegcr Moor: 
view showing interior of power house.





121

tient to generate 3,000 horse power. The fuel bins and charging 
hoppers are clearly shown in Plate XIII which is a general 
view of the producers. In Plate XIV a more detailed view of 
the producers, fuel bins, and charging hoppers is shown. This 
plate also shows the arrangement which is provided for cleaning 
the gas main, viz., a winch by means of which a set of scra|H-rs 
is operated.

The elevator for conveying peat fuel from the cars to the 
bins alx>ve the producers is shown in Plate XV.

POWER PLANT.

The power plant, Plate XVI, was originally designed to 
generate 2,000 horse power with three one thousand horse power 
engines one engine held in reserve. A fourth power unit which 
was in course of erection during the writer's visit, will raise the 
total output to 3,000 horse power with one engine held in 
reserve. Two of the gas engine units were built by the Augshurg- 
Nürnlx-rg Engine Company, and the third unit was built by 
Ehrhardt and Sohmer.

Electric energy is supplied by generators of the fly wheel 
type, and distributed at a tension of 30,000 volts.

UTILIZATION OF HEAT OF EMU NE EXHAUST.

The heat of the gas engines exhaust is utilized for generating 
steam in specially designed Nürnberg low pressure Ixiilers. 
These Ixiilers are placed outside the power house and as near 
as possible to the engines, thus reducing to the smallest amount 
the loss of heat and back pressure due to the passage of the 
exhaust gases from the engines to the Ixiilers. The erection of 
these steam boilers was under way at the time of the writer's 
visit to the plant and consequently do not appear in the cuts, 
which were reproduced from photographs taken some time 
previously.

The economy which results from the utilization of the heat 
of the gas engine exhaust will lie lxitter understood when it is 
stated that approximately 30 per cent of the heating value of
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the gas entering the gas engine cylinder leaves in the gas engine 
exhaust. If, therefore, the total heat consumption of the 
gas engine is 10,000 British thermal units per B.H.P. hour— 
the usually assumed heat consumption in practice—30 jkt cent or 
3,000 British thermal units per B.H.P. hour will pass off in the ex
haust. With a higher thermal efficiency than that applied in 
the above heat consumption a less quantity of heat may be con
tained in the exhaust. The available heat of the exhaust may 
be for the average well designed engine assumed to be 2,500 
British thermal units per B.H.P. hour. For a power plant 
generating continuously 3,000 B.H.P. this will mean a total 
quantity of heat of 3,000 X 2.5(H) = 7,5(H),(MM) British thermal 
units per hour, which can be utilized for steam raising or other 
purposes.

This quantity of heat is equivalent p> 1,200 pounds of peat 
containing 30 per cent moisture—assuming the absolutely drv 
peat to have a calorific power of 9,0(M) British thermal units 
pir lb.—or 14 short tons per day of 24 hours. If this quantity of 
peat were burned, under a boiler with a thermal efficiency of 65 
percent, 4 lbs. of water would be evaporated and converted into 
low pressure steam per lb. of peat burned, or a total quantity of 
steam generated per hour would be 1,200 X 4 = 4,800 lbs., 
which would decrease to a considerable extent the quantity of 
steam necessary to be generated in the main boiler plant.

FUEL BURNED FOR STEAM RAISING.

As was previously mentioned, peat supplemented by the 
tar resulting from the process of gasification is burned under the 
boilers. For some time no satisfactory method existed for burn
ing the tar, which was simply mixed with the peat on the ground 
and burned in the fire box without further treatment. As a 
result of this imperfect method for burning the tar, a large quan
tity when sufficiently heated ran through the grate bars and was 
lost.

At the time of the w riter's visit a Kôrting tar atomizer was 
employed for burning the tar. The tar by this means is mixed 
with air in the proper proportions and then introduced into the 
fire box where it burns with complete combustion.



Prior to the introduction of an efficient tar burning appara
tus, coal had to Ik- burned in order to meet the deficiency.

Manufacture and Cost of Peat Fuel: The (lortion of the 
‘Schweger Moor owned by the German Mond Gas and By- 
Products Company comprises about 1,000 hectares 2.470 
acres. Before undertaking the erection of the |x>wcr gas plant, 
or even before the purchase of a bog, the company entered into 
a contract with the City of Osnabrück to supply jtower con
tinuously for various purposes. This necessitated the genera
tion and supply of electrical energy at the earliest (xjssible date. 
No time could, therefore, Ik- lost in searching for a bog suitable 
in every way for the manufacture of |H*at fuel.

The Ixig obtained was a wet one and sufficient time \\a> 
not at their dis|x>sal for properly draining it. As a consequence 
when the operations were commenced great difficulty was cx- 
jx-rienced in manufacturing the necessary quantity of fuel with 
the desired moisture content. The heavier machines employed 
in the manufacture of the fuel sank into the l>og, which precluded 
their use, at least on a portion of the l>og. The nitrogen con
tent, also, of that portion of the bog from which peat was excava
ted was too low 1 |>er cent—to prove satisfactory.

The conditions for manufacturing peat were most un
fortunate and the company was forced to supply their plant to 
a certain extent with peat IK>ught from manufacturers on a 
small scale. The average cost of the peat fuel |R-r metric ton was 
said to Ik- in the neighlK>urho<Kl of $3.50. This coupled with the 
high moisture content and low nitrogen content cannot in any 
sense be considered as favourable to the success of the industry.

PEAT MANUFACTURING MACHINERY.

Both the Strcnge and Dolberg systems were employed for 
the manufacture of peat fuel. The Strenge machines are equip
ped with automatic excavators and spreaders and are said 
to give satisfaction when employed on Iwjgs free from rmts and 
pieces of wood.

The Dolln-rg system necessitates the employment of manual 
labour for the performance of all operations.
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MOI STI'R K ('ONT K N'T OF PEAT AS FIRED.

The average moisture content of the |x*at burned in the 
producers for a portion of the year 1911 was as follows: October, 
45 per cent ; November, 53 per cent ; December, 60 per cent ; 
January, 58 per cent, and February, 41 jx*r cent.1

EFFECTIVE HEATING VALUE OF THE GAS.

I he effective heating value of the gas produced during the 
above mentioned period varied txrtween 1,100-1,300 calories 
per cubic meter—between 124 and 146 British thermal units per 
cubic foot.2

The following results of the operation of this plant during 
the months of December, January, and February are obtained 
from the same source.®

December, 1912.

Quantity of wet peat gasified, 1,325 metric tons, 1,457 short tons. 
Moisture content of peat as burned, 60 per cent.
Absolutely dry peat, gasified, 530 metric tons, 583 short tons. 
Peat burned under boiler, 170 metric tons, 187 short tons. 
Absolutely dry |x*at burned under Ixiilcr, 68 metric tons, 75 

short tons.
Tar burned under boilers—
Recovery of ammonium sulphate, 18 -3 metric tons, 20 short tons. 
Recovery of ammonium sulphate per metric ton of alisolutely dry 

peat, 34• 5 kilograms, 69 lbs. per short ton.
Nitrogen content of peat, 1 per cent.
Iotal quantity of absolutely dry peat utilized for production of 

power gas and recovery of ammonium sulphate, 598 metric 
tons, 658 short tons.

Total power developed, 427,000 K.VV. hours.
Power produced per metric ton of absolutely dry peat, 715 K.VV. 

hours, 650 K.VV. hours per short ton.
'Or. Hamers: "Report on the results to date of the «as and electric plant in the 

Schweizer Moor and the plai t.,r its further development." See Minutes of the hxtli Session 
01 the Prussian ( entrai Mo. < umnission, 1912. page .16.
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January. I VU.

Quantity of peat gasified, 1,454 metric tons, 1,599 short tons. 
Moisture content as fired. 58 per cent.
Quantity of absolutely dry peat fired, 611 metric tons, 672 short

Quantity of wet peat burned under boilers, 200 metric tons, 
220 short tons.

Quantity of absolutely dry peat burned under boilers, 84 metric 
tons, 02 short tons.

Quantity of tar burned under I toilers
Total quantity of absolutely dry |x*al burned in producers 

and under boilers, 695 metric tons, 764 short tons.
Total production of power, 481,000 KAY. hours.
Total production of jtower jx*r metric ton of absolutely dry peat, 

692 KAY. hours, 629 K AY. hours |x*r short ton.

On account of an alteration to the sulphate plant which 
was undertaken during this month, a marked reduction in the 
quantity of sulphate of ammonia resulted, consequently no 
details are given of the quantity actually produced.

February, I VU.

Result of operations up to and including February 27.

Total wet peat gasified, 930 metric tons, 1,023 short tons. 
Moisture content, 41 percent.
Total quantity of dry peat gasified, 549 metric tons, 604 short

Wet peat burned under boilers, 107 metric tons, 118 short tons. 
Absolutely dry peat burned under boilers, 63 metric tons, 69 

short tons.
Tar burned under boilers
Total quantity of dry peat gasified and burned under boilers, 

612 metric tons, 673 short tons.
Power produced, 414,000 KAY. hours.
Power produced per metric ton of absolutely dry peat, 676 

KAY. hours : 615 KAY. hours per short ton.
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Absolutely dry peat gasified for production of ammonium sul
phate, 549 metric tons, 604 short tons.

Ammonium sulphate recovered, 19-5 metric tons.
Ammonium sulphate recovered per metric ton of absolutely dry 

peat, 35-5 kilos. 71 lbs. per short ton.

The quantity of tar recovered and burned under the boilers 
with the peat fuel is not stated for any of the above tests. The 
production of tar, however, must have been considerable owing 
to the low temperature prevailing in the distillation zone of the 
producer.

The highest average moisture content of the peat burned 
in the producers at any time was 60 per cent. With this mois
ture content the production of power is said to have been 650 
K.W. hours and of ammonium sulphate', 69 pounds per short ton 
of absolutely dry peat. During the month of February the 
average moisture content of the peat was 41 per cent which is the 
lowest of the three tests cited. With this moisture content the 
production of power and sulphate of ammonia were 615 K.W. 
hours and 71 lbs. per short ton respectively. The total quantity 
of absolutely dry peat gasified and burned under the boilers was 
approximately 640 metric or 700 short tons for each month. 
From the monthly reports it would appear that the increase in the 
moisture content of the fuel burned during December in no sense 
affected the pnxluction of power or ammonia gas. Such a 
deduction cannot lx? entertained for a moment, since both the 
heating value of the power gas and the quantity of ammonia gas 
formed must vary with the moisture content; an increase in 
moisture causing a decrease in the quality of the power gas and the 
quantity of the ammonia gas, a statement which is borne out by 
the results obtained with other peat producer gas power plants.

Consumption of Fuel per Brake Horse Power Hour.

The production of power per short ton of absolutely dry 
peat, according to the results previously stated, is for the three 
months cited; 650 K.W. hours, 629 K.W. hours, and 615 K.W. 
hours. Consumption of dry peat per K.W. hour is 3*07, 3-18
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and 3*25 llw. respectively, which corresponds to a fuel consump
tion per B.H.P. hour of 2 • 29, 2-37, and 2 -42 lbs. or 2-06, 2 18, 
and 2-13 lbs. respectively, when the efficiency of the electrical 
generator—which is assumed to be 90 per cent—is taken into 
consideration.

It will l>e of interest to compare these results with those 
obtained with the Korting double zone peat producer gas gener
ator designed for the generation of power gas only. This pro
ducer is so constructed that all the moisture and volatile matter 
of the fuel take part in the formation of the final gas. It is ap
parent then that with ideal conditions all the moisture and vola
tile matter will interact with incandescent carlion. No losses 
consequently, will occur, for the tar will lie decomposed into 
stable combustible gases, and the moisture in reacting with car
bon will lie decomposed thus decreasing the temperature of the 
producer and consequently the sensible heat of the gas generated, 
so that the thermal efficiency of the system will be increased. 
These ideal conditions are partly realized when the moisture 
content of the peat fuel is 25 per cent. The best result obtained, 
under these conditions, in the many experimental tests conducted 
at the Fuel Testing Laboratory of the Mines Brain h, was 
as low as 1-6 pounds of absolutely dry peat per B.H.P. hour - 
under full load conditions.

It is not reasonable to suppose, therefore, that a better 
result, or even one as good, can be expected to be obtained with 
a system which utilizes neither the moisture nor tarry content 
of the fuel but introduces large quantities of steam externally 
generated in order to carry out the process.

Production of Ammonium Sulphate.

The production of ammonium sulphate during the two 
months cited was 69 and 71 lbs. respectively per short ton of 
absolutely dry peat. Theoretically a nitrogen content of 1 per 
cent would yield 94 lbs. of ammonium sulphate, the efficiencies of 
the recovery process are therefore 73 and 76 per cent respectively 
—which are high, to say the least.

Notwithstanding the results alleged to have been obtained
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with peat containing as high a moisture content as 60 per cent 
the company was in 1912 considering the establishment of a 
steam power plant to Ik* connected with the Schweger high volt
age transmission lines in order to carry the load contracted for. 
This auxiliary or main jxtwer plant, will, if erected, be built 
at a coal pit,* about 43 kilometers distant front the plant under 
discussion.

On account of the adverse conditions obtaining at the plant, 
especially as regards the supply and cost of peat fuel, the officials 
were not desirous of giving out information concerning the cost 
of operation, power developed and sold, and the financial con
ditions of the undertaking of the company.

The writer was informed by an official at the plant that 
the peat contained too high a percentage of moisture to enable 
them to obtain the best results. This unsatisfactory condition, 
coupled with the high cost of the fuel and its low nitrogen con
tent, militated against the realization of any profits since the 
inception of the plant. A rejx>rt has recently come to the writer's 
attention to the effect that the plant has been indefinitely 
closed down.

Permissible Moisture Content of the Peat Fuel.

So much has lK*en said and written by men of recognized 
authority concerning the high moisture content allowable in 
peat utilized in this process, that a few explanatory remarks 
concerning this subject should In.* made.

The current technical literature on the gasification of peat 
fuel for power purposes either with or without by-product 
recovery, contains statements to the effect that peat containing 
up to 70 per cent water can be economically burned in the gas 
producers.

Such a statement of the case is, in the writer's opinion, 
not borne out by facts and consequently is so misleading that 
much harm has resulted to this particular and most important 
branch of the jx.*at industry. Several eminent writers have sim
ply taken the statements of the various inventors concerned

♦Electrotechnik un<l Moor Kultur. (Das Kraftwerk im Wiesmoor In (Ntfricsland). von 
J. TeicInnUMcr in Karlmiuhv.
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without in any way attempting to verify their accuracy, and in 
this manner many persons, including engineers of repute, have 
Ixîcn led to believe the proposition to Ik* entirely' feasible.

In order to enable one to form an opinion as to the possi
bility of burning peat containing as high as 60-70 per cent mois
ture in producers designed for by-product recovery, the principal 
factors governing the process must be stated and discussed.

It has been previously stated that the principal novelty 
of the Mond process consists in the method of saturating the 
air blast. For the formation of ammonia gas in the pnxlucer 
large quantities of steam must be introduced into the reaction 
zone for the purpose of supplying, by interaction with hot carbon, 
the necessary hydrogen to combine with the nitrogen of the fuel, 
and secondly, to reduce the temperature of the reaction zone 
sufficiently to permit the combination of the hydrogen and 
nitrogen to proceed.

In order to effect all of the above reactions a large quantity 
of heat is required: and it is this quantity of heat and that re
quired to maintain the working teni|x*rature of the producer 
and provide for radiation and other losses which must be taken 
into consideration.

When the fuel gasified is coal of high calorific power the 
conditions cited above are easily met; but when the fuel is of 
low calorific power, as is the case with peat, the quantity of heat 
available is much less, and the reactions under certain con 
ditions might not be effected.

When absolutely dry peat, of average Canadian quality, 
is completely burned, a quantity of heat equivalent to 9,000 
British thermal units per lb. is evolved, and this is the maximum 
quantity of heat the peat is capable of producing. If the peat 
now contains water its useful calorific power is decreased by an 
amount equal to the weight of the water and the quantity of 
heat required to raise the water contained up to 212°F. and 
evaporate it, i.e., the latent heat of vaporization which is entirely- 
lost, as far as the process is concerned.

In addition to the heat required to evaporate the moisture 
a certain quantity is required to distil the volatile matter, a 
part of which is lost in this type of producer. The tarry matter



which is distilled leaves the producer without taking any part in 
the formation of the producer gas, and since it jx>ssesses a high 
calorific value and is of considerable quantity, the heat lost to 
the process in this manner is considerable, and must Ik* taken into 
account.

The steam introduced with the air blast must l>e raised to 
the temperature of the reaction zone, a portion of it is decomjxfsed 
lilx*rating hydrogen and giving rise to the formation of either 
carbon monoxide or carbon dioxide, depending on the tempera
ture, but the larger portion escapes without parting with much 
of its heat. Finally, the heat of the ashes passing into the water 
lute and the heat lost by radiation are not inconsiderable.

It is doubtful whether peat of 60-7(1 per cent moisture would 
burn at all under these conditions where if a producer gas is 
desired the combustion must lx* incomplete, but it is quite cer
tain. even if we assume that combustion can take place, that the 
temperature of the combustion zone will in time fall to such a 
degree that only carlx>n dioxide will lx- formed and perhaps also 
a certain quantity of hydrogen. When this condition arises the 
steam in the air blast must be reduced.

The most conclusive proof, however, that peat of 60-70 
per cent moisture cannot lx* efficiently burned in the producer 
is found in the results of operations of the Mond gas plant at 
Orentano, Italy. At this plant great care is taken to furnish 
the producer with |x?at containing not more than 33$ per cent 
moisture, and in order to insure this low moisture content artifi
cial heat is employed for drying the peat. If it were possible to 
utilize peat of a higher moisture content, say, e.g. 60 per cent, 
the company operating this plant would be only too glad to do 
so, since the producers, and consequently the entire plant are 
operating at less than half load owing to the difficulty of obtain
ing the necessary quantity of peat, and, as has been previously 
stated, sufficient peat to run the plant at full load might easily 
he manufactured with a moisture content of 60 |x?r cent. The 
difficulty is to produce the desired quantity of peat fuel with the 
much lower moisture content.

The results of three months operations of the gas plant 
of the German Mond Gas Company, at Osnabrück, cited else-
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where, show that the quantity and heating value of the gas were 
high, viz. 36-1 cubic feet per II)., and 14(1 British thermal units 
|x*r cubic foot respectively, and that the production of |x>wer was 
1.000 horse power hours jx*r ton of absolutely dry peat. This re
sult is said to have l>een obtained with peat containing 60 |x*r 
cent moisture. It will lx* interesting to compare the above re
sults with those cited by Lunge,1 from an article by A. Frank, 
in Z. Anguw, ('hem. 1908, p. 1597, on the results obtained with 
the Mond-Caro process in working up raw peat, with 40 or 50 
per cent water, at Sod in gen, in Westphalia. It will Ik- noted that 
the moisture content w as 40 or 50 jx*r cent, it could not have l>een 
lw>th, the lower moisture content, viz., 40 jx*r cent, will, there
fore, Ik* taken as the one most likely to give the following re
sults; Nitrogen content of peat 105 per cent, ashes 3 |x*rcent, 
quantity of gas jx*r 1,000 kg. (2,200 lbs.) dry peat 2.800 cu. m., 
about 45 cu. ft. per lb.; analysis of gas, C02, 17-4 to 18-8 per 
cent; CO, 9-4 to 11 |x-r cent; Hi, 22-4 to 25 6 percent; CH4, 
2*4 to 3-6 jxTcent, and N, 42-6 to 46-6 percent ; calorific power, 
1.400 calories |x*r cubic meter (157 British thermal units jx*r 
cubic foot) equal to a production of 1,000 actual horse power 
hours. The yield of ammonia was up to 40 k.g. of sulphate per 
metric ton equivalent to 80 lbs. jx*r short ton. Under most 
favourable conditions such results as these might lx* obtained 
with peat containing not more than 40 per cent water, but the 
calorific power of the peat must lx* high.

The following calculations,2 based on theoretical considera
tions, has lx‘en made to show that the results cited in the report 
on the Osnabrück gas fxiwer plant cannot possibly lx* obtained 
by burning peat containing 60 per cent water. The calorific 
value of the gas obtained at the Osnabrück plant is said to lie 
140 British thermal units gross or 134 net. In this calculation 
a gas composition is assumed which w ill give a net heating value 
of 131 British thermal units per cubic foot.

THE FOLLOWING ASSUMPTIONS ARE MADE.

That all the peat substance is completely gasified.
•Coal Tar and Ammonia. Lunge, Hart II, page *69.
•The calculations were made by Mr. Edgar Stanslield. M.Sc.
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That all the* water in the peat is distilled off with the gas 
u n decomposed.

“ air enters the pnKlueer saturated at 60° V.
“ steam intrcMlueed with the air is decomposed.

UKAT BALANCE.

Entering the Producer:

1 Potential heat units of wet |x*at fired = gross calorific 
jxiwer of wet peat.

2. Sensible heat (above 0° V.) viz. air4-water at (>()° ('.
3. l atent heat of steam at 60° (\

Leaving the Producer:

4. Potential heat units in gas generated = gross calorific
value of gas.

5. Sensible heat of gases, including the steam, at 2()()°(\.
reckoned from 0°(\

6. Latent heat of steam in gases, at 0° ('.
7. Radiation losses.

VALVKS l SKI) IN C ALCULATION.

H-l, (=12, N-14, 0-16.
1 gram mol. cKTupies 22-4 litres at 0° V. and 760 mm. 
Latent heat of steam at t° (’, = 606-5 0• 695t calories

(Régnault).
Mean specific heats, at constant pressure

of air, 0° — 60°C—0-237 Régnault.
N2 0 -200 < ’ = 0 244 

C’H« 0° — 2()0°(’ = 0-503 
llj 0e-200 (’ = 3-40<> “

VO, 0°-200°V-0-217 “
VO 0°-200°V =0-245 14

steam 0° — 200°V = 0-453 Pier.
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Gross Calorific Powers, in Calories pur Gram Molecule.

A nalysis

CO = 68,200 
CH4« 213,500 

II. = 69,000

of Peat Burned:
ilry till' , H■:< )

Carbon ..................... 56*0' 22-4(1',
Hydrogen.......................... 5 2' 2 -»*',
Nitrogen 1*9' 0*76',
( )xygen................................ 30 9' 12-.W,
Ash 6*0r 2 -40',

C 'alorific

Water Oil' 60 (M1f ;

Calories per gram 2102*2
Brit. Therm. Units per lb. V,460 3784*0

100 grams of peat containing 60f, HgO, 86*0 grams of air. 
and 13*4 grams of H•_>(), can give in the producer, 2*40 grams of 
ash, 60 grams of steam together with 66*82 grams Nj + 2*72 
grams CH4+2*89 grams Hg+46*93 grams CO*-}-17*64 CO.

The permanent gases are:
2*386 gram mois. N*-}-0*170 gram mois. CH4+1*445 
gram mois. Hg+1*067 gram mois. COg+ 0*630 gram 
mois. CO;
Total 5*698 gram mois. i.e. 127*6 litres.

This gas has the percentage composition:

N, . 41*88%
CH4 2-98%.
H- 25*36%
COg..................... . 18 72%
CO............................................................  1106%
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Calorific power in B.T.U. per cubic foot moist at 60° F and 
30" Hg.

gross 147
net 131

The air in order to carry with it the above proportion of 
steam must have been saturated at a temperature of about 
60°C.

HEAT BALANCE.

(1) = 210,220 calories, (4) « 178,950 calories,
(2) = 2,027 “ (5) = 13,890
(3) = 7,570 a (6) = 36,390 “

(7) = 9,410

Total 219,820 Total 219,820

It will readily be seen from the above calculation that under 
the most ideal conditions—which do not and cannot obtain in 
actual practice—the quantity of heat generated by the burning 
of peat containing 60 per cent moisture in a producer, is not 
sufficient to effect the various reactions and provide for losses. 
It is, therefore, impossible to produce from peat containing so 
high a moisture content, a power gas of the heating value claimed. 
It is more within the realm of probability that complete com
bustion would have to take place in order to permit the produc
tion of the necessary quantity of heat—in which case the gas 
resulting would contain no combustible components whatever, 
except i>erhaps a small percentage of hydrogen.

With the introduction, moreover, of the large quantity of 
steam with the air blast, which must be in excess of that theoreti
cally required, it is quite probable that the temperature, as stated 
previously, would fall too low, even for the formation of ammonia 
gas.

In order to obtain the best results, the writer believes that 
the moisture content of the peat fuel must be kept as low as 
30 to 35 per cent. This opinion is based on the results obtained 
from other by-product recovery plants operating with peat and 
on the results of the investigation of the utilization of peat for
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power purposes conducted in the laboratories of the Mines 
Branch. In conclusion it might be stated, as a final and con
clusive argument against the feasibility of burning peat high 
in moisture in the producer, that the only plant of this descrip
tion at present in satisfactory operation is the Mond gas plant 
at Orentano, in which peat with a moisture content not exceeding 
33$ per cent is burned.

COAL BVRNING BY PRODUCT RECOVERY POWER 
GAS PLANTS.

In the previous chapters of this report a full description 
has been given of the Mond process and its application to a low 
grade fuel such as peat, but so far nothing has been said con
cerning its application to coal and lignite. Indeed the Mond 
process was devised solely for the utilization of coal, and its 
application to other fuels followed some time after it had been 
proven a complete success with coal. Several large power gas 
[liants employing the Mond system are today, and have been 
for several years, in successful operation. The gas generated is 
employed for a wide variety of purposes, and the demand for 
such a gas, instead of decreasing, is on the increase. Two of 
the most interesting of the Mond power gas plants in operation 
in the British Isles are the plants of the Staffordshire Mond Gas 
Company, and the Langwith By-Product Company, Limited. 
Neither of these plants produces power other than for purposes 
of the [liant, hence the position they occupy is a unique and in
teresting one. For this reason and the possibility of introduc
ing such a method into Canada for utilizing the low grade coals, 
such as mine waste, lignite, etc., they will be fully described.

THE SOUTH STAFFORDSHIRE MOND GAS COMPANY.
The data for the following description was obtained 

largely from a pa|ier by Herbert Alfred Hum 
phrey, on “The generation and distribution of 
Producer Cue in South Staffordshire;" supple
mented with iiersonal observations by the 
present writer.

The South Staffordshire Mond Gas Company is a pioneer 
undertaking inasmuch as it was the first example of a company 
furnishing a supply of producer gas for public purposes. The
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gas generated at this plant is not converted into electric energy 
or other form of power at the plant itself, hut is transmitted 
under pressure through specially designed and constructed mains 
to works and manufarturics situated in the region surrounding 
the plant. For this reason, as is stated above, the plant occu
pies an unique and interesting position.

I*u;. 23 --Map showing district supplied with gas by the South Staffordshire 
Mond (las Company.

According to the charter granted by Parliament, this company 
has the right to supply gas over an area of 123 sq. miles. Within 
this area are included six corporations, sixteen urban district 
councils, and three rural district councils, and gas for heating 
and power purposes is used by 1(H) miles of railway, 106 miles 
of canals, and more than 2000 works of various description.
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Fig. 23 shows this area.* The design of the ventral station and 
of the distributing system was carried out by Herbert Alfred 
Humphrey, who acted as consulting engineer to the Company. 
The entire plant was erected by the Power Gas Corporation, 
Limited, of London and Stockton-on-Tees.

Producer Gas and By-Product Recovery Plant.

The producer plant consists of eight Mond producers (one 
held in reserve), together with the necessary plant for cooling, 
cleaning, and compressing the gas; plant for the recovery of 
ammonium > i* and tar; and auxiliary machinery consist
ing of steam boilers, circulating pumps, electric generating 
plant, motors, fans and blowers. The capacity of the plant is 
140 tons of coal per day. At the time of the writer's visit, ad
ditions were being made which will increase the present capacity 
by about 80 per cent.

In order to minimize the risk of a stoppage of the gas supply 
the first unit installed contained a duplicate set of cooling towers, 
and a larger proportion of spare machinery than would usually 
have been provided. Other provisions were made to insure 
against stoppage due to a breakdown of some portions of the 
plant, e.g., the producer portion was divided into two independent 
sections each having its own coal elevator, gas collecting mains, 
and mechanical washers. Cross connexions were made at numer
ous points and by-passes fitted in such a manner that practically 
any portion could be cut out for cleaning purposes without in 
any way affecting the production of gas.

STEAM BOILERS.

The steam boiler plant originally consisted of 4 “climax" 
water tube boilers; but these had been supplanted by Lancashire 
boilers sometime previous to the writer's visit owing to the trouble 
experienced in feeding the former with hot water. The boilers 
are arranged for coal and gas firing. Gas firing is resorted to 
when the demand for gas has considerably decreased, as it does 
during a portion of the day.

♦This and other plates and illustrations have been furnished through the courtesy of 
the Power Gas Corporation, London.

C3A



In order to gas lire the I toilers without interfering with the 
coal firing, Mr. Humphrey devised a s|iecial method. This 
consists of a lielt, surrounding the Is tiler altove the gr.ite I tars, 
into which the gas is " through four pi|tes. On the inner
side of this Itch there are a large numlier of 4J inch holes 
through which the gas is fired. The air necessary for combus
tion is supplied through a short 5 inch pipe which protrudes into 
the licit in such a manner that the air is in the centre and the 
gas surrounds it. Kach hole is provided with a jet of this de
scription. hatch I toiler is capable of cva|M>rating 15,000 lbs. of 
water per hour at a pressure of 120 lbs. |ter square inch. Two of 
these were, however, sufficient for supplying all the required 
steam.

Since a very large quantity of steam is introduced with the 
air into the combustion zone of the producer, viz.,2 lbs. of 
steam |ter lb. of coal, the auxiliary machines are steam o|tcratcd 
and their exhaust steam used for saturating the blast, in addi
tion to the live steam which may Ik* required. The large quantity 
of steam required for the process may lie I tetter appreciated 
when it is stated that if the producers are burning 140 tons of 
coal |x*r day, 240 tons of steam are required for saturating the 
air blast. This is equivalent to 10 tons or 20 (MM) lbs of steam 
per hour. More than half the entire quantity of steam re
quired for saturating the air blast is obtained from the system 
of recuperation by circulating water which is employed in the 
Mond system deacrilted earlier in the report.

BLOWERS.

