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LETTER OF TRANSMITTAL.

'

Dr. EvGENE HaAa
Director of Mines Branch

Department of Ming

Ottawa

Sir,—1 beg to transmit, herewith, my report on Peat, Lignite,
ind Coal: their value as fuels for the production of gas and
power in the by-product Recovery Producer I'he information
ind 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 I'he commission
consisted of myself, and my assistant—Mr. John Blizard, B.Sc
I

edging my indebtedness to Mr. Blizard for valuable suggestion

submitting the report as a whole, I have pleasure in acknowl

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 b

Sir,
Your obedient servant
(Signed) B. F. Haanel.

Ottawa, April 7, 1914,
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PEAT, LIGNITE, AND COAL:
THEIR VALUE AS FUELS FOR THE PRODUCTION OF
GAS AND POWER IN THE BY-PRODUCT
RECOVERY PRODUCER.







PEAT, LIGNITE, AND COAL:

I'heir Value as Fuels for the Production of Gas and Power
in the By-Product Recovery Producer.

INTRODUCTORY.
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duction of power ne coal may prove as cconomical as another
whereas, for metallurgical purpose where col require




only a coking coal will serve the purpo But all bituminou

coals do not possess coking propertic neither do all coking
coals produce the same quality of coke Hence, it may be said,

that the various fuels are individually adapted to one or more

pectfic purpose from which they cannot be diverted withou
disadvantage By way of illustration, take the question of
generating power, for which purpose the prime requisite is he

in this case one cla f coal, which possesses a certain heating
tdue per unit, is just uitable mother of like heating
e hwithstanding ¢ VT rked differences wh

xist in their composition \ coking coal, in this case, would
cerve tl MTPOSE well L No ! al he

kit coal wld not ( 1l 1 { kit coal wher
he required is coke I'he Me 1 ming applies in
n I measure wer fuels, p leun example Petr
leum, when utilized in its crude state 1 fuel for varion
purpose cannot  commat 1 much higher nark price )
1,000 heat units than ar other suttable fue In the cas {
petroleum, the choice lies in the greater convenience with which
t can I wed and handled.  But petroleum when ymitted

to a fractional distillation, vields oils of various descriptions, in

wldition to numerous and valuable by-products; the same do
not hold true with the solid fuel o that it will be seen that
petroleum s specially adapted for the manufacture of other
fuels, which are indispensable and tically irreplaceable fo

nany and varied purposes both in the arts and industries
I'here are, however, certain fuels which are found in great
tbundance but which are not, at the present time, especially
valuable for any one particular purposc Among these fuel
may be classed lignite ind peat, though from both these fuel
valuable oils, and other by-products can be obtained by distilla
tion; while coke—which is of special value for some purposc
can be obtained from peat No economic process, however
15 in existence which can effect the distillation of these fuel
profitably I'heir main value is as generators of heat and they
can therefore be best used for the generation of heat for power

or for domestic purpose By thus classifving the various fuels,

wccording to the purpose for which they are best suited, and for
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and colonized in a similar manner All ploughing, harvesting
ete,, could be performed by electric power, and the homes, in
addition, lighted by electricity,  In this way, a worthless tract
of land could be converted into agricultural land of valuc

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

In order to assist the peat industry of Canada, and to place
it on a hirm foundation, those who had during past years been
interested in the actual attempts to manufacture peat, but whe
had failed, petitioned the Government to send a commission
to Europe to investigate and report upon the methods and pro

esses the employed for generating power from peat Especial

itention was paid to the hy-product recovery gas producer
power plants, and to the methods for preparing the peat for
gas producers or steam boilers, as the case might be

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
o reduce the water

plished economically, and that to attempt
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 8$1.50 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

ind, that where only gas is generated, the revenue derived from

the sale of the ammonium sulphate produced is sufficient tc
pay a profit on the investment, and to deliver the gas free of

charge
I'he same cases have been considered for plants utilizing

lignite and coal as fuel.
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CHAPTER ]

MANUFACTURE OF PEAT FUEL.
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Peat, in its natural state, that is, as it exists in the bo
ontains 90 per cent, and metime e ] ter | thi

water content is seldom reduced below 88 per cent, even in the

most thoroughly drained bog In other word 1 wdred
pounds of raw peat contains 90 pounds of water, anc 10
pounds of dry peat sub cer and this dry peat substance rep

resents the total combustible material in the 100 pound
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In order, therefore, to render this 10 pounds of combustible
substance available for fuel purposes the bulk of the 90 pounds
of water must first of all be removed. The problem of the econo-
mic removal of this water, in a manner which will permit the
manufacture of peat fuel to be carried on continuously through-
out the year, has not, as vet, been satisfactorily solved. When
the drying of the peat is accomplished by means of the direct
heat of the sun in the open 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 ecomonic method known, at the present
time, for the manufacture of peat fuel depending as it does on

armospheric conditions for the removal of the large amount of

moisture Practically all of the peat fuel produced in Europe
is atr-dried. An effective method, which has been in successful
use for many vears, and which depends on the direct sun's heat

for the removal of the water from the raw peat, will now e
deseribed

AIR-DRIED MACHINE PEAT

\ir-dried peat, as fuel, has for several centuries been used
in many of the countries of Europe, and even today, the peasants
of Ireland produce pe:

t fuel, for their domestic purposes, i
the same primitive manner that was in use centuries ago

I'he peat is simply dug from the bog with ordinary spades
and then laid upon the bog to dry. When sufficiently dry these
sods are 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 peat fuel on a large scale and, in countries where
the cost of labour is high, this hand method of manufacture can
not be considered by the farmers, even on a small scale
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Composition of Peat and effect of Pulping.

Peat cons

sts of the fibres of different Sphagnum and Hyp
num mosses, Eriophorum, Carex, and other fibrous and aquatic
plants, from which it was derived. These fibres consist of cellu

lose, hvdro-cellulose, and a small amount of albumen

Hydro-cellulose is a gelatinous substance which

the property of absorbing many times its own weight of water

ind 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 be
found to the greatest extent in the deeper lavers 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
1 bog contains the remains of buried cones, fir needles, trees
trunks, and a considerable amount of root

I'he 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 mas I'he 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
ihove described

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

I'he different stages of the process may be 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

{. Spreading and cutting the pulped peat into suitable

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




I'he raw peat, in the case of small manufacturing plants i

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 applia in order to reduce the cost of the manu
tactured product cconomy is particular! ipplicable to
Canada, where the cost of labour is much greater nf on
e niru
PULPI

I'he excavated peat is f¢ n pecially designe wlpi
mill, whi n a general way, consist tlar knives revolvin
against fiixed knive mnd a convever ew which ser foree
he peat forward IMhese e enclosed i ron
Iron casing I'he mill operated by power, and g
mixe wlps the p btained from the different depth f
the bog. Small roots and fibres, in passing through with the
peat, are broken or cut up into small piec ind mixed with the
pulp

Pulping, or, as it ymetimes called, grindin one of the
most important steps of the proce ince the tality of th
final product, both as regards appearance and densi depend
ent on the thoroughness with which this operation is | 1

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 can stand a large
imount of handling without losing much weight resulting from
the production of fine

In practice, however, as the result of vears 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 b
possible to treat it more thoroughly in the ordinary pulp mill

in some form of grinder other than those used at present

- -
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Moore System.

Another system which should be described in some detail
is the one designed by Mr. Ernest V. Moore I'his has been
adapted to the transportation of peat from the peat machine t
the field press and is now in operation at the new plant on the
Alfred peat bog, Ontario I'ransporta

tem is accomplished by means of an aerial cable and travelling

m according to this sy

buckets T'he following is a short description of the system

T'he cableway consists essentially of two opposed towers
tbout 900 feet apart, and supported on wheels resting on rail

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 on

tower to the other, the d nce between the towers remaining
the L F'wo parallel cable Iving in the same horizontal
plane, are strung by means of an rage from the two tower
At each end means are provided for putting any strain desired on
the cable which are attached to two rigid semi-cir t !
connected to the tower Ihese tracks are attached to the cable
in such a manner that ntinuous and endle ingle track
btained in the form of wrizontal p about 900 feet long
9 feet wide, and about 8 feet 6 inches above the surface of the bog
Light wooden supports are placed at intervals of 75 feet
between the two main tower I'hese are supported on wheel
which permit their movement only in a direction p to
that of the end or main tower I'he cableway is attached to
these intermediate ipports by means of cable saddle ind i

in this manner kept parallel, and at the proper distance from
the surface of the bog

I'wenty-four steel buckets, each 10 cubic feet capacity, arc

provided for carrying the machined peat I'hese buckets are

slung in a bail which, by the loosening of a catch, permits them
to be dumped \ 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 I'he haulage cable is endless, and re

ceives its motion from a series of drums and pulleys situated on




e 3

¥

H.P

. - »
73 &
I
X

below the semi-cir

t tower parallel

ich the emptied buc-



Prare 11













I'he bucke re fixe I ! ible at intervals of
75 feet, so that it is impossible for two loaded buckets to get
it the same time between any two consecutive cable support

I'he clutches are so designed that they autor ly 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 sery to engage the
clutch with the haulage cable When the empt ucket arrive
at the loading hopper, it is a rel | from the haul
ige cable, and passes over a guide pulley to the drum which im
parts the m 1 k¢ fo
1 short distand il 1t h

hopp:

e thion 1 n n ( I ] ¢ pul n It 3 (
pre ( gre rt tl
| led buckse 1.000 1 (
pan. I ( ! u I I v
n towers 1 { | {
) T t this p d be t ( ( « I
1 on L ]
nchored to the b he tows : |
that tl n b d ‘ o Shey
on the cable
I'his stage in the process is ially performed with a Jakol
son fieldpre I'he fieldpre \ a Plate 111

of a frame built of wood and provided with two wooden roller

one at each end. Between the two rollers is fixed a hopper for

receiving the pulped it I'he 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 thickne of

the spread pcat. At the extreme back of the machine is placed
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I'he spreader with all its moving parts, when loaded, weigh
about 3,000 pounds, and, as it is moved over the surface of the
drying field, all twigs and bits of moss, in fact all small inequali
ties in the surface of the bog, are smoothed down, and the peat
gently laid on Ihe 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 stifi the pulp
may b As a result, a very uniform section is obtained I'he
moulding dies are slightly rounded at the corners and so impart

rounded edges to the peat bricks
TURNING, CUBING, AND STACKIN(

I'his 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 tran
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.

I'he “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

I'he illustrations show the elevator which carries the dug
peat to the pulping mill: the latter being hidden by the housing
I'he 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

I'he locomobile, mechanical transportation device, and
pulping mill, are shown in Plate VIII

This type of peat plant is used almost exclusively in Russia




ind Sweden I'he svstems which appear to be the most popular
in Germany are the Dolberg and Strenge Dolberg's system
is also used in Ttaly
I'he principal difference between the Dolberg and the Anrep

ystems is, the design of the macerator or pulping mill I'he
Dolberg, unlike the Anrep macerator 1wt designed to cut
twigs, fibres and roots; hence when the machine is working on a
bog containing many ro md Abre these twist around the

haft, and soon necessitate the stopping of the machine for the
purpose of cleaning

Fie Arrangement of track nd general layon f drying field. Doll yster
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
IHE DOLBERG MACHINES
I'hese

machines are
Italy and are operated by
the

Anrep system, but the excavat

used on certain bogs in Germany and
a steam locomobile,

as in the case of
ing is done |

»y manual labour.
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moor in Ostfriesland™ by J. Teichmiiller—shows the details ¢

I
the Dolberg peat machine as employed at Wiesmoor. It will be

scen from the illustration that the machine is provided with
side elevator lower part of which must roll on planks laid
on the bottom of the excavated trench

THE STRENGE MECHANICAL EXCAVATOF

I'his machine is emploved on several bogs in Germany
I'he peat is mechanically excavated from the bog by an excavator
f peculiar desig \ mechanical device spreads the pulped

peat, and cuts it in longtitudinal and transverse direction

I'he machine perated by electric motors, Fig. 7 shows the
machine in detail I'he machine in operation or e ho
Wiesmoor lHlustrated in Plate IX
It will be seen from this illustrati that the excavator
consi f mber of bucket ittache in end chair
which revolves in a vertical plane, enabling it to move either up
r down in a vertical direction, or from ttol o1 Iy
I'he two ends of the arm supportin 1e buckets are lastened
ertical suppor the outer one resting'on the lowest par
e excavated tre h, while the inner ¢ I mn a her por
ton I'he m carrving the ket « tor and ng which
t travels ir rizontal direction is moved 1 wn on these

two vertical support

I'he illustration, Plate IX, clearly indicates the method of
excavating I'he bog is excavated in steps, hence the different
lay of which the bog is made up are not mixed; consequently
the finished fuel will vary in quality according to the different
constituents of the respective peat la

On bogs free from roots, stumps, ete., this machive is said
to operate well; but when the bog contains these, to any extent

this system cannot be emploved 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

strat aken from “Das Kraftwerk im Wiesmoor Ostfriesland,” b Teiche
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I'he output of peat fuel in Russia alone for the vear 1909

imounted to 2,080,000 metric tor I'his output was produced
almost entirely by the “Anrep' system with the employment of
over 1,300 peat machine At the present time Russia is the lar
gest producer of this fuel. No mechanical excavators of the

Anrep”” type are yvet employed in Europe, the one at Alfred
Ontario, being the first of this type constructed
I'he statistics of the production of peat fuel in Sweden are

not available
GERMANY

At Wiesmoor in Ostfriedland, and at Schweger Moor in the

;overnment of Osnabruck, the writer visited two large power

plants designed for the use of peat fuel. That at Wiesmoor i
Moor

v steam plant, while that at Schweger 1 by-produc

recovery producer gas power plant

I'he total production of peat fuel at these two bogs is in the
vicinity of 70,000 metric ton

At Wiesmoor, 12 Dolberg machines, each with a capacity
f 60,000 to 80,000 peat bricks per day of ten hours, and 2 Strenge
machines equipped with mechanical excavators and spreader
ire employed. The same system is employed at Schweger Moor
Osnabruck

I'he cost of peat at Wiesmoor, or rather, the price at which
it is sold to the power company 5 marks (about $1.25) per
metric ton, the average moisture content ranging from 2530 per
cent. Owing to bad drainage, and other difficulties encountered
during the first vear of operations, the cost of peat fuel at Sch

weger Moor was about 15 marks (83.50 I'his cost will, it i

said, be very materi educed during the er g Son
ITALY

fuel manufacturing plant visited in lTtaly

I'he only pea
was that of the L'Utilizzazione Dei Combustibile Ttaliani |
L'Impianto 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 I'he cost of the fuel
at this plant is said to be about $1.50 per ton




Canadian Practice.

12 t Il 000

y
I'he plan ipp hoat i {
head charge imortization, inte (
I'he ) 1 “Anre
1 ol I

is deseribed elsewhere; it v nece I )
| 1 rk I h

I'he | f ¢ oW Casol manufacturing operation
A \lfred imnder 1a 1] le « dition 1 ha vith
cthaient managemen peat fuel can be manufactured at a cost
of §$1.75 on the feld I'his cost include Il expense wh a
mterest on investment mortization, repairs, et It more
over the opinton of the Swedish peat engineer, who conducted
the last season’s operations, that a period of 110 working days !

can be counted on, as a fair period during which manufactur

ing operations may be conducted.  The total production during ‘
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bound to be small.  When the men are paid a fixed daily wage
their desire to produce as large a daily output as possible not

keen when they are pa n the uni is. When employ
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better work nd p closer atten to the detail { the work
llotted to them, e.g. moving of tracks, cable L ind thi
aves a large amount of time which is very often lost when the
men are paid a fixed daily wage Consequently, the system
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1 engincer at 6¢. per ) 000 ) S () 0
7 men excavating at 6¢. per 0.42

3 men tending field pre t 6c. e ) 18
1 man loading into car Oc. | 0
| it 4¢. per tor i
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under these con ut | b 30 )
I'he for estimat carl the
for introducing every possible labour 1 [ ¢, and
increasing the capacity of the plant unit.  In the new plant ere
ted at Alfred by private parties, for purposes of experime

ind demonstratior n improved Anrep mech !

{ novel design, is employed. A graphic description of some of
the unique and interesting features of this plant will be foun
on pp. 19 to 23. This plant ¢ rui contintiot
enough period to determine, with an ra the « { the
product per ton, but there is every reason to believe
peat fuel manufactured with this plant will cost considerably
under $2 per t it the Alfred railwa ding including al
expense Its capacit MOreover, 18 more n double that of
the Anrep”’ plant previously installed by the gowve
while the number of men emploved is actually le¢ I'he cost

of equipment, including power house, peat machine, and all other

machinery, is considerably greater than that of the pior

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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Properties of Peat Preventing the Expulsion of Water by

Pressure.
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Wet Carbonizing Process.
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Brune and Horst Process for Pressing Water out of Peat.
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as denoted by curves A, B, C, D and E.

No. of Ibs. of peat required to be dried in order to give 100 Ibs. of dry and

20, 25, 35 and 45 per cent. moisture peat

Fig 10.
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to 212°F, and to evaporate it; i.e. the calorific power of peat
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, D, 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

\): and peat of the following moisture content: 207, (B
25 per cent (C) 35 per cent (D), and 45 per cent (E).  The curves
a, b, ¢, d, and e, show the quantities of peat, dry, and containing
20, 25, 35, 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 Ibs,
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, ¢, 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

Ibs. of peat containing 25, 35, ete., per cents of moisture, can
I I

be determined in a similar manner from the curves B, C, D,

and E

From these curve vill be seen that in order to produce
100 pounds of dry 100 pounds of peat containing 20
25, 35, and 45 per cer from peat containing 86 per
cent of water, 100 1bs of p dry, or of 20, 25, 35, and 45 per
cent moisture must be 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

I'he 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, morcover, 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 per cent 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
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be realized in practice.  Unfortunately no reliable data are avail-
able concerning this method for drying peat and such data
as are available concerning other substances cannot be emploved
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 OF HOT AIR

This method includes preheated air, the cireulation 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 are then
rolled on tracks into long rectangular chambers. 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 are
forced through and around the trays of peat by means of a nower
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 oh-
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° C. 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 openings provided on




1 Idle of e ( er and t
)| | | |
rucl ’ t |
| 00 1 ng 77 per cer
0 1 | 1 t
01 ’ {
1,400 ) eV uch (
I 20 I 0 p p
The quar raw contai Der o va
required 1 1al 0 metri f peat containing 30 per cen
) 70
1 | r 134.000 1l Of thi I
134,000 20 % 2.200 90,000 11 water | ¢ removed
in orde e 20 ns of 30 per ce et p I'he quar
{ he e « ) 1 ( ( | { I y 212
I and evag e it, i
9.000%1,120= 100,000,000 Bri P n
¢ qu of ilabl
! heat of exha y gas engines of 300 B.H.P
600 B.H.P. This i ight be a ed 35
per cent of the total heat of combustion of the gas in the eylinder
e engine hich will, therefore pply per h :
« ( { "‘.‘ cent for the engine
1545 3
o 3560 Brit. ther per B.H.P. The total

heat available for 600 H.P. during 24 hours will be approx

3.560 600 24 51,000,000 Brit. ther. units

rned under the boilers: This is equivalent

it n 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



cm
M

1ited

ure

unt



-018
07| 1111

016

C

Fig. 11,

and temperature.

SATURATED AIR.

/ ) 80 PER, CENT SATURATION !
f / /lomcnrummw‘- { 144

ARy !
o015 1S 70 PEW CENT SATURATION |
/ / ‘
y £l poerpid b
014 / \ / R RRRe
y 4B 4, 60 AR CENT, SATARMIIN |
013 / / \ HH
masss iamy A58
.. 5 AN AT YIN l | 1
012 7 )/ AT AN I
TN 7RI T
/ N NSNS ANEEEREREEAEEE R 1444
/ ] ! \ |
011 b { / v / “) 50 PER CENT SATURATION {
; / } / o8
o0/ [ 1] WD ,'/ an
2 XX HH
000 1§ / :
18- A 40 pER ConT SarumArion’ | 11T
g 4
- /|
-008 - / {
fa 7, ARE
a |
.| =4
4007 | .11 j'I
8 [
v ewtemin 40X sarimarea, Lenve Saraares |
T ! L
_AAIR ENTERING 40X SATURATED, LEAVIVG S0F SATT.
s AE T winx APD, Leiuve] Semates |
e AN ENTERING 40X SATURATED. LEAYING. 80X BATA.
L, AR ENTERING SOX SATURATED,. foX bara |
o AR ENTERING  SOX. SATURATED, LEAYNG | 80K pATH |
[ LIril)
puvk | Aawkasker || 1L 13

70 80 %0

Curves showing the pounds of moisture present per pound of air for varying degrees of saturation







—-—m

45

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 <+ 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 isnot taken into account.