The air forced through the producers is supplied by three 
blowers of the Root type driven by steam engines. Two of these 
blowers are sufficient to meet all the demands; the third unit 
is consequently held in reserve. Since a continuous supply of 
gas to the consumers is absolutely imperative, and this depends 
on the quantity of air forced through the producers at all times, 
special care has lieen taken to render this portion of the plant 
as reliable as |x>ssible.

Other gas plants are provided with gas holders of large

2301



capacity so thaï the supply of gas will continue undisturbed 
during a considerable |x*riod of shut down. In this and other 
Mond gas plants, however, the gas is delivered direct from the

Fit;. 24.—Apparatus for controlling blowers to give constant gas pressure, 

gas cleaning system to the compressors and thence to the dis
tributing mains. Steam is considered more reliable than other 
sources of energy hence the blowers are recommended to be 
steam driven. Each blower has a capacity of 6,000 cubic feet



140

of fret* air |ier minute at a pressure of 28 inches of water when 
running at a speed of 100 revolutions |x-r minute. The guaran
teed steam consumption of the engines is stated to Ik* 32• 5lbs. 
of steam per indicated horse power hour when exhausting against 
a hack pressure of 5 lbs per sq. inch. Although these blowers 
can run under a wide variation of speed there is a limit below 
which it is not safe to run, for fear of stopping. When, there
fore, the demand for gas is reduced below a certain quantity, 
further regulation is i ‘ ’ by allowing a portion of the air
to escape into the atmosphere, Fig. 24. The blowers maintain 
the pressure throughout the gas-generating plant up to the 
point where the purification fans again increase the pressure.

PRO DUCK RS.

Gas is generated in two batteries of four producers, each 
having a capacity of 2,000 H.l\, or a total of 16,(MH) H.P. 
These producers are of the usual Mond design which is described 
elsewhere. Kach producer is rated at 20 tons (2,240 lbs.) of 
coal per 24 hours; actual capacity depends to a certain
extent on the quality of the fuel. At the time of the writer’s 
visit to the plant the producers were working at a capacity of 
24 tons (of 2,240 lbs.) each |ht day. Ashes are withdrawn from 
the bottom of the producers through a water lute, and it is the 
practice to draw ashes once on each shift or three times during 
the day of 24 hours. A storage hopper with a capacity of 50 
tons of fuel is placed over each producer. This is done as a 
matter of precaution in case of breakdown of the coal handling 
apparatus. These hopjx.*rs hold a sufficient quantity of fuel to 
feed the producers for about three days. Fig. 25 shows the device 
employed for distributing the fuel.

SI PKRHKATKR.

The gas leaving the producer passes through a su|>erheater 
--one supplied for each producer which serves as a heat ex
changer Ix-tween the entering cool air blast and the leaving 
hot producer gas. The temperature of the entering air blast is in

6749
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this manner considerably increased. After leaving!h e superheater 
the gas passes into the gas collecting mains and thence to me
chanical washers, ammonia recovery tower, gas cooling tower, 
and then to tar extractor and purifying system to compressors 
and distributing mains. The mechanical washer, acid tower,

Fig. 25.—Fuel distributor applied to Mond (iae producer.

gas cooling, and air saturating and preheating towers and all 
other apparatus connected with a Mond gas system have been 
fully described elsewhere.

ROTARY MF.TERS.

The cleaned gas passes through rotary meters on its way 
to the suction side of the gas compressors; two meters are in
stalled. which can be used separately or in parallel.

13
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<.AS COMPRESSORS.

The gas com pressing plant consists of three steam driven 
compressors, two of which are normally in operation. The 
steam cylinders are provided with Corliss gear and the gas 
cylinder with Riedler valves which are operated automatically. 
Each compressor has a capacity of 9.400 cubic feet of free gas 
per minute and when running at a speed of 80 revolutions per 
minute will compress this quantity of gas to a gauge pressure 
of 10 lbs. |K-r square inch. The indicated H.P. of each compressor 
when operating at full load, is 440. Hence 800indicated H.l\, 
as a general rule, are sufficient to compress the entire quantity 
of gas produced during a normal day. Fig. 26 shows the ar
rangement of automatic control of by-pass lietween suction and 
delivery of gas compressor.

PUMPS.

Fight direct acting steam pumps are provided for the cir
culation of water in cooling and air preheating and saturating 
towers. Two additional pumps are installed for supplying the 
works with water from the adjacent canal. The capacity of 
each pump is 200 tons of water per hour.

For circulating the acid liquor four punn>s are provided, 
two of which are held in reserve. The acid pumps are fitted 
with gun-metal rams and valves to resist the action of the sul
phuric acid. The capacity of these pumps is alxiut 7,(MM) gallons 
per hour on a lift of 90 feet.

ELECTRIC POWER.

Electricity is generated by two three cylinder 250 H.P. 
Westinghouse gas engines direct coupled to dynamos, one unit 
lxing held in reserve. The exhaust from these engines passes 
through tubular rs which abstract some of its heat and also 
serve to silence it. The electric power thus generated is used 
for operating the various motors and for lighting the plant.

6



CLEANING Ol THE PLANT.

The blowers, cleaning fans, and gas compressors are run 
for six weeks continuously day and night and are then changed 
over for examination or overhauling.

Fie. 2h.—Arrangement of automatic control of by-pass between suction 
and deliver)’ of gas compressors.
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The nas engines are run continuously for a similar |K*riod 
with the exception of a shut down for one hour once a week 
when the ignition plugs are cleaned.

As a general rule the circulating pumps are run continu
ously for a period of three weeks, when they are shut dow n for the 
pur|>osc of cleaning the valves of any tar which has collected.

The gas producers run continuously for two years and 
then each producer is in rotation put out for examination and, 
if necessary, repaired. Only slight repairs, however, have lieen 
found necessary. The superheaters run for a similar period 
lief ore lieing cleaned. The mechanical washers run for three 
years before lieing closed down for repairs, and one of the two 
gas-collecting mains is cleaned every six months.

The acid towers run continuously for two years, they are 
then changed over for examination, and for repairs to the lead- 
work, if necessary.

It has not been found necessary to change over the gas
cooling and air-heating towers during the time the plant has 
lieen in ojieration— eight years—up to the time the plant
was visited by the writer.

The steam I toilers are cleaned every three months, and the 
ammonium sulphate evaporators are run alniut one year ltefore 
any repairs require to Ik* made to the lead steam coils. The 
evaporators require re-lining with lead once in three years.

Tar Plant.

The tar produced is collected from various |sirtions of the 
plant, especially from the settling tanks which receive the out
flow from the various moling towers, and then run into tar- 
eggs from which it is later blown to a tar collecting plant. Since 
the taras it comes from the producer plant contains from 40 to 40 
pet cent water, it must lie dehydrated in order to render it suit
able for the market. This is accomplished by running it into 
large vertical vessels supplied with steam coils; the tempera
ture is by this means raised to 80°(\ and the water is slowly 
evaporated from the tar.

6
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Analysis and Calorific Value of Coal Vsed and Gas 
Produced.

The average analysis of the coal burned in the producers 
for a considerable period was:

Ash
Volatile matter.
Nitrogen
Moisture

i2<;
36f;;
1 -2( , on dry coal.
12^

and its calorific value was 11,600 British thermal units per lb.
A nitrogen content of 1 • 2 per cent in the absolutely dry coal 

would be equivalent to 1 06 per cent for coal containing 12 
per cent moisture. If seven of th eight producers are in con
tinuous operation, and each burns 24 tons of coal during 24 
hours, the nitrogen available |x*r day will be 24X7X0-0-0106 
1 • 78 long tons or about 4,000 lbs. The total quantity of amnion- 
uni sulphate which can be theoretically obtained from this

quantity of nitrogen is
1 - 78 

21-21 X100 = 8-4 long tons.

Analysis and Heating Value of Gas.

CO,. 17-40 per cent by volume
CO . 10-31
H, 25-55
CH, . 3-25 “ “
N, ... . 4349 “ “

100-00 w “

Higher calorific value, average for 18 months =155 B.T.LJ. 
per cubic foot.

Ammonia Recovery.

From 70-80 per cent of the total nitrogen contained in the 
fuel is recovered in the ammonium sulphate produced. This



is equivalent to from 78-89 IIis. of ammonium sulphate per ton 
of 2,240 His. or 70-70$ lbs. |xt ton of 2.000 His. The sulphuric 
acid used in the recovery process has a strength of 140° Twaddel 
and 120 tons are required to produce 140 tons of ammonium 
sulphate or 0 02 tons iter ton of sulphate.

If tin* theoretical quantity of ammonium sulphate it is 
|Missililc to obtain from the nitrogen contained in tin* coal is, 
as aliove stated, 8-4 long tons, and the average efficiency of the 
recovery process is 75 |ter cent, the daily production of sale
able sulphate will Ik* 8• 4X • 75 *6• 3 long tons. The quantity 
of acid required to produce this quantity of t will be
approximately 6 • 3 X 0 • 92 * 5 • 8 long tons.

'I'he total output for a year of 3fi5 days will amount to 
365X6-3- 2.5(H) tons ol ammonium sulphate and the total 
acid required will lie 365X5 8=2,11/ tons.

Labour Employed for Operating Plant.

At the time of the writer's visit the Mottd gas plant at I >ud- 
h-x - Port was working on two shifts only, but it was intended to 
change at some later time to three eight hour shifts. The nuni- 
ber and <lis|sisition of the men employed and their hourly wage 
were as follows:

On producers 8 men per shift of 12 hours, 9$c each |x*r

On dust mains 1 man |ter shift of 12 hours, 9|c per hour.
On washers 2 men per shift of 12 hours, 9|c each |x*r

l or collecting tar 2 men per shift of 12 hours, 9$ c each 
per hour.

In pump house 2 men: 1 man at 12c |xir hour |x*r shift of 
12 hours; 1 man at 8c |x-r hour |x-r shift of 12 hours.

In engine house 2 men : 1 man at 12c |x-r hour |>er shift 
of 12 hours; 1 man at 8c per hour |x*r shift of 12 hours.

In I toiler house- 2 men |x*r shift of 12 hours, 10c each |x.‘r

In sulphate house 2 men |x-r shift of 12 hours, 9$c each 
|x*r hour.

C3C
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l'or tvsting and analyses of gas 2 men at night and 4 men

In addition to the employees eite<l there .ire a large numlier 
employed on the district distribution system. The total numlier 
of men employed at the ga> plant and on the distributing system 
is 120. Superintendent, clerks, and foreman are not included 
in this numlier.

Quantity of Fuel Vsed and By-Products Obtained.

During the latter part of the first six months of V>12, the 
quantity of coal gasified per month reached 3,400 long tons, and 
the quantities of > r of ammonia and tar produced during
this same |>eriod were 120 tons and 280 tons per month respect
ively. These figures have liven considerably increased since 
then. In fact, although the producers were designed to gasify 
only 140 tons of coal per day, the daily rate of gasification has 
liven as high as 200 tons.

Gas Produced and Sold.

The maximum quantity of gas sold to consumers during 
the week ending August 24. 1012, was 808,700 cubic feet per 
hour and the minimum taken by consumers was 105,000 cubic 
feet per hour, for the same |>eriod. The |>eak load has reached 
1,000,000 cubic feet per hour. W hen tIn* peak load occurs the 
gas used in the works is reduced and the steam boilers are tired 
with coal.

The first |ieriod of tin- ojierations of this plant resulted in 
a loss, owing to the difficulty of |>crsuading consumers to use 
producer gas for various industrial purposes, and the present 
satisfactory financial condition was only obtained by strenuous 
efforts and the ex|ienditure of considerable money in training 
an efficient staff to undertake investigations into the most effi
cient method of using producer gas for the different industrial 
purposes then existing in the district covered by the company’s 
main. This stall was even trained and educated in the design 
of heating and other furnaces ami were thus placed in a position

7



to advise a prospective customer m regard to the most suitable 
furnace or other plant required for his purpose. As a result of 
the large amount of pioneer work done by the company the de
mand for its gas is steadily increasing, to such an extent, that 
in 1913 the plant was already lieing increased by about 80 per

Financial Results.

The paid up capital to the end of the year 1911 was £424,003 
($2,063,481 ), this includes £92,451 debenture stock (8449,928), 
which carries 5 percent interest. The expenditure may lx? divided 
as follows; £294.873 ($1,435,048) for central station plant and 
parliamentary ex|x*nses; £129,130 (8629,432) cost of distribu
tion, mains, etc. The cost of the distributing mains, about 
29• 45 miles in length up to the end of 1912, forms a consider
able portion of the total capital expenditure, owing to the fact that 
the mains then laid were far in excess of the requirements of the 
first unit of plant erected. The addition to the producer gas 
plant, already under way in 1913, is estimated to cost only 
£35,000 (about 8170,000) and larger additions can still lx* made 
before the gas mains will lx* working up to their maximum

The operations of this plant for the year 1911 resulted in 
gross trading profits of £8,856 (843,099).

Cost per 1000 cubic Feet of Producer Cas.

The costs of manufacturing 1,000 cubic feet of producer 
gas based on an estimated gasification of 225,(MM) tons of coal 
per annum, and those actually obtained in 1912 based on the 
gasification of 40,000 tons of coal per annum are as follows :



MAP H 1

Cost per 1000 Cubic Feet of Gas Manufactured. '

Results ,ietua1l> <>h-
Asestimate*I for the Hill in 1%1 (based on 225,000 tained in 1912 based 

tons gasified per annum). on 40,000 tons gasi
fied per annum i.

rent*
Slack for producers and boilers
Cost of manufacturing, compressing, and dis

tributing, including wages, materials, acid, 
stores, etc., and .ill repairs and main-

1•2856 1•5826

1*3100 1 4086

2-9912
By sale of by-products 1 26% 2-1912

Net cost (excluding general charges) 1•3260 0-8000
General charges (excluding interest I U2'> 14 1 - 7740

(Ineludes debenture

Per KMK) cubic of gas marie 1-6174 2-5740

A low grade slack coal is used and its cost per long ton at 
the producers is in the neighbourhood of SI.80—this cost is 
based on the cost of coal j>er 1.0(H) cubic feet of gas shown in 
the above table and on the assumption that one long ton of coal 
represents 140,000 cubic feet of producer gas.

If the lower calorific value of the producer gas is taken as 
144 British thermal units per cubic foot, or 144,000 British 
thermal units jkt 1,000 cubic feet and one long ton of coal 
represents a quantity of heat equivalent to 11,600X2,240 =J

K (lUI 00(1

25,984,000 B.T.V., then = 180,440 cubic feet of gas

144
will contain a quantity of heat equivalent to one long ton of 
coal of an average calorific value of 11,600 B.T.V. per lb.

The cost of manufacturing 180 thousand cubic feet of pro
ducer gas, according to the foregoing table, is 180X2-574 = 84.63.

* 'The Generation and Distribution of Producer Gas in South Staffordshire." by Herbert 
Alfred Humphrey. M. Inst., C.E., Minutes of Proceedings of the Institution of Civil Engineers. 
Vol. CXCII. page 42.



Selling Cost of the Gas.

St HKDI LE OF CHARGES FOR MOM) PRODUCER (IAS:1 
TO CONSUMERS.

For gas used for power, japanning, or tubular heaters.

Cubic feet per quarter. Price jx*r 1.000 cubic feet.
5|cUp to 1,25().(MM)

From 1,250,(KM) to 2.5(H),(MM) 5 c
2.5(M).(MM> to 5,(MM),(MM) 
5,(MM),(MM) to 10,(MM),(MM) 

KMNMI.tMM) to 20,(MM).(MM)

4*c
4jc
4 c

“ 20,(MM).(MK) to 50,(MM),(MM)
“ 30,(KM),(MM) to 50,(KM),(MM).

Over 50,(MM),(MM) .......  3 c

FOR (.AS USED IN ANNEALING OVENS AND GALVANIZING
BATHS OR FURNACES.

Cubic feet per quarter.
Vp to 4,(MM),(MM).... . . . . . . . . . . . . . . . . . . . . .
Front 4,(MM),(MM) to S.(MM),(MM)

Price per 1,000 cubic feet.
I «

8,(MM),(MM) to 16,(MM),(MM) 
16,000.000 to 32,(MM).(MMI

Over 32,(MM),(MM)

The average price at which the gas was sold in 1012 was 
3-5 cents per 1,000 cubic feet.* This is equivalent to coal of 
11,600 B.T.C. costing 180X3*5 = 86.30 per long ton.

Such a comparison of the costs of the two forms of fuel 
based on their heating values,however, neither presents in a fair 
light the real relation existing between them, nor the advantages 
possessed by the one over the other. If a quantity of producer 
gas equivalent in heating value to one ton of slack coal cost the

'"The Generation anil Distribution of Producer Gas in South Staffordshire," by 
Herbert Alfred Humphrey. M. lust.. ( K. Proceedings of the Institution of Civil Engineers, 
Vol. CXCII. page 42.

* Ibid, p. 29.
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consumer $6.30, and one ton of the above coal also costs $(>.30, 
it might l>e inferred that the one is just as suitable as the other 
—at least for some purposes—hut this is not exactly the case; 
producer gas of a heating value of 144 B.T.l . per cubic foot is 
considerably cheaper at $6.30 per 180 thousand cubic feet than 
slack coal at $6.30 per long ton, for the reason that less wash- 
results in the burning of the gas than with coal. There are many 
other reasons why a gas distributed in the manner described 
above, is more economical for various purj)oses than coal and 
which need not lx- mentioned here, but it is quite evident to any 
one accustomed to the use of coal for domestic or power purjxises, 
that for consumers using heat or |>ower intermittently the prod- 
ducer gas at a much higher price than that used as an illus
tration will prove far more economical than coal.

Purposes for which Mond Producer Gas is Used.

Mond producer gas is at present Ix-ing used for thirty- 
three different purposes. The most important of these and the 
numlxr of applications in each case are as follows.*

157(las engines 
Iron melting 
Malleable annealing 
Sheet annealing 
Stamping annealing 
Hardening furnaces 
Bar heating 
Tube welding
Barftingand Coslett processes.
Enamelling
Enamel-drying
Core-drying
Japanning
Soldering
Plating vats
Water vats
Radiators

49
2

10
25

4

5
23 
22 
1 1 
87 
74 
12 
19 

114
*"The Generation and Distribution of Producer Gas in South Staffordshire," by 

Herbert Alfred Humphrey. M. Inst., C.E., Proceedings of The Institution of Civil Engineers. 
Vol. CXCII. page 40.



152

Other purposes for which Monti producer gas is employed 
are, melting, welding, and annealing furnaces of various kinds, 
vulcanizing, and brazing. The highest temperatures used are 
required for iron-melting and tube-welding furnaces.

USE OF MONO GAS FOR GAS ENGINES.

From the foregoing table it will lie seen that the numlier 
of gas engines running on Mond gas is very considerable. The 
capacity of the various engine installations varies from a few 
B.H.P. to 650 B.H.P. The total B.H.P. developed with Mond 
gas up to the end of 1912, in this manner from gas generated at 
this plant, was approximately 9,500 H.P. A large numlier of 
small gas engines are employed for a large variety of purposes 
where the demand for power is not continuous for any length 
of time—in fact a great many cases call be cited in industrial 
localities where such an engine would not be required for more 
than a few hours each week. In such cases the economy re
sulting from the use of gas distributed from a central plant, 
would lie very marked. This also applies to small power plants 
operating more or less continuously but of too small capacity 
to enable power to be generated economically in a self contained 
plant. i.e., a producer and gas engine. When, however, the power 
required is considerable, e.g. over one or two hundred horse 
power and the demand is continuous for at least ten or twelve 
hours during the day, it might prove more economical to install 
a self contained power unit. Such cases are, however, not so 
common as those of much smaller capacity. The economy re
alized in using Mond gas over other kinds of gas for the pro
duction of power on a small scale is best illustrated by the fol
lowing table.*

The gas used in the different power plants cited which are 
compared with those using Mond gas are; town gas (retort gas) 
and suction or pressure producer gas.

♦"The Generation an<l Distribution of Producer Gas in South Staffordshire." by 
Herbert Alfred Humphrey, XI. Inst.. C.E., Proceedings of the Institution of Civil Engineers.



(1) Suction plant, engine 23 H.P. working 54 hours, cost$7.32.
Mond “ “ “ “ « * 5.06

(2) Suction “ 20 B.H.P. “ “ “ 6.12
Mond “ “ “ 5.14

(3) Town gas plant, 25 B.H.P., 36c. per 1,000 cu. ft. cost, 25c.
lier hour.

Mond gas plant, 25 B.H.P., 5c. per 1,000 cu. ft. cost, 12c. 
per hour.

(4) Town gas plant, 30 B.H.P., 42c. per 1,000 cu. ft. cost, 27c.
per hour.

Mond gas plant, 30 B.H.P., 5c. per 1,000 cu. ft. cost 15c. 
per hour.

(5) Town gas plant, 90 B.H.P., 36c. per 1,000 cu. ft. cost, 77Jc.
per hour.

Replaced by Mond gas driven engine developing 140 B.H.P. 
costing 32 cents per hour total.

The cost of Mond gas and suction or pressure producer gas 
in the case of the 90 and 140 B.H.P. pi .nts are unfortunately 
not compared.

PRODUCER GAS FOR STEAM RAISING.

The great improvements made in the generation of steam in 
gas fired boilers based upon the investigations of \V. A. Bone, 
opens up a new field for the application of producer gas generated 
in and distributed from a large central station. In the steam 
generator devised by Professor Bone, advantage is taken of the 
phenomenon of “surface combustion." Surface combustion 
obtains only when a combustible gaseous mixture is employed 
as the source of heat. With his boiler Professor Bone has ob
tained remarkable thermal efficiencies, and wherever steam is 
required, whether for power, heating or other purposes, producer 
gas might well be employed in such a generator.

Producer gas when manufactured on a large scale, with the 
greatest possible efficiency in the recovery of by-products, 
has been demonstrated beyond all doubt to be an ideal fuel 
for a great and varied number of purposes in the industrial world.
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Not only is it especially well adapted for the generation of jx>wer 
in both large and small gas engine units but serves as an ex
cellent fuel for steam raising in specially designed boilers.

THE I.ANC»WITH BY-PRODUCT RECOVERY COMPANY 
LIMITED.

The Mond gas plant operated by the Langwith By-Product 
Recovery Company is situated at Langwith near a large colliery 
from which it obtains its coal. This plant was erected for the 
recovery of by-products only. All the gas generated is used 
either at the plant for its own purposes or is piped to the colliery 
which generates steam in gas fired boilers. The gas, therefore, in 
the strictest sense, is not a source of revenue, notwithstanding 
the fact that the colliery reduces the cost of the coal sold to the 
Mond plant in return for the gas supplied to it.

This plant is, in its general design and method of operation, 
identical with all other Mond gas plants, hence a description of 
one will suffice for the other. In respect to details such e.g. as 
the type of circulating pumps employed, this plant differs some
what from the usual Mond practice. This will be discussed later.

Producer Plant.

This portion of the plant consists of six Mond producers 
capable of gasifying 25 tons of coal each, per day of 24 hours. 
The entire battery is operated continuously hence no spare unit 
is provided. The total capacity of plant per day is 150 tons of 
coal.

The cleaning, cooling, air-preheating system, acid tower, 
blowers, etc., are similar to those already described.

Circulating Pumps.

Centrifugal is are employed at this plant for circulating 
the hot and cold water and also the acid liquor. These pumps 
were made by Mather and Platt and have proven entirely satisfac
tory. It is quite well known that considerable tar adheres

1
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to the pistons and rams of the ordinary plunger pump used 
for circulating the cooling water, and when such accumulation 
becomes excessive considerable trouble is generally experienced. 
This annoyance is successfully prevented by the employment 
of centrifugal pumps. When these pumps stick, owing to tar, 
on starting up the use of live steam for a few moments will suffi
ciently soften the tar to permit the pump to properly operate. 
Four centrifugal pumps are provided for circulating water, two 
of these being held in reserve. The acid liquor is circulated with 
one centrifugal pump, but one reserve unit is prov ided.

The remaining plant machinery consists of a Mirrlees 
Watson pump for air cooling the water cooling tower; one centri
fugal dryer for the sulphate plant; an Ernest Scott evaporator 
for evaporating the sulphate liquor, and an air pump for use in 
connexion with it.

The Ernest Scott vacuum evaporator is capable of evapora
ting 9 tons of ammonium sulphate in 24 hours, using steam at 
2 lbs. per sq. inch and a vacuum of 20".

Boilers.

The boiler battery comprises five gas fired steam generators, 
four of which have a steaming capacity of 7.500 lbs. per hour, or a 
total of 30,000 lbs. for the four boilers. The remaining boiler 
is of less capacity.

Tar and Pitch Recovery.

The liquid tar resulting from the process of gasification is 
collected and placed in a tar still in which it is boiled at a tempera
ture of about 200° C until all the water and lighter oils are dis
tilled off. The hot liquid pitch resulting is poured into open 
converter tanks in which it is left until sufficiently hard to be 
broken up and removed.

Analyses of Fuel Used and of Gas Produced.

The following average analysis of the fuel used, covering a 
considerable period, is:—



Ash
Volatile matter. 
Nitrogen..........
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IV,
22%

1-2%

l nfortunately, neither was a complete analysis made, nor was 
its heating value determined. The nitrogen content as deter
mined by this analysis, viz., 1 • 2 per cent, is not in accord with that 
obtained in the following analysis, which the writer obtained 
through the courtesy of the Power (las Corporation, but it 
will be used in subsequent calculations.

COAI. Si m.IKl) IM RING THK FIRST TWO WF.KKS IX

NOVKMIIF.R, 1912.

Shnpbridgr Company. Pawn Gas Corporation.

Grading. Nitrogen Ash. Grading.
content.

Alh‘

Over V fit (MV, 10',
Through 11 " 17-XIV , Through 14 ” IS*(MV
Through 1-X" 12-3.V, IOC, I V 74' , Through I X" I'CIMV 1 '

i *7' ; x-w„ i i l(l< ,

COAL St’PPLIKD I)t'RING LAST TWO WF.KKS IN 
NOVKMHKR, 1912.

Sh.pbriJg • Company. Pawn Gas Corporation.

Grading.
| Xwh

Grading. Nitrogen Ash

'MV, Over U" 68-01*, 1-52*; 8-66';
Through 11 " 15- IX’, 7 02' , Through ’’ 14-41*,

1 1Through 1-X" 11 • X 4 ', FOX' , 11 • .w, Through 1-8" 17-58*/,

Average 1 ■ 4(V , (•• 75- o Average ................... 1 F .

The coal supplied to the plant in October was:
Received at plant.............................. 3,570 tons
Dust eliminated at colliery 2,922 tons

Total paid for................................. 6,492 tons

“Fine" in coal received. 22*6% = 807 tons
“Fine" in whole quantity paid

for ...............................  807+2,922 tons.
= 3,729 tons = 57-44%
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The average grading of the samples of coal at the Company’s 
works, at the Sheepbridge colliery, and «it the works of the Power 
Gas Corporation were respectively, 22-6 |>er cent, 50 jx*r cent, 
and 34£ per cent.

From the above it will be seen that a large quantity of 
“fines" was included in the coal sent to the gas plant, hut by a 
special agreement, as tin- writer was informed, a rebate was 
allowed on all dust separated out at the gas plant. The gross 
cost of coal supplied at gas plant was 5 shillings per ton. and 
this by virtue of the rebates received and the gas delivered 
to the colliery was reduced to 3 shillings.

The average analysis of the gas produced was:
«il |<
<>2

CO
II
( II

\

8-4', 
22-8', 
3*6\ 

48-4\

10U*0',

The net calorific value |x-r cubic foot was from 135 to 140 
B.T. Units. The quantity of gas jx*r ton of coal, calculated from 
the analysis of the gas is 135.000 cubic feet, or 60 cubic feet 
per lb. (nearly) and its total heating value = 60 X 140 = 8.400 
British thermal units.

Quantity of Ammonium Sulphate Produced.

In order to estimate the total quantity of ammonium sul
phate annually produced, the average nitrogen content of the 
fuel used for a period of 12 months will lx* taken as 1-2 per cent. 
This will represent a quantity of nitrogen per ton equal to 
2,240X-012 = 26-88 jx)unds which will form, theoretically,

26-88
X100* 126*721-21

pounds of ammonium sulphate. The ammonium sulphate 
made at this plant is 96 per cent pure, that is, contains

14
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% |ht vent of (NH4)|S04 and contains 24-5 jx*r cent ammonia, 
2-7 per cent water, and 0-8 jht cent sulphuric acid. The quan
tity of sulphate actually recovered per ton of coal is 85 to VO 
|N»unds,or for two months operation an average of 87 -86 pounds, 
% per cent pure. 1 he total recovery of absolutely pure sulphate 
would be 87*86 X 0-96 = 84-55 pounds. Since theoretically 
126-7 |X)unds could be obtained the efficience of the recovery 

84*35
process is or* 66,6 lxr ceni- The quantities of coal

gasified during the months of Octolier and Xovemlier, 1912, 
were 3,531 and 3,792 tons respectively, or an average of 3.660 
tons per month and if this represents the average monthly rate 
of gasification for a |xriod of one year, the total tons of coal 
gasified for that period will lx* 3,660X12 - 43.920 tons. The 
total ammonium sulphate produced |x*r v ir would consequently 

13921
l>e 2240 = 1*"22 long tons 96 per cent pure, which would

require 1,722X0-95 = 1,636 long tons of sulphuric acid (140 
Twaddel) for its formation.

Production of Pitch.

The total quantities of pitch actually recovered during the 
months of October and November, 1912, were 70 tons, 1 cwt., 
and 83 tons, 2 cwt., respectively, or an average recovery per month 
of 76*56 long tons. During this jx-riod the average monthly 
rate of gasification was 3,600 tons of coal. The total annual 
recovery of pitch on this basis would, therefore, lie 76-56X12

76-56> "in
■ 918 long tons. 1 his is equivalent to = 4/ pounds

(about). 47 pounds of tar is equal to about 4 *06 gallons.
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Statement of Operations for the Months of October and 
November, 1912.

< ial*. '»f
Coal Sulphate 1 be. "i Sulphate 

|M-r ton of voal.
Tar (dry)

' .oui*

\V.i<her
Tons, vwi. make. 1. upior. TonN cwt.

N<i\. 3792 ions 149:10 1 88-31 5-92 83:2 4 27
Oil. 3531 " 07:,; 87-45 , 4-87 70:1 .4 • 86

COSTS AM) si-a.iiM. I'KII 1

November October

Per Per Per Per

Amount of of Amount. of of
Mil-

pirate

£ (1 £ d
Wage- 345-770 46-25 21 • 89 352•293 51 08 23-95
( oal to producers 679- 717| 90-92 43-02 611 747 88-75 41 -58
Voal to hoilvrs 76-300 10-25 1-83 95-025 13 75 6 • 46
Exhaust steam 16-666 2 25 1 -IK) 16-667 2-42 1 13
Feed-water healer 4 000 •50 •25 4-000 •58
Water 13-900 1-83 •88 12-979 1 92 ■88
Acid 31-83 15-04 212 439 30 84 14 44
Stores and laboratorx 59•887 8 • (HI 3 • 79 24 875 3 - 58 1 -69

6-520 •83 41 1 92 •89
Sulphate committee 4-363 •58 •28 •58 •27
Shunting and carting 5 • 250 •67 •33 10 375 l so 71
Est lit. charges 108-500 14-58 6-87 108-500 15-75 7-37
Renewal fund 59-800 8-00 3-78 41-354 2-81

1618-374216-49 102-43 1S07-363 218-67 102-45

November

Credit for tar
83:2 at 36 = 149 -579
Credit for wash 26-25
er honor 100:19
at 9/3 . 46-687

1422-108 190 24
Average selling price .258-33
Profit |>er ton 68-09

Tons, cwt.
on 149:10= £508/18 0

Credit for tar
70:1 at 36/2 = 126-675
Credit for wash
er liquor 101:8

25-00

at 11 1 46-054

1334.634 193-67
Average selling prie 259 08
Profit jier ton

Tons, cwt.
65-41

on 137:17 C450 17 8



From the foregoing statement of costs and selling prices fora 
perns! of two months operations, it will Ik? seen that the net 
profits |H*r ton of s e for the months of October and No
vember were 65 41 and 68 • 09 shillings respectively, and that 
the average selling prices for the same period were 259*08 and 
258 • 83 shillings respectively or very nearly £13.

If the average rate of production of ammonium sulphate for 
the two months cited can be taken as the average monthly rate 
for 12 months, the production of sulphate would annually amount 
to 1,722 long tons. The net profits on this quantity would be 

65*41+68*09
1,722 X 7 = 114,943*5 shillings or over 28,000

dollars.
The net profits resulting from the sale of the pitch pro

duced would be 918X36 = 33,048 shillings or $8,060. Total 
net profits derived from operations of plant for one year, 28,000 
+ 8,060 = 36,060 dollars.

CAPITALIZATION.

The net capital of the company is 1*66,000 (about $320,000) 
and a net profit of $36,000 on this amount would be equivalent 
to over ten per cent.

The results of the operations covering a period of several 
years shows that with coal containing 1 -2 per cent nitrogen and 
costing 3 shillings (about 72c.) per ton, a profit of approximately 
ten per cent on the capital invested can be made under the labour 
conditions obtaining in England. The method of estimating 
the net profits is considerably different from that employed in 
Canada or the United States. For example, if interest on the 
capital invested, amortization, and depreciation were, in this 
particular case, charged against the costs of operations, the net 
profit would be considerably less than that shown above.

REMARKS.

For the purpose of estimating the quantity of ammonium 
i e which can be obtained from a fuel with any nitrogen

C3D

D6D



content the efficiency of the recovery process has liven taken as 
75 jkt cent, i.e. 75 per cent of the quantity theoretically possible.

At the plants of the South Staffordshire Mond (lasCompany 
and the I.angwith By-Product Company the efficiency of the re
covery process was considerably less than 75 per cent. Both 
of these plants were, however, operated at a capacity consider
ably below their normal rating, and in the case of the South 
Staffordshire Mond Gas Company the load was not uniform 
but varied from a fraction of the normal capacity to overload 
during a jxirtion of the day. Such conditions of operation* max 
militate against the most efficient recovery of the ammonia. 
The efficiency of the ammonia recover> process at the South 
Staffordshire Mond Gas Company for the |>eriod covering the 
first six months of 1 *>12 was 64-2 per cent which is obtained as 
follows:

Monthly rate of gasification to
wards the end of the period 5,300 tons.

Nitrogen content of fuel burned I • V ,
Ammonium sulphate jx-r month 

actually produced.................  120 tons.
Ammonium sulphate |x-r ton ac

tually produced............120 „ ,• ' =0-0363 tons.
3300

Ammonium sulphate theoretically 
possible to obtain jx-r month.

3,300X0-012X4-71 = 186-5 tons.
Kfficicncv of recovery. 120 , .= 64-2 ixt cent.

186-5

The average production of ammonium sulphate per ton of 
coal gasified during the year 1913, was, according to the state
ment of the W orks' manager, 85 to 90 lbs. The nitrogen content 
of the coal gasified during this period averaged 1-2 per cent, or 
about 27 |xmnds jx-r long ton, and this will theoretically enter 
into the formation of 27X4-71 = 127 pounds of ammonium sul
phate. On this basis the efficiency of the recovery process is:— 

85+90
--------— = 68 • 8 ix-r cent.

2X127
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The production of tar during the latter part of the period 
covering the first six months of 1912 was about 280 tons per 
month. The coal gasified per month during the same period 
was 3,300 tons, the production of tar |x*r ton of coal was con- 

. 280
■equently - -085 tons or 100 lbs. (about 10 gallons).

At the time of the writer's visit this tar was not being 
distilled. This quantity of tar, it must he understood, includes 
a considerable portion of water.

Langwith By-Product Company.

The average production of ammonium sulphate at this 
plant was 85-90 pounds |x*r ton of coal gasified, and with a nitro
gen content of 12 per cent in the coal gasified, the efficiency of 
the recovery process is 68-8 per cent.
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CHAPTER V.

PEAT BURNING STEAM POWER PLANT ON THE 
WKSMOOR IN OBTFRIESLAND, GERMANY.

Thv data embodied in this chapter was largely ab
stracted front a paiuplilH entitled "Das krafi- 
werk im Weisnmor in Ostfriesland," by T. 
Teichmtlller. Karlsruhe, Germany.

This central power plant, which is situated in the centre 
of an enormous jieat hog some little distance from any town 
or village of any size, owes its existence to the intense interest 
manifested by the Prussian Government in the cultivation of 
waste land for agricultural purposes.

The chief credit for the establishment of this plant is due 
to Dr. Ratnm, Privy Councillor in the State Ministry of Agri
culture, who urged the great undertaking to completion in the 
face of many and serious obstacles.

The original installation consisted of a steam plant of 
200 horse power which was used for generating electric power 
for cultivating the bog, ditching, stripping, ploughing, etc. The 
utilization of the bog for the production of power was not, 
therefore, the original idea, although at the present time the plant 
has grown to such large proportions that the utilization of peat 
for such pur|)oses may lie considered of equal itnjiortance to the 
cultivation of the moor. This small power plant was, for a short 
time, capable of supplying the energy necessary for the culti
vation work then cor —but at a later date it was
decided to increase the capacity of the plant. In the spring of 
1V08, The Sicmcns-Schuckert Company commenced negotia
tions on behalf of the Prussian Kstate office (Domancnfiskus), 
with a numlîcr of surrounding towns or villages, such as Wil- 
helmshafen, Bant, Heppens, Ne vende, and the cities of Leer and 
Kmden, with regard to their connexion with the Fiscal Power 
installation. As a result of their negotiations the Domanen- 
fiskus decided to turn over the management and operation of

A^9A
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the installation and the distribution of the power to a private 
company. A contract was accordingly made with the Siemens 
Electrical Company, through the Siemens-Schuckert Company, 
whereby they were to erect a power plant, but no other build
ings, and transmission lines for an overland central at their own 
expense, which they were to control and operate. According to 
the terms of this contract the Prussian Estate office agreed to 
sell to the company the peat required for running the plant, 
and the company in turn agreed to sell to the Prussian Estate 
office the electric energy required for cultivating the moor.

The erection of the new and much enlarged power plant 
was begun in January, 1009. In order to be in a position to 
deliver electric energy within the time limit stated in the con
tract the work was energetically prosecuted. The reconstruc
tion of the old installation capable of producing only 200 H.P. 
to provide for an output of 5,400 H.P. was made more difficult 
on account of the necessity of maintaining the old installation 
intact until the installation of the new power plant was capable 
of delivering power.

Great difficulties were encountered in transporting the new 
and heavy machinery across the bog, and of unloading 
ing it in the power house. The housing and feeding of the large 
and increasing numlier of mechanics, erectors, and labourers 
in the midst of the wild moor, required unusual measures. In 
spite, however, of all the difficulties encountered, among which 
was a strike of the bricklayers and carpenters which lasted several 
weeks, the work progressed with such rapidity that the power 
plant was in operation by the beginning of December, 1909, 
just a year, lacking one month, after the work was begun—an 
unusual record. In August, 1910, the plant was complete.

DESCRIPTION OF POWER HOUSE.

The power house is situated (see Fig. 27) on the main road 
between Bagband and Wiesederfehn, at the crossing of the main 
road with the canal, which is to be built, to connect the Ems- 
Jade ('anal with the Nord-Geogsfehn canal. When this canal 
is constructed the power plant will have water connexion with

24
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Ems in two directions—on the south line over the Jiimmc and the 
Leda. The situation as regards transportation facilities is, 
therefore, very favourable.

Fig. 28 shows the ground plan of the power house and 
Plate XVII a view of it as seen from the southeast. The general 
arrangement of the power house, as regards its rooms and fit
tings, does not differ from other electrical installations of the 
Siemens-Schuckert works, and the fact that the new building 
has been produced by rebuilding another is scarcely noticeable. 
The only real difference exists in the relative positions of the 
switch and engine room. In this case the administrative offices 
are placed between the switch and engine rooms, which would not 
be the case in an entirely new construction.

BOILER HOI SE.

The boiler installation comprises four water-tube boilers with 
a water heating surface of 300 sq. meters (3,228 sq. ft.), su|xir- 
heating surface of 100 sq. meters (1,076 sq. ft.), and a grate area 
of 8 sq. meters (86 sq. ft.) each. The boilers were designed and 
built by the Augsburg-Nürnberg engine works for a working 
pressure of 12 atmospheres (176^ lbs. |x*r sq. in.).

The distribution of fuel from the bunkers to the boiler fur
naces and the method of firing the boilers presented many 
difficulties which had to be overcome. This will be considered 
later in detail. Three steam pumps ? the boiler with feed 
water. The water is first purified by means of a water purifier 
and then mixed with the condensed steam from the turbine*. 
This water is delivered to a feed water reservoir from which it 
is pumped to the boilers.

Method of Purifying the Feed Water.

For the purpose of purifying the bog water which contains 
humic acid, lime, and iron, an ordinary water purifier was used. 
The Sueo-filter installed in the water tower for this purpose 
did not prove satisfactory. An air filter was therefore added 
(see Fig. 28 and Plate XVII at the extreme left), in which the

1
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Plate XIX.

Power house, showing steam turbines.
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iron is precipitated. The Suco-filter is now only used to separate 
from the water the iron which has been precipitated by the air 
tiller.

POWER PLANT.

The power plant consists of three turbo-dynamos, two of 
which generate a three phase alternating current of 1,250 K.V.A. 
at a tension of 5,000 V. These alternators run at 3,000 r.p.m. 
The third turbo-dynamo generates a three phase current of 1,550 
K.V.A. at the same tension end speed.

The turbines are all constructed on the Zoelly system. 
The Germania Works in Kiel, the Augsburg-Nurnberg Engine 
Works and the firm of Escher-Wysz and Company each supplied 
one turbo-dynamo set complete.

Steam is delivered to the turbines at a pressure of 11) 
atmospheres (about 170 lbs. per sq. inch) and a mean super
heat temperature of 300°C. The 1toiler house is shown in Plate 
XVIII and the engine house in Plate XIX. The surface con
densers are installed under the engine room floor according to 
customary practice. Electrically operated centrifugal pumps 
deliver the condensed steam to the feet! water reservoir men
tioned above.

The condenser cooling water is supplied by two Balckeschen 
coolers (Riickkiihlern). The supplementary water for the 
cooling apparatus is obtained from the bog. Since the bog 
water contains humic acid, all parts of the cooling apparatus 
which come into contact with it are made of cast iron or bronze, 
and the brass tubes in the surface condenser are made of an alloy 
containing a very high proportion of copper, which is tinned.

These protective measures have proven to be very satis
factory. An arrangement is also made for supplying, if necessary, 
the feed water reservoir from the tower visible in Figure 28. This 
tower is supplied with water by electrically operated pumps from 
a well alunit 50 meters deep. This tower is chiefly used, however, 
to supply the dwelling houses of the officials and workmen with 
water, and, holds a sufficient supply of water at a consider
able pressure for use in case of fire.



The electric energy is conducted from the generator through 
circuit breakers, which serve as a protection to the dynamos, 
and cables to the switch house.

Two transmission lines, for the purposes of the Royal Moor 
Administration, are led into the open air from a special bus bar 
system which may be connected with lioth lower voltage bus 
bars through automatic switches. From here the transmission 
line is carried by specially constructed towers to the moors 
to lie cultivated, in the north and the south. In addition to the 
above there are two transformers, each of 125 K.Y.A., with a 
transformation ratio of 5,000/208,120. From the lower voltage 
side of these transformers, the power house and immediate 
vicinity, including the hotel and dwellings of the manager, fore
man and workmen, receive current for light and |mwcr. One of 
the transformers is held in reserve.

From the higher voltage liars four lbng distance transmission 
lines branch off.

PKAT AS FUEL.

In the foregoing description of the power house, but little 
has been said concerning the Imiter plant and its accessories. 
This part of the |xiwer development is indeed the most important 
of the entire plant and merits a separate and detailed description.

It is needless to mention the fact, that at the time the 
construction of this power plant was undertaken, the know letlge 
concerning the design and methods of operating steam Ixiilers 
fired with jieat was no further advanced than the steam boiler 
fired with coal many decades ago. For this reason a large 
amount of experimental work had to Ik* conducted along this 
line while the plant was in actual operation, and it redounds 
very greatly to the credit of the designing engineers and builders 
that the plant was brought to its present state of perfection after 
only three years' work.

So many difficulties were encountered in the handling and 
firing of the peat fuel, on account of the meagre knowledge con
cerning this method of utilization of this fuel, that a fuller de
scription will lie justified than would Ik* the case with other 
fuels.
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Not only were technical difficulties encountered in the burn
ing of peat under a steam lxjiler, but much trouble was ex
perienced in its transportation from the field to the boilers. 
This of course had to lie done in the cheapest manner possible, 
if any advantages were to lie gained over the use of coal.

The principal difficulties encountered were: (1), getting and 
storing matured peat for burning, (2), transporting the dry peat 
from the storage places to the lx filer grates and finally economic
ally burning it in the fire lxtx.

MANUFACTURE OF THE PEAT FUEL.

For obtaining the raw peat and working it up into a suit
able fuel, Ixith the Strcnge and Pollierg systems are employed. 
Since, however, the cheapness of the fuel is of prime importance 
mechanical excavators are used whenever possible.

The Strenge system employs Ixith mechanical excavators 
and spreaders and operates well in uniform portions of the Ixig 
which are free from trunks and roots of trees. Two of such 
excavators arc employed. Before starting derations with the 
Strenge machine, the white or surface moss must be first removed, 
since this has no value as a fuel for boilers.

The bucket apparatus or excavator is driven by an electric 
motor through a worm and wheel. A second motor moves the 
bucket apparatus as a whole in a to and fro direction, over a 
breadth of four meters (12 feet), by means of a shaft, (illustra
tions of this machine in operation are shown in Plate IX. 
in the chapter on the manufacture of peat fuel). The move
ments produced by the two motors are automatically controlled. 
The wet peat (this lx>g contains alxjut ‘>0 |x*r cent water), is 
thrown by the buckets on to a conveyer trough on which it is 
raised by means of a conveyer chain and carried into a pulping 
mill driven by a separate motor. The peat issues from the pulp
ing mill as a uniform pulp, and is in this condition spread upon 
the levelled surface of the drained Ixig by means of spreaders.

The entire machine is automatically moved forward on 
heavy broad Ixiard planks by means of an electric motor.

Great care must lx* exerciser! in operating this machine
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to prevent the excavator from excavating sand or clay with the 
peat. This is likely to occur where the subsoil is undulating. 
Vnlike other mechanical excavators, this one cannot lx* adjusted 
as far as the depth to which it excavates is concerned, while it 
is in motion.

During the first period of the peat manufacturing opera- 
tions, this fault had not yet been learned, consequently so much 
sand was mixed with the peat which was burned under the Ixnler 
that the resulting clinkers melted the grate bars and interfered 
in other ways with the proper operation of the lxnlers.

When the spread peat is dry enough to support men walking 
on broad boards, it is first cut sujx'rficially with a hand cutter 
and then with an electrically operated cutter. The disc shaped 
knives of this cutter are guided by the superficial cuts. The 
pieces thus obtained—called sods are 10X12X3.1 centimeters 
(4"X 5*X 13") in size.

When the peat thus exposed to the air has dried to alx>ut 
25-30 per cent moisture it is gathered up and hauled by small 
petrol locomotives on rails to the power house, where it is im
mediately burned, or to storage houses. During the hot summer 
of 1911 the average moisture content of the peat was only 18 to 22 
per cent. In order to keep a large supply of peat on hand, a 
large quantity of the fuel is stored on the field in stacks alxuit 
ten meters (33 ft.) in height and fifty meters or more (160 ft.) 
in length. The abundant harvest of 1911 made it possible to 
build a great many such stacks and so store up a large supply of 
fuel.

In addition to the two automatic excavators just described 
twelve Dolberg peat machines are employed. This machine has 
been described in the chapter on the manufacture of peat fuel. 
(See pp. 22 to 24). According to the guarantee of the firm, a 
Dolberg machine can pnxluce from 60,000 to 80,000 sods in a 
day of 10 hours.

According to another somewhat different process also used 
in the Wiesmoor, the peat is pressed from the forming machine 
upon a conveyer lx‘lt, and without being cut into sods is piled 
up into heaps by the belt. The peat is cut from these heaps after 
wintering.
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The total output of all the machine», (luring a season of 
average length, i.e., front April to August, is about 30.000 ntetri» 
tons (33,000 short tons) of 25-3(1 iter cent moisture |teat. In the 
summer of 1911, 35,000 metric tons (38,500 short tons) were 
harvested.

From the foregoing it will he seen that, even with the em
ployment of mechanical excavators, a great deal of hand lalxmr 
is still necessary for operating the machine, turning, stacking, 
and transacting the peat from the drying field. The necessity 
for introducing the utmost economy into every* branch of the 
manufacture of peat fuel is apparent to all engaged in this par
ticular industry. In past years, owing to the extremely low wages 
prevailing, the necessity for substituting mechanical appliances 
for hand laUnir was not so apparent, but to-day this condition 
of affairs no longer exists, the wages of the ordinary laltourer 
are not only rapidly increasing, but laltour itself is in some locali
ties hard to obtain. This latter statement applies mainly to 
American conditions.

The first machine especially constructed for decreasing the 
labour force on the |>eat field at Wiesmoor was an elevator, 
Fig. 29, invented and constructed by Dolberg. This elevator, 
which is employed for piling the air-dried [teat in stacks, must 
not be confused with the elevators or licit conveyers with which 
all DolIxTg peat machines are e<|uip|)ed. It is an individual 
machine, of special design, and is used for only one purpose, 
viz., for stacking jx*at. This machine consists of a carrier trough 
alxiut 16 meters (52 ft.) long, in which the |x*at is conveyed by 
a carrier chain and carriers. This trough can he raised or low ered, 
with one of its ends held fast in the carrying frame, so that the 
dumping height, Iteginning with a small elevation,can lx* increased 
to 10 meters (33 ft.)

The carrying frame is secured to a platform resting on two 
trucks. These trucks rest on tracks of 0-6 meters (alxiut 2 feet) 
gauge and at least 100 meters (328 feet) in length. The elevator 
can, therefore, be moved over a distance of 328 feet. The train 
of loaded |x*at cars is drawn up an inclined track which is laid 
parallel to the elevator tracks. At the top of the inclined track 
a platform, into which a large hopper is placed, is constructed
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for unloading the cars. The peat blocks are dumped from the peat 
cars into the hopper. From here they are sent by means of a 
rocking apparatus into a hopper placet! at the lower end of the 
elevator. The carriers or buckets seize the jx*at from this hopper 
and transport it to the upper or highest end where it is thrown 
off onto the pile or stack.

An electric motor of 15 H.P. supplies the power necessary 
for operating the machine. This motor also furnishes power for 
moving the entire apparatus along the rails, which may be de
tached in sections and reattached at the other end, as the length 
of the stack increases or when it is desired to move the elevator 
to some other part of the drying field. The capacity of the eleva
tor is 20 metric tons (22 short tons) per hour. The method of 
operation is illustrated in Plate XX, which shows an older type 
of elevator.

From the time the peat is dug to the completion of the peat 
stacks, rain is a source of much trouble, since peat not sufficiently 
air-dry eagerly absorbs moisture up to the original amount con
tained in the raw peat,and when this occurs the drying of the jx*at 
has to start again from the beginning. Air-dry peat on the other 
hand d<x*s not absorb moisture. Care must be taken, neverthe
less, to protect the uncompleted stacks or piles from rain, even 
though the peat be air-dry. If this precaution is taken, the peat 
will keep dry in the stacks for years.

Air-dry peat is also immune from cold weather; it does not 
freeze. This is a most imjxirtant property, since frozen peat is 
quite unsuitable for burning under boilers.

In transporting the peat from the field to the stack sheds, 
or power house, small locomotives run over narrow gauge tracks, 
are employed. Plate XXI. Horse drawn vehicles would prove 
much too expensive, since the distances are great and increase 
from year to year. The original intention was to employ electric 
traction, but this idea has lx*en abandoned for the time lx*ing 
owing to the still comparatively small total load of the instal
lation. So heavy a load, as this would prove to be, is, therefore, 
objectionable on a single phase.

The peat cars, six of which usually form a train, are specially 
constructed with regard to lightness and ease of unloading the
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prat without manual labour into hoppers or on to heaps. The 
rails have a gauge of about 60 centimeters (about 2 feet) and rest 
upon a layer of sand 20 to 25 centimeters (8 to 10 inches) thick. 
The rail bed as well as the roads about the moor are ballasted 
with the cinders drawn from the boiler furnaces, of which there 
was a large quantity Ik*fore peat free from sand was obtained.

The methods of manufacturing a sufficient quantity of 
peat to serve the purposes of the power plant for a year have 
l>een fully explained. The most difficult problem, however, 
has as yet not been mentioned. The manufacturing season, is, 
as a rule, from April to August, and during this time the total 
quantity for a year's operation must be obtained. Peat fuel is 
consequently not manufactured continuously, and in this resjxrt 
offers many difficult and unique problems to the large power 
producer which are not met with in the qise of coal.

No trouble, whatever, is experienced in producing the de
sired quantity of peat during the average season, but to keep a 
l.trge supply of sufficiently dry peat on hand ready for use, is 
the real problem which had to be solved. Of the total quantity 
of peat fuel obtained during the working season, the peat manu
factured towards the end of the season i.«. not sufficiently dry 
for burning. It is imperative that the greatest care be exercised 
in storing this peat in stacks in such a manner that it cannot 
freeze.

During the early months of 1910 the management had 
occasion to realize that manufacturing the peat and keeping it 
oil hand ready for use were entirely different things. In January 
of that year only 6,000 tons of air-dry peat were available for 
immediate use. Another supply of 6,000 tons of still wet peat 
could not lx* used until the following May. In consequence, 
however, of the unexpectedly great requirements for power for 
the construction of the locks in Emden harbour, a daily con
sumption of 75 tons of peat had to be provided for. If the 6,000 
tons of dry |H*at on hand had been used for this purpose it would 
have lasted for only eighty days or to the end of March. It 
was necessary, therefore, to resort to coal as a supplementary 
fuel. This was mixed with the peat,since the grates, especially 
designed for burning peat, proved unsatisfactory for tiring
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with coal alone. In this manner the operation of the plant 
was maintained at full load without in any way interfering with 
the terms of the existing contracts for supplying current.

Brown coal (lignite) briquettes were found to be the most 
suitable for mixing with |H*at and the necessary supply of this 
fuel had to be hauled in wagons to the power house from the near
est railway station, eleven kilometers (about 7 miles) distant. 
Later the 6,000 tons of peat, which it was o 'titly expected 
would be in proper condition for use in May, was found to be 
almost completely ruined by frost, and almost useless, therefore, 
for boiler tiring.

As a result of this unfortunate experience, several peat de
pots were erected. A sufficient supply of peat can of course 
be stored in stacks, but in rainy weather, and particularly 
in the winter when the snow is deep, it becomes very difficult 
to transport the desired quantity of dry peat or peat free from 
rain or snow. In order to avoid tin a* difficulties a large peat 
shed with a capacity of 2,000 tons was erected close to the power 
house. Plate XXII. This shed is capable of supplying fuel 
for a month at an average consumption of 65 tons per day.

The shed is filled from peat trains, which are hauled up a 
steeply inclined railway by means of an electrically driven wind
lass to the top. Here provision is made for dumping the |x*at 
into the shed.

Peat is withdrawn from the opposite side and loaded on 
cars by hand, which are then hauled to the power house when
ever desired. A second storage room or |x*at shed marked No. 2 
on the ground floor plan of the power house shown in Fig. 28, 
is capable of holding from 300 to 500 tons, depending on the 
method of filling, i.e., if it is stowed by hand, 500 tons can, in 
this manner, l>e stored, while if the peat is simply allowed to 
fall from the conveyer belt its capacity is only about 300 tons. 
A <hird provision is made in the erection of small bunkers or 
silos. These are situated immediately in front of the boiler room 
and hold from 100 to 120 tons of peat. They are accessible 
front the boiler room through iron doors which are placed 
directly opposite to the furnace doors. The boilers can be 
easily hand fired from these bins if necessary.

5



Transportation of Peat from Storage Bins to Boiler Grates.

The transportation from the bins to the grates of the l>oilers 
presented many difficulties on account of the physical projjerties 
of the peat. The knowledge gained in the handling of coal as 
the result of many generations could not therefore Ik* applied 
to this form of fuel. The approved apparatus now employed 
in large power plants for feeding coal into the-1 toilers did not even 
serve as a suitable model, kntirely new contrivances had to 
Ik* constructed and tried before the proper metlntd was disclosed, 
and the results thus obtained and which will serve as a guide 
for further e> * " ations along the same line cost considerable 
money and time.

Peat in the form of sods or even when broken into compara
tively small pieces, does not easily fall by its own weight down a 
chute or trough. It is especially inclined to jam when in the 
form of sods or Mocks, or as it is usually fed to the furnaces. 
The attempts made to break or cut the peat by machinery all 
resulted in failure, principally on account of the large amount of 
fines which resulted. The refuse or fines thus produced were of 
practically no value for firing purposes and consequently were 
looked upon as a total loss. When the peat was handled in fili
form of blocks, the tendency to jam, as mentioned before, was a 
source of much trouble, e.g., when emptying the bunkers some
times no peat at all would fall out of the opening in the containers, 
which were hop|>er shafxil at the bottom, but if the material were 
loosened it would rush down in greater volume and with greater 
violence than was desired. By altering certain of the minor 
details the problem of transjxirting the peat was successfully

Normally the peat is transported in the most expeditious 
manner from the stacks to the Ixiiler grates and the supplies 
of peat stored in the shells and silos are not drawn ii|x>n except 
in cases of emergency.

The transportation of the peat from the stacks or sheds to 
the bunkers is accomplishid in the follow ing manner. The cars of 
the peat train pass in front of peat shed No. 2 in such a manner 
that they are stopped in turn over a hop|x*r situated at its west vml.

7
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Their sides are then opened, and the jx*at slides down the doping 
Ixittom of the car into the hoppers. This arrangement is not 
unlike that of the well known Talbot car used for the transporta
tion of coal. From the hopper the peat falls on a rocking trough 
which carries it through an ashlar wall to an elevator. This 
raises the peat to the top storey on to a conveyer lielt, which 
moves over the middle of the two bunkers, and passing by a 
dumping car, carries the jx-at to the other end of the building. 
Here it falls upon a second conveyer belt, at right angles to the 
first mentioned. At this point of the transportation system a 
Schenk automatic weigher is inserted. After the |x*at passes 
this weighing machine it falls upon a third conveyer belt which 
runs in a direction parallel to the first, i.e., parallel to the boiler 
house. This conveyor, by means of a dumping arrangement, 
discharges the |x*at directly through chutes into the charging 
hoppers of the boilers. The entire transportation of the |>eat, 
so far considered, is accomplished mechanically and is conse
quently practically automatic. The machinery is operated by 
electric motors and but very little manual labour is required to 
oversee and occasionally render assistance.

The maximum quantity of |x*at that can lx- trans|x>rted by 
this method is 18 metric tons (20 short tons) jx-r hour, which is 
considerably in excess of the maximum quantity of fuel burned 
in that time.

Disposition of Peat in Boiler House.

The peat discharged from the last belt conveyer, as men
tioned above, falls into large hopjx-rs which till by gravity the 
inclined chutes leading to the enclosed hop|x*rs directly over 
the step grates of the boiler furnaces. See Plate W ill, livery 
quarter of an hour or more, depending on the rate of steaming and 
the quality of the peat, the stoker feeds the peat on to the step 
grates, by o|>erating two levers, one of which closes the hopper 
vertically and the other horizontally. By means of this arrange
ment a definite quantity of peat, equal to the capacity of the 
hopper which is situated directly over the grate, is fed into the 
furnaces every time the stoker operates the levers. The ar-
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rangement of the step grates is similar to that applied to the 
Babcock and Wilcox boilers shown in Plate XXIII.

The peat reaches the grates in whole blocks, the formation 
of lines or dust from the stacks to the boiler is as a result not 
more than 10 |x*r cent. This quantity «if fines includes, however, 
a certain amount which already existed in the stacks and so can
not be ascribed to the transportation arrangements.