ARTIFICIAL DRYING OF PEAT BY AIR.!

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. 11)* have been prepared showing
the Ibs. of moisture present per Ib. 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 Ib. 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
Ibs. of vapour per Ib. of air for 40 per cent saturation and a tem-
perature of 80°F. If this air be passed over water it will become
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 Ib. 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.

_—T‘im Blizard.
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T'he curves have been constructed for air entering at 40
and 50 per cent saturation
The lower set of curves show the pounds of moisture re

moved per Ib. of air entering with 40 and 50 per cent humidity

and varying temperatures and leaving saturated or 90 per cent
or 80 per cent saturated
From these curves the Ibs. of air to evaporate one pound

of moisture may be calculated, 1

1 the case of any proposed

installation for the drying of peat by this method of more «

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 I'hese figures have be
caleulated and the results are represented by the curves i
Fig. 12 For these calculations the following arbitrary figures
are used
Efficiency of Peat Gas Producer and Gas Engin 125
Efhciency of Electric Generator 88
- E . Fan Motor 88
* “ Fan 00

overall efficiency of L0639

giving ar
I'he pressure at which the air is delivered to the fan is as
sumed as 1} inches of water above the atmospher
I'he heat in the peat necessary to propel one cubie foot of

air at a pressure of 13 inches of water (or 7-8 Ibs. per sq. foot

i 8 1

718 0639 157 B.T.

[t 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 370 B.T.U., 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, better

results might be expected by artificial air drying than by
the direct heating method. The limits of such a method as che
Jatter have been previously demonstrated
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CHAPTER 11

CHEMICAL ANALYSES AND EFFECT OF MOISTURE
ON CALORIFIC POWER OF PEAT.

Chemical Analyse I'he chemical analyses of the various
samples of peat taken from the peat bogs so far examined in
the provinces of Ontario, Quebee and Manitoba, are shown in

Iables 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 I'his 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 toconsider;
while the nitrogen content is of equal importance when its re-
covery is contemplated in conjunction with the generation of

s in | roduct recovery gas producers

power
The calorific power of the samples of peat shown in Tables

1 and 2 are determined on the absolutely dry sample. The calo-
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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. per
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

TFABLE 2

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

Volatile matter 50-5 63:-263-464-359.664-666:863-565-065:4 530
Fixed carbon 21-2 24-623-023-523:120:224:226-2{24-5 24:1 18.5
Ash 19-3 12:213:612-217-315-2 8:810-1/10-5 10-5 28-5
Phosphorus | 0050 069 0-67 0-147
Nitrogen | 2.7 2.8 2.7 2.5

Calonific value,

B.T.U. per b 7610 8350 8080 8390 7700 7950 8380 7980 8250 8510 6720

I'he 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 235 to 30 per cent and all effective
heating values are 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:

: [100 B-X (B41120)] (1)
100
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FABLE 4

Analyses of Peat from Different Countrie

) ! !
!
K «
D (
1 ( 130
Fa 1"
H | ] 4ot 0
17:00 47-00  0+%0 |42+ K( 0
I 15:-70 50- 13 4:20 31-44 2 |
1-70 5501 3¢ 141
l 17-¢ : 86 Ja
19:3 90 40-59 660
1889 55 31 31 41438 680
I 1-34 594 (¢ i 19
Hamt L) 3 S il
Breme 84 5784 - 6 0:95 260 Bre
03 \ 415 146 1
Schopfloch ) 00 0 60 30-32 1| 810 Neste I
vd 800 45+ 44 1 1-46 21
Irist t, perfectly dr
v 9:0 ¢ 12 40 P. Dawsor
Irieh pes )
et cet re ave
A 25:0 44:0 4 150 30
Irish peat ling 30
per cent i re
¥ 300 41 4 10 0.8 8
Switzerland,  air-drie
smpressed, average .. 12317 40-00  4:53 21:50 84 | 7-87 Goppelsroed
t, air-dried 19 4 0 204 | 146 ¢ 1
*From “Peat, Its Use and Manufacture,” by P. R. Bjorling and F. T. Gissings




Where A is the calorific power of the wet peat, in B.T.1
per Ih.; Bis the calorific power of the absolutely dry peat, in
B.T.U. per Ib.; X is the percentage of moisture
the peat for which i

contained in

is desired to determine the calorific power

I'he total quantity of heat required to raise 1 pound of
water 1 62°F to 212°F and evaporate it is denoted by 1,120
Brit 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

\ X 14600 H--10) 62100 OH 4+ X) 1120

( weight of carbon
H " hvdrogen
0 “ oxygen

X = weight of water
In this formula, the loss due to the water formed by the

combination of the hydrogen and oxvgen of the fuel is taken

into consideration; while in formula (1) such loss is not taken
mto account
The following ultimate analysis of a sample of peat taken

from the Alfred bog will be used as an illustration

Carbon 56+0 per cent
Hydrogen
Ash

Oxygen, nitrogen and sulphur by differ

ence 32+8 e
I'he nitrogen and sulphur may be taken as 2 per cent
ing 30+8 per cent as oxvgen

If a moisture content of 25 per cent is assumed, the per

centages of carbon, hydrogen, ash and oxyvgen will be

Carbon 420 per cent
Hydrogen 3:9 -
Ash -5 -
Oxygen 23-1 =

and these values when substituted in formula (2) will give

0231 )
Y =0-42 X 14600 4 (0-039 )62,100-(9 X 0-0394-0-25)
8
1120; or
Y 0-42 X 14600 + 621—673, or 6080 Brit. ther. un,its
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as the effective calorific value of the wet peat I'he calorific
value as determined from formula (1) will b
[100 9460 (946041120
100
=06815 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

I'he 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.

I'he column showing the quantity of heat required to evap-

orate the

Lbs. of mois-
ture per Ib. of

peat (dry

moisture

is

calculate

TABLI

Per Ib. of Wet

Heat
Per  content ¢
cent of ¢
peat pe

H
10 950
12 1140
14-3 1360
16-6 1580
20 1900
25 2375
33-3 3166
10 3800
50 1750
o0 300
65 6170
70 6650
75 7125
100 9500

* Table prepared by John Blizard

1; firstly,

Heat to

870
850
830
805

180
380
340
200
240

the

assuming that
Heat to H-a H-t
warm, ev
\porate
nd
superheat
1170 80 220
1140 290 0
1110 530 250
1080 778 500
1040 1130 860
970 1655 | 1405
870 2521 2206
780 3220 3020
650 1270 4100
520 5320 5180
150 5830 | 5720
390 6370 6260
330 7885 6795
9500 9500




TFABLI

)0 9.0 0 0 0 20
88 3 1 19.0 1-0 0 0
86 6-1 )9 3 1
&4 41-7 1
8 4 H 19 ( 04
80 10 5 ! 45.2 8
7 3 6 62-8 150 31 1182
75 3.0 6 110 ) ( 140
0 315 68 1950
ot 1-9 8 ol 74 39
6 1-5 83-4 0 ).5 (
55 1 866 165 83.5 3570
50 1:0 80 9.0 13 R 1100
45 82 ) 91.0 11 RS 1630
40 6 83 92.5 09¢ 90-4 S180
3 54 10 940 074 ) 0
13 - 95.2 059 04.1 260

963 045 95 6795
) 5 8 97.2 034 096 ¢ 7240
1¢ 19 81 97.8 026 097-4 7780
10 10 800 98.9 013 08.7 8430

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°} ind leaves at the tem
perature of the hot gases—about 600°1 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.
T'o raise the temperature of the water from 60° to 212°]
212-60 152
Latent heat of water per pound 966

pared by J Blizard




Heat required to superheat the steam, assuming the
1 I
specific heat of superheated steam 1o be 0-48, is 048

X (600-212) 186

Fotal heat per pound of water 1304

or, in round numbers, 1300 B.T.U. per pound

he calorific power of 1 pound of absolutely dry peat is
taken as 9500 B.T.1

10000
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«
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F1G. 13.*—Curves showing the higher and 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, Blizard
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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 peat
and the ordinate the corresponding calorific power 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 peat.  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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CHAPTER 111
AMMONIUM SULPHATE.

Ammonium sulphate i hemical « composed of
the elements, nitrogen, hvdrogen iphur, and en It ha
the molecular formula (NH,).S0, and contait ) 5 per cent

nmonia (NHy) when chemically pur I'he (

in commerce, however, may not ntain more than 21 22 per
cent

From the molecular formula (NH).S0, the ratic { the
pounds of nmoniu ilphate to the pound Ntroge i
found to I

Ihs. of sulphate 132

|

Ihs. of nitrogen )8
that is, the quantity ¢ unmonim ulphate ormed
| i he ol nitrogen entering into the mibina

Ihus, if 2,240 1hs.) of coal contains 1 per cent

rogen or 22-4 1bs., the quantity of ammonium sulphate which

ild be theoretically formed would be 2244 | 1056

nd for the short 2,000) 11 ) $-7 04-3 1h

I'he efticiency of the recovery proce is seldom greater than
0 5 nt, the um sulph resul would, there
fore I 10506 075 79 1h e 9443 0 71 b

respectively, The following curves, Fig. 16, show nti

of ammonium sulphate which can be theoretically obtained from
fuels having a nitrogen content varving from 0-1 to 21 per cent
nitrogen

Sources of Ammonia.

I'he principal commercial sources of ammonia and its
compounds with other substances are: the coke ovens, gas works
ind by-product recovery gas producer plant I'he principal
ources of the nitrogen are the coals, lignites

peats, and
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ol shale which are 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 does not

concern us here. In France considerable quantities of ammonia
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FiG. 16.*—Sulphate of ammonia which can be 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 tructed by J. Blizard
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cerned, at the present time, the principal sources of ammonia
1 works.

are the by-product recovery coke ovens of the s

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
he recovered from peat bogs in the form of ammonium sulphate,
thirteen of the bogs so far examined in the Provinee of Ontario,
which have a total fuel content of 43 million tons of 25 per cent
moisture peat and an average nitrogen content of about 173
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 %< 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 sulphate, there would be pro-
duced a quantity of power gas sufficient to generate approxi-
mately 40,000 H.P. continuously for 100 years.

Applications.  According to Lunge,* nearly all of the am-
monium sulphate 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 absorbed 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 11, p. 1105,
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monium sulphate is preferable for potatoes, while for wheat, rve,
and oats, nitrate of soda is of equal value, The sulphate also
serves for preparing the other ammonium salts, and sometimes
for liquor ammoniae, 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 emploved
to render tissues, papers, ete., non-inflammable

\ very important application for ammoniacal nitrogen
seems to be in store for the manufacture 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, 1s 1S use as a manure

Statistics of Production and Consumption.
ENGLAND

Ihe sources of production of ammonium sulphate in Eng
land are shown in Table 7. An examination of this table will
show that the quantity of ammonia recovered from coke ovens
ind gas producers increased from 17,000 metric tons? in 1900 to
129,000 metric tons in 1911, or nearly eight fold, while that re
covered from illuminating gas works increased only from 1 12,000
to 169,000 metric tons,  The total production at the end of the
ten year period was very nearly 80 per cent greater than in 1900
\ccording to the “Mineral Industry'™® the coke ovens and pro-
ducer gas and carbonizing works contributed the following quanti
ties of ammonium sulphate

190 1906 100 wos oo o0 | e 1012
Cok 30,732 43,677 53,572 64,227 K2,886 92,665(105,343
Producer gas a 132,000
wrbonizing works 15,705 18,736 21,873 24,024 24,705 850, 29,964
Annuaire Statistique des Engrais et Produits Chimiqu estinés & I"Agriculture, hy

E. & M. Lambert, 191
| metrie ton = 2204 1b
Mineral Industry, 1912, Vol XXI, p. 33
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Sulphate of Ammonia.

129000

). 000 378,500




Country of

Destinatior

Belgium

France

England

Italy

Holland

Switzerland

Antilles
Honoluh

Japan

Java

United States

Por

Other

Spair

TABLE 8
Sulphate of Ammonia.

EXPORTS FROM GERMANY

In Metric Tons

1900 1901 1902 1903 1904 1905 1906 190 1908 1909

4.0
174
M ). 84 5,744 | 5.5 1 ) 25,000 38,000 3.18 1,55 50,794

1910

o911




FTABLE 9

Sulphate of Ammonia.
IMPORTS INTO GERMANY

In Metric Tons

Country 1900 = 1901 1902 1903 1904 1905

Jelgium

Denmark
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England occupies the second place as a producer of am-
monium sulphate—but of the total annual production of 379,000
long tons in 1912' her consumption was only 90,000 gross tons
for all purposes

GERMANY,
T'he production 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 9.2 Germany consumes for agricul-
tural purposes a larger quantity of this fertilizer than any other
country I'he 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 sulphate of ammonia, will very greatly in-
crease the production of this commodity during the next few
vears,  From Table 9 it will be 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 vears
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
sulphate production, while England exports the major portion

of hers
FRANCI

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 des Engrais et Produits Chimiques destinés & I'Agriculture, by
E. and M. Lambert, 1912
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Sulphate of Ammonia.




TARBI I

Ammonia Production of the United States expressed in Sulphate Equivalent.

1905
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a marked increase I'he 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.
(Sce Table 8)

UNITED STATES

Fable 11 shows the annual production of ammonia expressed
in sulphate 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 obtained 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 in 1912, The total con
sumption of this fertilizer for the year 1912 was 232,003 tons
(see Table 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
United 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 F'otal

1908 259,132 110,034 369,166
1909 341,102 131,573 174,675
1910 350,907 130,549 181,456
1911 399,597 146,560 546,157

1912 445,385 13,342 488,727




Country.

England
Germany
France

Belgium
Holland
Austria-Hungary
Spain

Ttaly

United States
Japan

Other Countries

1900

000 217, 000 229
000 110,000 125

000
000
000
000

000

000

000 434

WorLp's Propurction i METRIC

1902

000 234,000 245
000 140, 000 165

000
000
000
000
000
500

000

Sulphate of Ammonia.

1903

40,000
19,000
3,000
19,000
9,000
4,000
38, 000

20,000

500 526, 000

TABLE 13

1904

000
000
000
(LLL
000
000
000
000
000

000

000

1905

268000
200 000
45. 000
18,000
3,500
20, 000
10,000
4.500
59 000

500
25 000

n
5
=

6

1907

000
000
OO
000
000
000
000
000

000

W

000

300

1908

500
000
000
000
000
000
000
000
000
300
000

000

1910

000
000
000
000
000
000
000
000
000
000
000

076000 1,100,000 1,

1on

500
000
000
000
000
000
000
000
000
000
000

157,500
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I'he dutiable fertilizers include 1
genous compound I'he imports of this class of fertilizer in
creased from 259,132 dollars in 1908 1o 445,385 dollars in 1912
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

I'ables 13 and 14 show the world’s production and consump

tion of ammonium sulphate from the years 1900 to 1911
PRICES

I'he average price by vears and by the English ton of 2,240

Ibs. of ammonium sulphate f.o.b. port of Hull is shown in Table

15. An inspection of this table will show that the price steadily
increased from 1901 when it was £10 11 $61.24) per ton
to £13 15 S$66.78) in 1911 I'he average price of this

salt in the United States for the years 1903 to 1912 was shown in
Fable 12, The price in 1912, viz. 865.95, is very nearly the same
as the English price for 1911 (866.78

I'he indications are that the prices of ammonium sulphate
will remain firm at the present level for some time to come

I'he following table* shows the quantities of ammonium
sulphate used per acre in Belgium, Germany, England, France,
and the United States, and the yield per acre in wheat, barley,
oats, and potatoes, obtained from the land fertilized with the

salt
Lbs, of ammoni Fotal crops raised per acre
Country um: sulphate
Per acre Pota
Wheat Barle Ouat 1
Ih I 1 ton
Belgium 17-83 2,228 1,908 2,572 058
Germany 9.08 2012 1,400 1,586 5-25
England 5:35 1,756 1,591 505
France 2-23 1,238 908 1,154 318
United States 134

*lron and Coal Trades Review
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IABLE 15

Sulphate of Ammonia ~Average Price' by years and by the
English ton of 2244 Ibs. F.O.B. Port of Hull,

£ d
1901 10 11 i
1002 11 16 3
1003 12 9 )
1904 12 3 8
1905 12 10 9
1906 12 0 9
1907 11 15 8
1908 11 12 0
1909 11 5 0
1910 12 3 )
1on 13 15 3

I Pr Cl ' \gr

\nnuaire Stat
E. & M. Lamber

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

While the recovery of ammonia as a by-product 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 be described in detail

POWER PLANTS VISITED,

T'he 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'Utilisazzione du Combustibili Ttaliani,
Orentano, Ttaly, and the ammonia recovery power plant of the
German Mond Gas Co,, situated in the district of Wittlage and
Bersenbriick near the city of Osnabriick. 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 Osnabriick, are constructed on the Mond
system; that at Osnabriick according to Frank and Caro.
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Fig. 17. Diagrammatic section of the Mond by-product recovery producer-gas system.







THE MOND 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 be 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 D, mechani
cal washer E, ammonia absorption tower F, gas cooling towers
G, air tower H, and the necessary blowers, pumps, et
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 shown 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 1D 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 D 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.




THEE MOND PRODUCER

Fhe producer is of the water bottom type, and consist

of an inner shell (the producer proper) constructed of steel

—

FiG. 18.—Section of Mond gas producer

plates lined with fire brick encased within a similar outer shell
I'he 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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before entering the producer below the fire bars G. The lower
part of the producer is conical in shape, and extends downwards
into the water lute |

A constant fuel level is maintained by means of the cast-iron
bell B: which is, however, not an essential part of all Mond
producers.  This bell 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 bell and
through the hot fuel in the body of the producer before reach
ing the gas exit into the superheaters outside. By means of
this arrangement, it was generally supposed that the decomposi
tion of a portion of the tarry products of distillation was ac
complished, but 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, abstracts considerable quantities
of the heat radiated from the inner shell and, since the blast
must, moreover, pass through the hot ashes at the bottom be
fore entering the producer, a considerable heat cconomy s
effected which results in a high thermal efficiency

The lower part of the producer is poked through holes
situated near the fire bars, while the upper portion of the fuel
bed is poked through similar holes provided on the top.  The
ashes are removed from the water seal without in any way
interfering with the operation of the producer.  Fuel is admitted
to the hopper through the hopper slide, and from the hopper
into the producer through the hopper bell.  This arrangement
prevents the escape of gas when fresh fuel is charged.  This
is clearly shown in Fig. 18

AR AND STEAM BLAST SUPERHEATERS

The superheater consists of two pipes of different diam-
cters, the one of smaller diameter being 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




the gas is abstracted by the entering air and steam I'he bases
of the superheaters are provided with dust collection boxes,
nd dust valves, for the easy removal of the dust settling out

of the g

MECHANICAL WASHER

I'he

mechanical washer. This cons

after leaving the superheaters, passes through a

s of a steel rectangular chamber,

closed on top and sealed at the bottom by means of a lute filled
with water \ steel paddle operated by an electric motor is
placed within the chamber and impinges on the surface of the
water I'hese paddles turn at about 190 revolutions per minute,
ind in so doing fill the chamber 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 ga I'he
dust and tarry matter separated from the gas float on the
surface of the water forming the seal and can be 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
AMMONTA ABSORPTION TOWER

of a tall eylindrical chamber closed at

I'his tower consi
the top and bottom. The interior is lined with lead and filled
with ring tiles. A weak solution of sulphuric acid is introduced
at the top in the form of a spray which in falling to the bottom
comes into contact with the tiles I'he washed gas leaving
the producer and charged with its ammonia gas and tarry matter
enters this tower at or near the bottom 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 being ammonium
sulphate,  Considerable tarry matter is separated from the gas
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in this chamber and in order to prevent its decomposition, which
would discolour the ammonia sulphate erystals, the acid solution
is kept very weak—in the neighbourhood 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 evapora
tion I'he strength of the liquor is maintained at 2 per cent
by adding sulphuric acid from time to time

I'he liquor flows from the bottom of the tower into an open
vat from which it is

in pumped to the top by means of spe
cially constructed acid pumps

GAS COOLING TOWER

I'he gas cooling tower, or towers, consist of evlindrical
steel chambers similar to the ammonia absorption tower just
described. They are closed at the top by a steel cap and are sealed
at the bottom by means of a water lute. At the top cold water
is introduced in the form of a spray which falls to the bottom
wnd into the lute. The hot gas leaving the ammonia tower enters
near the bottom 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 I'hus the gas
leaves the top of the tower comparatively cool while the cold
water leaves by the water lute situated at the bottom as hot
water In this tower considerable tar is removed from the
gas which can be 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 s 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 deseribed

AIR-TOWER,

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 described above I'he air enters at the bottom, which
is scaled 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 becomes saturated I'he hot water, by this means, is
sufficiently cooled to return to the first cooling tower to be used
over agam

T'he 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 he used for heating, without further
purthecation

When the gas is used for power purposes, by burning in
gas engines, 1t is further purified through centrifugal tar ex

tractors and moisture absorber
\UXILIARY APPARATUS REQUIRED

A Mond gas plant as above described is not complete with
out a battery of steam boiler In the above description only
the method of carrying out the process is described, the auxiliary
machinery and steam generators which are indispensable being
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
ol power gas i1s 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 be introduced with
the air blast.  Inordinary practice, at those plants operated prin
cipally for the recovery of ammonia about two Ibs. of steam are
introduced for every Ib. of coal or fuel burned. This necessitates
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SOME CHEMICAL CONSIDERATIONS IN THE MANU-
FACTURE OF MOND 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 which 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.e., when a shallow depth
of fuel is completely burned, the solid carbon of the fuel burns
directly to carbon monoxide with the evolution of heat. The
reaction may be expressed thus—the quantity of carbon
burned being 24 Kilos:

(a) 2C 4+ Oy = 2CO + 2 X 29,000 Cals.