When no extraordinary demands are made on the power 
plant, the above descrilied system «if supplying the required peat 
is strictly adhered to. A deviation from this method may, 
however, at times lx* advisable. If for instance the load on the 
plant is considerably increased or the peat that falls upon the 
grates hapfx-ns to Ik- of rather |MM>r quality, then the supply 
of about two tons in the hop|x-r and the chute (including a small 
pile at the up|x-r opening of tin- latter) may not be sufficient to 
rejx-at the charge of from three-tenths to one-half of a ton rapidly 
enough, or without an appreciable pause. In such a case peat 
is drawn from the silos in front of the boilers. These, as was 
previously mentioned, are accessible through iron doors placed 
directly in front of the lioiler furnaces. These silos are filled 
by dumping the peat, by means of the dumping arrangement, 
into the silos directly beneath, instead of into the chutes and 
hoppers just described. Since the original difficulties were over
come. it has not been found necessary to encroach upon the 
supply of peat stored in these small silos.

Second l arge Peat Fuel Reserve.

The second large reserve of peat which is stored in large 
bunkers in peat shed Xo. 2, is drawn upon only when the supply 
by means of the field railway ceases. These bunkers, which are 
tilled during the periods of moderate operation by means of the 
first mentioned dumping car, or from the peat cars raised on an 
ordinary elevator, are now emptied by means of trap door open
ings situated at the button. From these trap doors the peat 
drops onto a belt conveyer which carries it to the end of the rock
ing trough in front of the elevator. From here- it passes to the 
boilers in the manner described above. It has not been found
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necessary to resort to thi> auxiliary fuel supply for some time, 
and if its bunkers are periodically emptied in the manner uImivc 
described, at intervals of alxiut six weeks, it is simply due to 
considerations of convenience in operation which appear desirable 
to the manager of the power house. These bunkers can be emp
tied in about five or six days.

The reserve of peat fuel stored in peat shed No. 1 is only 
used in cases of the most extreme necessity. Its construction 
was due to the impressions received during the first difficulties 
encountered in obtaining the required quantity of peat to operate 
the jxiwer house for one year. At the present time its construc
tion might not lie considered necessary. The peat is taken from 
this shed in small cars to the hopjiers of the rocking trough in 
exactly the same manner as it is taken from the stacks.

Provision has been made for supplying fx*at to the boiler 
in case the mechanical transporting devices are put out of com
mission for a peri<xl exceeding two days. Adjacent to the main 
track of the field railway an incline leads directly into the boiler 
house. The peat cars are drawn up this incline by means of an 
electric winch from the track into the boiler house. The track 
shown In-side the incline in Fig. 28 leads into the room below the 
boilers and serves to carry away the ashes.

It is evident from the foregoing detailed description of the 
methods employed for transporting the peat fuel from the field 
to the boilers, that every possible measure has been taken to 
provide against a repetition of the troubles encountered during 
the early days of the plant. The transferring of the peat is 
now independent of contingencies. Probably more precautions 
were taken than are absolutely necessary, but in the case of 
a large power plant situated like this in the midst of a barren 
moor many miles distant from towns, cities, or villages, and far 
from a supply of coal, the precautions taken can never lie too great.

When one considers the magnitude of the undertaking, the 
unforeseen difficulties encountered in utilizing in this manner a 
fuel alxiut which but little or nothing was known as regards 
its suitability for steam raising on a large scale, and the prob
lems which had to lx* technically solved, one cannot help but 
regard this achievement as marvellous.
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In the* design of the lx>iler fumât es, and it may lie added of 
the In filers themselves, many problems arose which required con
siderable time and the expenditure of large amounts of money, 
Ifefore a satisfactory solution was obtained. Peat when burned 
under a boiler In-haves entirely differently to coal, or in fact 
any other form of solid fuel. The existing Ixiiler practice brought 
to its high degree of perfection through years of experience 
cannot, therefore, be applied to the use of peat. The problem 
confronting the designer was a unique one, which had to lx* 
studied in every detail from beginning to end. As stated above, 
this involved much time and expense before the present effi
cient lioiler installation was constructed, but the evolution of 
the peat fired Ixtiler front its crude state to its present high state 
of perfection was accomplished in less than three years, and this 

must lx* a source of great satisfaction to both 
the originators and the builders and designers of the plant.

The departure from the usual boiler construction which 
merits description and which is of esjxrial interest, is the fire 
box and grates. Many t\|x-s of grates and combustion chandlers 
were tried lx-fore the engineers were satisfied that they had 
secured the I x-st. Step grates inclined at 36° to the horizontal 
(see Plate Will) are now employed with great success. The 
grate is in two parts each four sq. meters (4.1 sq. ft.) in area. 
The two halves arc charged alternately from the hopper placed 
in front of the entire grate. In the latter arrangement an ex
cessive access of air during the charging is avoided by the |x*at 
itself, and its rapid passage from the hop(x-r to the grates. This 
fact is of great importance since the air-dry peat has a very 
low heat value -only 2,500 to .1,500 calories per leg. (4.5(H) 
—6,300 British thermal units |x*r lb.) and must consequently 
lx- charged frequently, not only on account of the low heating 
value, but also on account of the relatively large volume occupied 
by the fuel. The volume occupied by 1(H) kilograms of air-dry 
jx-at bricks or s<xls is at least 0-4 cu. meters (about 14 cu. ft.) 
The heating value of a cubic meter is, therefore, alxmt 620,(HH) 
calories.

1^344650
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Before good results were obtained in burning a fuel of so 
low a heating value per cubic meter, very careful observation» 
concerning the operation under different conditions had to lie 
made. The varying character of the |>eat, also, caused much 
trouble. The moisture content, e.g., was not uniform, nor can 
this ever lie expected in practice, and the peat blocks of differ
ent moisture contents rushed down the chutes into the com
bustion chamliers with varying speeds due to their varying di
mensions. For this reason, as can Ik* easily understood, the rate 
of combustion per unit time was never constant but varied 
to a considerable degree. At times, moreover, the peat contained 
t<x> little moisture and this could not be remedied by wetting 
since air-dry peat does not absorb water, in fact cannot lie even 
moistened to any extent.

The results of the combustion and charging of the peat were 
consequently quite unsatisfactory.

The heating value also of the individual peat blocks varied 
considerably for other reasons than that ascribed to the varying 
moisture content, e g. during the first operation of peat manu
facturing the surface moss which was not suitable for fuel pur- 
jxises was mixed with the peat and sand or clay taken from the 
undulating floor of the Uig entered into tin- finished |x-at fuel, 
and this not only reduced its heating value but seriously inter
fered w ith its combustion on the grates. Finally, before the pres
ent methiwlsof transjiorting and storing the peat were inaugura
ted. frozen |ieat was fired which proved to lie almost worthless. 
It burned too quickly like the surface moss, forming only 5 to 
6 per cent carbonic acid gas, the largest quantity of the heat of 
the fuel was as a consequence produced somewhere in the lioiler 
stack instead of in the lioiler.

All of these difficulties have l>een conquered and the plant 
to-day is a complete success.

At the time of the writer's visit a large I toiler of new design 
was in course of erection with which they confidently expect to 
obtain a greater efficiency in the utilization of peat. The grate 
area of this lioiler, it is said, will be about 25 per cent smaller than 
those now in use.

The following are the results of a lioiler test made in 1910, 
lie fore the I toilers were accepted.



The Average Results of Several Tests.

Average steam boiler pressure. 12 1 at mospheresf 177-9 
lbs. sq. inch).

247-ST (478°F)
12 h( ;

19 tv ;
330°( (626°F)
28 °U (82-4°F)
5-6 mm. (0-22 in.)
8-3 mm. (0-33 in.) 
17-6 mm (0-69 in.)
47 7°C ( 117°F>
653-6 cal. (1,176 B.T. 
U. per lb.)

The quantity of peat burned during the tests was between 
15,266 and 14,027 kilograms and from 44,982 to 43,092 kilograms 
of water were evaporated, from which the rate of evaporation 
per kilogram is:

44.982 -f- 43.092
1S2W, + l4 I,,; = 3 01 kilograms per kilogram of |*ai

temperature of steam 
('(>2 content of flue gases 
(CO«+U) content of flue gases 
temperature of flue gases 
temperature of air draft
draft alxive grates..........
draft in flue above damper
draft in main flue...............
temperature of feed water 
heat in steam per kg.......

burned, this is equivalent to an evaportaion of 5-4 lbs. of water 
per lb. of peat.

The quantity of heat utilized is:
653 6 X 3-01 = 1967 cal. per kg. = 3.541 B.T.l s. per lb. 

which gives as the boiler efficiency where the average heating 
value of the peat burned is 2,680 calories (4.824 B.T.l . per lb.) 
1.967
- = 73-5 per cent which is far in excess of the efficiency

guaranteed, viz., 65 per cent.
This excellent result cannot possibly be realized in every 

day operation. Up to the present time it has only been possible 
to attain a consumption of 2-7 kilograms (5-94 lbs.) per kilo
watt hour in rare and isolated cases. A consumption of 2-4 
kilograms (5-28 lbs.) per kilowatt hour has even been obtained.

In wet weather, however, the fuel consumption is 3 kilo
grams (6-6 lbs.) and upwards per kilowatt hour.



In order to compare these figures with that of tin evapora
tion given alxjve, the relation r.d. = »' = I l à must Ik* con
sidered where

Kg.
K.W. hour

K|
K.W . hour

Kg.
Kg. peat

Kg.
KAY. hour.

■specific steam consumption of the turbo
generator.

= steam which must lie generated for the 
auxiliary machinery, feed water pumps, 
condensers, etc., in addition to that used by 
the turbo generator.

the weight of steam generated jwr Kg. of peat 
burned, in other words the evaporation 
figure.

= consumption of |x-at per kilowatt hour.

If the steam consumption of the partially loaded turbo
generator is taken at 0 = 7*3, then rd = 8. The evaporation 
figure d = 301 would, therefore, represent the specific consump
tion of peat, t = 2-66 Kg. K.W. hour, and inversely the es
timate last made of 3 kilograms of peat per K.W hour would 
represent an evaporation figure,d = 2-67Kg. Kg peat which would

= 65 per cent, i.e. theeffi-
... „ . 654 X 2- 67give a boiler elficiencv of

2,68(1
ciency guaranteed by the builders.

If the cost of peat per ton is taken as 5 marks (81.20) which 
is the price at which the Government sells the fuel to this com
pany—a fuel consumption of 2 4 to 2-8 Kg. (5-28 6-16 lbs.) 
per K.W. hour would cost 1 • 2 to 1 -6 pfennig (0-3 to 0• 35 cents) 
per K.W . hour, i.e., about the same price as when coal (Stein- 
kohle) is burned.

In the light of the experience so far gained a specific con
sumption of 2*5 Kg. per K.W. hour can hardly be expected in 
ordinary operation. But the results obtained are truly wonder
ful and have demonstrated the fact that air-dry peat fuel can be 
utilized for generating power by means of steam 1 toilers.



THF. CULTIVATION OF THF WIESNlOOR.

A description of the Wiesmoor steam power plant would 
he incomplete without some reference to the methods employed 
for putting the large area covered by the Wiesmoor under culti
vation. The cultivation of this large l>og is in fact the main 
objective and the power plant originally occupied a secondary 
position, its principal function being to generate and supply 
power for the purposes of cultivation.

This is true to a large extent, even at the present time, but 
rapid increase in the capacity of the power plant has placed it 
in a more prominent position than it previously occupied, and it 
may now rank with the cultivation proi>er of the lmg in 
importance.

In order to prepare any peat l>og for cultivation it must 
first be drained, and this is accomplished by constructing a sys
tem of main and subsidiary ditches or trenches. In this re
spect the preliminary preparations necessary for the manufac
ture of peat fuel only are very similar, the only difference con
sisting in the extent and dimensions of the ditches. But a bog 
which has liecn thoroughly prepared for cultivation is likewise 
well prepared for the manufacture of peat fuel and at the Wies
moor these two different pursuits are being carefully and suc
cessfully prosecuted.

Before the establishment of the Wiesmoor central power 
plant, steam ploughs, excavators, etc., were tried, but their 
excessive weight militated against their use and they were finally 
abandoned. The successful work now being carried out along 
this line is due entirely to the introduction of electrically operated 
machinery which can be constructed much lighter than the old 
steam machinery.

The description of the preliminary work of surveying and 
levelling the bog need not be entered into in detail here, it is 
sufficient to state that two sets of levels must be taken both 
the surface and the subsoil—and this, of course, is a tedious and 
expensive piece of work.
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Canals.

Two principal sets of canals arc constructed, vi/., the main 
canal and the side canals. In addition to these there are sec
ondary canals which will Ik* referred to later. The total length 
of the canals i< " 58 kilometers l,U> miles). A profile of a
canal is shown in Fig. M). As will he seen from this profile,

V'™'- -

l:a,. 30. Profile of (‘anal.

the canals are bordered on both sides by roads of generous width. 
A narrow tow path is also provided for the use of canal boats, 
on this a light railway can be constructed should it become 
necessary. The homesteads into which the moor is divided by 
this system of canals and roads have an average area of from 
7 to 10 hectares ( 17-25 acres).

The construction of the canal system was begun by ex
cavating the north and south canal 15 kilometers (9 miles) 
long. I "p to April, 1912, a portion of the canal, about 1 kilo
meter f *62 mile) in length and stretching in a southerly direc
tion, had been completed. The narrow canal or trench, which 
must always be excavated by manual lalxnir first, extends 
considerably farther to both the north and south. This pre
liminary canal or trench must be dug by manual labour since 
the wet moor cannot support the power dredge. This com
pleted portion of the canal in front of the power house is shown 
in Plate XXIY.

The excavation of the peat is followed by that of the sub
soil, which in this case is sand. The sand taken from the bottom

55
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of the canal is utilized for building roads and field railways, 
and is consequently a very valuable material. A power shovel 
of 50 cubic meters (1,765 eu. ft.) capacity per hour, driven by a 
25 horse power motor, is employed for removing the sandy 
bottom.

From the data given in the plan of cultivation and the 
profile of the canal, the total quantities of jx*at contained in the 
Inig as a whole and in the canals can lx* calculated. It must 
lx* understood, of course, that the result obtained will lx? only 
approximate, since the data supplied arc only approximate. 
If the average depth of the fuel peat is 24 meters (8-2 feet) the 
content of the bog w ill be 6,200 X 2 • 5 X 10,000 = 155,000.000 
cubic meters, and if the weight of a cubic meter of peat con
taining 90 |x*r cent water is taken as one metric ton, the content 
of the lx>g will represent 155,000,000 metric tons of 90 jx.*r cent 
moisture peat, or 22,000,(MX) metric tons of peat with a moisture 
content of .30 |x*r cent. If now the consumption of ix*at, con
taining .30 per cent moisture per kilowatt hour, is taken as 2-5 
kilos, and the yearly output of power at 20,000.000 kilowatt 
hours, i.e., alxwt two and a half times the output of the first 
year of operation, the peat of the district now to be cultivated 
will last for about 450 years. As a matter of fact, the canals 
alone, which have a width of 50 meters through the entire depth 
of the fuel peat, can supply the plant, operating under present 
load conditions, with sufficient fuel to last 20 years or more, 
probably .30, since the pnxluction of power is far from reaching 
that used as a basis in the calculation. It will lie seen from these 
figures that the power plant is assured of a supply of fuel; but 
it will, also, lx* recognized that the immense quantity of peat 
excavated from the canals alone could not be disposed of if 
the power plant were only of sufficient capacity to satisfy the 
requirements of the Moor Commission. If such were the case 
and the power developed were limited to only a few hundred 
thousand kilowatt hours per year, the quantity of fuel contained 
in the canals alone would be sufficient to supply the fuel require
ments for 1,000 to 2,000 years—and an equal length of time 
would have to be devoted to their construction.

It is plain, therefore, that the necessity for establishing a
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fairly large power plant was a real one, if the desire to economi
cally utilize a” the peat fuel made available by this system of 
cultivation is to be realized. For this reason the power plant 
occupied a far more prominent position in the scheme of 
cultivation than it would have otherwise done.

The power to lx* disposed of when the plant is operating 
at full capacity is, as explained above, far in excess of that re
quired for moor cultivation, other markets for the larger por
tion of the power production had consequently to l>e found. 
This question will lx* referred to again later.

After the construction of the canal has preceded to a cer
tain depth, the hog in the vicinity will have dried sufficiently 
to permit the peat to lx1 spread out on the banks to dry and to 
allow the construction of roads to proceed. These roads, in 
accordance with the plans lx*ing carried out, are seven meters 
(22 feet) wide and are laid out in straight lines running at right 
angles to the main canal. The distance separating them is such 
that they will eventually lie between two homesteads and at the 
same time far enough apart to assist in the cultivation of the moor. 
At such a place, the homesteads are each 100 meters (.<20 feet) 
in width, so the clear distance Ix-tween the roads is made 400 
or 500 meters (1,280 1,600 feet) corresponding to the width
of four or five homesteads.

Construction of Roads.

On the right and left of the proposed road very narrow ditches 
about one meter (3-2 ft.) deep are dug. These ditches drain tin- 
water from the immediate neighbourhood, but particularly 
that in the lx>g between them which is intended for the road bed. 
This portion of the bog is raised by the material excavated from 
the ditches, and is cultivated to make it firmer and is then 
sown with grass seed. The newly sown ground and later the 
turf is heavily rolled several times, this results in so gocxlagrass 
road that even a heavy windlass supported on broad planks 
can pass over it.

After this preliminary work has been accomplished the 
drainage ditches are dug to a i of from one to one meter5



and a half <3-2 to 4 M feet). No furl her work is done for six 
or eight months. During this |xriod the water of the moor 
drains rapidly into these and other ditches into the main canal. 
As a result of this drainage the moor dries considerably and con
sequently sinks sufficient to decrease the depth of the drainage 
ditches from 1 to 1 \ meters to 80 centimeters (2-6 ft.) At the 
termination of the six or eight months alx>ve mentioned the 
ditches are excavated to their original depth and then drain 
pi|R*s or tiles are laid in them. These pi|x*s are emlx-dded in 
heather and are provided with valves at predetermined inter
vals which permit the flow of water to lx* checked in dry pervxls. 
When the |x*at in this section of the lw»g is manufactured into 
|x*at fuel, at some time later, these pipes can lx- recovered. As 
soon as the drain tiles have lxx*u laid the ditches ate completely 
tilled, and when the area thus prepared is sufficiently large, culti
vation by machinery is at once lx*gun.

Cultivation.

When the preliminary work just deserilx-d is completed the 
cultivating machinery is brought to that portion of the liog 
to lx* put under cultivation. The necessary field equipment 
comprises a transformer of 60 K.V.A. capacity and transforming 
ratio 5.000 Y. to 500 Y. a windlass wagon equipped with a 50 
horse power motor and an anchor wagon. A power line is now- 
connected with the main high voltage line which runs along the 
main canal. The power plough can now lx* set to work. This 
is a tilting plough with three shares made by the firm of Fowler 
and Co. It is provided w ith a special wheel which runs in the fur
row last made and serves the pur|x>sc of supporting the plough 
and preventing it from sinking into the lx>g. Fig. 31 shows the 
method of working, Plate XXY shows the plough in operation, 
and Plate XXYI is an illustration of the new anchor wagon, 
invented by Mr. Selnveizer, the administrator of the m<x»r.

Fig. 31 shows how the two extensions at the right and 
left of the wagon are turned down, and bolted to the frame of 
the wagon, when in use, in such a manner that one taking hold 
in the ditch on the far side of the road resists the pull of the steel
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Fig. 31. Method of ploughing according to the one machine system.
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cable stretched between the windlass and the anchor wagon, 
while the other lying flat on the grassy surface resists the torsional 
force exercised by the cable.

The same figure shows how the anchor wagon winds itself 
along as the work progresses.

After the ploughing has been completed, the harrow. Plate 
XXVII, is used, but before the harrowing is commenced it is 
usual to allow the newly ploughed field to remain for a winter. 
This permits the harrow to perform its function of breaking up 
and comminuting the peat and levelling the surface of the soil 
to better advantage.

When the harrowing is accomplished the roller is used. 
This is drawn to and fro. in the same manner, between the wind
lass and the anchor wagon, see Plate XXVIII. l ime and 
artificial manure are now scattered on the rolled surface and 
thoroughly harrowed in. The field is now in condition for sowing.

It may be assumed that the reader is, in a general way, 
acquainted with the literature concerning the cultivation of 
agricultural land with the aid of electrical power and the im
plements, particularly the electric plough, which are employed.

It is also taken for granted that the relation of the electric 
plough to the steam plough is thoroughly understood. For a 
more extended knowledge of this subject the reader is referred 
to the able and valuable work of Wallem*. What he says con
cerning the weights of the various machines and their impor
tance to their practical application, applies even in a higher 
degree to the case under discussion. The soil of the moor which 
is always loose and spongy even after being drained for a con
siderable period, is not able to carry weights like the steam plough 
even if its wheels are made twice the usual width. In fact heavy 
planks must be laid under the wheels of the electric windlass 
wagon which weighs twelve tons, or only about one-half as much 
as the steam plough. These planks are laid by an electrically 
operated crane and winch shown in Figure 3! and Plate XXX III. 
The electrically operated machinery, though too heavy to rest 
on the bog without first laying broad planks under the wheels 
fulfils all the requirements of moor culture. The wheels of the

*H. Wallem: Electricity in Agriculture and its relation to Overland Centrale. 
Electro Technische Zvitung, 1910, page 671.
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disc harrow which normally have a width of 35 cm. arc increased 
for use on the moor to 60 cm. (23 in.) This machine weighs 
only three metric tons. The wheels of the windlass wagon are 
70 cm. (27 in.) and those of the anchor wagon 75 cm. (29 in.) 
wide. The latter machine is considerably lighter, weighing only 
about 3$ metric tons, and can travel, in virtue of its wide wheels, 
<>n roads which are not prepared. The weights of all the other 
machines employed in cultivating the moor are small in com
parison with that of the windlass wagon. The plough, trans
former wagon, and the roller weigh about three tons each. The 
roller can, however, be weighted to five tons.

The capacity of the different machines employed on the 
moor are:

hlectric plough, 5 hectares (12 acres) per day.
“ harrow (2 harrowings) 10 hectares (24 acres) per day. 
“ roller, 15 hectares (37 acres) per day.

11 has been proved impossible to realize the original estimated 
capacity of the roller and harrow, viz.. 40 and 20 hectares, respec
tively. The frequent relaying of the planks reduces the capacities 
to a marked degree. The one set of machines, at present em
ployed, is capable of cultivating 750 hectares (1,852 acres) per 
year of 200 working days.

According to recent calculations, the cost of cultivating the 
Wicsmoor amounts to 000 marks ( about 150 dollars) per hec
tare, that is about S60 per acre.

The homesteads are handed oxer to the settlers when they 
have been thoroughly cultivated, and when a site for the dwel
ling has I wen stripped of peat. The houses in this case, unlike 
that of older reclamations, are not temporary structures, but 
are built of stone and on a foundation of sand. The further 
and final excavation of the peat for fuel purposes is left for the 
settler to do. This fuel is always easy to dispose of, since the 
power plant depends upon it.

Plate XXIX is intended to show how the l>og will appear 
in the future when settled by homesteaders. The Weismoor 
up to the end of the year 1912 was not so far advanced; only 
a few fields, meadows, and pastures were completed. But these
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have demonstrated that the hopes based upon the cultivation 
of the moor is justified—in fact these hopes have been very con
siderably surpassed by the abundant harvests of grain, ix)tat<x*s, 
and other crops, and by the excellence of tin pastures. A single 
harvest that of the first rye harvest—sold standing for from 
300 to 400 marks per hectare (about $29 to $38 per acre).

A practical agriculturist Frh. von Wangenheim, president 
of the association for furtherance of moor culture in the German 
Empire, pronounced the following judgment upon the success 
so far attained: "The quality of the work which is being done 
among us is the best that can lx* imagined, and we can very 
proudly say that we in Prussia have now surpassed our former 
models, the Hollanders. The old Dutch cultivations are excellent, 
what Oldenburg is accomplishing is splendid, but what we have 
seen in our midst of late years in the Provincial Moor, in the 
Markardsmoor, and es|x?cially by the electric central station 
in the Wiesmoor, on the areas which have been worked under tin- 
direction of Privy Councillor Ramin, is the finest specimen of 
the work of cultivation that we have ever seen."

The intention of the Government is to divide the entire 
tract of land into small homesteads of 7 to 10 hectares apiece, 
so that small peasant holdings will be created which will lx* farmed 
by one family alone without outside help. The yield from such 
a homestead will support an entire family. In this manner it 
is hoped to build up a reliable population, attached to the soil. 
Every peasant will live upon his own homestead, upon his own 
soil and ground, and in the course of a few decades there will 
arise a colony of over 3,000 people spread with an even density 
over an area of 6,500 hectares (1,600 acres).
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(HAPIKK VI

FEASIBILITY OF ERECTING BY-PROIHCT RECOVERY 
PEAT PRODICER CAS POWER PLANTS IN CANADA.

The successful introduction of a peat burning, by-pnxiuct, 
recovery power gas plant into Canada, is dependent on the 
following factors:

(1) Cost of peat supplied to producer and its nitrogen
content.

(2) Cost of labour and labour com s.
(3) Plant costs.
(4) Cost of sulphuric acid laid down at the plant.
(8) Market for power produced.

The first factor. The cost of peat fuel laid down at the pro
ducers and the quantity of peat fuel available is the most im
portant, since if this condition cannot be satisfactorily ful
filled, the feasibility of erecting such a plant requires no further 
discussion.

E'rom the foregoing description and analysis of operation 
of the European plants utilizing peat fuel, the serious difficul
ties encountered in obtaining the requisite quantity of peat fuel 
to operate the plant, are fully realized. Not only has it proved 
a most obstinate problem to manufacture the desired quantities 
of peat fuel, but, in some instances, almost impossible to deliver 
the fuel with the proper moisture content to the producers. 
For this very reason efforts have been made to utilize peat 
with a high moisture content, but such attempts as have so 
far been made, have not proven successful, so this phasi- of 
the question will not be considered. Finally, after the requisite 
quantity of peat fuel has been manufactured during the working 
season of about 3 or 4 months, the question of storing the dry, 
partially dry, and still wet peat thus manufactured, in such a 
manner that it will not be ruined by rain, frost, or snow, is one

75
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which requires very serious consideration. All of the above 
problems have arisen in the manufacture of peat fuel in Europe 
and it can In- safely said that all have been satisfactorily solved. 
In considering, therefore, the establishment of a new industry 
of this kind in Canada full use should be made of the results 
obtained with similar plants in Europe.

It has been satisfactorily demonstrated that peat fuel with 
a moisture content of from 25 to 30 per cent can be manufactured 
in Canada during the usual summer season, and in comparatively 
large quantities. For example, a small Anrep unit of about 
25 tons capacity per day of ten hours, has produced as high as 
2,200 tons of 25 per cent moisture peat during the working season 
of about 90 days. Several such units operating over a large area 
could consequently produce the required quantity of fuel, and 
according lo the methods followed in Germany at Ostfriesland, 
this quantity of peat could be safely stored during the winter 
and rainy seasons.

In Canada, however, the existing conditions are not favour
able to the manufacture of any commodity of such low value 
with a process wholly dependent on manual labour. Processes 
or methods must therefore, be applied which will render to a 
certain extent at least, the manufacture of peat fuel independent 
of manual labour. The process above mentioned, which depends 
entirely on manual labour, for the performance of all its opera
tions, cannot, therefore, be considered in an undertaking of 
large proportions, when a large quantity of fuel must be pro
duced at the lowest possible cost.

As a result of the last two seasons' operations on two Cana
dian bogs -Alfred and Farnhain—there is every reason to 
believe that the manufacture of peat fuel on a large scale with 
automatic machinery, is an established fact. No trouble should, 
therefore, be experienced in obtaining the required quantity 
of fuel for a season’s operations.

The nitrogen content of the peat fuel, when the peat is burn
ed in a by-product recovery producer, is of no less importance 
than the winning of the fuel itself, since on this element depends 
the profitable utilization of the peat. When selecting a bog, 
therefore, for the manufacture of fuel in connexion with such

.
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a plant, great importance must Ik* given to the average nitro
gen content of the peat fuel contained in the entire hog. Peat 
containing less than per cent nitrogen in the absolutely 
dry sample would prove entirely unsuitable for by-product 
recovery. When considering, therefore, the suitability of Cana
dian bogs for the manufacture of fuel for the by-product recovery 
producers, only such bogs will lx? considered as have a nitrogen 
content of over one and a half per cent.

Second, cost of labour and labour conditions. Canada is a new 
and growing country, and the many large undertakings always 
under way demand an ever increasing nutnl>er of labourers, and 
naturally when the demand exceeds the supply the wages increase. 
Other factors, also, are responsible for the high labour wage in 
North America, but these will not be discussed here. Labour 
wages in Canada, especially in certain sections, are much higher 
than obtain in any European country, and for this reason alone, 
an industry which has proven feasible where cheap labour is 
plentiful may absolutely fail in a country where the wages are 
much higher. It is apparent then that economy as regards the 
number of labourers employed, must be strictly practised in 
every branch of the industry under discussion. It is the usual 
custom in Canada to divide a working day of 24 hours into three 
shifts of 8 hours each, while in Europe two shifts of 12 hours 
each is often the case.

The number of labourers it is necessary to employ to operate 
a by-product recovery producer plant continuously may, there
fore, exceed that necessary in European practice. In certain 
localities it might be possible to introduce the 12 hour shift, 
but in the majority of cases, and in time this custom will become 
general—an eight hour shift will have to be reckoned with. The 
daily wages for ordinary labourers differ considerably in the ex
treme eastern and western portions of Canada. About SI.75 
to S2 per day of 8 hours may be taken as the standard wage 
for ordinary labour in Eastern Canada, while S3 |K-r day fib- 
tains, for the same class of labour, in British Columbia and 
sections of the Prairie Provinces.

Skilled labour demands a much higher wage in Canada than 
in European countries, but since the number of such men cm-



ployed in a producer plant will he inconsiderable, the total daily 
wage account will not he affected to any appreciable extent by 
this increased wage. In this class of labour is included machinists, 
engineers, electricians, and foremen.

So in considering the probable profits which are to he de
rived from the operation of a by-product recovery power gas 
plant, the fact that labour in Canada is far more expensive than 
in Europe where such plants are in successful operation, must 
be given prominent attention.

Third, plant costs. The cost of manufacturing machinery 
in Canada and also the United States is considerably greater 
than it is in Europe, and its importation from European coun
tries implies a duty of about 30 per cent of its sale price where 
made. In some cases it might be found cheaper to import cer
tain portions of the plant and to manufacture others. But 
when everything is taken into consideration, the plant costs 
will lx? very considerably in excess of that obtaining for similar 
plants in European countries.

The plant costs include buildings, producers and fuel 
handling appliances, gas scrubbers, ammonia recovery plant, 
all accessory machinery, such as circulating pumps for acid and 
water, blowers, machine shop, etc. In addition to these must 
be added the power house and equipment if it is desired to utilize 
the gas generated for power purposes. The cost of the peat bog 
and peat manufacturing machinery will not be included in the 
total capital charges against a by-product recovery plant nor 
will any accessory peat drying apparatus be considered.

The fourth factor which must Ik1 considered is the cost of 
the sulphuric acid used for fixing the ammonia gas. Since ap
proximately 1*1 tons of sulphuric acid of a strength of 60° 
Baume is required for every ton of ammonium sulphate made, the 
necessity for keeping its cost as low as possible will be appreci
ated. At those places where sulphuric acid cannot be obtained 
at a reasonable cost, some arrangement must be made for manu
facturing it at the plant. This in itself might prove, in main- 
cases, an expensive undertaking owing to the comparatively 
small output required in proportion to the cost of the sulphuric 
acid plant, but if the acid can be manufactured at the plant



for a lower cost than it can be < btained from an acid manufac
turer such a plant should l>e installed.

It must not 1)e forgotten that ammonium sulphate sells 
the world over for between $<>5-S70, at the present market price 
(1913), and that plants established in Canada for its recovery 
must compete with foreign companies whose manufacturing costs 
are considerably lower than they will tie here. It is, therefore, 
evident that little or no benefit will accrue, in a financial way, 
from recovering the nitrogen in the fuel if the costs of the com
ponents entering into its composition and those necessary for 
its recovery are out of all proportion to the gross profits realized 
from its sale. In certain sections of Canada this may be found 
to be the case and then such a by-product recovery process 
cannot lie profitably employed in wi g up a low grade fuel.

The fifth and last factor to l)e considered, viz., the market for 
the power produced, is of great importance. It is not 
that many by-product recovery producer gas plants could be 
established in Canada for the recovery of ammonium sulphate 
alone. In the majority of cases, therefore, the sale of ammonium 
$ e would only serve to reduce the cost of generating 
gas and power, and if it failed to accoro this no advantage, 
other than from a conservation standpoint, would accrue from 
its recovery. The main object, then, of establishing such a plant 
would be the production of a gas to be used for power and other 
purposes, and this phase of the problem will have to !>e thoroughly 
investigated before any such industry is considered.

Canada, especially in its Eastern sections, is well supplied 
with water powers, and the development of these has of late 
years been vigorously prosecuted. When a water development 
is a large and comparatively inexpensive one, electrical power 
can be developed at a very lowr figure, and if this power develop
ment is capable of supplying all the energy required in the region 
surrounding, any other power development depending on the 
combustion of some form of fuel cannot compete. But if the 
energy developed at a hydro-electric plant must be transmitted 
long distances before being disposed of, its cost to the user will 
be greater than it is to those nearer the power plant. In such 
cases the hydro-electric plant may fail and the fuel power plant

65

7

3826
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assert its position. Electric energy cannot be transmitted for 
long distances even at high voltage without considerable ex
pense, and this added to the expense of constructing the power 
transmission line and substations and transformers may de
prive the otherwise ( heap power of all its advantages.

A market must, therefore, Ik* established for the power it 
is proposed to generate before the actual building of a by-product 
recovery power gas plant is undertaken. If such precautions 
are taken failure will lx* prevented, at least in the majority of

CAPITAL, AND OPERATING COSTS.

The following approximate costs of erecting complete a 
by-product recovery producer gas plant are based on estimates 
made by the Power Gas Corporation for a similar peat burning 
plant in the Vnited States. This latter plant, however, is un
fortunately intended for the gasification of the peat for the re
covery of the ammonia only and will not, therefore, serve as 
an example of a by-product recovery |>ower gas plant. The 
operating costs will lx- Worked out to suit Canadian conditions.

The plant under consideration w ill lx; capable of gasifying 
120 tons of theoretically dry peat per day of 24 hours, and the 
nitrogen content of the fuel will l>e assumed to vary from 0*2 
to 2*6 per cent. Eig. 32 shows the disposition of the producers, 
auxiliary machinery', etc., of a plant of similar capacity designed 
for utilizing peat in the l7nited States.

Plant Costs.

Item i—Gas plant delivered on site, alxmt 898,000.00
ii— Spares and sundries 8,000.00

iii— Estimated extra for parts manufactured
in Canada .................................. 9,000.00

iv— Freight, duty, and insurance on parts
made in England, about ..... 4,800.00

v— Foundations, buildings, etc 19,000.00
vi— Erection, 15,000 00

vii— Workmen s houses, sax............................. 8,000.001
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Fig. 32. General arrangement of 150 ton peat plant
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Labour Costs.

1 foreman 
6 labourers

1 su jxrin tende 
1 extra laboure 
1 master mechi

1

Total wagi

1 engineer 
1 assistant 
1 electrician 
1 assistant

T
Total

Interest and A



199

Plant Costs, continued. 
viii Well. aliout
ix- Sulphuric acid plant, approximate
x Working capital

xi <ias engine installation, including Iwild-
ing. electrical generators. switch

$ MKIIKI 
.th.lMHI (Ml 
>(>,(MMI (Ml

lioadrs, all complete and 5 engines of
1.000 H P. each. 1 held in reserve 300.000 (Ml

8534.000 (Ml
Labour Costs.

PROPICE* AMI sri.PH.VTI-: 1*1 XNT

1 foreman shift
6 labourers

S3.00 |H*r day, per 3 
\S2.0tl each per day.

shifts 8 9.00

shifts 36.00
1 superintendent 84.00 per day 4.00
1 extra lalxiurer S2.(MI |>er das 2. (Ml
1 master mechanic .83.50 per day 3.50

Total daily wage S 54 50

Total w ages per year of 365 days = 819.892.50

POWER PLANT.

1 engineer jS3.50 per 3 shifts. 8 10-50
1 assistant . .., . . . . per shut1 electrician [

2.00 6.00
3.50 10.50

1 assistant 2.00 (».(M)

Total daily wages 
Total wages jK*r sear of 365 days.

.8 33.00

.12,045.00

Interest and Amortisation

It will l>e assumed that the plant will lie amortized in 20
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Interest at 6% on items (i, ii, iii, iv, v, vi, vii, viii, x) = 
SI 1,904.00 (e).

Interest and amortization on item ix is included in the cost 
of manufacturing sulphuric acid.

Amortization at 5( on items (i. iii, v, vi, vii. viii) =87.480.00 ff) 
= e + f = 11,904 + 7,480 = 819,384.00.

(a) Interest and amortization. 8 19,384.00
(h) Lai tour, gas and t e plant (in round num-

Ikts)................................................................ 19,900.00
(Manager and clerks 4 000.00
Chemist»—1 chief and 1 assistant 1,800.00
Lubricants, etc. 1,700.00

(c)i Sundry stores 2,400.00
i Repairs ........................ 3,000.00
(General expenses 5,000.00

(F) Fuel, 60,000 tons of 30^< moisture peat at 81.50
per ton 90,000.00

ASSUMPTIONS.

SUMMARY OF COSTS.

1. Calorific value of 1 lb. of absolutely dry
peat ..................... 9,000 B.T. units.

2. Efficiency of producer........................... 70 per cent.
3. Heating value of gas per cu. ft. . 140 B.T. units.
4. Steam required per II >. of absolutely dry

fuel gasified............................... 2 lbs.
5. Steam supplied by recuperation per lb.

of dry peat.. 1 lb. at 5 ll>s. gauge
pressure.

6. Efficiency of steam generator 70 |x*r cent.
7. Efficiency of ammonia recovery pro-

. 70 |x*r cent.

C6D
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1. Heat entering into gas jx*r lb. of fuel gasified, 9,000X0-7 =
6,300 British thermal units.

, 6,300
2. Quantity of gas |x*r II». of dry peat gasified = ^ =45 cu. It.

3. Quantity of gas required to raise 1 lb. of steam at 5 lbs. gauge

1,130 ... ,pressure = =11-5 cu. It.
140 X 0 -7

4. Quantity of gas per lb. of dry i>eat available for power or
other purposes = 45 - 11-5 = 33-5 cu. ft.

5. Total quantity of gas per ton of absolutely dry peat = 45 X
' 000 .........Il <u. ft.

6. Total quantity of gas per ton of absolutely dry peat available
for power or other purposes, 33-5 X 2,000 = 67,000 cu. ft.

7. Heating value of total quantity of gas generated per ton of
abeo!utel> dr> peat, 90,000 < 140 1 1,600,000 B I unite.

8. Heating value of available gas per ton of absolutely dry |x*at
gasified, 67,000 X 140 = 9,380,000 B.T. units.

9. (NH4)2 S()4 per ton of absolutely dry peat with (X) per cent

nitrogen = 2,000 X 0• 7 X 4 • 71 X X = 65 94 X 
100

10. H2SO4 required per ton of * , 1-1 X 65-94 X =
72-53X

11. Gross receipts from sale of sulphate per ton of dry peat

gasified - 65X6S 94X _ s2 14,x 
2,000

(65 = market price of ammonium sulphate in dollars.)

12. Cost of HjSOi required = * X = S0-29X
2,000

(8 = cost of H«S()4 per ton in dollars.)

C3C
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13. Cost of parking and bagging per ton of sulphate at 1$ dollars
1-5 X 05•94 X

2,000
$0-0495X

14. Net return from sulphate exclusive of fuel and operating 
costs = 2 143 - (0 29 4- 0 0495) X = 1 8X

15. Total cost |x*r ton of absolutely dry peat gasified,

(a -h I. 4 c) + BF = f A 4 BF 
42,000 1 F !

A = items a 4 b 4 c.
F = quantity of dry peat in tons.
B = cost of fuel |>er ton.

S3-50 (1)

16. Net costs per ton of absolutely dry peat gasified,

{A+kHF; - 18X ,2,

= 1-8 Ai+8k' -X - 3-J0- 1-8 X - «1-8 (l-W-X)

17. Net Cost of Available Gas per 1060 cu. ft.
|A.+J,K-X A + BF

i-8 : i.*f
I t.7 0 0268 {-i V - x| <*>

= SO 0268 (1 94 - X)

18. Net Cost of Cas Required to Produce One B.H.P. Year 
with a Gas Engine.

1. Total quantity of heat available for power |x*r ton of fuel,
= 9.380.0(H) B.T.U

2. Heat consumption of gas engine per B.H.P. hour,
= 10,000 B.T.t .
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3. C apacity of plant 5 tons of dry peat per hour.

4. Total quantity of heat available for power per hour
9,380.000 X 5 B.T.l nits.
Power available:

4090 It.H P. hours.
9,380,000 X 5

10,000

( apavitx of plant will lie assumed to lie 4.000 H.H.P. 
C u. It gas (mt H.li.P.\ear on this basis will lie:

10,000 X 350 X 24 4,090
704thousand111 ! i140 X 1,000 4.000

( ost of nas per H.H.P. year. 

(4) 7(I4X0 U2(>8 '

SIX-9 (1-94 - X)

IK-9 \ ■ 111 

1 WF

19. Net Cost of Producing One H.H.P. Year:

Normal capacity of plant 4.000 H.H.P.
C apital cost of power plant 8300,000 00

Interest and amortization llrf ..
Labour and attendants per year of 365 days 
Lubricants, etc.

8 33.000 00 
12,040.00 
1,500.00 
4.000 00

Total S 50.540.00

Costs per H.H.P. year exclusive of cost of gas:

50.540
1..........

$12 63

Net cost per H.H.P. year for any load factor expressed by 
the equation:

v [ ,2,", + 1890 {AhF - x ]
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\\ lu n ( = load factor1 in |ht cent,
and X = nitrogen content of alisolutvly dry peat in |x*r cent.

When the load factor is 100 per cent and the ojicrating costs 
and fixed charges (A) and the cost of fuel (B) and quantity (K) 
are as stated for the case descrilied this equation liecomes:

IS O (2 61 X) (6)

If all the factors are varied, viz., the cost of plant, hence 
o|ierating and fixed costs of both the producer and power plants 
and tin* cost and quantity of fuel ; the cost of generating one 
B.M.P, year may be expressed by the following equation :

100 f fA + BF )1C l A + ,8'9 1 1.8I-- " X 1 ‘7>

In this equation A' = the fixed and o|N*rating costs on the 
power plant.

(' = load factor in per cent.
A = fixed and o|x*rating costs on pro

ducer and sulphate plant.
*F = quantity of alisolutely dry peat in 

short tons |H*r year.
B = cost in dollars per ton.
X = nitrogen content of absolutely 

dry |H*at in jx*r cent.
Price of sulphate assumed to be 65 dollars per ton.

The second member of equation (7), viz., 18-9 , ^ ^ *** — X
l 1-8F /

represents the cost of the required quantity of gas to produce 
one B.M.P. year when the plant is operating at full load. And 
when this is divided b\ the number of thousand feet of gas 
required for this purpose the expression becomes the cost of 
1,000 cubic feet of gas. If this now In* multiplied by the number 
of thousand feet of available gas produced by gasifying one ton 
of theoretically dry peat, viz., 67, the expression becomes

‘Load factor is here taken as tin- average yearly load divided by the number of hours 
tl»‘ plant is m operation (350 days i* r yean.

•I in all canes is 42,0(*l tons of absolutely dry fuel per year. Tbut is. tile plant is as
sumed to o|ierate at full cat wily, viz , 120 tons of dry fuel per day for the year.
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I S (1 «04 X1, which is the cost jut ton of absoluiclx dry pc.it
gasified and the net cost of recox ering the ammonium sulphate 
obtained iront one short ton ol absolute!} dry peat.

From equations (5) and ((>) it will be s<vn that when X is 
equal to 1 ‘>4 the cost of 1,000 cubic feet of gas, and the cost of 
recovering or manufacturing sulphate of ammonia b zero, and 
that when X = 2-(>2, equation ((>>, the cost of producting om
it.H.I*. x t ar at full load is zero.

Tlu* elfeet protluced on the cost of power by an increase in 
the nitrogen content of the fuel is elearlx shown in I ig. 44. 
l ig. 44 shows the effect on the cost of power produced by burning 
peat costing from 50e to84.5(1 per ton and with nitrogen contents 
varying from 0-2 percent to 2 • 0 percent. The variation in the 
cost of sulphate and one thousand cubic feet of gas caused by a 
xariation in the cost of peat per ton is elearlx shown in I ig. 45.

In the foregoing estimate of cost of plant, the land on which 
the power plant is erected is not taken into consideration, since 
in any case it w ill have to be built on or near a bog, very prob
ably located some distance front thickly settled districts, 
consequently the cost of such land will be inconsiderable. The 
general results as outlined will, therefore, not be affected to anx 
appreciable extent by leaving out of the calculation this com
paratively small item. As a matter of fact tin- plant would, of 
necessity, be situated on or near the bog purchased for the sup
ply of peat fuel, and it would make but little difference whether 
the manufacture of peat fuel is considered as a part ol tlu- general 
plant or a subsidiary industry run as a separate company.

MAXI FACTl Kl! Ol IM.AI I I I I

In order to supply 42,1100 toils ol absolutely dry peat, or 
00,000 tons of 40 per cent moisture peat per year, would require 
a peat manufacturing plant of large capacity operating on a bog 
of considerable area. For the purpose under consideration, the 
bog.it will be assumed, has an area of 1.000 acres, and the length 
of the season during which manufacturing operations can be 
conducted xx ill be taken as 100 days.

The quantity of 40 per cent moisture peat that must be
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♦41-4441 t 
..............

I; ! i ::!)!] i
2 0 2-2 2-4 2-614 1-6

Flti. 33.—Curves illustrating effect of increase of nitrogen content on cost 
of generating power from peat.

A Cost of producing One B.H.P. Year With Non-By-Product Recovery Peat 
Producer Gas Plant.

B Cost of producing One B.H.P. Year With By-Product Recovery Peat 
Producer Gas Plant.

C Cost of producing 1000 Cu. Ft. of gas With By-Product Recovery Peat 
Producer Gas Plant.

I) Cost of producing Gas for one B.H.P. year With By-Product Recovery 
Peat Producer Gas Plant.

K Net cost of recovering Ammonium Sulphate per ton of Absolutely Dry 
Peat gasified.
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A/TAOGEN CONTENT OF ABSOLUTELY DAY PEAT

Fig. 34.—Curves A show the effect of increase of fuel costs on cost of powei 
Curve B shows the nitrogen the fuel must contain in order to permit 

by-product recovery plant to compete with non-by-product recovery 
producer gas power plant.



MTRtM.I \ lONTKNTOF AltSOl.t TKI Y DRY PEAT.
1-8 2 0 2 1 2 4 2-614 1610 1-2

•8 2 0 2-2 2 4 2-610 1-2 14 1-6

Fig. 35.—Curves A showing cost of KHM) cu. ft. gas when peat costs S0.50 
to $3.00 per ton.

Curves B showing cost of sulphate when |>eat costs $0.50 to $3.00 per ton.

manufactured per day of ten hours is 600 short tons. If one 
peat manufacturing unit, equipped with mechanical excavator 
and other labour saving devices, is assumed to have a daily ca
pacity of 60 tons of finished peat fuel, then ten such units 
will be required to manufacture the requisite quantity of fuel, 
viz., 600 tons per day. If on the other hand the units are operated 
for two ten hour shifts, then five units will he sufficient to pro-
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duce the m|uired daily tonnage. If the ti\« unit >\stem i> em
ployed the cost of llte peat fuel will he decreased b\ an amount 
proportional to the interest, amortization, and depreciation 
on the capital cost of the extra five units. To lx* on the con
servative side, however, the larger numher of units will he con-

Capitnl Cost of Peat Manufacturing Plant.

Peat hog, 1,01)0 acres at 810 per acre 8 10.000 (Kl
10 peat manufacturing units com

plete with conveyer system, auto
matic spreaders, etc. 120.000 (Kl

2 peat sheds of 2,000 tons capaciu
each 10,000 (HI

Locomotives, tracks, etc 10.000.00
Portable transmission line to cover

entire field of operation 10.1MHI (HI
Draining and preparing hog for

manufacturing peat 10.0(H) (HI
Ten houses for hoarding and lodging

140 labourers 20.000.(H)

Total 8190.000 (HI

Labour, Management, and Other Costs.

140 men at 82 per day for 100 days 828.(KHI (HI
1 manager at 81.800 per year. 1 .80(1 (Ml
2 superintendents at 85 per day.......... 1 .000 (HI
Power. 500.000 H.P. hours at 005

cents a H.P. hour 2.500.00
Lubricants, etc. 3,000.00
Repairs 6.000 (HI
Interest, amortization, and deprecia

tion on capital 26.600,00

Total 868.900 (10
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Quantity of fuel manufactured 60,000 net, of run 30 per 
cent moisture peat.

68.900
Cost per ton -«$1.15. Cost of peat per ton, 81.15.

()t 1,1 HM)

The above cost of SI.50 per ton delivered at the producers 
is considered a very conservative figure when operations are 
conducted on a scale as large as that outlined above. Actual 
operations might demonstrate that this cost can Ik* materially 
reduced.

The cost of the entire equipment, including gas producer, 
power and peat getting plant, the writer believes is on the high 
side, and that the probable results are, therefore, conservative.

In light of the results obtained in Germany on the Wies- 
moor, no serious trouble should Ik- encountered in the storing 
of even this large quantity of peat fuel.

No mention was made concerning the utilization of the 
heat of the engine's exhaust for steam raising, that this would 
be done was taken for granted. Too much stress cannot be laid 
on the importance, and even necessity, of introducing every 
possible economy into the operation of a plant of this descrip
tion. The fuel must be handled mechanically, if possible, front 
the field to the producer bunkers, and all unnecessary labour 
dispensed with.

Since 60,000 tons is the net quantity of fuel required to 
operate the plant 350 days at full capacity, a larger quantity 

must be manufactured to provide a margin for unforeseen 
contingencies. The peat manufacturing units, it is assumed, 
are capable of meeting this extra requirement.

A sulphuric acid plant would have to be built in almost any 
case, since this commodity if bought in quantities from some in
dependent manufacturer and transported to the power plant 
at the bog would prove too expensive when the operations are 
conducted on so narrow a margin. The writer believes that 
sulphuric acid can be manufactured for the price stated above, 
viz., S8 or less in almost any place in Eastern Canada favour
ably situated with respect to railway or water transportation.

5
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Tin* costs of plant, o|x-ration, management, etc., which tin- 
writer believes are quite lilieral, cannot be taken a*' being exact. 
They are approximate and are only intended to serve tin pur
pose of jiointing out the probable use to which some of the 
Canadian peat bogs might lx* put. I'.verv locality, when tin- 
erection of such a plant is contemplated, must be studied sep
arately, since no definite costs and probable profits can be stated 
to cover all cases, moreover, the costs of such a plant manu
factured either in Kngland or Canada must be obtained from the 
builder.

The minimum eapaeitx of tin plant should not be under 
100 tons of absolutely dix peat per twenty-four hour- Owing 
to the high plant and operating costs in this country a plant of 
smaller capacity would not prove profitable except in case- where 
the content of nitrogen i- very high. An increase in the nitro
gen content of the fuel will, of course, permit a further reduction 
in the cost of generating power and thereby make a plant of 
smaller daily capacity a profitable venture, in fact there art- 
cases where a satisfactory profit could be made on the manu
facture of ammonium sulphate alone. The minimum nitrogen 
content with which satisfactory results can be obtained may In
put at 1 - 5 to 1 • 75on the absolutely drx -ample. There are sev eral 
bogs suitable for the manufacture of fuel which contain 2 |H*r 
cent nitrogen and over, but the larger numlx*r of such bogs con
tain a considerably less amount.

I TIUZATIUN FACTOR.

In the alx>ve estimate of the cost of producing one kilowatt 
and one horse power year the ratio of the average yearly load 
to the installed capacity of the plant, i.e.. it- utilization factor, 
was not taken into consideration. The maximum efficiency 
of a gas engine installation is realized when the engines are o|x*ra- 
ting at full load, and for this reason, it was assumed for purposes 
of arriving at a * cost of generating power, that the power 
plant would operate continuously at lull load. This will never 
be the case in practice unless the load is so arranged that the gas 
engine units will carry the constant | sir lion and the variable

1946
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or |R*ak portion is carried by an auxiliary steam unit or extra 
gas engine units, or else the entire output is sold en bloc and re
tailed by the purchaser.

Certain kinds of work require a uniform load during several 
hours of the day while others will take a uniform load during 
24 hours. But there are other demands for power, and these 
are in the majority, which are fluctuating.

In order, therefore, to meet the various demands made on 
the plant and at the same time operate the gas engine units at 
their full rating, an auxiliary steam plant seems advisable. 
This auxiliary plant should preferably be a steam turbine. 
On account of the great flexibility of steam engines in general, 
but especially of steam turbines, the momentary load carried 
may be far in excess of the rated capacity of the machine. One 
such unit might, in all probability, be sufficient to meet the 
peak demands on the plant.

A steam boiler will also have to be provided and this 
should be, preferably, gas fired.

The gas for this purpose might l>e generated in a spare pro
ducer unit, which can lie over during the greater part of the day. 
The consumption of fuel in such a case would not lie considerable 
during the stand-by. The advantage of this method of firing 
the boiler is the recovery of the nitrogen of the peat burned 
when the steam plant is in operation, which would be lost if 
the peat were burned directly under the boilers. A sufficient 
quantity of gas for keeping the boiler in steam during idle periods 
might be obtained from the general gas plant.

A load factor less than unity w ill considerably increase the 
cost of power. Thus a load factor of 50 per cent w ill increase 
the cost of generating a horse power year from SI2.64 at full 
load, and wrhen the nitrogen content is 1 -95 per cent to S25.20. 
(See equation 5 page 203).

GENERATION OF STEAM FOR PRODUCERS.

This quantity of steam is very considerable, alxmt 2 lbs. 
per lb. of dry fuel burned, so that a gasification of 5 tons of ab
solutely dry peat per hour would necessitate a quantity of steam



forth» producers alone of alxiut 10 tons. i nless all of the waste 
heat of the plant is utilized for steam raising, the larger |K»rtion 
of this quantity will have to Ik- raised at the expense of the [)ower 
gas. which would necessitate a reduction in the |*iwer devoloped.

The sources of heat which must Ik* utilized for saturating 
the air blast and generating live steam are: the sensible heat of 
the producer gas; heat of Ixiiler flue g.tses; and heat of the gas 
engine's exhaust, steam from blower pumps, etc., in addition, the 
tar resulting from the process must lie recovered and burned 
under the boilers. The introduction of such economies as those 
enumerated will appreciably increase the over-all efficiency of the 
plant and render available a larger quantity of gas for power 
purposes.

Producer Gas for Heating Purposes.

In certain cases it might be advisable to distribute the power 
gas generated, in mains to nearby manufacturing towns, or cities, 
for heating and other purposes. Such a disposition of tin- 
gas generated is made at the large Mond by-pnxluct recovery 
power gas plant at Dudleyjxirt. Staffs, England. The costs 
of producing 1,000 cu. ft. of gas are shown on the curves Figs. 
34 and 35, for nitrogen contents of the fuel burned varying 
from 0-2 |x-r cent to 2-6 per cent. This subject will lx* referred 
to in detail later.
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CANADIAN PEAT BOGS IS \ SOURCI Ol MM FOR 
I III PRODUCTION Ol GAS IN THI BY-PRODUC l 

RECOVERY POWER GAS PRODUCER.

Tin- result* of previous investigation!-, have vunvlusivelx 
demon strut eel th.it |ieat fuel can suveesslullx conijx’tc with coal 
lor the production of power in the non-bv -pnxluvt rccox erx 
gas pnslliver, when the cost of coal at the producer is in the 
neighlHiurlvHMl of S4 |xr ton and jx-al containing 25 per cent 
moisture costs not more than S2 |ht ton. This, ol course, 
applies to the utilizatkm of the txxo fuels in the suite manner. 
When |Miwer jwxluced from |x*at in a power gas plant is com
pared xx it It that generated from coal in a steam poxver plant 
the advantage lies verx much in lax or of the former W hen, 
therefore, a |tower plant C required to serve a district where 
cheap hydro-electnc power is not available, such a peat producer 
gas power plant will economical! \ answer the requirements, 
provided of course a suit aide peat l>og is situated within the 
district in question.

I nforttmatelx maux localities do not exist in Canada when 
such conditions obtain In the first place the various Provinces 
are more or less sparsely settled and in those districts which are 
thivklx populated, and where industries of various kinds abound, 
water |tower i- available in more or les- large quantities. In 
still other thieklx jxipulated districts peat lx»gs of suitable pro 
jHirtions and quality are not situated within a reasonable dis 
tance. The opjxirtunities, therefore, for developing on a large 
scale such a power plant designed exclusively for the use of |xat 
fuel are not many, since such a power plant, to prove a feasible 
undertaking, must lx- able to conqtetc with existing sources of 
poweft and at a profit.

This phase of the utilization of |x*at can therefore lie dis
pensed with in the consideration of those cases requiring the 
production of energy on a large scale, even though its successful 
application might lxi found in a few isolated cases where small 
powers are required.
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BY-PRODl (T RKCOVKRY PRODUCERS

If the cost of generating | lower with a producer gas ixiwer 
plant can In* decreased by any means to such an extent that it 
is capable of competing successfully with other forms of cheap 
energy, its field of application will Ik* greatly increased. The 
hopes of investigators and of those desirous of converting into 
some useful commodity the immense quantities of peat now 
lying dormant, were materially raised when the Mond process 
for the gasification of low grade fuels with by-product recovery 
was devised. Hut while this process, when a| " to peat fuel, 
possesses many inherent advantages and does in many cases 
materially decrease the cost of generating power, its field of ap
plication is also limited. The main difficulties encountered in 
the generation of jxiwer in a producer gas jxiwer plant may 
be enumerated as follows: (1) the maximum economy is 
realized only when the producers and gas engines are operating 
at their maximum load, and (2) the inability of the gas 
engine to carry over load. For these reasons a producer gas power 
plant would not prove suitable for a service subject to extreme 
variations in the daily loads or where the utilization factor is 
very low. In the former case the gas engine plant would have to 
lie supplemented by a steam plant which would carry the over 
load or else the gas engine units would have to be increased out 
of all proportion to the capacity for which the plant is designed. 
In the latter case the economy resulting from the use of gas en
gines would lie entirely lost if the load or utilization factor is 
very much less than unity, since the maximum economy is 
only realized when the engines are running at their normal 
rating, and if a large percentage of the power units are lying idle 
a considerable part of the time, the fixed charges will lie too large 
to permit of the economic production of power. The most desir
able and ideal conditions are met with when the load is of such 
a character that the gas engine installation can operate at full 
or nearly full load during the greater portion of the day, all 
excess demands being taken up by either an extra gas engine 
unit or else an independent steam turbine unit. Another possible 
but not quite practicable solution to the problem is the installa-

0
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tion of a storage battery plant of sufficient capacity lo absorb 
the load when the demand for power is Unlit and of supplementing 
with this stored energy tin- |*iwer units when the extra or jieak 
demands arise. Such a solution, though it would in almost 
even wax meet the requirements necessary foi the most economi
cal operation of a gas engine power plant, would prove impracti
cable on account of the high initial cost and subsequent upkeep 
of the storage battery system. This case cannot therefore lie 
considered at this moment.

The advantages, moreover, resulting from the recovery of 
by-products such as ammonia and tar, are more apparent than 
real, since the economies resulting from their recovery are depen
dent on their cost at the plant and their disposil at a reasonable 
market price. It is quite probable that ammonium sulphate 
prices will continue firm at existing or higher levels lor some time 
to come, but its cost of manufacture is somewhat uncertain, 
due to the uncertainty of supplying the raw materials required 
for its manufacture at a sufficiently low price, and this alone 
in many localities might militate against its recovery' with a 
reasonable profit. The market for the t.ir produced is also very 
uncertain, if it is reduced to pitch by subsequent distillation 
its market price will lie considerably enhanced, but even under 
these conditions a material of so low a grade cannot stand long 
haulage. But it is hardly necessary to consider the tar produced 
as a by-product since in most by-product recovery producer gas 
plants the tar is burned under the boilers of the plant, and this 
particularly is the case in the peat burning plants. This then 
leaves ammonium sulphate .is the only by-product recovered 
which can serve to materially decrease the cost of generating 
power.