The carbon monoxide thus resulting is however almost
instantancously burned to carbon dioxide with a further evolu-
tion of heat. The equation expressing this reaction may be writs
ten thus:-

() 2CO 4 0y = 2C0Os 4 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 carbon 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 is 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 carbon 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 be seen that the quantity or percentage by volume
of either carbon monoxide or carbon dioxide present in a pro-
ducer gas is dependent on the temperatures 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:

¢) CO. + C 2CX)

The arrow replacing the signs of equality in the above
equations indicates that the reaction may proceed from 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 COy in equilibrium with carbon

\ccording 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
& CO  CO,
650 39 01
800° 93 7
925° 926 4
From the above it will be seen that the reversible reaction
COy 4+ 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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Ihe percentages of carbon monoxide and dioxide which
are in equilibrium with solid carbon at various temperatures,
have been more recently investigated by . K. Clement, L. H
Adams, and C. N. Haskins' In the following table 16 setting
forth their results, which includes, also, the value of the equilib
rium constant K, it will be seen that the percentages 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 between
steam and incandescent carbon. At comparatively low tempera
tures (about 500°—600°C) steam reacts with carbon in accord
ance with the equation

(d) 2 HyO + ( 2 H, 4+ CO 19,000 Cals
while at temperatures of 1000°C and upwards the main reaction
involves the production of carbon monoxide and hvdrogen,
n accordance with the equation

(¢) H:O + C H: 4+ CO 20,000 Cals

TABLE 16
Values of K from Experimental Determination

Femperature K (obs K (cal X =(obs X =(cal X = (obs
( Boudouard

500 0000007 0.-021
600 0-00013 0-093
650 000046 0-185 039
700 0-00137
800 0-0065 0-0000 0-526 0-93
850 0:022 0-020 0-738
900 0:059 0042 0-871
925 0-094 0060 0-912 0-96
1,000 0-136 0-151 0:939 0-945
1,100 0283 0-448 0971 0-081
1,200 1120 0-944
1,300 2-455 0-997
1,400 4:826 09985
1.500 8671 0:9992
1,600 1444 0-9996

From “Essential Factors in the Formation of Producer ( J. K. Clement, L. H,
Adams, and C, N. Hasking, Department of the Interior, Bureau of Mines, Washington.
Bulletin 7, Bureau of M Washington, D.C., U.S.A., page 33




I'his reaction predominates in the manufacture of water g

which requires for its formation two producers if the operation
is to be continuous.  The first step in the manufacture of water

sas is the production of producer gas, which operation is con

tinued until the fuel in the producer

of high temperature
incandescent When the temperature conditions 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 I'he 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 sufficiently high to again reverse the cvele

I'he 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

\ccording to Bone and Wheeler!, at temperatures between
600° and 1,000°C, the products correspond to a simultancous
occurrence of reaction (d) and (e), the second reaction gradu
ally asserting itself as the temperature rises, until at 1,000°(C
it entirely supersedes the first.  Both reactions are endother
mic, e, absorh heat, the first named representing the disap
pearance of 19,000 Cals and the second 29,000 Cals.  Both
consequently operate 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 Mond 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. The
following table 17 shows the percentage composition by volume
of gascous fuels

Journal of the lron & S stitute, No. 1, 1907, page 129
Handbook of Chemical Engin
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IFABLE 17,

Natural | Coal Water Dow- Mond S Blast
Cas Gas.  Ga son | Gas nens  Furnace
Ga Ga Ga

Hvdrogen 9.2 |46-2 186 24-36 290 8.6 1:96
Marsh Gas 85+1 3755 0.4 1:31 2-0) 24 2.23
Carbon Monoxide 10 |11:19 4.0 17:55 110/ 244 26+29
Nitrogen 2.0 ol 3 50-48 42:0 59-4 ' 6078
Carbonic Acid 0-5 080 3.3 607 16:0 5.2 8:74
Other Hydro Carbon 20 3.1
Heating Power 952 048 9 144 144 125 18

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 zon
T'he 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 hvdrogen with the

introduction of steam into the lower zonc
FABLE 18

Westinghouse Producer Trial 40, July 16 Lignite.

Sample No 23 ) )5 6
Time 8.0 AM 10,0 AM Noon 2.0 P.M
Carbon dioxide 9.9 9.5 17-3 14-5
Oxvgen 0-8 0-5 0-0 08
Ethylenc )1 00 0-0 0.1
Carbon monoxide 17-2 19.2 8.8 119
Methane 1 1-9 14 $-3
Hydrogen 53 146 238 231
Nitrogen 5.0 54-3 157 15.3
Cal. Val, gross 23 127 149 157
" “ net 113 118 132 141
B.T.U. per cu. ft. Mines Branch, Dept. of Mines, Ottawa, Canada
I'he carbon dioxide is low in the two samples of gas taken

at 8 A M. and 9 AM

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+ 2H0 = COy 4+ 2 Hy
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:O 4+ C = H; + CO

and
2 H:0 + C = 2H; + CO;

may undergo a readjustment in accordance with the equation
H:0 4+ CO 2 H: + CO,

This reaction is reversible, i.e., carbon dioxide may react

with hydrogen according to the equation

CO; + H; = CO 4+ H:O
or steam may react with carbon monoxide according to the
equation

H:0 4+ CO= H; 4+ CO,

At all temperatures above 500° or vicinity, steam reacts
with carbon monoxide, and hyvdrogen 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 equilibrium 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,0O X CO
Thus: —~ =

Hs X CO, K = a constant.
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This constant has been determined by Hahn* for tempera-

tures between 786° and 1,405°C, as follows

5 H.O X Co )

Femp H, X Cos K

780 0-81

886 1-19

986 1-54

1086 1-95

1205 2-10

1405 2-49

A consideration of these equilibrium constants permits

one to predict the direction in which the reaction will 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 4+ H,O

as the temperature is raised, and it will proceed in the direction
CO + H.0 COy; 4+ 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 COy 4+ Hy
CO 4 H.0 there is an absorption of heat, while a change in the
opposite direction involves a corresponding evolution of heat.

I'he introduction 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 arise
when high temperatures prevail

In the case under consideration, however, viz: the gasi-
fication of a solid fuel with a view to recovering the maximum
amount of ammonia, steam 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 introduction 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 fur Physikal Chemie, 1903, Vol. XLIIL p. 705; Vol. XLIV, p. 513
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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,

TFABLE 19
Steam saturation 00 05
temperature
Coal consumption at producer
cwts. per hour 16:51 | 14:26
Coal consumption at boiler, cwts
per hour 2.0 1-8
Coal consumption for blast steam  nil nil
Total carbon losses, per cent 58 7-8
Mean Carbon dioxide 5:25| 6
percentage  Carbon monoxide 27-30| 25
composition Hydrogen 16-60 18
of gas Methane 3.350 3
obtained Nitrogen 17-50 45
T'otal combustibles 4725 47
Calorific value of gas Rross 4677  46:74
net 13.60 4332
(Kilog. cent. units per cu
ft.at 0°C.and 760 mm
Yield of gas, cu. ft. per ton 138,250 134,400
Lbs. of steam in blast per 1b, of coal
gasified 0-45 0-55
Percentage of steam decomposed 874 800
Cu. ft.of air at 0° C.and 760 mm
in blast per Ib. coal gasified 36-95 349
oxygen from steam
Ratio of 0-50 0-62
oxygen from air
Ammonia in gas, as lbs, of am
monium sulphate per ton of coal | 39-0 | 44.7
Efficiency ratios in actual trial
(1) Including steam for blower
engine 0-7 0750
(2) Including steam for blower
engine and washers 0715 | 0-687

*Journal of the Iron and Steel Institute, No. I, 1907

page

Warrington, shows the decrease in the

70 75 80
13-88 14.32 | 13- 21
2 2.87 3.35
0 087 1-35
8 71 84
95 9.15 11:65 13-25
40 21:70, 18:35 16-05
30 19:65! 21-80| 22-65
10 3-40 3.-35 3-50
<90 46-10 44-83 44.55
10 44-75 43-50 42-20
i 13:37 2:73
4 39-65 iIS-69
141,450 145,800 147,500
0-80 1-10 1-55
614 52:0 10-0
368 36-9 371
0065 075 080
51-4 65-25 | 71-8
|
0:727 1 0:701 | 0-665
0-600  0-640 | 0-604
154
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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 be
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 above.
The level of the fuel in this bell is always maintained above that

in the producer proper as is shown 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 bell 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 s into the formation of the final gas. Only that portion
of the volatile matter distilled in the hotter zones of the producer
will be decomposed into stable hydrocarbon gases.  Under 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 described 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, been 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, carbonaceous material.

This view is supported by temperature considerations as
theory would demand; with a low concentration of hydrogen
less ammonia would be formed and vice-versa.  This is found
to be a fact. Further, as the temperature is reduced the reversi-
ble reaction CO + H.,O * COy 4+ H, will proceed in the direc-
tion CO 4 H.O = CO, 4+ H. with evolution of heat. The
hydrogen concentration is according to this reaction increased,
and this is a condition for high ammonia yield.
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CHAPTER 1\

BY-PRODUCT RECOVERY POWER GAS PLANTS FOR
THE UTILIZATION OF PEAT AND COAL,
IN OPERATION IN EUROPE.

I'he object of the writer's visit to Europe was to collect

information, bv direct observation, concerning the cost-—both

plant and operating —cconomy 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 be considered is the cost of the fuel at
the producers. This phase of the problem was, therefore, fully
investigated, and included the methods emploved 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 period 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
peat fuel will be caleulated 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 number—were situated in Germany
and ITtaly. The former was designed and constructed on the
system devised by Frank and Caro, while the latter was a Mond
plant

The difference between the two systems, viz., the Mond and
the Frank-Caro
for both, the principle being precisely identical in both

I'he plants visited were: the South Staffordshire Mond Gas

s so slight, that a description of the one suffices




94

Company, Dudley Port; the Langwith By-Product Company,
Limited, Langwith; the Deutsche Mond Gas and Nebenproduk-
tion Gesellschaft, in the Schweger Moor, near Osnabriick,
Germany, and L'Utilizzazione Dei Combustibili  Ttaliani |
L'Impianto Di Orentano, ltaly 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
Fees. This latter plant will be used for experimental purposes,
and for making commercial tests on the two fuels named

I'he 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 peat fuel only

MOND BY-PRODUCT RECOVERY POWER GAS PLANT,
\T ORENTANO, ITALY

I'his plant (plate X11) is situated on the edge of a bog a
few miles distant from Orentano, a village conveniently located
as regards railway facilitic I'he 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 hectar 194 acres).

I'his portion of the bog has an average depth of about 13 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

layvers, 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 I'he bog, morecover, 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
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can be worked the parting of gravel and clay must be removed,
an operation which will prove expensive, even in Italy where
labour is cheap

Method of Manufacture.

I'he peat, which is excavated entirely by manual labour,

which there are five

is fed into Dolberg peat machines, o
I'hese machines are provided with belt conveyors, which serve to
transport the excavated peat to the macerator

I'he peat fuel is transported from the bog to the power plant
over a well laid-out narrow gauge railway, by means of box 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 ficld, 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 labourer

at 3 shillings (72 cents), and 30 labourers, a

8 pence (16 cents),
per day, are employed. The cost of excavating one metric ton

2,200 Ibs.) of peat, on the basis of 30 per cent moisture, is said

to be 2 shillings and 6 pence (60 cents

For mechanically treating that portion of the fuel air-dried
on the field, 5 Dolbesg machines are employed; 13 men form the
necessary complement of labourers for each machine.  The capac-
ity of the Dolberg peat machines is 20-22 tons of theoretically
dry peat per day of 12 hours

Notwithstanding the low labour wages prevailing in this

section of Italy, great trouble has been 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 bas been operated much under its
maximum capacity, the daily consumption being about 30 tons
of theoretically dry peat

The following is from an average analysis of the peai <o far
manufactured and burned in the producers
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N 1-56%
l'otal ( 5600,
F'otal Ash 12-007;

I'his analysis was made on the absolutely dry sample
I'he nitrogen content of the peat as fired, with a moisture con
tent varving between 32 and 359, will, therefore, be about
1047, I'his 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.

I'he larger portion of the peat burned in the producers, as
is stated elsewhere, is mechanically treated at the power plant
and artificially dried with the heat obtained 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,
1

equivalent to 8 tons of 333 per cent peat fuel per day, in a special

air-preheating furnace I'he 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
) per

of theoretically dry peat, or 105 tons of peat containing 33
cent moisture, which is the average moisture content of the fuel
so far used, other means must be 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 Ttaly, the period during which peat can be 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 cither wholly

or partially covered with water for some time
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The management hope, in the near future, to be in a posi-
tion to supply the plant with the required quantity of peat fuel
to enable them to operate at full capacity.  In order to make
this possible, it will be necessary to produce some 42,000 tons of
peat fuel, of 33% per cent moisture during the manufacturing
SCASON.

Nitrogen Content of the Peat Fuel.

If we assume the peat fuel delivered to the producers has
an average moisture content of 33} per cent, then the average
nitrogen content of the peat with this moisture content will
be 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 about
45-11 tons of 33} per cent moisture peat.

During a year of about 350 working days, the total consump-
tion of fuel on this basis will be 15,790 metric tons (about 17,370
short tons), and the quantity of nitrogen available will be 180
short tons, which, with perfect ammonia recovery, would amount
to about 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 be 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 be 40,530 short
tons, and the quantity of nitrogen available for recovery as sul-
phate of ammonia, assuming 70 per cent as the efficiency of the
recovery process, would be 295 short tons.  This would represent
a quantity of ammonium sulphate equal to about 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 producer through a spray of
sulphuric acid-—requires at this plant a quantity of sulphuric
acid equal to 12 times the weight of the ammonium sulphate
produced.
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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 about 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 Ibs.—or about ¢

per short ton.
The cost of the total quantity of sulphuric acid entering into the
process would annually amount to 713X 7-37, about 85,260,
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 be $594 X 65:
= $38,610, and when the plant is operating at full capacity
gross receipts which would be realized from this source alone
would amount to approximately $90,000.

Description of By-Product Recovery Power Gas Plant.

The power gas plant consists of a battery of 4 producers,
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-product recovery plants are not
installed here.

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

In designing this producer, an attempt has been made to
utilize within the producer itself a portion of the water contained
in the peat, inorder to reduce the quantity of steam which must
be supplied by a battery of boilers. It was also hoped that the
ingenious ideas incorporated in the design would permit of the
decomposition of a large portion of the tarry matter distilled
from the peat, which in the usual type of a Mond producer
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, (1) 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 such a producer should be
superior to the ordinary Mond type, but no reliable data are at
hand to confirm such theoretical considerations.

ITHE CERASOLI PRODUCER.

From the vertical section, Fig. 19, it will be seen that the
producer is internally divided into three compartmor 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 producer top, but is considerably shorter
than former. The bottom 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
sssarily more rapid than in chambers
F orG. The paths of the gas and air currents are shown by the

fuel in chamber E is nec

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
largely 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 incandesrent carbon in the lower portion of the producer
where it reacts with the bt carbon, forming carbon dioxide or
monoxide and hydrogen.  The quantity of steam usually re-
quired for saturating the air blast is, by this meaas, veduced

The volatile matter and moisture distilled in chamber # is
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 |
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 possible,
with this arrangement, to effect the decomposition 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 inereased

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

METHOD OF CHARGING FUEL INTO PRODUCER.

Fuel is delivered by means of a bucket elevator to the charg-
ing platform where the fuel is automatically dumped into large
hoppers located on the top of each producer.  In the case of the
Cerasoli producer two hoppers are provided-—one for cach com-
partment.  Ashes are removed through a water seal at the bottom
of the pl‘mhlﬂ‘l‘. I

ke 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.
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STEAM BOILERS FOR SATURATING AIR 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.

\ 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.

ACID TOWER AND GAS COOLING AND AIR PRE-HEATING
TOWERS.

The producer gas, charged with ammonia, tar, moisture,
ete., is carriedd by a common main (6) through a mechanical
washer (8), where dust and some tar is removed, to the acid tower
(9).  1In 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 bottom and leaves near the top while the
path of the cooling water is in the opposite direction. The
hot water resolting 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 bottom it comes into timate con-
tact with the cool air which enters near the bottom of tower (11).
In this manner the hot water parts with the greater portion of
its heat and thus becomes sufficiently cooled for returning to
the first cooling tower, where the cyele 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 between the vat (13) and the
tower,

CIRCULATING PUMPS,

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 between 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 cvlinders 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




through a gas holder governor (16) and scrubber 25) in which
moisture and the final traces of tar are removed From tl
battery of scrubbers the gas passes through main (27) into

he power hou

RRANGEMENTS FOR CLEANING PRODUCER PLAN

I'he parts « he is plant which are the O kel
cecome ¢l ed with dust and tarry ter ( )"
6), dust washer (8 ind the water circulatin ystem I'he

main (¢ through which passes all the gas generated in the
producers, collect considerable quantity of the heavier tarry
products and In order to clean this mai without di
turbing the operation of the plant rapers operated by winche
5) are provided. The tar and dust collecting in the washer (8
AT I ted the | er lute I'he t eparated fror )

in 1l coolin towers and air pre-heating and saturating
tower ) m \“i m Cr withadr I n i urface r bo 1
of the vats provided for circulating the cooling and heatin
water

Since the n ) o the AT tter is separated
from the gas before it enters the gasometer governor, and some

tar is of course separated out here, the pipes leading from thi
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

wrrangement the gas can be by-passed from one leg

means ol t
of the main to the other, thus cutting out from the system the

ipe line which it is desired to clean
pi

SULPHATE HOUSI

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

I'he solution of ammonium sulphate is concentrated by

evaporation in the vacuum evaporator until saturation is reached,
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The load developed at the electric generator is: 200 KAV
during the day, and 270 KAV, during the night - both periods
duration.  The average daily load is conse

being of 12 hours
quently 235 kilowatt days

I'he brake horse power developed at the engines is 235 X
1,000+ (746 0-80) = 394, The heat  consumption  per brake
horse power hour is, accordingly, 4,232,000 <+ 394, equal to about
10,740, In the above caleulation the efhiciency of the electric
generator is taken to be 80 per cent

The daily consumption of power at the plant for driving
fans, pumps, ete., is approximately 70 KW, and the eleetrical
energy sold to consumers is on an average 165 KAWL per day
130 kilowatts during the day and 200 kilowatts during the night

No data concerning the character of 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 peak
load during certain periods of the day. Aload of 394 horse power

implies a load factor of over 60 per cent, which is quite usual

for power plants of this deseription

Plant and Operating Cos

I'he cost of the entire plant, including power equipment
and transmission line to Pontedera ~ten miles distant from Oren-
tano s said to be 800,000 lira (154,000 dollars) I'his figure
probably does not include the cost of promoting and experi-
menting which would be considerable and should be charged to
the capital expenditure. The above, however, includes the cost
of buildings, machinery for manufacturing peat, tracks from
bog to producer plant, and two small locomotives for hauling

peat cars from the bog to producers.
OPERATING COSTS
Vanagement, which will include a stafl of chemists. It is

assumed, in order to arrive at the probable cost of operation,
that the salary of the plant manager or superintendent is 81,500

per annum, and that the chemists, one chief and one assistant,
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receive S800 and S400 per vear respectively I'he general office
expenditur g laries of general manager, « Hng engineet
el cannot be considered  her mce information concerning
cost I management other than that directly pertaining to the
plar i i the possession of the writer

/ Operations are carried on continuously in two shift
of 12 rs cach.  The total number of men employed per shift
ncludin ¢ prod ilphate plant, and power house, is 21
| lude vo | en, tWo « nee | two ele
triciat

Six men are employed for attending the produce I'he
dutic re to feed the fuel, remove ashes and poke the fuel bed
it the top and around the hotton Nine men are emploved
for performing duties connected with the producer and Iphate
plant. Two foremen, one for cach shif uperintend the
met

I'he power house emplovs eigh en: | ’ o1 i e
engineer, and one otler, one electrician d an assistar

Total Da I Producer and sulphate plant
12 producer men, at 3 lira (60¢) per day $ 7.20
20 men emploved for general work, 3 lira eacl 12.00
2 forenu 1.74
) engineer « <, S hir \ 1:93
> oiler i 1.1
2 elect 1.03

I'he cost O ion for 36
1 100 tor ol for 0 da Howing tandbn

| es for sl lown of ours per week or 15

davs per vear S17.400 .00
Wages on g plant, includi botler  attendant

S7,043 1\ 7.640.00
Wages on power house, 82,255, say 2, 200,00

Repair LOres, maintenance \ 2,000 .00
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Oil and stores for engine S 200 00

Interest, depreciation, and amortization, say 14 per

cent on cost of plant 21,610.00
Salary of plant manager, $1,200 81,500, say 1,500 00
Chemists: 1 chief at 8800.00 80000

1 assistant at S400.00 0O 00

713 tons of sulphuric acid at 87.37 per ton 5.200.00
Bags for packing ammonium sulphate at about 8$0.50

per ton 30000

830,370 00

Cred
594 tons of ammonium sulphate at $65 per ton 838,610 00
Net cost of power per annum $20,760 .00

Net cost of power per KW, hour on the basis of 165
K.W. hrs, for 350 davs of 24 hours = 1,386,000
K.\W. hours 1-5 cents

In the above estincate of the cost of producing one kilowatt
hour, general ofhice expenses, including salaries of general man
ager, consulting engineer, and  the other unforeseen expenses
are not as previously stated, included.  Such expenses can best
be added by those conversant with the methods emploved in
exploiting and financing such or allied undertakings

I'he cost of generating one kilowatt hour, viz. 15 cents
is the lowest which can be realized with the conditions obtaining
at the plant Unforescen expenses might anse which would
slightly increase this figure; but itis believed that a lower figure
based on the actual cost of the plant, fuel and labour, cannot
possibly be obtained.  The fact that the plant is being operated
much under capacity must be borne in mind when estimating
the lowest probable cost per kilowatt hour which can, under the

most favourable circumstances, be obtained.  On the other hand
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it must be 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} per cent—and the recovery of ammonium
sulphate is assumed to average 70 per cent of that theoretically
possible In actual practice it is not reasonable to suppose
that all the above conditions will be so favourable, e.g. it is highly
improbable that a minimum moisture content of 333 per cent
of the peat fuel supplied can be maintained throughout the vear
for every ton of peat burned in the producers; and it is not
likely that the vearly average recovery of the nitrogen in the
fuel will reach as high a figure as 70 per cent of that theoretically
possible

I'he selling price of the power is about 20 centimes per

K.W. hour, this is equivalent to 3:86 cents, and as the cost
per KW, is estimated to be 1:5 cents; the margin of profit
should be considerable. According, however, to statements made
to the writer by the consulting engineer for this company, no
dividends have been 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 Ttaly the custom is to charge up against the
plant depreciation only

It is understood 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.c., when the consumption of fuel per
24 hours is 70 metric tons of theoretically dry peat, two conditions
will be considered: (1), that the thermal efhciency of the
producers is 443 per cent as is the case when the fuel consump-
tion is 30 tons of theoretically dry peat per day; and (2), that
the thermal efhiciency of the producers is 60 per cent. 1t is quite
probable that the thermal efficiency of the producers at maximum
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load will lie between 44 and 60 per 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 from 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 per
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 peat per 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

QUANTITY OF FUEL REQUIRED

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

70 X 2,200 ‘
0.665 X 2.000 116 short tons of peat fuel containing 334 per
cent moisture, and it will be assumed that this is the maximum
moisture content of the fuel burned in the producers

The annual consumption of fuel will be, for a working
period of 330 days, 116 X 350 + 40 40,640 which allows 40
tons for standby losses during 15 davs

Cost of Generating Power when the Thermal Efficiency
of the Producers is 443 per cent.

With a thermal efficiency of 44-3 per 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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1,668 tons of sulphuric acid at 87.37 per short ton 812,290.00

Bags for packing ammonium sulphate, 50 cents per
ton 70000
I'otal SO0 040 00

Credit

1,390 short tons of ammonium sulphate at 865 per ton 890,350 .00
Net profits without sale of gas S 31000
Under these conditions, therefore, the power would  Ix
generated free of cost, the saie of which should permit a large

profit to be realized

Cost of Generating Power when the Thermal Efficiency
of the Producers is 60 per cent.

I'he chiel effect of an increase in the thermal etheiency ol
the producers would be the liberation of a larger quantity
ol gas lor power purpose 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 be required for dryving
and steam raising, since a greater quantity of heat would b
the 70

obtained per b, of peat gasified.  The apportionment o

metric tons of dry peat for steam raising, drying wet peat, and

for power purposes, will no longer be in the ratio of 11 :11 : 8
but will be, fo power purposes 31 tons, steam raising 23 tons
and for drying peat 16 tons.  All other items will remain the

same as in the previous casc

HEAT AVAILABLE FOR CONVERSION INTO ELECTRIC
ENERGY

I'he quantity of heat in the producer gas, available for con
31 X 2,200 X 9,500 X 60

24 > 100
=16,197,000 British thermal units per hour. Assuming a heat

version into electric energy will be

consumption of 18,000 British thermal units per K.W. hour
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when the load factor is 60 per cent, the amount of electric

16,197,000 2
energy available will be 9200 K.\
18,000

POWER REQUIRED FOR DRIVING FANS AND Al XILTARY

MACHINERY

Ihe power required for driving fans for circulating hot air
and gases through peat dryving chambers will be the same as in
the previous case, viz, 163 K.W I'he net

power available
for sale will, therefore, be 900163 =737 K.\

ADDITIONAL POWER UNITS REQUIRED

In order todevelop the increased power, now made possible

three additional power units of 300 horse power each, must be

installed I'he cost of these, including generators, foundations,
ete., fully erected, it is estimated, will be between 30,000 and
40,000 dollars—the exact

cost of gas engines and electric gener
ators made in ltaly are

not known to the writer, but the cost N
issumed is so much lower than that which could be realized in
almost any other country, that it will probably fall on the low

side—30,000 dollars will be taken as the additional capital cost

to be charged against the power plant

CAPITAL COST OF ENTIRE PLANI

With the addition
three new units, the
30,000 dollars

to the power plant, now existing, of
entire capital cost will be increased by

I'he total capital to be considered is now 154,400
+ 30,000 184,400 dollars

Costs per year
40,640 tons of peat fuel at $1.00 per ton $

Wages on gas plant

), 640 00

7,040 .00

Repairs, stores and maintenance 2,000.00

Interest, depreciation and amortization 14 per
on $184,400, about

cent
25,810.00




Wages on power house S 2,260.00
Oil and stores for engines 40000
Salary of plant manager 81,500 per year 1,500.00
Chemists 1,200 00
1,668 tons of sulphuric acid at 87.37 per ton 12,290 00
Bags for packing sulphate at 50¢ per ton 700 00
Total SO4.440 00
Credit
1,390 short tons of sulphate at 865 per ton. S90, 350 00
Net cost of power S 4,000 00

Power available for sale, 737 KW, vears.
: 4,000 R
Cost per KAWL hour = 0-00067 cents
737 X 350 x M4

NET PROFIT RESULTING FROM MANUFACTURE OF SULPHATIE,

In order to estimate the possible net profit resulting from
a vear's operation of the plant for the recovery of ammonium sul
phate only, it will he necessary to deduct from the capital cost
of the plant the cost of the power equipment and transmission
line to Pontedera.

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

54000 = about 100,000 dollars.

All charges except those referring to the power plant will
remain the same as in the foregoing, and the total costs will
be as follows:

Costs per vear:

40,640 tons of peat fuel at $100 per ton $40,640.00
Wages on gas plant 7,640 00
Repairs, stores and maintenance 2,000.00
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Interest, depreciation and amortization 14 per cent

on S100.000 00 S14, 000 00
Salary of plant manager $1,500 per vear 1,500.00
ry of chemists 1,200 00
1.668 short tons of sulphuric acid at 87.37 per ton 12,200 00
Bags for packing sulphate at 50¢ per ton 700 00
F'otal 879,970 00

( ree
1,390 short tons of sulphate at 863 per ton SO0, 330 00
Net profit S10,380 00

I'his profit is equivalent to 10 per cent on a capital invest-
ment of 100,000 dollars

Power is sold to consumers at an average price of 3-86 cents
per KAWL 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 been taken into consideration,
would be considerable and would appreciably increase the cost

of producing
OBSERVATIONS

In ltaly, especially in the interior, the conditions are very
favourable for the successful exploitation of a by-product r
covery power plant of the type just described

Ihe cost of coal, which must be imported, is high, and the
cost of peat 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 sulphate in Taly

is governed by the market price of the world, which in turn is

governed by the supply and demand.  The demand, morcover,
is constantly increasing at a more rapid rate than the supply,
soin Ttaly this commaodity is sold at the maximum market price

"
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and is manufactured at possibly the lowest cost per ton, i.e., with
a Mond plant, the conditions for making a large profit on the
capital of the plant are 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
clinkering 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 period 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 33} 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 33} per cent, an claborate instal-
lation for mechanically treating and drying the fuel has been
established at the plant-—this portion of the plant has been
previously deseribed, and is reiterated here, only for the purpose
of emphasizing the importance of keeping the moisture content
of the peat fuel as low as possible.

OTHER MOND PLANTS IN COURSE OF ERECTION.

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

This plant will be capable of burning 100 metric tons of

theoretically dry peat per 24 hours, and will be situated close
"
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to an extensive peat bog.  The quality of the peat in this bog
the writer is informed, is excellent as regards hoth 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 be 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 hog
in ltaly

BY-PRODUCT RECOVERY PEAT POWER-GAS PLANT
NEAR OSNABRUCK, GERMANY.

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

from the city of Osnabriick

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 be 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-
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Fig. 22. General arrangement of Mond gas plant to burn 100 tons of dry peat per 24 hours
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tent, do not, unfortunately, give one reason for hoping for an
carly solution of the problem. The reasons why peat of high
moisture content cannot, in the writer's opinion, be success-
fully utilized for the production of power with by-produet re-
covery, will be 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
conditions 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 be maintained in the producer.  Maximum efficiency in
the production of both the power and the ammonia gas cannot
therefore be realized —one must be 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 important difference, however, existing
between the Mond and Frank-Caro processes is the method
of recovering the sensible heat of the gases ~both 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 cooling tower.
This water becomes 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 producers, 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
producers by means of superheaters as is the practice when
burning coal. The only recovery of heat when employing the
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Mond 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, if is said, is available for power purposes

The operations of the Frank-Caro plant at Osnabriick were
unfortunately conducted in great seerecy, 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 |)r.n'li('|'.

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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cient to generate 3,000 horse power. The fuel bins and charging
hoppers are clearly shown in Plate XIIT 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 scrapers
is operated.

The clevator for conveying peat fuel from the cars to the
bins above 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 Augsburg-
Niirnberg 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 ENGINE EXHAUST,

The heat of the gas engines exhaust is utilized for generating
steam in specially designed Niirnberg low pressure  boilers
These boilers 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 boilers.  The erection of
these steam boilers was under way at the time of the writer's
t to the plant and consequently do not appear in the cuts,

which were reproduced from photographs taken some time
|)n’\'iull.\l_\.

The economy which results from the utilization of the heat
of the gas engine exhaust will be better 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 cvlinder leaves in the gas engine
exhaust. I, 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 per 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 2,500 7,500,000 British thermal
units per hour, which can be utilized for steam raising or other
purposes.

This quantity of heat is equivalent to 1,200 pounds of peat
containing 30 per cent moisture—assuming the absolutely dry
peat to have a calorific power of 9,000 British thermal units

per Ib—or 14 short tons per day of 24 hours. If this quantity of
peat were burned, under a boiler with a thermal efficiency of 63
per cent, 4 1bs. of water would be evaporated and converted into
low pressure steam per Ib. of peat burned, or a total quantity of
steam generated per hour would be 1,200 X 4 1,800 1bs.,
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 writer's visit a Korting 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.




123

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

Manufacture and Cost of Peat Fuel: The portion 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 power gas plant,
or even before the purchase of a bog, the company entered into
a contract with the City of Osnabriick to  supply power con-
tinuously for various purposes.  This necessitated the genera-
tion and supply of electrical energy at the earliest possible date
No time could, therefore, be lost in searching for a bog suitable
in every way for the manufacture of peat fuel.

The bog obtained was a wet one and suthcient time was
not at their disposal for properly draining it.  As a consequence
when the operations were commenced great ditheulty was ex
perienced 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 bog, which precluded
their use, at least on a portion of the bog. The nitrogen con-
tent, also, of that portion of the bog from which peat was excava-
ted was too low—1 per 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 bought from manufacturers on a
small scale.  The average cost of the peat fuel per metric ton was
gaid to be in the neighbourhood of 83.50.  This coupled with the
high moisture content and low nitrogen content cannot in any
sense be considered as favourable to the suceess of the industry

PEAT MANUFACTURING MACHINERY,

Both the Strenge 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 bogs free from roots and
[)it'('!'\ of wood.

The Dolberg system necessitates the employment of manual
labour for the performance of all operations.
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MOISTURE CONTENT OF PEAT AS FIRED

Fhe average moisture content of the peat burned in the
producers for a portion of the year 1911 was as follows: October,

15 per cent; November, 53 per cent; December, 60 per cent;
January, 58 per cent, and February, 41 per cent.!

EFFECTIVE HEATING VALULE OF THE GAS

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

I'he 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, gasificd, 530 metric tons, 583 short tons
Peat burned under boiler, 170 metric tons, 187 short tons

Absolutely dry peat burned under boil 68 metric tons,
short tons

Far burned under boilers

Recovery of ammonium sulphate, 183 metric tons, 20 short tons.

Recovery of ammonium sulphate per metric ton of absolutely dry
peat, 345 kilograms, 69 1bs. per short ton

Nitrogen content of peat, 1 per cent

lFotal quantity of absolutely dry peat utilized for production of
power gas and recovery of ammonium sulphate, 598 metric
tons, 658 short tons

Fotal power developed, 427,000 K.W. hours

Power produced per metric ton of absolutely dry peat, 715 K.W
hours, 650 K.W. hours per short ton

Dr. Hamers: “Re the results to date of the gas and electric plant in the
Schweger Moor and the ts further development See Minutes of the 68th Session
ofthe Prussian Central M\ mission, 1912, pa in.

Ihid

Ihid



fanuary, 1913

Quantity of peat gasified, 1,454 metric tons, 1,599 short tons

Moisture content as fired, 58 pér cent

Ouantity of absolutely dry peat fired, 611 metric tons, 672 short
tons

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

Quantity of absolutely dry peat burned under hoilers, 84 metric

tons, 92 short tons

Quantity of tar burned under boiler

Fotal quantity of absolute dry peai burned in producer
mnd under boilers, 695 metric tons, 764 short ton

Fotal production of power, 481,000 KW, hour
Fotal production of power per metrie ton of absolutely dry peat

692 K.W. hours, 629 KW hours per short ton

On account of an alteration 1o the Iphate plant which
was undertaken during this month, a marked reduction in the
quantity of sulphate of ammonia resulted, consequently  no

details a

¢ given of the quantity actually produced

February, 1913
Result of operations up to and including February 27

Fotal wet peat gasified, 930 metric tons, 1,023 short tons

Moisture content, 41 per cent

F'otal quantity of dry peat gasified, 349 metric tons, 604 short
Lons

Wet peat burned under boilers, 107 metric tons, 118 short tons

\bsolutely dry peat burned under boilers, 63 metric tons, 69
short tons

I'ar burned under boilers

F'otal quantity of dry peat gasificd and burned under hoilers,
612 metric tons, 673 short tons
Power produced, 414,000 K.W. hours
Power produced per metric ton of absolutely dry peat, 676
K.W. hours: 615 K,W. hours per short ton
12
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Absolutely dry peat gasified for production of ammonium sul-
phate, 549 metric tons, 604 short tons

Ammonium sulphate recovered, 195 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 sulphaté, 69 pounds per short ton

{ 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.\
hours and 71 Ibs. 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 production of power or ammonia gas. Such a
deduction cannot be 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 Ibs. respectively, which corresponds to a fuel consump
tion per B.H.P. hour of 2:29, 2.37, and 242 Ibs, or 2.06, 218,
and 2-13 Ibs. respectively, when the efficiency of the electrical
generator—which is assumed to be 90 per cent—is taken into
consideration,

It will be 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 carbon. No losses
consequently, will occur, for the tar will be decomposed into
stable combustible gases, and the moisture in reacting with car-
bon will be 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 Bra 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 Ibs. respectively per short ton of
absolutely dry peat. Theoretically a nitrogen content of 1 per
cent would yield 94 1bs, 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 be connected with the Schweger high volt
age transmission lines in order to carry the load contracted for
T'his auxiliary or main power plant, will, if erected, be built
it a coal pit,* about 43 kilometers distant from 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

I'he 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 gh cost of the fuel and its low nitrogen con
tent, militated against the realization of any profits since the
inception of the plant. A report has recently come to the writer

attention to the effect that the plant has been indefinitel

closed down

Permissible Moisture Content of the Peat Fuel.

So much has been said and written by men of recognized
withority concerning the high moisture content allowable in
peat utilized in this process, that a few explanatory remarks
concerning this subject should be made

I'he current technical literature on the gasification of peat

fuel for power purposes cither 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 peat industry. Several eminent writers have sim
ply taken the statements of the various inventors concerned

K Das Kraftwer W rin Ostf 1). von
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without in any way attempting to verify their accuracy, and in
this manner many persons, including engineers of repute, have
been led to believe the proposition to be 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 producer
large quantities of steam must be introduced into the reaction
zone for the purpose of supp g, 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 hvdrogen and
nitrogen to proceed

In order to effect all of the above reactions a large quantit
of heat is required: and it is this quantity of heat and that
quired to maintain the working temperature of the proda
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 he effected

When absolutely dry peat, of average Canadian quality
is completely burned, a quantity of heat equivalent to 9,000
British thermal units per 1b. is evolved, and this is the maximum
quantity of heat the peat is capable of producing. I 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
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which is distilled leaves the producer without taking any part in
the formation of the producer gas, and since it possesses a high
calorific value and is of considerable quantity, the heat lost to
the process in this manner is considerable, and must be taken into
account.