Although plants of this description have been erected lor 
the sole purpose of generating power from peat, only one, tojhe 
writer's knowledge, is in successful operation at the present time. 
The reasons advanced for the failure of the others .ire not 
satisfactory, for example, the difficulty of supplying the 
required quantity of peat with a sufficiently low moisture 
content and a satisfactory nitrogen content are cited as the 
cause of failure in one case. The principal cause for the un-
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successful termination of these ventures, is in the writer's opinion, 
due to the fact that insufficient consideration was given to all 
the details on which the success or failure of the project de|H iids. 
Before deciding upon the erection of any power plant for the utili
zation of peat fuel, full particulars of the bog lioth physical 
and chemical should be obtained and fully considered. If this 
course is followed, a plant will not lie erected on a bog unsuit
able for the manufacture of fuel and where the average nitrogen 
content is too low to permit of the profitable recovery of ammonia. 
It is not difficult to determine whether a bog is suitable or un
suitable for the manufacture of peat fuel and how large a quantity 
with the desired moisture content can be manufactured during 
the usual summer season. If the bog be a wet one and difficult 
to properly drain or it* drainage would prove too cxjiensive, 
then it should be abandoned and a new one searched for. ( ircat 
care, moreover, should Ik* taken to obtain the most accurate 
results concerning the average nitrogqn content of the entire 
bog. since any variation will materially affect the financial re
sult* it is expected to obtain. After a bog suitable in every respect 
for the manufacture of peat fuel with the desired nitrogen content 
has been selected, the conditions governing the sale of electric 
energy .uthin the region surrounding the lx>g should be most 
carefully investigated. If the results of such investigation 
prove promising the erection of the plant may be safely under
taken. To-day. most of the factors which determine the ultimate 
success or failure of any enterprise of this description arc well 
understood. The difficulties, c.g., encountered in the manufac
ture of peat fuel on a large scale are well known as are also the 
methods of overcoming them, and no mistake should be made 
concerning the maximum moisture content of the fuel permis
sible. This phase has been thoroughly investigated and mpures 
no further experimenting. If it be decided, in any case, that the 
require,! quantity of fuel with a maximum moisture content of 
forty per cent cannot be manufactured at a exist of under two 
dollars per ton delivered at the producers, then the project should 
be abandoned. See curves Kigs. 34 and 35.

As previously stated, there are many bogs suitable in every 
detail to the manufacture of peat fuel for gasification in by-
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product rccoxery producers which arc situated in districts al- 
ready supplied with cheap electrical energy, the utilization of 
the peat content of such hogs for power purjxises is, therefore, 
manifestly not feasible except in a few isolated cases. The 
employment of such lx>gs for the manufacture of an industrial 
and domestic fuel gas will therefore lie discussed. All of the 
gas manufactured lor industrial and domestic purposes in ( anada, 
with the |M>ssil>le exception of coke oven gas, is largely “retort" or 
"town gas," and this is dependent in the larger number of in
stances on coking coal imported from the I'nited States. In the 
manufacture of "tow n" or "retort" gas only the volatile matter in 
the coal is gasified, the fixed carbon remaining in the retort as 
coke. Coke is, therefore, a by-product which meets with a ready 
market in most large cities and towns, and contributes towards 
a reduction ol the manufacturing costs of the gas. In addition to 
coke a small amount of ammonia and tar is formed. The maxi
mum quantity of ammonia resulting in any case is only a small 
percentage of that theoretically |xissible. The recovery of am
monia does not therefore contribute very considerably towards 
the economy of the process. The average quantity of retort 
g.is produced |x*r ton of coal ( 2,240 lbs.) is 11,00(1 cubic feet 
or 10,000 cubic feet per short ton (2,000 lbs.), and its average 
heating value is about 5otl British thermal units per cubic foot. 
In the case of gas generated from |ieat in a Mond by-product 
recovery producer the quantity of gas available for power or 
other purposes produced per ton of absolutely dry peat as show n 
on page 201 is about 07,000 cubic feet and the heating value 
max be put at 140 British thermal units per cubic foot. One 
thousand cubic feet would in this case represent a healing x.due 
of 140,000 British thermal units or 25 per cent of the "retort" gas.

The quantities of "retort" gas made from coal and of 
producer gas generated from peat which are equivalent in heat
ing value to one short ton of coal with a heating value of 12,500 
British thermal units jwr lb. are 45 thousand and 1 70 thousand 
cubic feet respect ix’el y. 2 07 tons of absolutely dry peat of a
heating value of 0,000 British thermal units per lb. would be 
required to produce 179 thousand cubic feet of gas, and if the 
cost of peat containing 40 per cent moisture laid down at the
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producer is $1.50 per ton or $2.15 dollars per ton of absolutely 
dry peat, the cost of the fuel alone, required to produce 179,000 
cubic feet of gas would be 2*13X2*67-5-70 dollars; while 
in the case of “retort” gas \\ short tons of coal of a heating value 
of 12,500, or over, British thermal units |K*r lb. would be re
quired to produce 45 thousand cubic feet of gas with a heating 
value of 560 British thermal units per cubic foot. If the cost 
of gas-making coal laid down at the gas retorts is assumed to 
be $2.50 per short ton, the fuel cost alone would be 2 -50X4-5 
= 11.25 dollars, about twice as much as with peat. The by-prod
ucts obtained in the “retort” gas process are coke—principally 
—ammonia and tar; while in the case of the producer gas plant, 
ammonia and tar constitute the by-products. The following 
calculations show the costs of the fuel required in the “retort” 
process using coal and the “Mond” process using peat to pro
duce a quantity of gas equivalent in heating value to one short 
ton of coal with a heating value of 12,500 British thermal units 
per lb. Thg cost of recovering the ammonia produced with the 
Mond process is taken from the estimated costs of operating a 
120 ton Mond plant burning peat fuel. See page 200.

RKTURT GAS.

Products Resulting from the Gasification of one short 
ton of Coal.

Illuminating gas, 10,000 cu. ft.—heating value 560 B.T.U.
per cu. ft......................................................................................

Coke 1,100 lbs. about.
Sulphate of ammonia—20 lbs. (nitrogen content of coal \\C( ) 

Tar.
Fuel Costs.

4£ tons of coal at $2.50 per ton..............................................$11.25
By credit, gross profit from sale of 4,950 pounds of cokej

at $5 per ton —$12.37 about $15.30 
and 90 lbs. sulphate of ammonia at $65 per ton = S2.92J

Net cost of coal, exclusive of manufacturing and other costs. — $4.05
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Products resulting from the gasification of one >hort ton of 
absolutely dry peat with a heating value of WMM) B.T.V. 
per lb.

(las 67,000 cu. ft. heating value 140 B.T.V. per cu. ft. 
Sulphate of ammonia 128 lbs. nitrogen content of peat, 104 

per cent.
Tar.

Fuel Costs.

2-67 tons of absolutely dry peat at S2.14 per ton S5.70
By credit 2-67 X 128 lbs. of sulphate of ammonia, gross

profit from sale of .811.00

Net cost of fuel, exclusive of manufacturing and other costs.—$5.40

When operating under the ( i cited on p. 205, viz., peat
costing not more than S2.15 j>er absolutely dry ton, and gasifying 
at the rate of 120 tons of peat containing 1 04 per cent nitrogen, 
per day of 24 hours, it is possible to produce the gas free of 
cost, while the cost of the “retort" gas would include in addition 
to the net fuel costs, operating and fixed charges, which are very 
considerable.

Four thousand cubic feet of producer gas would have to 
be supplied for every 1,000 cubic feet of "retort" gas in order to 
supply the equivalent heating value.

A producer plant capable of gasifying 120 tons of absolutely 
dry peat per day would generate 335,000 cubic feet per hour 
when running at normal capacity. This, however, could Ik* con
siderably increased for short periods. A plant of this capacity 
could meet all the requirements, both industrial and domestic, 
of several towns and villages. The gas could be profitably used 
for heating houses as well as for supplying the other domestic 
demands for heat.

In estimating the costs of one or the other plants only the 
actual cost of the gas plant need l>e considered, for purposes 
of comparison, since the gas mains in the one case will serve for

7415
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the other. If the gas mains are already laid and are designed 
to transmit town or retort gas, then, since four times the quantity 
of producer gas must he forced through the mains, the pressure 
will have to he increased. The Canadian peat hogs, which might 
he profitably utilized in this manner, are those which have 
a high nitrogen content in addition to a satisfactory heating 
value. They must also be situated reasonably near towns or 
cities of sufficient size to consume all the gas generated. The 
following hogs will Ik* cited as examples, on account of their satis
factory nitrogen content, to merely point out the possibilities 
in this direction : Brockville, Holland, Large Tea Field and Small 
lea Field. There are many other hogs suitable for the manu
facture of peat fuel hut which do not contain a sufficient quantity 
of nitrogen to render its recovery profitable.

BR<>( KYII.LI. FLAT BOGS.

This bog is situated in Klizahvthtown township, Leeds 
county, Province of Ontario, about three miles distant from the 
town of Brockville. It has a total area of 1,400 acres, hut the 
depth of the peat varies in different portions. If that portion of 
tin* hog containing peat with a depth of over 5 feet is taken into 
consideration, the total workable area is 1.044 acres with an aver
age depth of over 8 feet, and if the peat contained were all manu
factured into a fuel with a moisture content of 25 per cent, over 
1,500,000 short tons would he rendered available.

The average nitrogen content is 2-41 per cent on the ab
solutely dry peat or 1 -81 per cent on 25 per cent moisture peat. 
This is a very high nitrogen content and the heating value, 8,170 
British thermal units per lb., is quite satisfactory.

The peat fuel which could be obtained from this lK>g, if 
it were completely exhausted of its contents, is, as previously 
stated, over 1,500,000 short tons, or a sufficient quantity to keep 
a plant of an annual capacity of 47,000 tons of 25 per cent mois
ture peat fuel, or 50,000 tons of 40 per cent moisture peat fuel, 

1,500,000
supplied for =42 years. In this particular case the



nitrogen content is sufficiently high io |x-rmit of a reduction in 
the capacity of the plant, but for pur|x»es of illustration this 
will Ik- taken as 100 tons of theoretically dry |x-at jk-c 24 hours 
or 50,000 tons of 30 |K-r cent moisture jx*at |x-r year. The total 
nitrogen available in the entire ls>g is 1,500.000X -01807 = 
atkhit 27,000 tons, which theoretically would make alwiut 127,000 
tons of ammonium sulphate. The actual quantity i. is |x>ssible 
to obtain is 127.IMH)X0• 7 or 88.9(H) tons assuming the ammonium 
recovery process to have an efficiency of 70 |x-r cent.

The 1 x>g will Ik- assumed to Ik- depleted in 20 years, i.e., 
20only ^ of the total available tonnage will Ik- manufactured into

|K-at fuel and at the termination of this |K-riod the capitalization 
charges against the plant will Ik- written off. The ammonium

20
* e available on this basis will Ik- 88,900 x = alxiut

32
55,600 tons, which at a market price «»f S65 |K-r ton would show

3,614 IMI0 
20

= 180,700 dollarsa credit of 3,614.000 dollars or

per year, if the operating and plant costs are assumed to Ik- the 
same as for the case worked out on page 198.

The probable profits on the recovery of the ammonium 
f e alone would Ik-:

Cost of operation including amortization, deprecia
tion, and interest on entire plant, sulphuric acid, 
bagging, packing, etc., alx>ut. S 85,870.00

Fuel 50,(KM) tons with 30 jx-r cent moisture. SI.50 |x-r
75.000 00

Total
By credit ammonium * e as jx-r aliove

SI60.870.00 
180,700 (M)

Net profit 819,830 00 
820,000.004

D6D

C3D
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In this case, also, the gas would cost nothing to produce, 
the only expense being that incurred in its distribution to con
sumers, or its conversion into electric energy. A plant capable 
of gasifying 100 tons of dry peat per day could generate over 3,000 
horse power continuously per day of 26 hours. See Figs. 34 and 
35 for approximate costs of generating power.

The accompanying map, Fig. 36, shows the situation of the 
peat bog, with respect to the towns or villages within a radius 
of 30 miles. The principal towns are: Brockville, Prescott, 
Smiths Falls, Ncwhoro, Westport, Gananoque, and the two cities 
on the United States shore of the St. Lawrence river, Morris
town and Ogden si hi rg. Brockville and Prescott are the only 
two towns which might be supplied with producer gas for domes
tic, industrial and power purposes.

Brockville............................10,000 population.
Prescott .............................. 2.8(H) “

and they are situated within a short distance of the bog. The 
field, however, for the transmission of electric energy is quite 
considerable and includes the following cities, towns and villages.

Population.
Brockville 10,000
Gananoque............................................. 3,764
Prescott 2.800
Smiths Falls 6,361
Westport.................................................. 803
Newboro................................................. 469
Kemptville 1,192

(On the United
Morristown -j States side of
Ogdensburg........................................... | the St. Law

rence river
in addition to numerous smaller villages and hamlets.

Although the Brockville peat bog cannot supply a plant 
burning 100 tons of absolutely dry peat per day for a period much 
exceeding twenty years, such a period should prove sufficient, 
unless unforeseen difficulties were encountered, to pay off the capi
tal charges in addition to a substantial profit. The land, more-
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Fig 36. Brockville peat bog, showing towns and villages 
within a radius of 30 miles
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over, left after the removal of the |x*at, world Ik- available for 
agricultural purposes, and would sell for a considerably higher 
price than that originally paid for it.

For the production of power only, plants of much smaller 
capacity not equipped for the recovery of ammonia, might prove 
entirely feasible.

LARGE TKA FIELD AND SMALL TEA FIELD PEAT 
BOGS.

These two bogs are situated in the Province of Quel tec, 
in the county of Huntingdon, township of Godmanchoster. 
The accompanying map shows their position with resjxrt to the 
cities, towns and villages situated within a radius of 30 miles. 
The Alfred peat bog, distant about 30 miles, in a northwesterly 
direction, is also shown on the map. The Large Tea Field l>og 
comprises a total area of 5,268 acres of which the larger portion 
is suitable for the manufacture of peat fuel. The total quantity 
of 25 percent moisture peat which can he obtained front the work
able portion is over 4,800,000 tons and the average nitrogen 
content and heating value are 1-8 per cent and 9,300 B.T.V. 
per lb. respectively. This quantity of fuel would supply a plant 
burning 120 tons of theoretically dry peat per day of 24 hours
. . , , 4.800,000 75 ’ ,
for a period of - x =86 years. I lie total quantité

120X350 100
of ammonium sulphate which could be recovered during this 
period would be:
4,800,000 X 0-75 X 0 018 X 4 • 71 X 0 7 = 213.600 tons or
213,600 . iQ_= 2.480 tons ix*r year.

86
The power gas available would lx; sufficient to produce 

4,000 horse power continuously for the above |x*ri<xl of 86 years 
or a total of 4,000 X 86 = 344,000 horse power years. The net 
cost of the gas, under the conditions cited on p. 202 would lx; 
as follows:

Operating costs, including fixed 
charges, sulphuric acid, bagging, 
sulphate, etc............................... $82,800.00
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60.000 tons of 30 |w*r cent mois
ture peat fuel at SI.50 |x*r ton S 90.000.(K)

Total costs SI72.800 <10
By credit 2,480 tons of ammonium 

sulphate at S65 per ton . $161.200.00

Net cost of nas produced |K*r 
year . . S11 .«10 00

The effect which a decrease in the nitrogen content of the 
fuel has upon the profit or loss for a year's operation is readily 
seen l»y comparing the net cost of the gas in this case with that 
obtained for the Brockville lw>g. In the latter case the year's 
operations resulted in a profit in addition to the gas produced 
which cost absolutely nothing. In the former case owing to a 
reduction in the nitrogen content of the fuel of only 0-6 jx*r 
cent, the year's operations, under precisely similar conditions 
as regards cost of fuel, plant, labour, efc.. results in a net cost 
of the gas produced of about SI1.600.

Since the production of available gas from one ton of theoreti
cally dry peat when burned in a Motid producer, i> alxiut 67,000 
cubic feet with a heating value of 140 B.T.U. per lb., the cost

11,600
to manufacture 1,000 cubic feet will lie .. .Min = 0-00412

6/ X 42,000
dollars or 0-40 cents, which however is low.

SMALL TKA FIKLI) PKAT BOG.

This bog is situated only a short distance from the Large 
Tea Field just described and comprises a total area of 4.100 
acres. From that portion suitable for the manufacture of |x*at 
fuel about 3,300,000 tons, containing 25 per cent moisture, can 
lx* manufactured. The average nitrogen content is about 1 -85 
per cent and the heating value 0,200 B.T.l". |x-r lb.

The Big Tea Field and Little Tea Field peat bogs should 
be taken as one if the erection of a Monti by-product recovery 
producer gas plant for the utilization of peat is considered at 
this place.
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By referring to the map, Fig. .17, of the district including 
these I>ogs it will lx* seen that several large towns are situated 
within a comparatively short distance of the I tog*. The larger 
cities and towns are : Valley field, Huntingdon, Ormstown, 
and Beauharnois, in addition to numerous villages and hamlet*. 
Montreal and Ynudrcuil are alniut ht miles d'staut.

HOLLAND FLAT Bin.

Phis Iiog is situated in West and Last ( iwillimbury and 
King townships, Sinicoe and Vork counties, Ontario, and runs 
in a north and south direction. The total area comprises alniut 
14.(>00 acres but of this 9,000 acres has an average depth of about 
.1 feet and is consequently too shallow to permit of the economical 
manufacture ot fuel. The remaining portion of alxnit 5,000 
acres has an average-depth of over 12 feci and is suitable in every 
way for the manufacture of fuel. Mechanic al excavators can 
Ik- employed to good advantage owing to the freedom from 
roots and biirm-d stumps and logs. A thorough drainage of 
the Ih>g would involve a large ex|X‘iiditure of money on account 
of its low situation and owing to the fact that it is Hooded in 
the spring time. However, a thorough drainage would eventu
ally prove to Ik- a profitable pro|N>sition since the value of tin- 
land. which in its present condition is very low. would Ik- con
siderably increased, and. moreover, the entire farming country 
surrounding the liog would Ik- greatly improved.

The total quantity of |x-at containing 25 |x-r cent mois
ture which could Ik- manufactured is 8,218.000 tons. The ni
trogen content is also very high, averaging nlmut 2-5 |K-r cent. 
The heating value per lb. of alisolutely dry jx-at is rather low, 
ranging from 6,700 to 8,400 British thermal units |K-r lb. But 
in that portion of the Ixig which has a considerable depth the 
heating value averages over 8.000 British thermal units jkt 
lb. which is quite satisfactory.

The total quantity of nitrogen available is: 8,218,000X 
-025X0-75«154,000 tons, which would theoretically make 
154.000X4-71 = 725.000 tons of ammonium sulphate or 725.000 
X0-7 = 507,500 tons wlu-n the efficiency of the recovery pnx’css

to
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is taken into consideration. Practically the whole of the 8,218,000 
tons of peat could lx* manufactured into a fuel and the above 
quantity of nitrogen recovered, but this would mean the utiliza
tion of the entire quantity in a by-product recovery producer. A 
plant buring 120 tons of theoretically dry peat per day of 24 
hours or 42,000 tons per year of 350dayscould besupplied with fuel

8,218,000 ■ 0*75
for a period of ^ qqq = about 147 years. The

annual production of ammonium sulphate would amount to 
507,500

approximately = 3,460 tons, which at a market price

of S65 per ton would represent gross receipts of 3,460X65 = 
225,000 dollars.

If the plant and operating costs are assumed to be the same 
as for the two preceding cases the net annual profit would be:

Operating costs, including fixed 
charges, sulphuric acid, etc.,
about......................   $100,000.00

60,000 tons of jx*at containing 
30 per cent moisture at $1.50 
per ton . 90,000.00

Total costs.........................$190,000.00
By credit 3,460 tons of ammon

ium sulphate at $65 per ton. 225,000 00

Net profits.................. $35,000.00

This would amount to considerably more than 10 jx*r cent 
net on the capital invested in the by-product recovery producer 
gas plant. Cases of so high a nitrogen content are rare and this 
bog should prove a most excellent one for the exploitation of 
such a process for the development of an industrial and domestic 
fuel gas or a power gas.

The area covered by the Holland bog is greater than that 
being put under cultivation at the Wiesmoor in Ostfriesland, 
Germany, and a scheme similar to that employed in Germany 
for putting the waste lands under cultivation should prove fea-



229

sihlv here. The power <lw vlo|>ed at a central station could be 
utilized for putting the lx>g in a condition fit for agricultural 
purposes and afterwards for fanning. In the case cf a power 
plant of the capacity outlined a large amount of energy would 
still be unused after all the demands for farming and preparing 
the bog were satisfied. This surplus energy could be transmitted 
to the surrounding towns and villages, and even to Toronto, 
some 42 miles distant, where it would Ik* in demand for indus
trial purposes. The accompanying map, Fig. 38, shows the loca
tion of this bog with respect to the towns and villages situated 
within a radius of 30 miles. Toronto is not shown on the map.

The Holland lx>g is excellently situated with respect to 
railway facilities, the Grand Trunk, and Canadian Pacific rail
ways passing within short distances.
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CHAPTER VII

lignite;.

Notwithstanding thv existence of enormous deposits of 
coal in the extreme eastern and western jMirtions of Canada, 
certain of the Provinces are de|iendcnt on foreign sources for 
their supply of coal for industrial and other purjMises. This 
is especially true of portions of the western Provinces, where 
large deposits of lignite coal are found close to cities, towns, 
or villages. For certain pur|»oses the lignite coals ol the Prov
inces of Manitoba, Saskatchewan, and Allx-rta cannot Ik- used 
at all. For example, it> use for firing locomotives has been 
strictly forbidden by the Railway Commission of Canada, owing 
to its property of emitting dangerous sparks. For domestic pur- 
Ixises it has Ih-cii used with more or less success, but for even 
this pur|Mise it proves but a jMior substitute lor the anthracite 
coal, to which all are accustomed, and. for the use of which, 
almost every domestic stove has IK*en specially designed. In 
order to render this fuel in some form suitable for locomotive 
and domestic purjMises, it must be modified in some manner by 
previous treatment, and then briquetted. It is along this line 
that the attention of certain investigators has been directed, 
but up to the present time the results of their lalsiurs cannot 
Ik* said to Ik* entirely satisfactory. Other methyls must, there
fore, be found for utilizing lignite coal, which will render, at least 
to some extent, these Provinces indejiendent of foreign sources 
of fuel. Every community of any size is to-day dependent on 
electricity for lighting and r pur|Mises. and almost every 
city and many towns possess a gas plant for the manufacture 
of an illuminating and domestic fuel gas. I lie use of city (re
tort gas) for OMiking is increasing at a rapid rate, even though 
all the coal required for its manufacture is imported from some 
foreign source. If, therefore, lignite could Ik* successfully sub
stituted for these two purposes, viz., the production of power and

4
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a fuel gas, those portions of Canada which are well supplied 
with this fuel would lie rendered independent to a very large 
extent of foreign supplies of coal.

It has been shown in the previous chapters of this report 
that peat can be successfully utilized not only for generating 
steani, but also power and fuel gas, and an instance has been 
cited where such gas generated from low grade coal is used for 
various industrial purposes, and there is no reason why lignite 
should not prove equally satisfactory for such purposes. In 
order to determine the value of some of the western lignites 
as a fuel for the production of a power gas in a non-by-product 
recovery gas producer, tests were made with commercial samples 
taken from five producing mines, and the results obtained de
monstrated that lignite coal could Ik* efficiently utilized for such 
purposes. Where cheap hydro-electric energy is not avail
able—and this is the casein Edmonton and vicinity- power can 
be profitably generated from lignite in the manner above stated. 
But certain of the lignites, so far examined, contain compara
tively large amounts of nitrogen, and this is too valuable to lose. 
The recovery of the nitrogen content of the lignites as ammonium 
sulphate, wherever possible, would prove of great value to those 
sections of the Provinces depending almost entirely on the pro
ductiveness of agricultural land for their wealth. 'This reason 
for the necessity of recovering the nitrogen content of fuels may 
not lie apparent at the present time, but the productiveness 
of the virgin soil, which is now very satisfactory will, in time, 
decrease, and then some sort of artificial manure will have to 
be employed. If. however, the immediate need for artificial 
fertilizers is not yet apparent, such nitrogenous conqiounds 
as are recovered from the gasification of lignites can easily lx* 
disposed of, either in the western Provinces or in the United 
States or Japan. The profits resulting from its sale would, in 
any case, tend towards a reduction in the manufacturing cost 
of the gas, and consequently the power generated—and since 
the generation of power and an industrial fuel gas are the main 
objectives to be considered, everything which will contribute 
towards a reduction of their cost should lie taken advantage of.

The municipal power plant at Edmonton, which consists



233

of several steam power units and one producer gas (tower unit, 
uses almost exclusively the lignite coal from the mines in the near 
vicinity. In this case the most satisfactory results are obtained 
with the producer gas power plant, notwithstanding the exceed
ingly high capital charge against it. The type of producer in
stalled is. however, not entirely suitable for burning lignite, 
and much lietter results might Ik* looked for with a properly 
designed power gas plant.

Of the five samples of lignite received at the Fuel Testing 
Station and which were submit ted to a thorough investigation, 
one is especially satisfactory as regards its nitrogen mutent. 
The Gainford lignite contains 1-6 per cent of nitrogen in the 
moist sample, that is, in the coal as it was received at the plant. 
The analyses, Ixith proximate and ultimate, are contained in 
the following table.

TABLE 20.

Chemical Analyses of Lignites from Alberta and 
Saskatchewan.

Tofield. Gain- Rost- C ardiff Twin Souris,
ford. dale. | ‘""'w-

City. Sask.

Moisture .........  25', 17 0 16 5 1 200 181 29-7
Fixed carlxin 36*7 43-8 43 4 40 4 41 -3 49 6

Volatile matter ... 298 30-8 33-6 31-6 33-3 44-5

Nitrogen 0 9 1 6 1-3 12 M 13

Sulphur 0*3 06 <14 02
Ash . . 8-5 8-4 6-5 80 7-3 12-4

Calorific power 9040 9650 8767 9685 lull# 4rw«l

When c< msiriering the |Hissi! lility of developing |>< »wer in

the manner outlined above . the (act that the cost Ilf lal*»ur

and plant, together with the cost of manufacturing sulphuric 
acid, are considerably higher than in the eastern sections of ( ana- 
da must lie given prominent attention. The cost of plant 
delivered on site at Edmonton or vicinity should not Ik* much 
in excess of a similar plant laid down in the Eastern Provinces 
since the shipment of the main parts manufactured in England 
could Ik* made by water to within about 4(H) miles of Edmonton.
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The increased costs would he those affected by the higher lalxiur 
wage and would consist of the erection of machinery, the build
ing of foundations, and the various buildings required.

The cost of manufacturing sulphuric acid at Ed
monton or vicinity, has been estimated as 12.50 dollars* net per 
ton, and is based on Japanese t ur laid down at Edmonton, 
at a cost of S20 jx-r ton, and a cost of plant and buildings for a 
capacity of 3,000 tons of acid per year, not exceeding $60,000. 
The above figure, SI2.50 is, however, estimated for an annual 
output of 2,000 tons.

Since the writer has no reliable data concerning the costs 
of by-product recovery producer gas plants exceeding a capacity 
of 120 tons of fuel per day, a plant of such a capacity will Ik* used 
as an illustration to show the possibilities of utilizing lignites 
for the production of power or fuel gas accompanied with the 
recovery of by-products in this particular locality.

There is no particular reason for choosing Edmonton for 
the illustration to be worked out, other than the fact that several 
representative samples of lignite, taken from pnxlucing mines 
in the vicinity of that city, have been thoroughly investigated 
by the Mines Branch. Other portions of Allx-rta and of the 
Provinces of Saskatchewan and Manitoba, contain deposits 
of lignite co.nl which might be utilized with advantage in a similar 
manner. In fact a power plant designed for burning lignite, 
either with or without by-product recovery, and erected at some 
mine favourably situated with respect to farming communities 
would, in the writer’s opinion, do much towards improving the 
conditions of such communities, both from an agricultural and 
sociological stand point. The extensive peat l>ogs of Germany 
are, in certain portions of the Empire, lx*ing put to such use, 
but in this case the farms allotted to each person or family are 
not large, so that when completely homesteaded, the central 
power plant w ill be able to supply a comparatively large number 
of farms and homes with electricity for agricultural purposes 
and for lighting dwellings.

In the case of the Western Provinces, different conditions 
prevail, e.g., the farms are of large extent, and consequently, in

•Estimate made by A. W. <1. Wilson. Chief of the Metal Mines Division, Mines Branch. 
Department of Mines.

0
3846
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the majority of instances, the dwellings are far a|xirt. For this 
reason a central power plant could not lie erected to serve profit- 
ahlx such farms alone. In order to develop such .1 scheme 
successfully, the plant would have to lie situated within reason
able distances of cities or towns of some size, so that the |tower 
or gas could all Ik* disjiosed of.

AM \\l)(H,i KATIVi (OSTS

In estimating costs of plant and erection the extra cost 
of transporting the parts of which the plant i* com|>osed as well 
as the increased cost of erection has lieen taken into eonsidera-

(»as plant delivered on site, ' $100,000.00
Spares and sundries 0.000 00
Kstimated extra for parts manufactured 

in Canada 10.000 00
Freight, duty, and insurance on parts 

made in F.ngland. alxiut 5 .000 00
Foundation, buildings, etc 25,000.00
Erection 20,000.00
Workmen's houses 15,000 00
Sulphuric acid plant 60,000.00
Working capital 40.000 00
( •as engine installation, including build

ings, electrical generators, switeh- 
Iniards, all complete, and 5 engines 
of 1,000 B.H.P. each, 1 held in reserve 340,000.00

I tent 1. 
2.
3.

4.

5.
6.

8.

9.

10.

Total $624.000 00

L

6
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Operating Costs.

PRODUCER AND SULPHATE PLANT. 

24 men as follows:—
1 foreman, per shift, S4.00 per shift, 3 shifts. . $12.00
6 labourers, “ “ 3.(HI “ “ 54.00
1 superintendent, 5.00 M 5.00
1 extra lal>ourer 3.00 “ 3. (Ml
1 master mechanic, 4.00 « 4.00

$78.00
Total wages per year of 365 days, 828,470.00

POWER PLANT.