The steam introduced with the air blast must be raised to
the temperature of the reaction zone, a portion of it is decomposed
liberating hydrogen and giving rise to the formation of cither
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 60-70 per cent moisture would
burn at all under these conditions where if a producer gas is
desired the combustion must be 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 carbon dioxide will be 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 be 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 peat 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
be manufactured with a moisture content of 60 per 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 Osnabriick, cited else-
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where, show that the quantity and heating value of the gas wer
high, viz. 361 cubic feet per Ib., and 140 British thermal units
per cubic foot respectively, and that the production of power was
1,000 horse power hours per ton of absolutely dry peat. This re-
sult is said to have been obtained with peat containing 60 per
cent moisture. Tt will be interesting to compare the above r

sults with those cited by Lunge,' from an article by A. Frank,
in Z. Angew, Chem. 1908, p. 15397, on the results obtained with

the Mond-Caro process in working up raw peat, with 40 or 50
per cent water, at Sodingen, in Westphalia. Tt will be noted that
the moisture content was 40 or 30 per cent, it could not have been
bhoth, the lower moisture content, viz., 40 per cent, will, ther

fore, e ken as the one most likely to give the following re

sults; Nitrogen content of peat 1-05 per cent, ashes 3 per cent,
200 Ibs.) dry peat 2,800 cu. m.,

quantity of gas per 1,000 kg
about 45 cu. ft. per Ib.; analysis of gas, COy, 17-4 1o 18.8 pet
cent; CO, 9:4 to 11 per cent; Hy, 22-4 10 256 per cent; CH,
2:4 10 3-6 per cent, and N, 426 1o 46 6 per cent; calorific power,
1,400 calories per cubic meter (157 British thermal units per
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 1hs. per short ton.  Under most
favourable conditions such results as these might be obtained
with peat containing not more than 40 per cent water, but the
calorific power of the peat must be high

I'he following caleulations,? based on theoretical considera
tions, has been made to show that the results cited in the report
on the Osnabriick gas power plant cannot possibly be obtained
by burning peat containing 60 per cent water. The calorific
value of the gas obtained at the Osnabriick plant is said to he
140 British thermal units gross or 134 net. In this calculation
a gas composition is assumed which will give a net heating valuc
of 131 British thermal units per cubic foot

THE FOLLOWING ASSUMPTIONS ARE MADE

That all the peat substance is completely gasified

oal Tar and Ammonia, Lunge. Part 11, page 869,
The calculations were made by Mr. Edgar Stansficld, M.Sc
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Gross Calorific Powers, in Calories per Gram Molecule
(] 08,200
CHy= 213,500
H 69,000
Inalvsis of Burned
dry o0, H.O
Carbon 560 ). 40
Hydrogen 5:2¢, ) (I8
Nitrogen 1-9¢ 0:-76
Oxveen 30 .97 12: 361
\sh 0.0, )40
Water 0-0f 60 - 00
Calor Power
Calories per gram 21022
Brit. Therm. Units per 1h. 9,460 37840
100 grams of peat containing 607, HyO, 860 grams of air
ind 13-4 grams of H.O, can give in the producer 1 of
ish, 60 grams of steam together with 66-82 grams N.+2-72
grams CH 4289 grams Hy 44693 grams CO.417-64 CO
I'he permanent gases are
2. 380 gram mols. No+40:-170 gram mols. CH 1-445
gram mols, Ha41-067 gram mols. COy 4 0630 gram
mols. CO
Fotal 5-698 gram mols. 1.4 1276 litres
I'his gas has the percentage composition
N 188,
CH ). QR
H 25: 367,
O 187207
(B8] 1106,
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Calorific power in B.'T.U. per cubic foot moist at 60° F and

Rross 147
net 131
I'he air in order to carry with it the above proportion of
steam must have been saturated at a temperature of about
60°(
HEAT BALANCI
1 210,220 caloric | 178,950 calories
) ) 027 “ 5 13.800
3 570 - 6O 36,390
i 9,410
F'otal 219,820 Fotal 219,820
It will readily be seen from the above calculation that under
the most ideal conditions—which do not and cannot obtain in
ictual practice—the quantity of heat generated by the burning
of peat containing 60 per cent moisture in a producer, is not
ufficient to effect the various reactions and provide for losse

[t 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 cor
bustion would have to take place in order to permit the produc
tion of the necessary quantity of heat—in which case the ga

resulting would contain no combustible components whatever

except perhaps a small percentage of hyvdroger

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 temperature, as stated

he formation of ammonia

previously, would fall too low, even for
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



of the Mines

Branch. In conclusion it might be stated, as a final and con

power purposes conducted in the laboratoric

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
it Orentano, in which peat with a moisture content not exceeding

331 per cent is burned

COAL BURNING BY-PRODUCT RECOVERY POWER
GAS PLANTS

In the previous chapters of this report a full description

1as been given of the Mond process and its application to a low
grade fuel such as peat. but so far nothing | heer id e

cerning its application to coal and lignite. Indeed the Mond
proce was devised solely for the utilization of coal, and

wpplication to other fuels followed some time after it had been
proven a complete success with coal.  Several large power ga
plants emploving the Mond stem are to day, and have beer

I'he gas generated i

for several vears, in successful operati

emploved for a wide wriety of m nd the demand for

uch a gas, instead of decreasing, is on the increase Twi

the most interesting of the Mond power gas plants in opera

in the British Isles are the plants of the Staffordshire Mond €

tl )

Company, and the Langwith By-Product Company, Limited

Neither of these plants produces power other than for purpose

the plant, hence the position they occupy is a unique and in

ol 1

teresting one For this reason and the possibilit of introduc
ing such a method into Canada for utilizing the low grade coal
uch as mine waste, lignite, ete., they will be fully described

THE SOUTH STAFFORDSHIRE MOND GAS COMPANY

I'he 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 purpe




1 3¢
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\ccording to the chartergranted by Parl

iment, this compan

over an area of 123 sq. mile Within
this arca are included six corporation

has the right to supply ga

ixteen urban district
councils, and three rural district councils, and gas for heating
ind power purposes is used by 100 miles

of canals, and more than 2000 works

railway, 106 milc

of various description



Fig. 23 shows this areca I'he design of the centra 1on and
1 listril ng tem wa ed out by Herl \lfred
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| d, of London and Stock |
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nv way affecting the production of ga
I BOILES
I'he steam boiler pla riginally consiste it 4

water tube boilers; but these had been supplanted by La

boilers sometime previous to the writer's visit owing to the trouble

experienced in feeding the former with hot water I'he boiler
wre arranged for coal and gas firing [ firing 1s resorted
when the demand for gas has considerably decreased t dox
during a portion of the day

T y
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blowe of e R LV el team engine I'n i the
lowt ( theient t Ul the demanc the third unit
equently held reserve.  Since a continuous supply
to consumers is absolutely imperative, and this deper
n the tity of air forced through the producers at all time
special care | been taken to render this portion of the plant
as reliable as possible
Other gas plants are provided with gas holders of large
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capacity so that the supply of gas will continue undisturbed
during a considerable period of shut down n this and other
Mond gas plant owever, the gas is delivered direct from th

[ o
12 K 2
s matlinai i
] 1 1
v

J

J

HOLDE R

L. . . )

ELEVATION JPERATED B
Fi6. 24.—Apparatus for controlling blowers to giy

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

steam driven

are recommended to be

Each blower has a capacity of 6,000 cubic feet
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SURFACE OF COAL

0’ '

VERTICAL SECTION

gas cooling, and air saturating and preheating towe ind all

wpparatus connected witl Mond

leseribed elsewhere
ROTARY METERS

I'he cleaned ¢ 1 ( hrough rotarv meters

the suction side of the

ter re in

talled, which can be used separatels in parallel.
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GAS COMPRESSOR

I'he gas compressing plant consists of three steam driven
COMPressor two ol whicl we normally nerat I'he
team cvlinde t wided with Corli gear and the
cvlinder with Riedler valves which are operated automatically
Each compressor | 1 capacity of 9,400 cubic fe o free
per minute nd when runnn it a wed of 80 re 1 per
minute will 1 1 v ol ga ) A RAUZe Pressur
of 10 1bs. per square inch he indicated H.P. of each comp )
when operating at full load, is 430. Hence 860 indicated H.P
1s a general rule re suthcient to compre the entire q
of produced during a normal d I 26 shows the ar
rangement ol automatic contr f bv-pass betweer wction and
delivery of ¢ mpre

PUMPS

Eight dire ing cam pumps are provided for tl I
culation of w n cooling and air preheating and
tower WO ional pump re installed Tor supplyin he
works with water from the lace canal I'he capacity of
each pump is 200 ol water per hour

For circulating the acid liquor four pumps are provided
two of which are held in reserve I'he acid pumps are fitted
with gun-metal rams and valves to resist the action of the sul
phuric acid I'he capacity of these pumps is about 7,000 gallons

per hour on a lift of 90 feet

ELECTRIC POWER

Electricity is generated by two three cvlinder 250 |
Westinghouse gas engines direct coupled to dynamos, one
being held in reserve I'he exhaust from these engines pa
through tubular boilers which abstract some of its heat and

erve to silence it I'he electric power thus generated is

for operating the various motors and for lighting the plant

Lp

unit




CLEANING OF THE PLANT
I'he blowers, cleaning fai " gas COMPressors are
ix weeks continuously d nd a € 1
over lor examination or erhauling
}
|
4N~ )




I'ar Plant.
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Analysis and Calorific Value of Coal Used and Gas
Produced.

| I )
\ |
M « 12 ‘
\ ) 1
per ce i ( produce
1.78
! 10 }
1.1
Analysis and Heating Value of Gas.
O 1 1)
O 10+ 31
H )
CH 3.2
Y } 19
10000
Higher calorific value, average for 18 155 B.T.1

per cubic foot

Ammonia Recovery.

From 70-80 per cent of the total nitrogen o«

fuel is recovered in the ammonium sulphate pr
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is cquivaler fron 89 Ihs. of ammonium sulphate per ton
240 1 r 70-79% 1 ) 000 11 I'he suly 1
woid used in the recover ( 1S ngth 140 el
1120 n ¢ required roduce 130 ton | 1 \
pl ¢ 0:92 tons e f sulphate
I the 1l | qua { ammonium sulpha :
possibile Itais n the ‘ I
( ( 841 t . t
Oy Proce per cent, the daily prod f sal
thle ip ( 1 N-4 ( 1 | 1
0 nately 6-3%0.¢
|
( 00 (
t ( '
Labour Employed for Operating Plant.
\ ini th I the Mor hudd
| 1 | nl
I ( ( ee cight hour shif |
( i disposition emplove nd I
1
On produc n r shi ) 9l '
hour
On « iins—— 1 man per shift of 12 hours, 93¢ per hour
On w or ) ¢ % hil 12 01, r
For collecting tar—2 men per shift of 12 hours, 9} ¢ each
per ;\HH'
In pump house > men:  1man at 12¢ per hour per shift of
12 hours; 1 man at 8¢ per hour per shift of 12 hour
In engine house ) men 1 man at 12¢ per hour per shift
of 12 hours: 1 man at 8¢ per hour per shift of 12 hour
In boiler house 2 men per shift of 12 hours, 10c each per
hour
In sulphate house 2 men per shift of 12 hours, 9}¢ each

per hour
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For testing and analyses of ga ) men might and 3 me
by day
In addition to the employees cited there are a large number
emploved on the district distribution svstem.  The total number
of men emploved at the gas plant and on the distributing system
i« 120, Superintendent, clerks, and foreman are it included

in this number

Quantity of Fuel Used and By-Products Obtained.

During the latter part he first nonths of 1912, 1
quantity of coal gasified per month reached 3,300 lor , A
the quantities of sulphate of anu i I tar produced du
this same period were 12004 el 280 per L resped
ively Ihese figures have  beer leral nereased  sine
then,  In fact, although the producer 1ened |
only 140 tons of coal per day, the da ra W Heat \
heen as high as 200 ton

Gas Produced and Sold.

The maximum quantity of gas sold to consumers du
the week ending August 24, 1012, w SO8, 700 cubic feer per
hour and the minimum taken by consumers w 195,000 cubic

feet per hour, for the same period I'he peak load has reached
1,000,000 cubic feet per hour When the peak load occurs the
used in the works is reduced and the steam boilers are fired

ga
with coal

I'he first period of the operations of this plant resulted in
v loss, owing to the dithculty of persuading consumers to use

producer gas for various industrial purposes, and the present

satisfactory financial condition was only obtained by strenuous

efforts and the expenditure of considerable money in training

an efficient stafl to undertake investigations into the most efh

cient method of using producer gas for the different industrial

purposes then existing in the district covered by the company's

main Ihis stafl was even trained and educated in the design

of heating and other furnaces and were thus placed in a position
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to advise a prospective customer i 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 being increased by about 80 per
cent

Financial Results.

I'he paid up capital to the end of the vear 1911 was £424.003
§2,063,481), this includes £92.451 debenture stock (8449928
which carries 5 per cent interest. The expenditure may be divided

as follows; £204,873 (S1,435,048) for central station plar

1
|

parliamentary expenses; £129,130 (8629,432) cost of distribu
tion, mains, ¢t I'he cost of the distributing main thout
20-45 miles in length up to the end of 1912, forms a consider
ible 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 I'he addition to the producer
plant, already under way in 1913, is estimated to cost only
L35,000 (about $170,000) and larger additions can still be made
before the gas mains will be working up to their maximun
l\‘Y.HH\
I'he operations of this plant for the vear 1911 resulted in
oss trading profits of £8,836 (843,099

Cost per 1000 cubic Feet of Producer Gas.

I'he costs of manufacturing 1,000 cubic feet of producer
gas based on an estimated gasification of 225,000 tons of coal
per annum, and those actually obtained in 1912 hased on the

gasification of 40,000 tons of coal per annum are as follows
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Cost per 1000 Cubic Feet of Gas Manufactured.

¢ producer in the neig I S1.80)

based on the cost of coal per 1,000 cubic feet of g n i
the above table and « ¢ " th
represents 140,000 cub o€ { producer g
If the lower calorific value of the b
144 British thermal unit sor ohbic foot 144.000 B
thermal unit e 1.000 cul feet and g
represents a quantity of heat cequivalent 11,600 2,240
)5.084.000
25,984,000 B.T.U., then 180.440 cul feet of g
144
will contain a quantity of heat equivalent me long ton

coal of an average calorific value of 11,600 B.T.U. per Ib

I'he cost of manufacturing 180 thousand cubic fe DI
ducer gas, according to the foregoing table, is 180x 25 $4.63
| ( eration a D! f P
Alf H M st., C.I 1 g
Vol. CXCHI 12
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Selling Cost of the G

CHEDULE OF

CHARGES FOR MOND PRODUCE] \S
TO CONSUMERS
For ga for power, japanning, or tubular heater
Cubie feet per quarter rice per 1,000 cubic fec
| p to 1,230,000 !¢
From 1,250,000 1« ), 500,000 5
S00,000 y 5,000,000 }
5,000,000 10,000,000 bie
10,000,000 2(),000,000) } <
20,000,000 30,000,000
SO, O00 000 SULO00 000 3
Over 50,000,000 3
FOR GAS D OVl D Al \ /1
IHS OR FURNACI
Cubie leet per quarter Price per 1,000 ¢ e
Up to 4,000,000 o«
From 4.000.000 to  K.000.000 33
£.000.000 to 16.000.000 31
16,000,000 32.000.000 (
Over 32,000,000 L
['he average price at ich the gas was sold in 1912 wa
35 cents per 1,000 cubic feet Fhis is equivalent to coal of
11,600 B.T.U, costing 180X 3-5=286.30 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

wlvantages

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

Pr
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Purposes for which Mond Producer Gas is Used.

M produce t pre

mng 74
Platir i 12
Water vat 19
Radiator 114
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tl generation of power

Not only is it especially well adapted for
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F'HE LANGWITH BY-PRODUCT RECOVERY COMPANY

LIMITED

I'he Mond lant operate the | A By-P
Recovery Company is situated at Langwith near a large collic
fr i ) \ | la \ rected fo he
recovery of | wroduc Al the ener i ed
( r at lant T piped to the llier
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Producer Plant.
| I ! ( x Mo prod
ipable of ga 5 f |« per da f 24 hour
I'he entire battery is operated continuou henee ) spare unit
is Proy . The t f plant per day is 150 t o
coal
I'he cleaning oling, air-preheating system, acid tower
blowers, etc., are similar to those already described

Circulating Pumps.

Centrifugal pumps are employed at this plant for circulating

the hot and cold water and also the
were made by Mather and Platt and have proven entirely satisfac-
considerable tar adheres

wid liquor I'hese pumps

tory It is quite well known that



to the | I nd rams of 1t I
for circulating the cooling water, anc
becomes excessive considerable trouble generally experience
Ihis annovance is successfully prevented by the «
of centrifugal pump: When these pump |

starting up the use of live cam for a few b
ciently soften the tar to permit the pump t roperl
I r centrifugal pumps ar |
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Boilers.
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of 30,000 11y the i |
Tar and Pitch Recovery.
I'he liquid tar resulting from the pr
collected and placed in a tar still in which it is hoilec
ture of about 200° C until all the water and li il
tilled off I'he hot liquid pitch resulting 1

converter tanks in which it is left until suf

broken up and removed
Analyses of Fuel Used and of Gas Produced.

The following average analysis of the fuel used, covering

considerable period, is
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I'he average grading of the samples of coal at the Company's

works, at the Sheepbridge colliery, and at the works of the Power

spectively, 22

' Gas Corporation were resj

O per cer 30 1

ind 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, but \
special agreement, as the writer was informed rebate wa
lowed on all dust rate 1t at e gas plant I'he gro
cost of coal supplied a plant was 3 i per ton, and
this by irtue of the rebates received and the gas delivered
t he lic W reduced to 3 shilli

Ihe average analysis of the gas producy

(0 1 N

)

(0 8.4

H 228

CH 3-(

\ IX-4
100 1)

I'he net calorifi lue per cubic foot w ) 35 to 140

B.T. Unit I'he quantity of gas per ton of ¢ leulated fr

¢ analvsis of the 135,000 cubic fee r 60 cubie fee
per I nearly) and its total heating e 60 X 140 8. 400
British thermal unit

uantity of Ammonium Sulphate Produced.
) I

In order to estimate the total quantity of ammonium st
phate annually produced, the average nitrogen content of the
fuel used for a period of 12 months will be taken as 12 per cent

I'his will represent a quantity of nitrogen per ton equal to

2,240 -012=26-88 pounds which will form, theoretically

2688
< 100 26+ 7
T e
pounds of ammonium sulphate I'he ammonium sulphate

made at this plant is 96 per cent pure, that is, contains

14
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Statement of Operations for the Months of October and
November, 1912
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From the foregoing statement of costs and selling prices for a
period of two months operations, it will be seen that the net
profits per ton of sulphate 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

very nearly £13

25883 shillings respectively o
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
1,722 long ton I'he net profits on this quantity would Ix
65:-41468-00
1,722 : 114,943-5 shillings or over 28,000
dollar
I'he net profits resulting from the sale of the pitch pro
or 88,060 Fotal

duced would he 918 % 36= 33,048 shillings

net profits derived from operations of plant for one vear, 28,000

K060 = 36,000 dollar

CAPITALIZATION

I'he net capital of the company is £66,000 (about $320,000
md a net profit of 8§36,000 on this amount would be equivalent
to over ten per cent

I'he 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 72¢.) per ton, a profit of approximately
ten per cent on the capital invested can be made under the labour
conditions obtaining in England I'he 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
sulphate which can be obtained from a fuel with any nitrogen
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been taken

content the efficiency of the recovery process h
75 per cent, i.e. 75 per cent of the quantity theoretically possible
At the plants of the South Staffordshire Mond Gas Company

ind the Langwith By-Product Company the efficiency of the re

covery process was considerably le than 75 per cent. Both

of these plants were, however, operated at a capacity consider

\bly below their normal rating, and in the case of the South

Staffordshire Mond Gas Company  the load was not uniform
but varied from fraction of the normal capacity to overload
during a portion of the day. Such conditions of operations ma

militate against the most etheient recovery of the ammonia

I'he efficiency I the ammonia recover process a I oLl
Staffordshire Mond Gas Company for the period covering the
first six months of 1912 was 64-2 per cent which is obtained a
follow
Monthly rate of gasification to
wards the end of the period 3,300 ton
Nitrogen content of fuel burne 1:2
Ammonium sulphate per month
wtually produced 120 ton
Ammonium sulphate per ton ac
tually produced 120 0-0363 tor
AR
\mmonium sulphate theoretically

possible to obtain per month
3.300 <0012 .71 1865 ton
120

L fhiciency of recovery
64+ 2 per cent

186-5

I'he average production of ammonium sulphate per ton of
coal gasihed during the vear 1913, was, according to the stat
ment of the Works' manager, 85 to 90 Ibs.  The nitrogen content
of the coal gasified during this period averaged 1-2 per cent, or
about 27 pounds per long ton, and this will theoretically enter
into the formation of 27471 =127 pounds of ammonium sul
phate.  On this basis the efficiency of the recovery process is

85490

2X 127

688 per cent
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I'he production of tar during the latter part of the period

covering the first six months of 1912 was about 280 tons per

month Ihe coal gasified per month during the same period

was 3,300 tons, the production of tar per ton of coal was con
280

sequently +085 tons or 190 Ibs about 10 gallons
3300

At the time of the writer's visit this tar was not being

distilled I'his quantity of tar, it must be understood, include

1 considerable portion of water

Langwith By-Product Company.

I'he average production of
plant was 85-90 pound

gen content of 1-2 per cent i

the recovery proce 688 per
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CHAPTER '\

PEAT BURNING STEAM POWER PLANT ON THE
WIESMOOR IN OSTFRIESLAND, GERMANY.

I'his central power plant, which is situated in the centre

of an enormous peat bog 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 «

waste land for agricultural purposes

The chief credit for the establishment of this plant is due
to Dr. Ramm, Privy Councillor in the State Ministry of Agri
culture, who urged the great undertaking to completion in the
face of many and serious obstacles

I'he original installation consisted o

a steam plant of

200 horse power which was used for generating clectric power

for cultivating the bog, ditching, stripping, ploughing, ete. 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 purposes may be considered of equal importance 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 contemplated—but at a later date it was
decided to increase the capacity of the plant.  In the spring of
1908, The Siemens-Schuckert Company commenced negotia
tions on behalf of the Prussian Estate office (Domanenfiskus),
with a number of surrounding towns or villages, such as Wil
helmshafen, Baut, Heppens, Nevende, and the cities of Leer and
Emden, 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
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the installation and the distribution of the power to a private
company \ 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 \ccording 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 Estat

office the electrie energy required for cultivating the moor

The erection of the new and much enlarged power plant
was begun in January, 1909, In order to be in a position to
deliver electric energy within the time limit stated in the con-
tract the work was energetically prosccuted.  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 difhculties were encountered in transporting the new
and heavy machinery across the bog, and of unloading and plac
ing it in the power house. The housing and feeding of the large
and increasing number 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 vear, 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 Canal with the Nord-Geogsfehn canal. When this canal
is constructed the power plant will have water connexion with
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Ems in two directions-—on the south line over the Jiimme and the
Leda I'he situation as regards transportation facilities |

therefore, very favourable

Fig. 2
Plate XVII a view of it as seen from the southe

shows the ground plan of the power house and

I'he general
arrangement of the power house, as regards its rooms and it

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
I'he 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 HOUSI

I'he boiler installation comprises four water-tube boilers with
a water heating surface of 300 sq. meters (3,228 sq. L), super-
heating surface of 100 sq. meters (1,076 sq. ft ind a grate area
of 8 sq. meters (86 sq. ft.) each. The boilers were designed and
built by the Augsburg-Niirnberg engine works for a working

pressure of 12 atmospheres (1763 hs. per sq. in

I'he distribution of fuel from the bunkers to the boiler fur
naces and the method of firing the boilers  presented many
ditficulties which had to be overcome I'his will be considered
later in detail.  Three steam pumps supply 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 turbines
I'his 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
I'he Suco-filter installed in the water tower for this purposc
did not prove satisfactory.  An air filter was therefore added
see Fig. 28 and Plate XVII at the extreme left), in which the
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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

filter.
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.
T'he third turbo-dynamo generates a three phase current of 1,550
K.V.A. at the same tension and 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 114
atmospheres (about 170 Ibs. per sq. inch) and a mean super-
heat temperature of 300°C. The boiler 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 feed 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. Anarrangement 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 about 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,

15
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I'he electric energy is conducted from the generator through
circuit breakers, which serve as a protection to the dynamos
and cables to the switch house

I'wo transmission lines, for the purposes of the Roval Moor
Administration, are led into the open air from a special bus bar

system which may be connected

with both lower voltage bu

bars through automatic switches.  From here the transmission
line is carried by specially constructed towers to the moors
to be cultivated, in the north and the south. In addition to the

above there are two transformers, cach of 125 K.V.A., with a
transformation ratio of 5,000208,120. 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 power. One of
the transformers is held in reserve

From the higher voltage bars four long distance transmission

lines branch off

PEAT AS FUEI

In the foregoing description of the power house, but little
has been said concerning the boiler plant and its accessories
This part of the power 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 knowledge

concerning the design and methods of operating steam boiler
fired with peat 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 be 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 vears' work

So many difficulties were encountered in the handling and

firing of the peat fuel, on account of the meagre knowledge cor
cerning this method of utilization of this fuel, that a fuller de
scription will be justified than would be the case with other

fuels



ing of peat under a steam boiler 1 1 rouble was ex
perienced in its transport m from the held t boiler
I'his of course had to be done in the cheapx ner possible
f any advantages were to be ga d

I'he principal dithcultic ) ( I 1), gett |
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MANUFACTURE OF THE PEAT FUEIL

For t
bl el, both the Str « 1 |
Since, however, the cheapne f the f
mechanmical excavator e ed whene W) le

preaders and operate orti !
which are free fr tr ! d t . \ 1
excavators are employed. Before star ‘ wi
Strenge m o tha - o - A
nce this has no value a fuel for b

Ihe biicket anparatus or excavator is deivens by an eects
motor through a worm and whet \ second motor moves the
bucket apparatus as a whole in a nd fro direction, over a
breadth of four meters (12 feet W { a shaft Nustra-
tions of this machine in operation are show Plate IX
in the chapter on the manufacture of peat fuel I'he 10V
ments produced by the two motors ar tomatically controlled
I'he wet peat (this bog contains about 90 per cent water is

thrown bv the buckets on to a convever trough on which it i

raised by means of a convever chain and carried into a pulping

mill driven by a separate motor I'he peat issues from the pulp-

ing mill as a uniform pulp, and s in t condition spread upo

the levelled surface of the drained bog by means of spreader
I'he entire machine is automatically moved forward

heavy broad board planks by means of an electric motor

Great care must be exercised in operating this machine
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to prevent the excavator from excavating sand or clay with the
peat Ihis is likely 1o occur where the subsoil is undulating
Unlike other mechanical excavators, thisone cannot be adjusted
as far as the depth to which it excavates is concerned, while it
Is 1 moton

During the first period of the peat manufacturing opera-
tions, this fault had not vet been learned, consequently so much
sand was mixed with the peat which was burned under the boiler
that the resulting clinkers melted the grate bars and interfered
in other ways with the proper operation of the boilers

When the spread peat is dry enough to support men walking
on broad boards, it is first cut superficially with a hand cutter
ind then with an electrically operated cutter.  The disc shaped
knives of this cutter are guided by the superficial cuts I'he
picces thus obtained-—called sods—are 10X12x 33 centimeters
(4% 5"X 13") in sizc

When the peat thus exposed to the air has dried to about
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 about
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 \ccording to the guarantee of the firm, a
Dolberg machine can produce from 60,000 to 80,000 sods in a
day of 10 hours

\ccording to another somewhat different process also used
in the Wiesmoor, the peat is pressed from the forming machine
upon a conveyer belt, and without being cut into sods is piled
up into heaps by the belt. The peat is cut from these heaps after
wintering




171

The total output of all the machines, during a season of
average length, i.e., from April to August, is about 30,000 metric

tons (33,000 short tons) of 25-30 per cent moisture it In the

summer of 1911, 35,000 metric tons (38,300 short tons) were
harvested

From the foregoing it will be seen that, even with the em
ployment of mechanical excavators, a great deal of hand labour
is still necessary for operating the machine, turning, stacking
and transporting the peat from the dryving 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 labour was not so apparent, but to-day this condition

the wages of the ordinary labourer

of affairs no longer exi
are not only rapidly increasing, but labour 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 peat field at Wiesmoor was an elevator,
Fig. 29, invented and constructed by Dolberg.  This elevator,
which is employed for piling the air-dried peat in stacks, must
not be confused with the elevators or belt conveyers with which
all Dolberg peat machines are equipped. It is an individual
machine, of special design, and is used for only one purpose
viz., for stacking peat. This machine consists of a carrier trough
about 16 meters (52 ft.) long, in which the peat is conveyed by
a carrier chain and carriers. This trough can be raised or lowered,
with one of its ends held fast in the carrving frame, so that the
dumping height, beginning with a small elevation, can be incre ased
to 10 meters (33 ft.)

The carrving frame is secured to a platform resting on two
trucks. These trucks rest on tracks of 0-6 meters (about 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 peat cars is drawn up an inclined track which is laid
parallel to the elevator tracks. At the top of the inclined track
is placed, is constructed

a platform, into which a large hopper
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r unloading the car I'he peat blocks are dumped from the peat

cars into the hopper From here they are sent means of

rocking apparatus into a pper placed at the lower end of the

elevator. The ¢

iers or buckets seize the peat from this hopper
ind transport it to the upper or highest end where it is tl \
off onto the pile or stack

An electric motor of 1

1 ¢ POWer ne
for operating the maching ( ronishes power for
moving the entire ¢ rail vhich n |

whed in sectio ittached at the other end the length
{ the stack increases or when it is desired ( I
to some other part of the drying field.  The capacity of the eleva
or is 20 metric )2 rt te per hour I'he method of

operation is illustrate

n Plate XX, which shows an older type
of elevator

From the time the peat is dug to the completion of the
tacks, rain i wirce of much trouble nce peat not suthciently

ur-dry eagerly absorbs moisture up to the original amount o«

tained in the raw peat, and when this occurs the drying of the peat
has to start again from the beginning \ir-dry peat on the other
hand does not absorb moisture Care we taken, neverthe
less, to protect the uncompleted stack from rain, even

though the peat be air-dry. If this precaution is taken, the peat
will keep dry in the stacks [or yvear

Air-dry peat is also immune from cold weather; it does not
frecze I'his is a most important property, since frozen peat i
quite unsuitable for burning under boiler

In transporting the peat from the field to the stack sheds
or power house, small locomotives run over narrow gauge track
ate XX1. Horse drawn vehicles would prove

much too expensive, since the distances are

are employed
great and increase
from vear to vear I'he original intention was to employ electri

traction, but this idea has been abandoned for th

time being
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 pl

I'he 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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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 maost
suitable for mixing with peat 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 confidently expected

would be in proper condition for use in May, was found to I
almost completely ruined by frost, and almost useless, thercfore,
for boiler firing

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 thee difficulties a large peat
shed with a capacity of 2,000 tons was erected close to the power
house. Plate XXI11 I'his shed is capable of supplying fuel
for a month at an average consumption of 65 tons per day

I'lie 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 peat
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 peat 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, be stored, while if the peat is simply allowed to
fall from the conveyer belt its capacity is only about 300 tons
A third 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 I'hey are accessible
from 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
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Transportation of Peat from Storage Bins to Boiler Grates.

I'he transportation from the bins to the grates of the boilers
presented many dithculties on account of the physical propertic

of the peat I'he knowledge gained in the handling of coal as

the result of many generations could not therefore be applied
to this form of fuel. The approved apparatus now emploved
in large power plants for feeding coal into the boilers did not even
serve as a suitable model.  Entirely new contrivances had to
be constructed and tried before the proper method was disclosed
ind the results thus obtained and which will serve as a guide
for further exploitations 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 blocks, or as it is usually fed to the furnace
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 purpos mnd consequently wer
looked upon as a total loss.  When the peat was handled in the
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 hopper shaped 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 transporting the peat was successfully
solved

Normally the peat is transported in the most expeditiou
manner from the stacks to the boiler grate ind the supplic

of peat stored in the sheds and silos are not drawn upon except
n cases ol emergency

I'he transportation of the peat from the stacks or sheds to
the bunkers is accomplished in the following manner I'he 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 hopper situated at its westend



Disposition of Peat in Boiler House

See P NV
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rangement of the step grates is similar 1o that applied to the
Babeock and Wilcox boilers shown in Plate XXI11

I'he peat reaches the grates in whole blocks, the formation
of fines or dust from the stacks to the boiler is as a result not
more than 10 per cent I'his quantity of 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 described system of supplyving the required peat
is strictly adhered to. A deviation from this method may,
however, at times be advisable.  If for instance the load on the
plant is considerably increased or the peat that falls upon the
grates happens to be of rather poor quality, then the supply
of about two tons in the hopper and the chute (including a small
pile at the upper opening of the latter) may not be sufficient to
repeat 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
direetly in front of the boiler furnaces. These silos are filled
by dumping the peat, by means of the dumping arrangement,
into the silos direetly 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 Large Peat Fuel Reserve.

I'he second large reserve of peat which is stored in large
bunkers in peat shed No. 2, is drawn upon only when the supply
by means of the field railway ceases.  These bunkers, which are
filled 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 botton.  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. Tt has not been found
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necessary to resort to this auxiliary fuel supply for some time
and if its bunkers are periodically emptied in the manner above
described, at intervals of about six weeks, it is simply due 10
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 Noo 1 s only
used in cases of the most extreme necessity, s construction
was due to the impressions received during the first difficulties
encountered in obtaining the required quantity of peat to operate
the power house for one vear. At the present time its construg
tion might not be considered necessary.  The peat is taken from
this shed in small cars to the hoppers of the rocking trough in
exactly the same manner as it is taken from the stacks

Provision has been made for supplying peat to the boiler
in case the mechanical transporting devices are put out of com-
mission for a period exceeding two dayvs.  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 beside 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 emploved 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 transporting 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 be too great

When one considers the magnitude of the undertaking, the
unforesecen difficulties encountered in utilizing in this manner a
fuel about which but little or nothing was known as regards
its suitability for steam raising on a large scale, and the prob
lems which had 1o be technically solved, one cannot help but
regard this achievement as marvellous
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DESIGN OF BOILER FURNACES

In the design of the boiler furnaces, and it may be added of
the boilers themselves, many problems arose which required con-
siderable time and the expenditure of large amounts of money,
before a satisfactory solution was obtained.  Peat when burned
under a boiler behaves entirely differently 1o coal, or in fact
any other form of solid fuel.  The existing boiler practice brought
to its high degree of perfection through vears of experience

cannot, therefore, be applied to the use of peat.  The problem

confronting the designer was a unique one, which had to be
studied in every detail from beginning to end.  As stated above,
this involved much time and expense before the present effi-
cient boiler installation was constructed, but the evolution of
the peat fired boiler from its crude state to its present high state
of perfection was accomplished in less than three years, and this
accomplishment must be 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 especial interest, is the fire
box and grates.  Many types of grates and combustion chambers
were tried before the engineers were satisfied that they had
secured the best.  Step grates inclined at 367 to the horizontal
see Plate XX are now employed with great success. The
grate is in two parts each four sq. meters (43 sq. ft.) in area
The two halves are 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 peat
itself, and its rapid passage from the hopper to the grates.  This
fact is of great importance since the air-dry peat has a very
low heat value —only 2,500 to 3,500 calories per kg. (4,500
6,300 British thermal units per 1b.) and must consequently
be 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 100 kilograms of air-dry
peat bricks or sods is at least 0-4 cu. meters (about 14 cu. ft.)
The heating value of a cubic meter is, therefore, about 620,000
calories
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Before good results were obtained in burning a fuel of so
low a heating value per cubic meter, very careful observations
concerning the operation under different conditions had to he
made. The varving character of the peat, also, caused much
trouble. The moisture content, ¢.g., was not uniform, nor can
this ever be expected in practice, and the peat blocks of differ-
ent moisture contents rushed down the chutes into the com-
bustion chambers with varying speeds due to their varving di-
mensions. For this reason, as can be easily understood, the rate
of combustion per unit time was never constant but varied
to a considerable degree. At times, moreover, the peat contained
too little moisture and this could not be remedied by wetting
since air-dry peat does not absorb water, in fact cannot be even
moistened to any extent

I'he results of the combustion and charging of the peat were
consequently quite unsatisfactory

The heating value also of the individual peat blocks varic

considerably for other reasons than that ascribed to the varving
moisture content, e.g. during the first operation of peat manu-
facturing the surface moss which was not suitable for fuel pur-
poses was mixed with the peat and sand or clay taken from the
undulating floor of the bog entered into the finished peat fuel,
and this not only reduced its heating value but seriously inter
fered with its combustion on the grates. Finally, before the pres
ent methods of transporting and storing the peat were inaugura
ted, frozen peat was fired which proved to be 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 boiler
stack instead of in the boiler.

All of these difficulties have been conquered and the plant
to-day is a complete success

At the time of the writer's visit a large boiler 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 boiler, it is said, will be about 25 per cent smaller than
those now in use.

The following are the results of a boiler test made in 1910,

before the boilers were accepted.
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The Average Results of Several Tests.

Average steam boiler pressur

121 atmospheres(177-9
Ihs. sq. inch

temperature of steam 247 5% 787l
COy content of flue gases 12-8¢

CO40) content of flue gase 1969
temperature of flue gases 330°( 626°]
temperature of air draft 28°C" (82-4°}
draft above grates 50 mm. (0:22 in

Iraft in flue above damper 8:3 mm. (033 in
draft in main fluc 176 mm (0:69 in
temperature of feed water 47-7°C (117°1
heat in steam per kg 653-6 cal. (1,176 B.1

U, per 1b

I'he quantity of peat burned during the tests was between
15,266 and 14,027 kilograms and from 44,982 to 43,092 kilogram
of water were evaporated, from which the

rate ol evaporation
per kilogram is

14,082 4 43,092

. - 3:01 kilograms per kilogram of px

15.266 + 14,027
burned, this is equivalent to an evaportaion of 5-4 lbs, of water
per 1. of peat

I'he quantity of heat utilized is

6536 X 3-01 1967 cal. per kg 3,541 B.T.U's, per |
which gives as the bhoiler efficiency where the average heating
value of the peat burned is 2,680 calories (4,824 B.T.U. per b
1,967

73:5 per cent which is far in excess of the efficiency
2,680

guaranteed, viz., 65 per cent,

This excellent result cans 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 1bs.) per kilo-
watt hour in rare and isolated cases. A consumption of 2.4
kilograms (528 1bs.) per kilowatt hour has even been obtained

In wet weather, however, the fuel consumption is 3 kilo-
grams (66 1bs.) and upwards per kilowatt hour
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THE CULTIVATION OF THE WIESMOOR

\ description of the Wiesmoor steam power plant would
be incomplete without some reference to the methods emploved
for putting the large area covered by the Wiesmoor under culti
vation I'he cultivation of this large bog 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

I'his 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 proper of the bog in
importance

for cultivation it must

In order to prepare any peat I
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 been 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, ete., were tried, but their
excessive weight militated against their use and they were finally
abandoned.  The successful work now being carried out along
thisline 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 surveving 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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of the canal utilized for building roads and field railwavs
and is consequently a very valuable material. A power shovel
of 50 cubic meters (1,763 cu. {t.) capacity per hour, driven by a
25 horse power motor, is emploved for removing the sandy
bottom

From the data given in the plan of cultivation and the
profile of the canal. the total quantities of peat contained in the
bog as a whole and in the canals can be caleulated. Tt must
be understood, of course, that the result obtained will be only
approximate, since the data supplied are only approximate
Il the average depth of the fuel peat is 23 meters (8:2 feet) the
content of the bog will be 6,200 % 2:5 % 10.000 = 155.000 000
cubic meters, and if the weight of a cubic meter of peat con

taining 90 per cent water is taken as one metric ton, the content
of the bog will represent 155,000,000 metric tons of 90 per cent
moisture peat, or 22,000,000 metric tons of peat with a moisture
content of 30 per cent.  If now the consumption of peat, 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., about two and a half times the output of the first
vear 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 vears or more,
probably 30, since the production of power is far from reaching
that used as a basis in the caleulation. It will be seen from these
figures that the power plant is assured of a supply of fuel; but
it will, also, be recognized that the immense quantity of peat

excavated from the canals alone could not

disposed of if
the power plant were only of sufficient capacity to satisfy the
requirements of the Moor Commission. If such were the case
aud 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 « truction

It is plain, therefore, that the necessity for establishing a
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dise harrow which normally have a width of 35 cm. are increased
for use on the moor to 60 em. (23 in.) This machine weighs
only three metric tons.  The wheels of the windlass wagon are
70 em. (27 in.) and those of the anchor wagon 75 em. (29 in
wide.  The latter machine is considerably lighter, weighing only
about 33 metric tons, and can travel, in virtue of its wide wheels,
on roads which are not prepared.  The weights of all the other
machines employved in cultivating the moor are small in com-
parison with that of the windlass wagon. The plough, trans-
tormer wagon, and the roller weigh about three tons each.  The
roller can, however, be weighted to five tons

I'he capacity of the different machines emploved on the

moor are

Electric plough, 5 hectares (12 acres) per day,
¢ harrow (2 harrowings) 10 hectares (24 acres per day.
" roller, 15 hectares (37 acres) per day

It 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
vear of 200 working days

\ccording to recent calculations, the cost of cultivating the
Wiesmoor amounts to 600 marks ( about 150 dollars) per hec
tare, that is about $60 per acre

I'he homesteads are handed over to the settlers when they
have been thoroughly cultivated, and when a site for the dwel
ling has been 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 casy to dispose of, since the
power plant depends upon it

Plate XXIX is intended to show how the bog 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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CHAPTER V1

FEASIBILITY OF ERECTING BY-PRODUCT RECOVERY
PEAT PRODUCER GAS POWER PLANTS IN CANADA.