1 engineer, per shift, S4.50 for 3 shifts, 813.50
1 assistant, “ “ 3.00 “ * “ 9.00
1 electrician, “ “ 4.50 “ “ t “ 13.50
1 assistant, M “ 3.00 * * “ 9 00

Total daily wage........................ $45.00

Total wages per year of 365 days,.......... $16,425 00

Interest and Amortization.

It will he assumed that the plant will be amortized in 20 
years.
Interest at 6% on Items (1, 2. 3, 4, 5, 6, 7. and 9), $13,440.00 (e). 
Amortization at 5% on Items (1, 3, 5, 6, and 7), S9,000.00 (f). 
(a) - e + f = $22,440.00.

Interest and amortization on Item (8) is included in the cost 
of manufacturing sulphuric acid.

Summary of Costs.

fa)—Interest and amortization................................ $22,440.00
(b)—Lalx>ur, gas and sulphate plant (in round

numbers)..................................................... 28,400.00



Managers and clerks S4.IHKI.IK)
Chemists. 2,000 (HI

(c) Lubricants 2,(100 00
Sundry stores .1,000 (HI
Repairs 3.000 00
General expenses 5.000 00

(f)—50,000 tons of lignite containing 17 per cent 
moisture at SI per ton equivalent to 42.-
000 tons absolutely dry 50,000 00

$119,840.00
Say .

Assumptions.

$119,800.00

1 Calorific value of 1 11». of lignite containing
17 per cent moisture 'I.IKKI B.T.I .

2. Efficiency of producer 70 |ier mu.
3 Heating value of gas jht cubic foot 140 B.T.U.
4 . Steam required per 11». of absolutely dry

fuel g Mlird 211».»
5 . Steam supplied by steam boilers 1 Ih. a( 5 II».

6. Efficiency of steam boilers
7. u n ammonia recovery

gauge pressure. 
70 jK*r cent.

70 per cent.

Quantities Obtained.

1.

2.

Heat entering into gas |K*r lb. of fuel gasified. 
9,000 X 0-7 * 6,300 B.T.U.

Quantity of gas per lb. of lignite gasified,

6300
140

45 cu. feet.

3. Quantity of gas required to raise 1 lb. of steam at 5 lbs. 
gauge pressure.

•One half of thin quantity is supplied by recuperation.
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= 11 -5 cu. feet.

4. Quantity of gas per ll>. of lignite containing 17 per cent 
moisture available for power or other purposes.

(45 -11 5) = 33-5 cu. ft.
5. Total quantity of gas per ton of lignite as fired.

45 X 2,000 = 00,000 cu. ft.
6. Total quantity of gas per ton of lignite as fired available 

or power or other puqxises.
33-5 X 2,000 = 67,000 cu. ft.

7. Heating value of total quantity of gas generated per ton 
of lignite as fired.

90,000 x 140 = 12,600,000 B.T.U.
8. Heating value of available gas jx*r ton of lignite as fired,

67,000 X 140 = 9,380,(KM) B.T.V.
9. Ammonium * (NHdsStb per ton of lignite, with

(X) jx-r cent nitrogen (N) =
.

2,(KM) X 0 7 X 4 71 x — = 65-94 X lbs.
100

10. Sulphuric acid, HaS()4 required per ton of sulphate,
MX 65-94 X = 72-53X.

11. Gross receipts from sale of sulphate per ton of lignite 
as fired,

65 X 65 -94X 
2,(MM)

2 -143X dollars.

(65 = market price of ammonium t ' ite in dollars). 
12. Cost of sulphuric acid (H2SO4) required,

12 -50 X 72 -53X
2,(MM)

0-453X dollars

SI2.50 is cost of sulphuric acid per ton of 
2,(MM) lbs. in dollars).

13. Cost of packing and bagging jx*r ton of sulphate at 1$ 
dollars per ton =

1 5X65-94X 
2,(MM)

0-0495X dollars.

7

11
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14. Ni l return from sulphate, exclusive of fuel and operating
costs =

2 143 - (0-453 + 0 0495) X = 1-64X dollars
15. Total cost 1st ton of absolutely dry lignite,

(a + b+c) + BF _ fA + KK _ $’ S5 ll
42.IWKI F

or |x-r ton of lignite as fired = $2-395
A = items fa -F b + e),
F = quantity of lignite in tons, per year.
II = cost of fuel per ton.

16. Net costs |M-r ton of absolutely dry lignite gasified.

1 64 X

1 14 11-74

IV. Net cost of available gas |HT 1,000 vu. ft.

IA + BF I
164 I-64F X - 0 0245 A + - x , t)

I------4,7 I ,MK

= SO 0245 (1-74 - X)

18. Net cost of gas m|uirv<l to produce onv IUI.P. year 
with a gas engine, assuming that plant uses lull amount of lignite 
42,(KHI tons jx*r year.

1. Total quantity of heat available for power jx*r ton
lignite gasified, = 9,480,000 B.T.l

2. Heat consumption of gas engine |xr B.H.I*. hour»
10,(HK) B.T.l .

3. Capacity of plant jx*r hour, = 5 tons of absolutely
dry lignite.

4. Total quantity of heat available for jxiwer per hour, =
(9,380,000 X 5) B.T.l'.
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Power available :

9.480,000 X 5
10.000

4.090 B.H.IV

( apavity of plant assumed to be 4.000 B il l*, cost 
of gas per B.H.l*. year on this basis will be:

600'XI-64 _ 4. MO ...
. X (1-74 - X = 17-22 <174 - X)

67 4,(101)

Net cost ol producing one B.ll.l'. year:
Normal capacity of plant t.(NH) B il l*
Capital cost S440.000.00
Interest and amortization, 11 ', 37,400.00
Labour 16,425.00
Lubricants . 1.500 (NI
Repairs 4.000 (NI

Total costs |M*r year. $59,425.00

Costs |wr B.ll.l*. year, exclusive of cost of gas:—

59.425
—- » 14-84
4,000

Net cost per B.ll.l*. year for any load factor is expressed
by the equation :

if \ B1 iC l 14M + 1722 , 1641 - x /] ($>

when C = load factor in per cent.
X = nitrogen content of lignite as gasified in per cent. 

When the load factor is 100 per cent, and the operating costs 
and fixed charges (A) and the cost of fuel ( B) and quantity (K)« 
are as stated for the case described, this equation becomes 

17-22 (2-0 - X) (6)
If all the factors are varied, the following equation will 

represent the cost of generating one B.ll.l*. year:—
‘MM> is the number of thouwnd cubic feet of gas lequucd to produce one horw power year 

of 350 days of 24 limits each.
•h is the quantity of absolutely dry fuel used per yeat when the plant is oiieiating at full 

ca|>aciiy. viz.. 42.000 tons pet year.
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KH)
< [ .V + 7 122

See equation 7 page 204.
hi the case of lignite the quantitx of fuel and the nitrogen 

content may Ik* reduced to the absolutely dry state, hut since 
the nitrogen content of the samples of lignite are usual I > deter
mined for the sample as received, i.e., in its moist condition, 
it will be simpler to substitute in the above formula the quanti
ties of the nitrogen content of the moist fuel it is intended to 
gasify.

It will be seen from equation 6 that when the nitrogen con
tent ol the lignite is 2 0 per cent, the cost of power is zero.

l ig. 30 shows the effect of an increase in the nitrogen con
tent on the cost of gas. (tower, etc.

si i nn ki< \< in

The cost of manufacturing sulphuric acid depends to a very 
large extent on the cost of transporting the raw materials neces
sary for it" manufacture to the plant. Consequent l\ the cost 
of sulphuric acid must be obtained for even individual case.

Add Imported by Rail from Works in Eastern Canada.

The following estimates of costs have Urn suppliée I by Dr. 
A. \V. G. Wilson of the Mines Branch. Sulphide, Ontario or 
Hamilton, Ontario: Costs include freight at present quoted 
rates; in the event of considerable business developing it is prob
able that the freight would be materially reduced. At present 
rates the freight charges constitute from 60 to 66 per cent of tin- 
total cost. It is assumed that acid of 66 Baume scale would be 
imported, and diluted to meet the requirements of the work. Tin- 
costs are given on the basis of 60° Baume acid, and are approxi
mately as follows

$30 00 
30.00

Kdmonton, Alta 
Tolield

•I' I» the quantity of absolutely dry fuel used per year when tin plant Is operating at full 
capacity, vi/ 42,000 ton* tier v.u
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Fig. .V)—Curves illustrating effect of increase of nitrogen content on co>t 
of generating power from lignite.

A- Cost of producing One B.II.P. Year with Non-By-Product Recovery 
Lignite Producer <las Plant.

It- Cost of producing One B.II.P. Year with By-Product Recovery Lignite 
Producer ('.as Plant.

C- Cost of producing 1000 Cu. Ft. of (las with By-Product Recovery Lignite 
Producer Gas Plant.

D- Cost of producing Gas for One B.II.P. Year with By-Product Recovers 
Lignite Producer Gas Plant.

K- Net Cost of Recovering Ammonium Sulphate per Ton Lignite with 17', 
moist ure.
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Moose Jaw, s.t>.k 
Kstexan, S.isk.

S.tl (Ml 
2<> (HI 
25 25

Sulphuric acid at (lie allow costs (.nmol Ik* protitablx 
used in thv manufacture of ammonium sulphalv. In almost 
every case, therefore, the acid required must l»c manufactured 
at the plant where the fuel is gasified.

Kstimatvil Goat of Manufacturing Sulphuric Acid in 
Western Canada.*

It is probable that Japanese sulphur can be laid down at 
Kdmonton at a net cost of SJt) per ton. Louisiana sulphur 
xxill cost about SM) |>er ton at Kstexan. The buildings and 
equipment to produce about .I.IHHt tons of acid |mt year are placed 
at S60.000. On this basis fid0 Baume at ‘ un xvould cost
about 12.50 dollars per ton. and .it Kstexan about S14.50, with 
an annual output of 2,000 toils, being less than the capacity of 
the plant.

The estimated cost of a sulphuric acid plant of from 5.000 
to 4,000 tons of acid per year, which xvas given in connexion 
with the discussion of by-product recoxerx producer gas plants 
for Kastern Canada, xxas the same as that estimated for a similar 
plant in the I nited States, xi/.. S40.000. If the estimate of cost. 
$00,000 for a plant of similar capacity to be situated at Kdmonton 
is correct, then it is quite probable that the former estimate 
of S.lfi.000 is considerably too low for Kastern Canada. The 
cost, however, of the manufactured acid, xiz., SS. which xxas 
used throughout the calculations in connexion with the dis
cussion of the establishment of such plants in Kastern Canada, 
is about correct, and xx ill not vary much in either direction.

*K»tiniate by Dr X. XX . (. Wilson. Chief of Metal Mine» Division. Xlines Branch 
Department of Mine». Ottawa, t ana.la.

0672
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t u\ni k \ in
COM.

Thv feasibility of generating a power or fuvl gas with bitu
minous coals in tin* by-product recovery producer has lieen 
full) discussed in previous chapters, and requires but few addi- 
tional remarks. A large numlter of such plants are. and have 
liven for several years, successfully producing gas for power and 
other pur|loses at many of the representative industrial works 
in the British Isles and lairope. A Moitd by-product recover) 
IHixvvr gas plant of 1.000 horse power has been installed in the 
municipal central station at Accrington. lai gland. anti has 
proven successful from every standpoint.

The analyses of main samples of coal taken from the rep
resentative coal mines of ( anada show that as regards the nitro
gen content thex areentirelx suitable for the by-product recovery 
producer process. The nitrogen contents ol some of the samples 
of the principal mines are as follows:

SVDXKV COAL KIKI.I). ( AIM RRLTON CUl M V. VS.

North Atlantic Collieries, Cowrie Seam, Port Morien.
Regular sample oxer screen and picking licit: Nitrogen 

1 • 0 per cent, calorific value. 12.620 It 1.1 per pound.

Dominion Coal Co.. Glace Bay, Huh Seam. Dominion No. 7.
Regular sample over 2'" screen and picking belt : Nitro

gen 1*6 |>er cent, calorific value of dry coal. 13,860 B.T.l .'s 
per lb. Washed coal: Nitrogen 1 7 per cent, calorific value of 
dry coal, 14,310 B.T.l*.'s per lb.

Harbour Seam, Dominion No. 9.
Regular sample over 2'" screen and picking licit: Nitro

gen. 1 5 per cent, calorific value. 14.000 B.T.l .'s per lb.



Phalen Seam, Dominion No. 5, or Reserve Colliery.

Regular sample over 1J" screen and picking hell : Nitro
gen 1 -4 percent, calorific value, 14,040 B.T.IV . per Ik

Emery Seam, Dominion No. 10 Colliery.

Regular sample run of mine oxer picking belt: Nitrogen 
1-2 per cent, calorific value, 13,120 B.T.lVs per lb. Washed 
coal : Nitrogen 1*3 per cent, calorific value, 13.880 B.T.lVs 
per lb.

I.ingan Seam, Dominion No. 12 Colliery.

Regular sample run of mine coal : Nitrogen 1*6 per cent, 
calorific value, 13,700 B.T.lVs per lb.

NOVA SCOTIA STEEL AND COAL CO.. SYDNEY MINES.

No. 1 Colliery.

Regular sample over $" screen and picking licit : Nitro
gen 1 • 3 per cent, calorific xalue, 13,770 B.T.l .s per lb. Washed 
coal : Nitrogen 00 per cent, calorific value, 14.400 B.T.I'.'m 
per lb.

No. 3 Colliery.

Regular sample oxer l” sm n and picking belt: Nitro
gen, 1 4 per cent, calorific xalue, 13,080 B.T.lVs per lb.

INVERNESS COAL FIELD. INVERNESS COCNTY, N S.

Inverness Coal and Railway Co., Inverness Colliery.

Regular sample over 5" screen and picking belt: Nitro
gen 0 0 per cent, calorific xalue, 12,150 B.T.lVs per lb.: Washed 
coal : Nitrogen 00 per cent, calorific value, 12,800 B.T.lVs 
per lb.
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Richmond Railway Co., Port Hood Colliery.

Regular "ample over f" screen and picking licit Nitro
gen O H per cent. calorific value. 1 1.770 B.T.l - jht 11». \\ashed 
coal: Nitrogen (M) per cent, calorific \alue. 12.550 IV I I >
|KT 111.

PICTOl C < I AI. I 11 l.l >. Pit TOI ( (H N IV. N s

Acadia Coal Co., Vale Colliery. Thorbum, Six Foot Seam.

Regular sample over |” screen and picking licit : Nitrogen 
18 per cent, calorific value. 12.020 B.T.l s per II». Washed 
coal: Nitrogen 1-7 per cent, calorific value-. 12.700 B.T.l V 
pet II•

Acadia Coal Co., Allan Shaft Colliery, Stellarton, 
Foord Seam.

Regular simple run of mine coal over pic king licit Nitro
gen 1 •') per cent, calorific value, 13.230 B I l .'s per II» I resh 
sample for coking lest Nitrogen 2 2 |mt cent, calorific value. 
14.000 B.T.l Vs per II»

Acadia Coal Co., Albion Colliery, Stellarton, Third Seam.

Regular sample run of mine coal : Nitrogen 1-7 |>e*r cent, 
calorific value, 12,580 B.T.l per II». Waslu-d coal: Nitrogen 
1 • 5 per cent, calorific value, 15.050 B.T.l per II». Original 
coal resampled 12 months later: Nitrogen 1 -6 |H-r cent, calorific 
value. 12,400 B.T.l .V per II».

Acadia Coal Co., Albion Colliery, Cafte Pit Seam.

Regular sample of run of mine coal : Nitrogen 2 -1 pe r cent, 
calorific value. 13.180 B.T.l’.'s pe*r II».

Acadia Coal Co., Acadia Colliery, Wcstville, Main Seam.

Regular sample over 1" screen and picking licit : Nitrogen 
1-6 |rt cent, calorific value, 13,800 B.T.l per II » I* re*sh 
sample* for coking test : Nitrogen 2 *2 |ie*r cent.
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Intercolonial Coal Co., Drummond (Colliery, Westville, 
Main Seam.

Regular sample over 1 "screen and picking licit: Nitrogen 
21 jxr cent, calorific value, 12,960 B.T.l'.’s |x>r lb. Washed 
coal: Nitrogen 2-0 per cent, calorific value, 13,550 B.T.U.'s 
per lb. Fresh sample for coking test: Nitrogen 1 -9 jx*r cent.

SPRIXGHILL C'OAI. FIKI.D. (T MBERLAN’D COt NTV, 
N 5.

Cumberland Railway and Coal Co., No. I Colliery, 
Springhill.

Special sample for coking tests: Nitrogen 1-9 |x*r cent, 
calorific value, 14,190 B.T.l'.'s per lb.

Cumberland Railway and Coal Co., No. 2 Colliery, 
Springliill.

Regul.tr sample oxer screen and picking belt: Nitro
gen 1 -2 per cent, calorific value, 13,370 B.T.l'.'s |x*r lb. Washed 
coal: Nitrogen 1-0 jx*r cent, calorific value, 13,860 B.T.l'.'s 
per lb. Fresh sample for c * tests: Nitrogen 2-0 |xir cent, 
calorific value, 13,880 B.T.l ’.'s per lb.

Cumberland Railway and Coal Co., No. 3 Colliery, 
Sprinfthill.

Regular sample over j" screen and picking lx*lt : Nitro
gen 1 -8 per cent, calorific value, 13,000 B.T.l Vs per lb. Washed 
coal: Nitrogen 1-4 per cent, calorific value, 13,570 B.T.l'.'s 
|x*r lb. Fresh sample for coking test: Nitrogen 1 -8 per cent.

FRANK-BLAIRMORK COAL FIELD, ALBERTA.

Nitrogen content of samples analyzed, averages about 
1 0 per cent.

( ROWSNEST COAL FIELD. B.< .

Nitrogen content of samples analyzed, varies from 1*2 to 
1*3 per cent.

86
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< AS( ADI!COAL Mi l l). ALBKRTA

Nitrogen content 1 0 to 1-7 per vent.

NICOLA VALLKY COAL I II I D. B.C

Nitrogen content 1 *3 to 2-0 percent.

NAN \IM<>-< UNION COAI. KH I D. \ ANCt )l YI.K |s| AND. 
B <

Nitrogen content 1 0 to 12 jht cent.

The nitrogen content of almost every coal tested is 
sufficiently high to permit of its profitable recovery in the 
by-product recovery producer when the plant and operating 
costs are not exeessixlev high, but it would not prove practic
able in many cases to install such plants for the recovery of the 
nitrogen alone. In sparsely set tied districts, or where by-product 
coke ovens are in o|xiration for the manufacture of coke, the 
field for the utilization of producer gas would Ik- very limited 
In the latter instance sufficient gas would be produced to answer 
all requirements for |tower and other purposes, and the interests 
of conservation would be served to a certain extent, 
the efficiency of the recovery process in connexion with coke 
ovens is not so high as that of the by-product recovery producer. 
At coal mines conveniently situated with regard to shipping 
facilities, the nitrogen content, if sufficiently high, might lie 
profitably recovered in a by-product recovery producer gas plant, 
irrespective of what disposal is made of the gas generated.

Such mines exist in the Kastcrn part of Canada in Nova 
Scotia. At some of these mines it might be found practicable 
to burn the low grade coal in gas producers for the recovery of 
the nitrogen alone. It is not necessary, in the case of coal, to 
enter into a detailed discussion of costs of generating power, 
etc., since its gasification in producers of any type is not problemat
ical. The quantity of gas greatly exceeds that fiossiblv with 
the lower grade fuels and, consequently, the cost |H*r 1,000 eu. 
ft. will be considerably less, i.e., if the plant and operating

9202
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rusts art- the same. When bituminous eoal is gasified in a 
by-product recovery pnxlucer, considerable profit might be 
derived front the recovery of the tar. W here coal is briquetted, 
a* at some of the mines in Kastern Canada, pitch derived from 
coal in t It is m,.inter vv re of considerable value, since large
quantities would Ik* required as a binder when the briquetting 
operations are conducted on an extensive scale.
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SI MM ARY.

Il ha* Urn shown in preceding chapters that under fax - 
ourable conditions peat can lie utilized lor the prix I net ion of 
.1 power and domestic fuel gas in by-product recoxerx producers 
The maximum moisture content in order to effect the most effi- 

cient utilization of the peat must lie not more than 40 percent 
preferably 40 |ier mit and the cost per ton containing 40 per 
cent moisture should not exceed SI.50. When the nitrogen con
tent falls lieloxv 1J percent on the alisolutelx dry fuel, it" utiliza
tion in a by-product recoxerx producer should not be attempted, 
since there are certain factors in the winning and utilization of 
peat which .ire more or less uncertain. Ample margin must, there
fore, lie provided to coxer losses w hich are liable to occur, either 
through an insufficiency of sttpplx of fuel or an excessive mois
ture content tine loan extremely wet season. Certain peat bogs 
liaxe been cited where the production of a (lower and fuel gas 
might proxe profitable. In these cases the nitrogen content 
is aboxe the average ami the process under the < •» cited
could Ik- carried on for the recoxerx of ammonium sulphate 
alone. The problem of manufacturing and storing the requisite 
quantities of fuel for a year's operations are fully discussed, 
and it has been shown how, in the case of a Kuropean plant, 
these difficulties liaxe liven oxvreome. The steam (tower plant 
on the W'iesmoor in C.ermany, designed for the exclusixe use of 
(lent fuel, has lieen descrilied in detail. This plant has proxen 
a greater success than was anticipated by its designers and pro
moters, and with peat costing one and a quarter dollars per ton. 
at the plant, power can be produced at a lower figure than front 
coal costing about three dollars and a half per ton. In the case of 
the Mornl by-product recoxerx | lower gas plant at Osnabrück 
the operation was not an entire success, owing in part to the selec
tion of an unsuitable bog for the manufacture of peat. Time
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was not available for thoroughly draining before beginning 
manufacturing operations, and the average nitrogen content 
was too low in the vicinity of 1 per cent. Contracts were made 
to deliver power at a definite date before the erection of the plant 
was begun, it was consequently impossible to devote the required 
time to the preparation of the bog. The result was high cost of 
fuel with an excessive moisture content and, according to informa
tion, obtained by the writer, failure to live up to the contract. 
On the other hand marked success was achieved in the case of 
the Mond gas plant situated near Orentano, Italy.

It has been shown that under favourable conditions power 
can be produced on certain of the Canadian peat bogs at a cost 
equal to or below that possible with a hydro-electric plant.

The feasibility of utilizing coal and lignite for the produc
tion of a power or fuel gas in the by-product recovery producer 
is discussed in some detail. The Mond gas plant in South Staf
fordshire, England, which manufactures and distributes a power 
and fuel gas over a large industrial district is fully described. 
At this plant it has been demonstrated that a gas suitable for 
industrial purpose, can lie sold at a cost per 1,000 cubic feet 
far below that of a quantity of town gas of equal heating value. 
The field for serving towns and cities with such gas for domestic 
purposes is a very large one, but its distribution among house
holders is at present prohibited by an existing parliamentary 
act. In those portions of Canada where a domestic fuel gas is in 
demand and where a suitable domestic fuel cannot be obtained 
at reasonable prices, the distribution of producer gas, manufac
tured according to the process described, should prove of great 
economic advantage to the entire country as well as the indi
vidual community directly benefited. In this connexion it 
has been pointed out how the lignites of the Western Provinces 
might Ik- efficiently utilized, especially those lignite deposits 
situated with respect to Edmonton and other smaller com
munities.

For the representative coals of Canada, the average nitro
gen contents of general samples have been cited to show which 
coals are particularly suited for the by-product recovery process.
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W ill’ll the establishment of a by-prixluct recovery pro
ducer gas plant is considered either for the production of a power 
or fuel g.is, or for the recover\ of the ammonium sulphate alone, 
the exact estimates of costs of plant delivered on site and the 
cost of erection and operation must lie obtained in every case 
from the manufacturers; and since sulphuric acid is an impor
tant factor in the recovery process, the cheapest means for ob
taining it must Ik- fully considered. On the Atlantic coast 
or a short distance inboard the cost of sulphuric acid manufac
tured at the plant has been placed at SS per ton. This cost, 
it must be understood, is merely an estimate, although it will 
not vary much in either direction.

In conclusion it may lie stated as the writer's opinion that 
by-product recovery producer gas plants can lie profitably 
operated for the production of a power or fuel gas and in cer
tain cases for the manufacture of ammonium sulphate alone— 
at certain of the Canadian peat bogs, and in the Western Prov
inces at certain of the lignite deposits. When a disposition can 
lie made of the gas generated this process can be profitably 
applied to the Canadian bituminous coals; but since coking 
plants are already established at the principal coal mines where 
coking coal is found and the gas generated by this means is very 
probably sufficient to answer all requirements for some time to 
come, it would be better from a financial standpoint to establish 
by-product recovery plants in connexion with the coke ovens 
This in fact is being done both in Nova Scotia and Sault Ste. 
Marie, Ont.
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Lane, Ph.D., with Introductory by A. W. G. Wilson. Ph.D.

118. Mica: Its Occurrence, Exploitation, and Uses. Report on—by Hugh 
S. de Schmid, M.E.

142. Summary Report of Mines Branch, 1911.

143. The Mineral Production of Canada, 1910. Annual Report on—by
John Mcl.eish, B.A.

Note.—The following ports were separately printed and issued 
in advance of the Annual Report for 1910.

tl 14. Production of Cement, Lime, Clay Products, Stone and other 
Structural Materials in Canada, 1910. 

tl 15. Production of Iron and Steel in Canada during the Calendar 
Year 1910.

1116. Production of Coal and Coke in Canada during the Calendar 
Year 1910.

1 Publications marked thus t are out of print.



1117. General Summary of the Mineral Production of Canada dut* 
ing the Calendar Year 1910.

145. Magnetic Iron Sands of Natashkwan, Saguena\ county, Our- Report 
on—by Geo. C. Mackenzie, B.S<

149. French translation: Magnetic Iron Sands of N.nashkwun, Saguenay 
county, (Jue. Report on—bv Geo. ( . Mackenzie, B.Sc.

tl50. The Mineral Pnxluction of Canada, 1911. Preliminary Report on— 
by John Mcl.eish, B.A.

151. Investigation of the Peat Bogsand Pe.it Industry of Canada, 1910*1911 
No. 8—by A. v. Anri p, Peat Expert.

154. The Vtilization of Peat Fuel for the Production of Power, being a record
of experiments conducted at the Fuel Testing Station, Ottawa, 
1910-11. Report on—by B. F. Haanel, B.Sc.

155. F'rench translation: The Vtilization of Peat Fuel for the Production of
Power, being a record of experiments conducted at the Fuel Test
ing Station, Ottawa, 1910-11. Report on—by B. F. Haanel, B.Sc.

156. F'rench translation: The Tungsten Ores of Canada. Report on—
T. L. Walker, Ph D.

167. Pyrites in Canada: Its Occurrence, Exploitation, Dressing, and l ses. 
Report on—by A. W. < ». Wilson, Ph.D.

169. French translation: Pyrites in Canada: Its Occurrence, Exploitation,
Dressing, and Uses. Report on—by A. W. < ». Wilson, Ph.D.

170. The Nickel Industry: with Special Reference to the Sudbury region,
Ont. Report on—by Professor A. P. Coleman, Ph.D.

180. French translation: Investigation of the Peat Bogs, and Peat Industry 
of Canada, 1910-11. Bulletin No. 8—by A. v. Anrep, Peat Expert.

184. Magnetite Occurrences along the Central Ontario Railway. Report 
on—by E. Eindeman.

195. French translation: Magnetite Occurrences along the Central Ontario 
Railway. Report on—by P-. Eindeman, M.E.

tPublication? marked thus t of print.
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196. French translation: Investigation of the Peat Bogs and Peat Industry 
of Canada, 1909-10; to which is appended Mr. Alf. I.arson’s paper on 
Dr. Ekenburg’sWet Carbonizing Process: from Teknisk Tidskrift, No. 
12, Decent I >er 26, 1908—translation by Mr. A. v. Anrep; also transla
tion of Lieut. Kkelund's Pamphlet entitled “A solution of the Peat 
Problem," 1909, describing the Ekelund Process for the Manufacture 
of Peat Powder, by Harold A. Leverin, Ch.E. Bulletin No. 4—by 
A. v. Anrep, Peat Expert. (Second Edition, enlarged.)

197. French translation: Molybdenum Ores of Canada. Report on—by 
Professor T. L. Walker, Ph D.

198 French translation: Peat and Lignite: Their Manufacture and l"ses 
in Europe—by Erik Nystrom, M.E., 1908.

201. The Mineral Production of Canada during the Calendar Year 1911.
Annual Report on—by John McLeish, B.A.

Note.—The following ports were separately printed and issued in 
advance of the Annual Report for 1911.

181. Production of Cement, Lime, Clay Products, Stone, and other 
Structural Materials in Canada during the Calendar Year 
1911. Bulletin on—by John McLeish, B.A.

+ 182. Production of Iron and Steel in Canada during the Calendar 
Year 1911. Bulletin on—by John McLeish, B.A.

183. General Summary of the Mineral Production in Canada during 
the Calendar Year 1911. Bulletin on—by John McLeish, 
B.A.

J199. Production of Copper, Gold, Lead, Nickel, Silver, Zinc, and 
other Metals of Canada, during the Calendar Year 1911. 
Bulletin on—by C. T. Cartwright, B.Sc.

+200. The Production of Coal and Coke in Canada during the Calen
dar Year 1911. Bulletin on—by John McLeish, B.A.

202. French translation: Graphite: Its Properties, Occurrence, Refining,
and Uses—by Fritz Cirkel, M.E., 1907.

203. Building Stones of Canada—Vol. II: Building and Ornamental Stones
of the Maritime Provinces. Report on—by Professor W. A. Parks, 
PhD.

209. The Copper Smelting Industry of Canada. Report on—by A. W. G. 
Wilson, Ph D.

(Publications marked thus t are out of print.



210. Mineral Production of Canada, 1012. Preliminary Report on -by 
John McLeish, B.A.

210. French translation: Austin Brook Iron-bearing district. Report on— 
by E. 1.indeman, M.E.

222. I.ode Mining in Yukon: An investigation of the Quartz Deposits of 
the Klondike Division. Report on—by T. A. Macl.ean, B.Sc.