I'he successful introduction of a peat burning, bv-product
recovery power gas \'I"“ into Canad 1s dependent o the
following factors
1

1 Cost of peat supplicd to producer and its nitroge

1) Cost of labour and labour condition

3) Plant costs

4)  Cost of sulphuric acid laid down at the plant

5)  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

From 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 phase 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
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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 be 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 to the methods followed in Germany at Ostfriesland,
this quantity of peat could be safely stored during the winter
and rainy scasons.

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 Farnham—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 be given to the average nitro-
gen content of the peat fuel contained in the entire bog. Peat
containing less than 1} 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 be 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 wayv demand an ever increasing number of labourers, and
naturally when the demand exceeds the supply the wages inerease
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
12 hours

shifts of 8 hours each, while in Europe two shifts
cach 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 hecome
general—an eight hour shift will have to be reckoned with I'he
daily wages for ordinary labourers differ considerably in the ex-

treme eastern and western portions of Canada.  About 8$1.75
to 82 per day of 8 hours may be taken as the standard wage
for ordinary labour in Eastern Canada, while 83 per day ob-
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 em-

18
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ployed in a producer plant will be 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 be 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 wher

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 be very considerably in excess of that obtaining for similar
plants in European countries

I'he 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, ete.  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 be 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 forevery 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 I'his in itsell might prove, in many
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
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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 mayv de-
prive the otherwise cheap power of all its advantages

A market must, therefore, be 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 be prevented, at least in the majority of

CAPITAL, AND OPERATING COSTS

I'he 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 United 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 power gas plant I'he
operating costs will be worked out to suit Canadian conditions

I'he plant under consideration will be capable of gasifving
120 tons of theoretically dry peat per day of 24 hours, and the
nitrogen content of the fuel will be assumed to vary from 02
to 2:6 per cent.  Fig. 32 shows the disposition of the producers,
auxiliary machinery, etc., of a plant of similar capacity designed
for utilizing peat in the United States

Plant Costs

Item i as plant delivered on site, about S98,000.00
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, et 19,000.00
vi— Erection, about 15,000.00

ii—Workmen's houses, say 8,000.00
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Plant Costs. continued

viii—Well, about S
ix- Sulphuric acid plant, approximate 36,
x - Working capital 36

xi— Gas engine installation, ineluding build
ing, electrical  generators switch
boadrs, all complete and 3 engines of
1,000 H.P. cach, 1 held in reserve 300,

PRODUCER AND SULPHATE PLANT

83.00 per day., per 3 shifts

1 foreman

per shift

6 lahourers 82,00 cach per day, per 3
shifts
1 superintendent S4.00 per day
1 extra labourer 82,00 per day
1 master mechanic 83.50 per day
Total daily wage S
Total wages per year of 365 days §19,

POWER PLANT,

1 enginecer 83.50 per 3 shifts S

1 assistant 3 2.00 4
per shift

1 electrician 3.50 =
1 assistant 2.00
Total ll.lil) wages S
Total wages per year of 363 days ; 12,

Interest and Amortization

It will be assumed that the plant will be amortizec
vears,

600
000
oo

000

§9

1 in

00
00
00

00

00

00
00
00
50

[}
=1
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Interest at 6, on items (i, ii, iii, iv, v, vi, vii, viii, x)
S$11.904 .00 (e¢)
Interest and amortization on item ix is included in the cost
of manufacturing sulphuric acid
Amortization at 53, onitems (1, iii, v, vi, vii, viii S7,480.00 (f
e+ 11,904 + 7,480 S19,384.00
1) Interest and amortization S 19,384.00
b) Labour, gas and sulphate plant (in round num
ber 19,900.00
Manager and clerk 1 00000
Chemist 1 chief and 1 assistant 1,800.00
Lubricants, et 1,700.00
¢) - Sundry stor 2,400 .00
Repair 5,000 .00 .
General expense 5.000.00
) Fuel, 60,000 tons of 30¢; moisture peat at Sl 50
per ton 90,000.00
ASSUMPTIONS
SUMMARY OF COSTS
1. Calorific value of 1 Ih. of absolutely dry
peat 9.000 B.'T. unit
2. Efficiency of producer 70 per cent
3. Heating value of gas per cu. ft 140 B.T. units
L. Steam required per Ih. of absolutely dry
fuel gasified 2 1hs
5. Steam supplied by recuperation per 1b
of dry peat 1 Ib. at 5 Ibs. gauge
pressure
6. Efhciency of steam generator 70 per cent

Efficiency of ammonia recovery pro

¢ 70 per cent




it

pea

01
QUANTITIES OBTAINED
1. Heat entering into gas per 1h. of fuel gasified, 9,000 X0
6,300 British thermal unit
6,300
2. Ouantity of g per 1h. of dry peat gasified 15
140
3. Quantity of gas required to raise 1 1h. of steam at 5 1b
1,130
Pressure 11-5
140 0
§. Quantity of g per 1. of dry peat ulal for power
other purpose 15 115 33:5 cu. 1t
5. Total quantity of gas per ton of absolutely d peat 15
Y (N DO 000 1 It
( I'otal q 1 [ gas per ton of lutely drey vatla
for power or other purpose 33:5 > (M) 6G7.000 cu
7 lue of total quantity of gas generated per ton
dry peat, 90,000 140 12.600.000 BT, ur
8 of available gas per ton of absolutely dry
fiedd, 67,000 X 140 9380000 BT, units
9. (NH SOy per tan of absolutely dry peat with (X) per o
nitrogen 2000 X 07 x4 1 N 65-94X
100
10. H.S0; required per ton ulphate, 1-1 6594 X
72:53X
11. G receipts from sale of sulphate per ol dry
63 65-94X "
gasified $2.143X
2,000
63 market price of ammonium sulphate in dollar
8 X 72-53X
12, Cost of HS0, required S0-29X
2.000
S cost of HoS0, per ton in dollar

|

t
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13. Cost of packing and bagging per ton of sulphate at 13 dollars

1-5 X 65-94X

per ton S0-0495X

2,000
Net return from sulphate exclusive of fuel and operating
COSLS 2.143 = (0-29 0-0495) X 1:-8X

T'otal cost per ton of absolutely dry peat gasified

b + ¢) 4+ Bl
12,000

\ items b+«

I quantity of
B cost of fuel per ton

Net costs per ton of absolutely dry peat g

\ + Bl 1.8X

\ + Bl
18 X
1-81

drv peat

3:50 = 1.

S350 (1

T

8 X =818 (1.94-X

Net Cost of Available Gas per 1000 cu. ft.

\ + Bl
181 X 0-0268 A + B X 3
e 1.8}
Oy
800268 (1-94 — X

Net Cost of Gas Required to Produce One B.H.P. Year

with a Gas Engine.

1

)

Total quantity of heat available for power per ton of fuel,

09,380,000 B.T.1

Heat consumption of gas engine per B.H.P. hour,

10,000 B.T.1




the equation

1 [1},,; I 1890 sfasl.
( 1-8]
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3. Capacity of plant 5 tons of dry peat per |
} ]“'J‘ “Hl\‘”\ | wat \ ‘l“ for oW
09,380,000 B.T.Umi
Power availab
9,380,000 3
1690 B.H.P. how
10, 000
Capaat ol plant will Tx It 1 e 4000 B.H.P
Cu. 1t gas per B.H.P. v l I wil
10 000 350 )4 },600
(T leu. ft
140 1,000 000
Cost of gas per B.H.P. vear
b 704%0-0268 (2T BF _« gig{A T HE_ o
18] 1.8}
S18:9 (1.94 X
19. Net Cost of Producing One B.ILP. Year:
Normal capacity of plant 1000 B.H.P
Capital cost of power plant 5300000 00
Interest and amortization 11¢, S 33,000 00
Labour and attendants per vear of 363 day 12,040 00
Lubricants, et 1,500 00
Repair 1,000 00
I'ota S 50,540 00
Costs per B.HLP. vear exclusive of cost of gas
50, 540
} 812 .63
1,000
Net cost per B.H.P. year for any load factor expressed by
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When ( load factor' in per cent,
ind X nitrogen content of absolutely drey peat in per cent

When the load factor i

ind fixed charges (A) and the cost of fuel (B) and quantity (1

100 per cent and the operating cost

wre as stated for the case described this equation hecomes
18:9 ). 61 X O

If all the factors are varied, vi the cost of plant, henee

operating and fixed costs of hoth the producer and |

power plant

nd the cost and quantity of fuel; the cost of generating on

B.HLP. year may he expressed by the following equation

100 \ 131
[ \ 18:9 ), 4 ] i
( 1-81

In this equation A the fixed and operating costs on the

power plant

\ fixed and ope ng co on |

ucer and sulphate plant

V‘va‘ on per

13 cost in dollars per ton
N nitrogen content of  absolutel
dry peat i per cent
Price of sulphat umed to be 65 dollars per 1

A+ B
I'he second member of equation (7), viz., 18-9 l b, 4
181

represents the cost of the required quantity of gas to produce
one B.H.P. vear when the plant is operating at full load. And
when this is divided by the number of thousand feet of ga
required for this purpose the expression becomes the cost of
1,000 cubic feet of gas { this now be multipliecd by the number
ol thousand feet of available gas produced by gasifying one ton
of theoretically dry peat, viz.,, 67, the expression  becomes
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NITROGEN CONTENT OF ABSOLUTELY DRY PEAT

4 } ( 8 1.0 12 14 16 1.8 2:0 2 2:4 2+

4

‘.
»
CAST . OF SINPHATE PER TON OF FUEL IN.

CaST OF GAS IN CENTT,

3 9
' A/TROSEN. CONTENT |QF ABSULUTELY | DRY . PEAT ] 10
4 o 8§ 1.0 1 14 16 1.8 0 2.2 2.4 26
Fig. 35, Ve \ wing f 1000 ¢ ft. ¢ vhen pe co! 80, 5(
to $3.00 per to
Curves B showi st of sulphate when peat costs $0.50 to $3.00 per tor
manufactured per day of ten hours is 600 short ton 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 be sufficient to pro-




Capital Cost of Peat Manufacturing Plant

I’ )
Labour, Management, and Other Costs
I 00,000 1.1
.1 (
Re¢ )
| !



Ouanti f fuel manufactured 60.000 net. of run 30 per
ent 1 Ire peat
68,900
Cost per ton 51.15. Cost of peat per ton, S1.15.
60,000
I'he above cost of $1.50 per ton delivered at the producers
is considered ery conservative figure when operations are
conducted on a scale as large that outlined { \ctual
operations might demonstrate that this cost car w materiall
reduced
I'he cost of the entire equipment, including g producer
power and peat g plant, the writer believe on the high
ide, and that the probable results are, therefore, conservative

I even P e

N \ r lization
w done was taken for granted ch stress cannot be laic
on the importance, and even necessity, of introducing every

into the operation of a plant of this descrip

possible econor

I'he fue Iy Al echanicall fp le, fr
the field to the producer bunker ind all unnece ry labour
( pensed wit

Since 60,000 tor e net quan of fuel required
operate the plant 350 day it full capac larger quantit
of fuel must be manufactured ide a margin for unforeseen
contingencie I'he peat manufacturing units, it i ume

f meeting this extra requirement

are capable
\ sulphuric acid plant would have to be built in almo

¢ antiti {
wough L quantities Ir

case, since this commodity
dependent manufacturer and transported to the power plant

it the bog would prove too expensive when the operations ar

conducted on so narrow a margin I'he writer believes that

sulphuric acid can |
viz., 88 or less in almost any place in Eastern Canada favour

ably situated with respect to railway or water transportation

¢ manufactured for the price stated above,

— o~
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or peak 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
I'his 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 suificient to meet the
peak demands on the plant

A steam boiler will also have to be provided and this
should be, preferably, gas fired

I'he gas for this purpose might be generated in a spare pro
ducer unit, which can lie over during the greater part of the day
I'he consumption of fuel in such a case would not be considerable
during the stand-by I'he 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 will considerably increase the

cost of power. Thus a load factor

f 50 per cent will inerease
the cost of generating a horse power vear from $12.63 at full

20

load, and when the nitrogen content is 195 per cent to $2:

(See equation 5 page 203).
GENERATION OF STEAM FOR PRODUCERS
This quantity of steam is very considerable, about 2 Ibs

per Ib. of dry fuel burned, so that a gasification of 5 tons of ab-
solutely dry peat per hour would necessitate a quantity of steam




Producer Gas for Heating Purposes.







CANADIAN PEAT BOGS AS A SOURCE OF FUEL FOR
I'HE PRODUCTION OF GAS IN THE BY-PRODUC
RECOVERY POWER GAS PRODUCER




BY-PRODUCT RECOVERY PRODUCERS

If the cost of generating power with a producer gas power
1] ( ( 1 ( nt
ca o wtn e ully with ( ™
ficld pph will rea increased I'he
I f { those desire [ converting into
« eful mn t immense quantitic f e NOW
1 mate ed whe he M roce
fi \ ¢ fuel tl nrodu "
] ] 1 1 " |
( CCre ( ) I )
I | er
e T he over
‘ it 3 1 |
e ¢ el | | tio ri
[} 1 ( h INHmu o1 !
| calize whe ( ne re runni their normal
ratit nd if a large percentage of the power ur wre lying idle

onsiderable part of the time, the fixed charges will be too large

permit of the economic production of power I'he most desir-
ble and ideal conditions are met with when the load is of such
haracter that the gas engine installation can operate at full
or nearly full load during the greater portion of the day, all
eXCe 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-
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successful termination of these ventures, is in the writer's opinion,

due to the fact that insufhcient consideration was given to all
the details on which the success or failure of the project depends
Before deciding upon the erection of any power plant for the utili
zation of peat fuel, full particulars of the bog both physical
and chemical should be obtained and fully considered. 1f this
course is followed, a plant will not be 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

suitable for the manufacture of peat fuel and how large a quantity

s not ditheult o determine whether a bog is suitable or un-

with the desired moisture content can be manufactured during
the usual summer season. I the bog be a wet one and difficult
to properly drain or its drainage would prove too expensive,
then it should be abandoned and a new one searched for.  Great
care, morcover, should be taken to obtain the most accurate
results concerning the average nitrogen content ol the entire
bog, since any variation  will materially affect the financial re
stlts it is expected te 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 eleetric
energy aithin the region surrounding the bog should be most
carclully investigated. I 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 are well
understood.  The difficulties, e.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 I'his phase has been thoroughly investigated and requires
no further experimenting. I 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 cost of under two
dollars per ton delivered at the producers, then the project should
be abandoned.  See curves Figs. 34 and 35.

\s previously stated, there are many bogs suitable in every
detail to the manufacture of peat fuel for gasification in by
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producer is 81.50 per ton or $2.13 dollars per ton of absolutely
dry peat, the cost of the fuel alone, required to produce 179,000
cubic feet of gas would be 2:13%2:67=5-70 dollars; whil¢
in the case of “retort” gas 44 short tons of coal of a heating valuc
of 12,500, or over, British thermal units per Ib. 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 82.50 per short ton, the fuel cost alone would be 2:50% 4.5

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 Ib. The cost of recovering the ammonia produced with the
Mond process is taken from the estimated costs of operating
120 ton Mond plant burning peat fuel. See page 200

RETORT GAS.

Products Resulting from the G
ton of Coal.

cation of one short

Muminating gas, 10,000 cu. ft.—heating value 360 B.T.l
per cu. It
Coke 1,100 1bs. about
Sulphate of ammonia—20 Ibs. (nitrogen content of coal 11¢,
Far
Fuel Costs.

4} tons of coal at $2.50 per ton $11.25
By credit, gross profit from sale of 4,950 pounds of coke

at 85 per ton=S812.37 about $15. 3(

and 90 Ibs. sulphate of ammonia at $65 per ton =$2.92

Net cost of coal, exclusive of manufacturing and other costs, —$4. 05




MOND PRODUCER GAS

Products resulting from the gasification { o rt ton of

absolutely dry peat with heating e of 9000 BT

per b
s 67,000 cu ft cating e 140 BT .1 per i1
Sulphate of ammom 128 roOW 1 { peat, 1:94

per cent
Ian

Fuel Costs.

)67 tons « olutely dry peat at 82,13 per ton $5.70
By credit 246 128 11 phate IMMOonia, gro

profit m sale | 11 00
Net { ( ! { | 8530

When operating unde ¢ conditions cited p. 203, viz., peat

costing not more than 82,15 per absolutely dry ton, and gasifving
it the rate of 120 tons of peat containing 194 per cent nitrogen,
per dav of 24 hour t is possible to produce the g free of
cost, while the cost of the “retort” gas would include in additior
to the net fuel o I ng and charge vhich are very
msiderable

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

\ producer plant capable of gasifving 120 tons of absolutely
dry peat per day would generate 335,000 cubic feet per hour
when running at normal capacity I'his, however, could be 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 be considered, for purposes

of comparison, since the gas mains in the one case will serve for




the other.  If the gas mains are already laid and are designed
Lo transmit town or retort gas, then, since four times the quantity
ol producer gas must be foreed through the mains, the pressur
will have to be increased.  The Canadian peat bogs, which might

be profitably utilized in this manner, are those which have

v high nitrogen content in addition to a satisfactory heating
vl I'hey must also be situated reasonably near towns or
cities ol suthcient size to consume all the gas generated.  The
following bogs will be cited as examples, on account of their satis

wtory nitrogen content, to merely point out the possibilities
in this direction:— Brockville, Holland, Large Tea Field and Small
F'ea Field. There are many other bogs suitable for the manu
facture of peat fuel but which do not contain a sufficient quantity

ol nitroge v render its recovery profitable

BROCKVILLE PEAT BOGS

I'his bog i itnated in Elizabethtown  township, Leed
county, Province of Ontario, about three miles distant from the
town of Brockville, Tt has a total area of 1,400 acres, but the
depth of the peat varies in different portion If that portion of
the bog containing peat with a depth of over 5 feet is taken into
consideration, the total workable area is 1,044 acres with an aver

we depth of over 8 feet, and if the peat contained were all manu

factured into a fuel with a moisture content of 235 per cent, over
1,500,000 short tons would be rendered available

I'he average nitrogen content is 241 per cent on the ab
solutely dry peat or 1-81 per cent on 25 per cent moisture peat
I'his is a very high nitrogen content and the heating value, 8,170
British thermal units per Ih., is quite satisfactory

The peat fuel which could be obtained from this bog, 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 30 per cent moisture peat fuel
1,500,000 'a

supplied for 32 years In this particular case the

47,000
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In this case, also, the gas would o

nothing to produce
the only expense being that incurred in its distribution to con
sumers, or its conversion into electric energy \ 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 I'he principal towns are: Brockville, Prescott
Smiths Falls, Newhoro, Westport, Gananoque, and the two cities
on the United States shore of the St. Lawrence river, Morris
town and Ogdenshurg 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 2,800

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
Newhboro 169
Kemptville 1,192

On the United
Morristown States side ol
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 vears, 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-




Fig 36. Brockville peat bog, showing towns and villages
within a radius of 30 miles







over, left after the removal of the ! fe
wgricultural purposes, and would sell for Iy higher
price than that originally paid for it

For the production of power « 1 f waller
capacity not equipped for the recover n ] ght prove

entirely feasible

LARGE TEA FIELD AND SMALL TEA FIELD PEAT

BOGS
I'hese two bog AT itvated in the ¢ I Ouebe

in the countv of Huntingdo township of Godmanchester
I'he accompanying map shows their position with respect to the
cities, towns and village ituated wi radi f 30 mile
I'he Alfred peat bog, distant about 30 mile 1t northwesterly
lirection, is also shown on the map. The Large Tea Field bog
COMPrise otal area of 5,268 acres of which the larger portion
is suitable for the manufacture of fuel I'he total quanti
of 25 per cent moisture peat which can e tamned fr the work
ible portion is over 4,800,000 to ind the average nitroge
content and heating value are 1-8 per cent 300 B.T.1
per b, respectively I'his quantity of fuel woul pply a pl
burning 120 tons of theoretically dr cat per day of 24 how

1,800,000 7
for a period of 86 year I'he total quant

120 % 350 100

of ammonium sulphate which could be recovered during this
period would be
F.800.000 < 0-75 0-018 171 0O 213.600 tons or
213.600
) 480 tons per vear
86

I'he power gas available would be sufficient to produce
4,000 horse power continuously for the above period of 86 year
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 e
as follows

Operating costs, including fixed

charges, sulphuric acid, bagging
sulphate, et $82,800.00
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Fig. 37. Large and Small Tea Field peat bogs, showing towns and villages within a radius of 30 miles.