224. Summary Report of the Mines Branch, 1012.

226. French translation: Chrome Iron Ore Deposits of the Eastern Town
ships. Monograph on by Fritz Virkel, M.E. (Supplementary 
Section: Experiments with Chromite at MeC.ill Eniversity—by 
Professor J. B. Porter, E.M., D.Sc.;

227. S-ct ions of the Sydney Coal Field—1>\ J. ("». S. Hudson.

t220. Summary Report of the Petroleum and Natural < las Resources of 
Canada, 1912—by F. (,. Clapp, A.M. S-v. No. 224.)

2.R>. Economic Minerals and the Mining Industries of Canada.

231. French translation: Economic Minerals and the Mining Industries of 
Canada.

233. French translation: Gypsum Deposits of the Maritime Provinces of 
Canada—including the Magdalen Islands. Report on—by W. F. 
Jcnnison, M.E.

245. Gypsum in Canada : Its Occurrence, Exploitation, and Technology 
Report on—by !.. H. Cole, B.Sc.

254. ("alahogic Iron-Bearing District. Report on—by E. Eindeman, M.E.

259. Preparation of Metallic Cobalt by Reduction of the Oxide. Report on 
—by Professor H. T. Kalmus, B.Sc., Ph.D.

262. The Mineral Production of Canada during the Calendar Year 1912. 
Annual Report on—by John McLcish, B.A.

Note.— The following parts were separately printed and issued in 
advance of the Annual Report for 1912.

238. General Summary of the Mineral Production of Canada, 
during the Calendar Year 1912. Bulletin on—by John
Mcl.cish, B.A.

J247. Production of Iron and Steel in Canada during the Calendar 
Year 1912. Bulletin on—by John Mcl.cish, B.A. 

tPublications marked thus t are out of print.



X

t256. Production of Copper, Gold, Lead Nickel, Silver, Zinc, and 
other Metals of Canada, during the Calendar Year 1912 
—by C. T. Cartwright, B.Sc.

257. Production of Cement, Clay Products, stone, and other 
Structural Materials during the Calendar Year 1912. 
Report on—by John Mcl.eish, B.A. 

t258. Production of Coal and Coke in Canada, during the Calendar 
Year 1912. Bulletin on—by John McLeish, B.A.

264. French translation: Mica: Its Occurrence, Exploitation, and I'ses.
Rc|K>rt on—by Hugh S. de Schmid, M.K.

265. French translation: Annual Mineral Production of Canada, 1911.
Report on—by John Mcl.eish, B.A.

266. Investigation of the Peat Bogs and Peat Industry of Canada, 1911
and 1912. Bulletin No. 9—by A. v. Anrep, Peat Expert.

279. Building and Ornamental Stones of Canada—Vol. III. Report on— 
by Professor W. A. Parks, Pli.D.

2X1. The Bituminous Sands of Northern Alberta. Report on—by S. C. Ells, 
ME.

283. Mineral Production of Canada, 1913. Preliminary report on—by J.
McLeish, B.A.

288. French translation: Production of Coal and Coke in Canada during 
the Calendar Year 1912. Bulletin on—by John McLeish, B.A.

290. French translation: Production of Copper, (iold, Lead, Nickel, Silver, 
Zinc, and Other Metals of Canada, during the Calendar Year 
1912. Bulletin on—by C. T. Cartwright, B.Sc.

299. Peat, Lignite, and Coal: Their Value as Fuels for the Production of 
Gas and Power in the By-product Recovery Producer. Report on 
—by B. F. Haancl, B.Sc.

303. Moose Mountain Iron-Bearing District. Re|>ort on—by E. ! .indeman, 
M.E.

309. The Physical Properties of the Metal Cobalt, Part II. Re|>ort on— 
by H. T. Kalmus, B.Sc., Ph D.

315. The Production of Iron and Steel during the Calendar Year 1913.
let in on—by John McLeish, B.A. 

tPublications marked thus t are out of print.
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316. The Production of Coal and foki- during the < alendar Year 1913. 
Bulletin on—by John Mvl.vish, It.A.

318. The Production of Cement, I.ime, CL\ Produit-, Stone, and other
Structural Materials in C..nada, during the < alendar Year, P>13. 
By J. Mcl.eish, B.A.

319. A General Sunimary of the Mineral Production in Canada during the
Calendar Year 1913. Bulletin on by J. Mcl.eish, B.A.
Note.—The Division of Mineral Résonnes and Statistics has 

prepared the following lists of mine, smelter, and quarry operators: 
Metal mines and smelters, Coal mines, Stone quarry operators, Manu
facturers of clay products and Manufacturers of lime; copies of the 
lists may be obtained on application.

IN THE PRESS.

179. French translation: The Nickel Industrx : with Special Reference to 
the Sudbury region. Report on by Prof. A. P. Coleman, Ph.I).

204. French translation: Building Stones of Canada—Vol. II: Building 
and Ornamental Stones of the Maritime Provinces. Report on 
by \V. A. Parks, Ph.I).

263. French translation: Recent Advances in the Construction of Electric 
Furnaces for the Production of Pig Iron, Steel, and Zinc. Bulletin 
No. 3—by Eugene llaanel, Ph.I >

285. Summary Report of Mines Branch, 1913.

287. French translation: Production of Iron and Steel in Canada during 
the Calendar Year 1912. Bulletin on by John Mcl.eish, B.A.

289. French translation: Pro n of Cement, Lime, Clay Products, 
Stone, and Other Structural Materials during the Calendar Year 
1912. Bulletin on—by John Mcl.eish, B.A.

291. Petroleum and Natural Gas Resources of Canada. Report on—by 
F. G. Clapp, A.M., and others.

305. Noil-metallic minerals used in the Canadian Manufacturing Industries. 
Report on—by H. Frechette, M.Sc.

308. French ti v. An investigation of the Coals of Canada with refer
ence to their Economic Qualities: as conducted at McGill l niver- 
sity under the authority of the Dominion Government. Report 
on—by J. B. Porter, E.M., D.Sc., R. J. Durlev, Ma.E., and others:
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Vol. 1—Coal Washing and Coking Tests.
Vol. II—Boiler and Gas Producer Tests.
Vol. Ill-

Appendix I
Coal Washing Tests and Diagrams.

Vol. IV—
Appendix II

Boiler Tests and Diagrams.

314- French translation: Iron Ore Deposits, Bristol Mine, Pontiac county, 
Quebec. Report on—by E. I.indeman, M.E.

317. The Production of ('upper, Gold, Lead, Nickel, Silver, Zinc, and other 
Metals, during the Calendar Year 1913. Bulletin on—by C. T. 
Cartwright, B.Sc.

320. The Mineral Production of Canada, 1913. Annual Report on—by 
John Mcl.eish, B.A.

322. Economic Minerals and Mining Industries of Canada. ( Revised Edition, 
for Panama-Pacific Exposition.)

MAPS.

f6. Magnetometric Survey, Vertical Intensity: Calabogie Mine, Bagot 
township, Renfrew county, Ontario—by E. Nystrom, 1904. 
Scale 60 feet to 1 inch. Summary report, 1905. (See Map No. 
249.)

113. Magnet omet ric Survey of the Belmont Iron Mines, Belmont township,
Peterborough county, Ontario—by B. F. Haanel, 1905. Scale 
60 feet to 1 inch. Summary report, 1905. (See Map. No. 186).

114. Magnetometric Survey of the Wilbur Mine, Lavant township, Lanark
county, Ontario—by B. F. Haanel, 1905. Scale 60 feet to 1 inch. 
Summary report, 1905.

f33. Magnetometric Survey, Vertical Intensity: Lot 1, Concession VI, 
Mayo township, Hastings county, Ontario—by Howells Fréchette, 
1909. Scale 60 feet to 1 inch.

+34. Magnetometric Survey, Vertical Intensity: Lots 2 and 3, Concession 
VI, Mayo township, Hastings county, Ontario—by Howells Fré
chette, 1909. Scale 60 feet to 1 inch.

Noie. I. Maps marked thus * are to be found only in reports.
Maps marked thus t have been printed inde|*-ndently of reports, hence 

can be procured separately by applicants.
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t35. Magnet omet ric Survey, Vertical Intensity: Lots Kl, II, .uvl 12, Con
cession IX, and Lots 11 and 12, ( once"mi VIII, M iyo township, 
Hastings county, Ontario—by Howells Fréchette, 1696. Scale 
60 feet to 1 inch.

*36. Survey of Mer Bleue Peat Bog, Gloucester township, C’arleton county, 
and Cumberland township, Russell county, Ontario—by Erik 
Nystrom, and A. v. Anrep. Accompanying report No. M.)

*37. Survey of Alfred Peal Bog, Alfred and Caledonia townships, Prescott 
county, Ontario—by Erik Nystrom, and A v. Anrep. iAccom
panying report No. 30.)

*38. Survey of Welland Peat Bog, Wainlleet and Humberstone townships, 
Welland county, Ontario—by Erik Nystrom and A. v. Anrep. (Ac
companying report No. 30.)

*36. Survey of Newington Peat Bog, Osnabrück, Risborottgh, and Cornwall 
townships, Stormont county, Ontario—by Erik Nystrom and A. v. 
Anrep. (Accompanying report No. 30.)

*40. Survey of Perth Peat Bog, Drummond township, Lanark county, 
Ontario—by Erik Nystrom and A. v. Anrep. (Accompanying
report No. 30.)

*41. Survey of Victoria Road Peat Bog, Bexley and Carden townships, 
Victoria county, Ontario—by Erik Nystrom and A. v. Anrep. 
(Accompanying report No. 30.)

*48. Magnet omet ric Survey of Iron Crown claim at Nimpkish ■ Klaanch) 
river, Vancouver island, B.C.—by E. Lindcman. Scale 60 feet 
to 1 inch. (Accompanying report No. 47.)

*46. Magnet omet ric Survey of Western Steel Iron claim, at Sechart, Van
couver Island, B.C.—by E. Lindeman. Scale 60 feet to 1 inch, 
tAccompanying report No. 47.)

*53. Iron Ore Occurrences, Ottawa and Pontiac counties, Quebec, 1608— 
by J. White and Fritz Cirkel. (Accompanying report No. 23.)

*54. Iron Ore Occurrences, Argenteuil county, Quebec, 1908—by Fritz 
Cirkel. (Accompanying report No. 23.) Out of print.

*57. The Productive Chrome Iron Ore District of Quebec—by Fritz Cirkel. 
(Accompanying report No. 26.)

Noth.—!. Maps marked thus * are to be found only in reports.
1. Maps marked thus t have lieen printed independently of reports, hence

23 can be procured se[>arately by applicants.



f60. Magnet omet ric Survey of the Bristol Mine, Pontiac county, Quebec— 
by E. Lindeman. Scale 200 feet to 1 inch. (Accompanying report 
No. 67.)

t61. Topographical Map of Bristol Mine, Pontiac county, Quebec—by E. 
Lindeman. Scale 200 feet to 1 inch. (Accompanying report No. 67.)

t64. Index Map of Nova Scotia: Gypsum—by W. F. Jennison. j (Accom
panying

+65. Index Map of New Brunswick : ( .ypsum—by W. F. Jennison report
I No 'i

+66. Map of Magdalen Islands: Gypsum—by W. F. Jennison. J

+70. Magnetometric Survey of Northeast Arm Iron Range, Lake Timagami, 
Nipissing district, Ontario—by E. Lindeman. Scale 200 feet = 1 
inch. (Accompanying report No. 63.)

f72. Brunner Peat Bog, Ontario—by A. v. Anrep.

+73. Komoka Peat Bog, Ontario—by A. v. Anrep.

74. Brockville Peat Bog, Ontario by A. v. Anrep.

75. Rondeau Peat Bog, Ontario—by A. v. Anrep.

+76. Alfred Peat Bog, Ontario—by A. v. Anrep.

+77. Alfred Peat Bog, Ontario: Main Ditch profile— 
by A. v. Anrep.

+78. Map of Asbestos Region, Province of Quebec, 1910—by Fritz Ctrkel. 
Scale 1 mile to 1 inch. (Accompanying report No. 69.)

+94. Map showing Cobalt, Gowganda, Shiningtree, and Porcupine districts 
—by L. H. Cole. (Accompanying Summary report, 1910.)

+95. General Map of Canada, showing Coal Fields. (Accompanying 
report No. 83—by Dr. J. B. Porter.)

+96. General Map of Coal Fields of Nova Scotia and New Brunswick. 
( Accompanying report No. 83—by Dr. J. B. Porter. '

+97. General Map showing Coal Fields in Alberta, Saskatchewan, and 
Manitoba. (Accompanying report No. 83—by Dr. J. B. Porter.)

Note.—1. Maps marked thus * are to be found only in reports.
2. Maps marked thus t have been printed independently of reports, hence 

can lx- procured separately by applicants.

(Accompanying 
report No 71

• Out of print.



( Accompanyingt98. < icneral Map of Coal Fields in British Columbia, 
report No. 83—In Dr. J. IV Porter

t99. General Map of Coal Field in Yukon Territory. Accompanying 
report No. 83—by Dr. J. IV Porter.i

fl06. Geological Map of Austin Brook Iron Bearing district, Bathurst town
ship, Gloucester county, N.B.—by K. I.indeman. Scale 400 feet to 
I inch. i Accompanying report No. 105.)

tl07. Magnet (.metric Survey, Vertical lnteiv.it> : Austin Brook Iron Bear
ing District- by K. I.indeman. S ale 400 feet to 1 inch. (Accom
panying report No. 105. )

tl08. Index Map showing Iron Bearing Area at Austin Brook by K. I.inde
man. (Accompanying report No. 105.)

*112. Sketch plan showing Geolog> of Point Mamainse, Out. —by Professor 
A. C. Lane. Scale, 4,000 feet to 1 inch, t Accompanying report 
No. Ul.i

ft 13. Holland Peat Bog, Ontario —b\ A v. Anrep, (Accompanying report
No. 151.)

*119-137. Mica: Township maps, Ontario and Quebec—by Hugh S. de 
Schmid. (Accompanying report No. 118. i

tl38. Mica: Showing Location of Principal Mines and Occurrences in the 
Quebec Mica Area—by Hugh S. de Schmid. Scale 3.95 miles to 
1 inch. (Accompanying report No. 118.)

tl39. Mica: Showing Location of Principal Mines and Occurrences in the 
Ontario Mica Area—by Hugh S. de Schmid. Scale 3.95 miles to 
1 inch. (Accompanying report No. 118.)

1140. Mica: Showing Distribution of the Principal Mica Occurrences
in the Dominion of Canada—by Hugh S. de Schmid. Scale 3.95 
miles to 1 inch. (Accompanying report No. 118.i

1141. Torbrook Iron Bearing District, Annapolis county, N S. —by Howells
Fréchette. Scale 400 feet to 1 inch. (Accompanying report No.
110.)

tl46. Distribution of Iron Ore Sands of the Iron Ore Deposits on the North 
Shore of the River and Gulf of St. Lawrence, Canada—by Geo. 
C. Mackenzie. Scale 100 miles to 1 inch. (Accompanying report 
No. 11S

Note.— 1 Maps marked thus * are to Is? found only in reports.
2. Maps marked thus t have been printed independently of reports, hence 

can be procured separately by applicants.
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t!47. Magnetic Iron Sand Deposits in relation to Natashkwan harbour ami 
<ireat Nalashkwan river, Que. (Index Map)—by <»eo. C. Mackenzie. 
Scale 40 chains to 1 inch. (Accompanying report No. 145.)

+148. Nalashkwan Magnetic Iron Sand Deposits, Saguenay county, Que.— 
by Geo. ( '. Mackenzie. Scale 1,000 feet to 1 inch. (Aceomiwnying 
re|s>rt No. 145.)

+ 152. Map showing the Location of I’eal Hogs investigated in 
Ontario—by A. v. Anrep.

1153. Map Showing the Location of Peat Hogs investigated in 
Manitoba by A. v. Anrep.

1157. Lac du Hon net Peat Bog, Manitoba—by A. v. Anrep.

1158. Transmission Peat Hog, Manitoba by A. v. Anrep.

panying 
No! 151)

1150. Corduroy Peat Hog, Manitoba—by A. v. Anrep. 

+160. Boggy Creek Peat Bog, Manitoba—by A. v. Anrep.

1161. Rice Lake Peat Hog, Manitoba by A. v. Anrep. 

+162. Mud Lake Peat Hog, Manitoba—by A. v. Anrep. 

+ 163. Litter Peat Hog, Manitoba—by A. v. Anrep.

+ 164. Julius Peat Litter Hog, Manitoba—by A.

(Accompanving report No. 
151.)+165. Fort Francis Peat Hog, Ontario—by A.

*166. Magnet omet ric Map of Mine No. 3, Lot 7, Concessions V and Yl 
Mekim township, Sudbury district, Ont.—by E. Lindeman. (Ac
companying Summary Report, 1911.)

+ 168. Map showing Pyrites Mines and Prospects in Eastern Canada, and 
their relation to the United States Market—by A. \V. G. Wilson. 
Scale 125 miles to 1 inch. (Accompanying report No. 167.)

+ 171. Geological Map of Sudbury Nickel region, Ont.—by Prof. A. P. Cole
man. Scale 1 mile to 1 inch. (Accompanying reuort No. 170.)

Note.— 1. Map* marked thus * are to be fourni only in re|x>rts.
1. Map* marked thus 1 have I wen printed independently of reports, hence 

van lie procured separately by applicants.
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+ 172. (ieological Map of Victoria mine Ity Prof \.
I1. Coleman.

+174. Geological Map of ("mm Mill mini* I»\ Prof. (Accompanying re- 
A. I*. Coleman. |x»rt \o. 17(1.'

tl74. Geological Map of Creighton mine b\ Prol. A.
I\ Coleman

tl75. C.vological Map showing contact <>l Norite ami Laurentian in 
vicinity of Creighton mine by Prof. A. P. 
Coleman, i Accompanying rv|Miri No. 170.)

of Copper Cliff offset by Prof. A. P. Coleman. 
Acconi|un\ ing re|M>rt No. 170.'

No. 4 Mine by Prof. A. I*. Coleman. (Acconi- 
panying report No. 170.)

showing vicinity of Stobie anil No. 4 mines—by 
Prof. A. I*. Coleman, i Accompanying refiort 
No. 170.)

t!85. Magnetometric Survey, Vertical Intensity Blairton iron mine, Bel- 
mont township, Peterborough couniy, Ontario -by K. I.indcman, 
lull. Scale 200 feet to 1 inch. (Accompanying report No. 184.1

t!85a. Geological Map, Blairton iron mine, Belmont township, Peterborough 
county, Ontario—by K. I.indcman, 1**11. Scale 200 feet to 1 inch. 
(Accompanying report No. 184.)

tlX<>. Magnetometric Survey, Belmont iron mine, Belmont township, Peter
borough county, Out. -by K. I.indcman, 1911. Scale 200 feet to 
1 inch. (Accompanying report No. 1S4.)

tlXfoa. Geological Map, Belmont iron mine, Belmont tow Peterborough
county, Ontario—by K. I.indcman, 1911. Scale 200 feet to 1 im It. 
i Accompanying report No. 184.)

fl87. Magnetometric Survey, Vertical Intensity: St. Charles mine, Tudor 
tow Hastings county, Ontario-by K. I.indcman, 1911. Scale
2(H) feet to 1 inch. (Accompanying report No. 184.)

tl87a. Geological Map, St. Charles mine, Tudor township, Hastings county, 
Ontario—by K. I.indeman, 1911. Scale 2(H) feet to 1 inch. (Ac- 
companying report No. 184.)

Noth. -I. Maps marked ilius ♦ .ire to be found only in n-|ioits.
Maps marked thus t have tx-en iirlnled independently of report*, hence 

van foe procured aeparately by applicant*.

tl76.
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1188. Magnetometric Survey, Vertical Intensity: Baker mine, Tudor town
ship, Hastings county, Ontario—by E. Lindeman, 1911. Scale 
200 feet to 1 inch. (Accompanying report No. 184.)

tl88a. Geological Map, Baker mine, Tudor township, Hastings county, 
Ontario—by E. Lindeinan, 1911. Scale 200 feet to 1 inch. (Ac
companying report No. 184.)

tl89. Magnetometric Survey, Vertical Intensity: Ridge iron ore deposits, 
Wollaston township, Hastings county, Ontario—by E. Lindeinan, 
1911. Scale 200 feet to 1 inch. (Accompanying report No. 184.)

tl90. Magnetometric Survey, Vertical Intensity: Coehill and Jenkins 
mines, Wollaston township, Hastings county, Ontario—by E. Linde* 
man, 1911. Scale 200 feet to 1 inch. (Accompanying report No. 
184.)

tl90a. Geological Map, Coehill and Jenkins mines, Wollaston township, 
Hastings county, Ontario—by E. Lindeinan, 1911. Scale 200 feet to 
1 inch. (Accompanying report No. 184).

tl91. Magnetometric Survey, Vertical Intensity: Bessemer iron ore deposits, 
Mayo township, Hastings county, Ontario—by E. Lindeinan, 1911. 
Scale 200 feet to 1 inch. (Accompanying report No. 184.)

tl91a. Geological Map, Bessemer iron ore deposits, Mayo township, Hastings 
county, Ontario—by E. Lindeinan, 1911. Scale 200 feet to 1 inch. 
(Accompanying report No. 184.)

J192. Xlagnetometric Survey, Vertical Intensity: Rankin, Childs, and 
Stevens mines, Mayo township, Hastings county, Ontario—by E. 
Lindeinan, 1911. Scale 200 feet to 1 inch. (Accompanying report 
No 1*4.

f!92a. Geological Map, Rankin, Childs, and Stevens mines, Mayo town
ship, Hastings county, Ontario—by E. Lindeman, 1911. Scale 
200 feet to 1 inch. (Accompanying report No. 184.)

fl93. Magnetometric Survey, Vertical Intensity: Kennedy properly, Car- 
low township, Hastings county, Ontario—by E. Lindeman, 1911. 
Scale 200 feet to 1 inch. (Accompanying report No. 184.)

fl93a. Geological Map, Kennedy property, Carlow township, Hastings 
county, Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch. 
(Accompanying report No. 184.)

Note.—1. Maps marked thus * are to be found only in reports.
2. Maps marked thus t have been printed independently of reports, hence 

can lie procured separately by applicants.



tl94 Magnet omet ric Survey, Vertical Intensitv : Bovs Lake iron ore <>< < m 
rences, Faraday township. Hastings county, Ontario -hy I-.. Lindt 
man, 1911. Scale 200feet to 1 inch. (Accompanying report No. 184.)

1204. Index Map, Magnetic occurrences along the Central Ontario Railwa) 
—by E. Lindeman, 1911. (Accompanying report No. 184. i

t205. Magnetometric Map, Moose Mountain iron-hearing district, Sudbury 
district, Ontario: Deposits Nos. 1, 2, 3, 4, 5, 6, and 7 -hy K. I.inde
man, 1911. (Accompanying report No. 303.

t205a. Geological Map, Moose Mountain iron-hearing district, Sudhurv 
district, Ontario. Deposits Nos. 1, 2, 3, 4, 5, 6, ami 7—hy E. I.inde
man. (Accompanying report No. 303. i

t206. Magnetometric Survey of Moose Mountain iron-bearing district, 
Sudbury district, Ontario: Northern part of Deposit No 2—by 
E. I.indeman, 1912. Scale 200feet to 1 inch. (Accompanying report 
No. 303.)

t207. Magnetometric Survey of Moose Mountain iron-bearing district, 
Sudbury district, Ontario: Deposits Nos. 8, 9, and 9.x —by L. 
I.indeman, 1912. Scale 200 feet to 1 inch. (Accompanying report 
No. 303.)

t208. Magnetometric Survey of Moose Mountain iron-hearing district, 
Sudbury district, Ontario: Deposit No. 10—by E. Lindeman, 1912. 
Scale 200 feet to 1 inch. (Accompanying report No. 303. )

t208a. Magnetometric Survey, Moose Mountain iron-bearing district, Sud
bury district, Ontario: Eastern portion of Deposit No. 11 —by E. 
Lindeman, 1912. Scale 200 feet to 1 inch. (Accompanying report 
No. 303.)

t208b. Magnet omet ric Survey, Moose Mountain iron-bearing district, Sud
bury district, Ontario: Western portion of Deposit No. 11—by E. 
Lindeman, 1912. Scale 200 feet to 1 inch. (Accompanying report 
No. 303.)

f208c. General Geological Map, Moose Mountain iron-bearing district, Sud
bury district, Ontario -by E. Lindeman, 1912. Scale, 800 feet to 
1 inch. Accompanying report No. 303.

t210. Location of Copper Smelters in Canada—hy A. \\. < >. Wilson. Scale 
197-3 miles to 1 inch. (Accompanying report No. 209.)

Note.—1. Maps marked thus * are to be found only in reports.
1. Maps marked thus t have been printed independently -if reports, hence 

can lie procured separately by applicants.



XX

t215. Province of Alberta: Showing properties from which samples of coal 
were taken for gas producer tests, Fuel Testing Division, Ottawa. 
(Accompanying Summary Report 1012.)

t22U. Mining Districts, Yukon. Scale 35 miles to 1 inch—by T. A. MacLean. 
(Accompanying report No. 222.)

t221. Dawson Mining District, Yukon. Scale 2 miles to 1 inch—by 7. A. 
MacLean. (Accompanying report No. 222.)

*228. Index Map of the Sydney Coal Field, Cape Breton, N.S. (Accompany
ing report No. 227.)

f232. Mineral Map of Canada. Scale 100 miles to 1 inch. (Accompanying 
report No. 230.)

f230. Index Mapof Canada, showing gypsum occurrences. (Accompanying 
report No. 245.)

t240. Map showing Lower Carboniferous formation in which gypsum occurs. 
Scale 100 miles to 1 inch. (Accompanying report No. 245.)

f241. Map showing relation of gypsum deposits in Northern Ontario to 
railway lines. Scale 100 miles to 1 inch. (Accompanying report 
No. 245.)

t242. Map, Grand River gypsum deposits, Ontario. Scale 4 miles to 1 inch.
• Accompanying report No. 245.)

f243. Plan of Manitoba Gypsum Co.'s properties. (Accompanying report 
No. 245.)

f244. Map showing relation of gypsum deposits in British Columbia to 
railway lines and market. Scales 35 miles to 1 inch. ( Accompanying 
report No. 245.

t249. Magnetometric Survey, Caldwell and Campbell mines, Calabogie dis
trict, Renfrew county, Ontario—by E. Lindeman, 1911. Scale 
200 feet to 1 inch. (Accompanying report No. 254.)

f250. Magnetometric Survey, Black Bay or Williams mine, Calabogie 
district, Renfrew county, Ontario—by E. Lindeman, 1911. Scale 
200 feet to 1 inch. (Accompanying report No. 254.)

Note.—I. Maps marked thus * are to be found only in rei>orts.
2. Maps marked thus t have been printed independently of reports, hence 

can be procured separately by applicants.



+251. Magnet omet ric Survey, Bluff Point iron mine, Calabogie district, 
Renfrew county, Ontario—by E. Lindenian, 1911. Scale 200 feet to 
1 inch. (Accompanying report N< . 251.)

t252. Magnctontetric Survey, Culhane mine, Calabogie district, Renfrew 
county, Ontario—by E. Lindenian, 1911. Scale 200 feet to 1 inch. 
(Accompanying report N<>. 254.)

t253. Magnetometrie Survey, Martel or Wilson iron mine, Calabogie dis
trict, Renfrew county, Ontario—by E. Lindenian, 1911. Scale 
200 feet to 1 inch. (Accompanying report No. 254).

+201. Magnetometrie Survey, Northeast Arm iron range, Lot 339 E. V. \\. 
Lake Timagami, Ni pissing district, Ontario -by E. Nystrom, 1903. 
Scale 200 feet to 1 inch.

+268. Map of Peat Bogs Investigated in Queliec—by A. v. Anrep, 1912.

+269. Large Tea Field Peat Bog, Quebec 

+270. Small Tea Field Peat Bog, Quebec 

+271. Lanorie Peat Bog, Quebec 

+272. St. Hyacinthe Peat Bog, Queliec 

+273 Rivière du Loup Peat Bog 

+274. Cacouna Peat Bog 

+275. Le Parc Peat Bog, Queliec 

+276. St. Denis Peat Bog, Quebec 

+277. Rivière Quelle Peat Bog, Quebec 

+278. Moose Mountain Peat Bog, Quebec

+284. Map of northern portion of Alberta, showing position of outcrops of 
bituminous sand. Scale 12 J miles to 1 inch. Accompanying 
report No. 281.)

+293. Map of Dominion of Canada, showing the occurrences of oil, gas, and 
tar sands. Scale 197 miles to 1 inch. (Accompanying report No. 
291.)

Note.—1. Mai» marked thua * arc to lx- found only in reports.
2. Maps marked thua t have been printed independently of reports, hence 

can lev procured separately by applicants.



t294. Reconnaissance Map of part of Albert and Westmorland counties, 
New Brunswick. Scale 1 mile to 1 inch. (Accompanying report 
No. 291.)

f295. Sketch plan of Gaspe oil fields, Quebec, showing location of wells. 
Scale 2 miles to 1 inch. (Accompanying report No. 291.)

1296. Map showing gas and oil fields and pipe-lines in Southwestern Ontario. 
Scale 4 miles to 1 inch. (Accompanying report No. 291.)

t297. Geological Map of Alberta, Saskatchewan and Manitoba. Scale 35 
miles to 1 inch. (Accompanying report No. 291.)

f298. Map, Geology of the lorty-ninth parallel, 0.9804 miles to 1 inch. 
(Accompanying report No. 291.)

f302. Map showing location of main gas line, Bow Island-Calgary. Scale 
12.} miles to 1 inch. (Accompanying report No. 291.)

tA11. Magnetometric Map, McPherson mine, Barachois, Cape Breton 
county, Nova Scotia. Scale 200 feet to 1 inch.

f312. Magnetometric Map, iron ore deposits at Upper Glencoe, Inverness 
county, Nova Scotia. Scale 200 feet to 1 inch.

t313. Magnetometric Map, iron ore deposits at Grand Mira, Cape Breton 
county, Nova Scotia. Scale 200 feet to 1 inch.

Address all communications to—

Director Mines Branch, 
Department of Mines,

Svssex Street, Ottawa.

Note.—1. Maps marked thus * are to be found only in reports.
2. Maps marked thus t have been printed independently of reports, hence 

can be procured separately by applicants.