No. 1 Small Tea Field peat bog : No. 2 Large Tea Field peat bog  : No. 3 Alfred peat bog
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Holland peat bog, showing towns and villages

within a radius of 30 miles
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is taken into consideration. Practically the whole of the 8,218,000

1

of peat could be 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 vear of 350days could besupplied with fuel
8,218,000 <0+75

for a period ol 42,000 about 147 vear I'he
imnual production of ammonium sulphate would amount to
507,500
ipproximately 147 3,460 tons, which at a market price
of 8§65 per ton would represent gross receipts of 3,460 %63
225,000 dollars
If the plant and operating costs are assumed to be the same
for the two preceding cases the net annual profit would be
Operating costs, including fixed
charges, sulphuric acid, et
bout S100.000 00
60,000 tons of peat containing

30 per cent moisture at §1.50

per ton 90,000 00

F'otal cost S190,000 .00
By credit 3,460 tons of ammon

ium sulphate at $65 per ton 225,000.00

Net profits S35.000. 00

I'his would amount to considerably more than 10 per 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-










CHAPTER VI

LIGNITE.

Notwithstanding the existence of enormous deposits of
coal in the extreme castern and western portions of Canada
ertain of the Provine re dependent on foreign sources for
their supply of coal for industrial and other purpose I'his

is especially true of portions of the western Provinces, where
large deposits of lignite coal are found close to citie towns
or village For certain purposes the lignite coals of the Proy
inces of Manitoba, Saskatchewan, and Alberta cannot be used

i all. For example, i

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
poses it has been used with more or less success, but for even
this purpose it proves but a poor substitute for the anthracite
coal, to which all are accustomed, and, for the use of which,
dmost every domestic stove has been specially designed.  In
order to render this fuel in some form suitable for locomotive
and domestic purposes, 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 labours cannot
be said to be entirely satisfactory.  Other methods must, there
fore, be found for utilizing lignite coal, which will render, at least
to some extent, these Provinees independent of foreign sources
of fuel. Every community of any size is to-day dependent on
electricity for lighting and power purposes, and almost every
city and many towns possess a gas plant for the manufacture
of an illuminating and domestic fuel gas. The use of city (re-
tort gas) for cooking is increasing at a rapid rate, even though
all the coal required for its manufacture is imported from some
foreign source. 1, therefore, lignite could Ix successfully sub
stituted for these two purposes, viz., the production of power and
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a fuel those portions of Canada which are well supplied

with this fuel would be rendered independent to a very large
extent o 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
steam, 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 be efficiently utilized for such
purposes.  Where cheap hydro-electric energy is not avail-
able—and this is the case in 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,
I'he 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 be 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 compounds
as are recovered from the gasification of lignites can easily be
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 be taken advantage of

The municipal power plant at Edmonton. which consists
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of several steam power units and one producer gas power unit
uses almost exclusively the lignite coal from the mines in the near
vicinitv, In this case the most satisfacte results are obtained
with the producer gas power plant, notwithstanding the exceed
ingly high capital charge against it I'he tvpe of producer i
stalled is, however, not entirely suitable for burning lignite

wnd much better results might be looked for with a properly
designed power gas plant

Of the five samples of lignite received at the Fuel Testing
Station and which were submitted to a thorough investigation
one is especially satisfactory as regards its nitrogen content

The Gainford lignite contains 1:6 per cent of nitrogen in the

sample, that is, in the coal as it was receive 1 at the plant
The analvses, both proximate and ultimate, are contained in
the following table

IFABLE 20

Chemical Analyses of Lignites from Alberta and
atchewan.

Tofield.  Gai Rose Cardiff I'wi Souri
ford ¢ i Ci Sa

Moisture 25 170 165 0-0 181 )
Fixed carbon 367 138 434 -4 13 19.6
Volatile matter 0.8 0.8 33-6 1.6 3.5 | &4v8
Nitrogen 0.9 f6| 13 1.2 o i
Sulphur 0-3 06 0-4 )2 05
Ash 8.5 84 65 4 s | whea
Calorific power 790 1.1 9040 9650 876 0685 10170 dryeo

When considering the possibility of developing power in
the manner outlined above, the fact that the cost of labour
and plant, together with the cost of manufacturing sulphuri
acid, are considerably higher than in the eastern sections of Cana
da must be given prominent attention The cost of plant
delivered on site at Edmonton or vicinity should not be much
in excess of a similar plant laid down in the Eastern Provinces
since the shipment of the main parts manufactured in | ngland
could be made by water to within about 400 miles of Edmonton,
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I'he increased costs would be those affected by the higher labour
of the erection of machinery, the build

wage and would con
ing of foundations, and the various buildings required.

I'he probable 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 sulphur laid down at Edmonton
of plant and buildings for a

at a cost of 8§20 per ton, and a cos

capacity of 3,000 tons of acid per year, not exceeding $60,000,

I'he above figure, $12.50 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 be 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

I'here 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 producing mines

in the vicinity of that city, have been thoroughly investigated

by the Mines Branch. Other portions of Alberta and of the
Provinces of Saskatchewan and Manitoba, contain  deposits
of lignite coal which might be utilized with advantage in a similar

gned for burning lignite,

manner. In fact a power plant d
cither 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 bogs of Germany

are, in certain portions of the Empire, being put to such use,

but in this case the farms allotted to each person or family arc
not large, so that when completely homesteaded, the central
power plant will be able to supply a comparatively large number

of farms and homes with electricity for agricultural purposes

and for lighting avellings
In the case of the Western Provinces, different conditions

prevail, e.g., the farms are of large extent, and consequently, in
*Estimate made | A, WG Wilson, Chief of the Metal Mines Division, Mines Branch,

Department of Mines




the majority of instances, the dwellings are far apart.  For this

reason a central power plant could not be erected to serve profit
ably such farms along In order to develop such a scheme
successfully, the plant would have to be situated within reason
able distances of cities or towns of some size, so that the power

or gas could all be disposed of

PLANT AND OPERATING COSTS

In estimating costs of plant and erection the extra cost
of transporting the parts of which the plant is composed as well
as the increased cost of erection has been taken into considera
tion
ltem 1. Gas plant delivered on site, about S100,000 00
000 00

2. Spares and sundries ¢
3. Estimated extra for parts manufactured
in Canada 10,000 .00

4. Freight, duty, and insurance on parts

»

made in Eogland, about

000 00
5. Foundation, buildings, et 25,000 00
6. Ercction 20,000, 00
7. Workmen's houses 15,000 00
8. Sulphuric acid plant 60,000 00
9. Working capital 1000000

10. Gas engine installation, including build
ings, cleetrical  generators,  switch
boards, all complete, and 5 engines
of 1,000 B.H.P. cach, 1 held in reserve  340,000.00

Total $624,000.00
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Operating Costs.
PRODUCER AND SULPHATE PLANT

24 men as follows

1 foreman, per shift, $4.00 per shift, 3 shifts $12.00
6 labourers, * “ 3.00 0« “ 54.00
1 superintendent, 5.00 * 5.00
1 extra labourer 3.00 » 3.00
1 master mechanic 1. 00 . 1 00
S8 00

Fotal wages per year of 365 day $28.470.00

POWER PLANT

1 engineer, per shift, $4.50 for 3 shifts $13.50
1 assistant, “ . ion = e . 9.00
1 electrician, * 4 L. * & -t 13.50
1 assistant - - 3.00 & & ’ 9.00
T'otal daily wage $45.00

F'otal wages per vear of 365 days, $16,425 .00

Interest and Amortization.

It will be assumed that the plant will be amortized in 20
vears

Interest at 69, on Items (1, 2, 3,4, 5,6, 7, and 9), $13,440.00 (¢
Amortization at 59, on Items (1, 3, 5, 6, and 7), $9,000.00 (f
a e+t $22,440.00

Interest and amortization on Item (8) is included in the cost

of manufacturing sulphuric acic

Summary of Costs.

a Interest and amortization S22 .440.00

n round
numbers 28.400.00

b)—Labour, gas and sulphate plant




Ma ol 1 S4.000 00
(hemist 000 00
Lubrica 000 .00
Rep 000 .00
Cener { ] t S N N
{ 50000 tor Nl | "
moisture at S1 1« ( }
OO0 tor SO IR I
119.840.00
S 1 800 00
Assumptions.
1 ( ( 1
7 per o 000 B.T .1
. Eft 0 per ot
3 He | f t 140 B.T.1
1. Steam required per |
el gasihied
Steat ol |
0
Quantities Obtained.
1. Heat entering into gas per | f fue
9000 0 6,300 B.T.1
Ouanti of gas ol hignite thed
O
15 ol
140
3. Ou v of g equired to r 1 nat3ll
Lauge pressure
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)38
1,130 .
11:5 cu. feet
140 0-7
L. Quantity of gas per Ib. of lignite containing 17 per cent
moisture available for power or other purposes
15 11:5 33:5 cu. ft

5. Total quantity of gas per ton of lignite as fired
15 X 2. 000 90,000 cu t

6. Total quantity of gas per ton of lignite as fired available
or 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 lignite as fired

90,000 > 140 12,600,000 B.T.I
8. Heating value of available gas per ton of lignite as fired
67,000 X 140 9,380,000 B.T.1
9. Ammonium sulphate (NH,).S0, per ton of lignite, with
X) per cent nitrogen (N
. " X & "
2,000 X 0:7 X 4:71 X 65-94 X lbs
100
10. Sulphuric acid, HsSO, required per ton of sulphate,

11 65-94 X 72-53
11. Gross receipts from sale of sulphate per ton of lignite

as fired,

65 X 65-94X

2,000

2-143X dollars

65 = market price of ammonium sulphate in dollars)

12, Cost of sulphuric acid (H.S0,) required

12.50 X 72-53X -
0-453X dollars
2,000

$12.50 is cost of sulphuric acid per ton of

2,000 1bs. in dollars
13. Cost of packing and bagging per ton of sulphate at 1}

dollars per ton
1-5X65-94X
2,000

0-0495X dollars
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Gainford S31 00
Moose Jaw, Sask 6 00
Estevan, Sask 25.25
Sulphuric acid ( Co not be profitabl
used in the manufacture of  ammn v sulphat In almost
every case, therefore, the actd e jired n 1 Iu wifactured
it the plant where the fuel wihed

stimated Cost of Manufacturing Sulphuric Acid in
Western Canada.

I Whle it Japanese sulphur can be Lid down
Edmonton at net cost of 820 per 1o Louistana sulphur
will cost about 830 per ton at Estevan I'he building nd
equipment to produce about 3,000 tons of acid per vear are placed

it SO0 000 On this basis 607 Baumd¢ at Edmonton would cost

whout 12.50 dollars per ton md at Estevan about S14.50, with

m annual output of 2,000 1o betng 1o than the capacity of

the plant

Ihe estimated « ol a sulphurie acid plant of from 3,000
to 4000 ton of acud per car vl Wl IWen m connesion
with the discussion of by-product recovery producer gas plant
for Eastern Canada, was the 1w as that estimated for imilar
plant in the United States, viz, 836,000, 1 the estim of cost

$60,000 for a plant of similar capacity to be situated at Edmonton

is correct, then it is quite probable that the former estimate

of 836,000 1= considerably too low for Eastern Canada I'he
cost, however, ol the manufactured acid, vi S8, which wa
used throughout the caleulations in connexion with the di

cussion of the establishment of such plants in Eastern Canada
is about correct, and will not vary much in either direction







SYDNEY (0O FIELD), « I BRETO ol '\

North Atlantic Collieries, Gowrie Seam, Port Morien

Dominion Coal Co., Glace Bay, Hub Seam, Dominion No. 7.

Harbour Seam, Dominion No. 9.

Regular ple over 2} screer | picking belt: Nit

gen. 1+5 mer ot Jdorific value, 14.000 B.T.U.'s per




) 4

Phalen Seam, Dominion No. 5, or Reserve Colliery.

Regular sample over 137 sereen and picking belt:  Nitro
gen 1-4 per cent, calorific value, 14,040 B.T.U.'s per |

Emery Seam, Dominion No. 10 Colliery.

Ry I iple rur mi wer picking helt Nitrogen
1-2 per o cale value, 13,120 B.T.1 ner It Washed
oal Nitrogen 1:3 per cent lorifi lue, 13.880 B.T.1

Lingan Seam, Dominion No. 12 Colliery.

wrific value, 13,790 B.T.U.'s per Il
NOVA SCOTIA STEEL AND COAL COL SYDNEY MINES

No. 1 Colliery.

Re I er | 4 0 \
n 13 per nt lorit e, 13,770 B.T.0 per | W\
oal:  Nitrogen 0-9 per cent, « i value, 14,490 B.T.1
No. 3 Colliery.
Re le oWy n | picking belt
gen, 1-4 per cent, calorific value, 13,680 B.T.U.'s per Ii

INVERNESS COAL FIELD, INVERNESS COUNTY, NS

Inverness Coal and Railway Co., Inverness Colliery.

Regular sample over creen and picking belt: Nitr
gen 029 per cent, calorific value 2150 BT per b, Washed
coal Nitrogen 06 per cent, calorific value, 12,800 B.T.1



Richmond Railway Co., Port Hood Colliery.

ProTol ol FIEL Dy, pPloTor ool '\ ~

Acadia Coal Co., Vale Colliery, Thorburn, Six Foot Seam.

Acadia Coal Co., Allan Shaft Colliery, Stellarton,
Foord Seam

\cadia Coal Co., Albion Colliery, Stellarton, Third Seam

Acadia Coal Co., Albion Colliery, Cage Pit Seam.

R mple 1

13180 B.T.1

Acadia Coal Co., Acadia Colliery, Westville, Main Seam.,

Regular e over 1 picking \
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Intercolonial Coal Co., Drummond Colliery, Westville,
Main Seam.

Regular sample over 1”sereen and picking belt Nitrogen
value, 12,960 B.T.Us per Ib. Washed
20 per cent, calorific value, 13,550 B.T.1
umple for coking te Nitrogen 1

2:1 per cent, calorific
coal \itrogen
per Ib.  Fresh 9 per cent

SPRINGHILL COAL FIELD, CUMBERLAND COUNTY
NS

Cumberland Railway and Coal Co., No. 1 Colliery,
Springhill.

Special sample for coking test Nitrogen 1

calorific value, 14,190 B.T.1

9 per cent

per 1b

Cumberland Railway and Coal Co., No. 2 Colliery,

Springhill.
Regular sample over 3" sereen and picking belt: Nitro
gen 1-2 per cent, calorific value, 13,370 B.T.1 per 1l Washed

coal Nitrogen 1.0
per b, Fresh

per cent, calorih

value, 13,800 B.T.1
umple for coking test Nitrogen 2-0 per cent

|
calorific value, 13,880 B.T.1 per 1h

Cumberland Railway and Coal Co., No. 3 Colliery,
Springhill.

Regular sample over

creen and picking belt Nitro
gen 18 per cent, calorific value, 13,000 B.T.1 per Ibh, Washed
coal Nitrogen 1-4 value, 13,570 B.T.1

per cent, calorific
per Ib.  Fresh sample for coking test: Nitrogen 1

8 per cent

FRANK-BLAIRMORE COAL FIELD

Nitrogen content of imple mnalvzed, averages about
1:0 per cent

A\LBERTA

CROWSNEST COAL FIELD, B

A
Nitrogen content of samples analyzed, varies from 1:2 to
1:3 per cent
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SUMMARY




was not available for thoroughly draining |

ore beginning
manufacturing operations, and the average nitrogen content
was 1oo 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 1

the writer, failure to live up to the contract

On the other hand marked success was achieved in the case of

1w Mond gas plant situated near Orentano, Ttaly
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
I'he feasibility of utilizing coal and lignite for the produg
tion of a power or fuel

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

md fuel gas over a large industrial district is fully deseribed

At this plant it has been demonstrated that a suitable for

industrial purpose, can be sold at a cost per 1,000 cubic feet
far below that of a quantity of town gas of equal heating value
I'he field for serving towns and cities with such gas for domestic

purposes is a very large one, but its distribution among hous
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
cconomic 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 be 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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Magnetic Tron Sand Deposits in relation to Natashkwan harbour an
Great Natashkwan river, Que. (Index Map)—by Geo. C. Mackenzie,
Scale 40 chains to 1 inch \ccompanying report No. 143

Natashkwan Magnetic Tron Sand Deposits, Saguenay county, Que

by Geo, C. Mackenzic Scale 1,000 feet to 1 inch \ccompanying
rey 145

My owing the Location of Peat Bogs investigated in
Ontario—by A. v. Anrep
Map Showi the Location of Peat Bogs investigated in

Manitoba by A \nrep

Lac du Bonnet Peat Bog, Manitoba—by A. v. Anrep
Transmission Peat Bog, Manitoba—by A. v. Anrep

Corduroy Peat Bog, Manitoba—by A. v. Anrep panyiy

v Creck Peat Bog, Manitoba—by A. v. Anrep
Rice Lake Peat Bog, Manitoba—by A. v. Anrep
Mud Lake Peat Bog, Manitoba—by A. v, Anrep
Litter Peat Bog, Manitoba—by A. v. Anrep.
Julius Peat Litter Bog, Manitoba—by A

v. Anrep
\ccompanying report No.

Fort Francis Peat Bog, Ontario—by A
v. Anrep

Magnetometric Map of Mine No. 3, Lot 7, Concessions \' and V1

MeKim township, Sudbury district, Ont,—by E. Lindeman A

companying Summary Report, 1911,)

Map showing Pyrites Mines and Prospects in Eastern Canada, and
their relation to the United States Market —by A, W. G. Wilson

Scale 125 miles to 1 inch.  (Accompanying report No, 167
Geological Map of Sudbury Nickel region, Ont.—by Prof. A, P. Cole-

man, Scale 1 mile to 1 inch. (Accompanying revort No. 170
Norte 1. Mg arked thus * are to be found only in re

Maps marked thus 1 have I
b procured separately by

reports
I independently of reports, hence
(s







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.)

t188a. Geological Map, Baker mine, Tudor township, Hastings county,
Ontario—by E. Lindeman, 1911, Scale 200 feet to 1 inch A
companying report No. 184

1189, Magnetometric Survey, Vertical Intensity Ridge iron ore deposits,
Wollaston township, Hastings county, Ontario—by E. Lindeman,
1911, Scale 200 feet to 1 inch Accompanying report No. 184

t190. 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

t190a. Geological Map, Coehill and Jenkins mines, Wollaston township,
Hastings county, Ontario—by E. Lindeman, 1911. Scale 200 feet to
1 inch Accompanying report No. 184

1191, Magnetometric Survey, Vertical Intensity: Bessemer iron ore

sits,
Mayo township, Hastings county, Ontario—by E. Lindeman, 1911
Scale 200 feet to 1 inch Accompanying report No, 184

t191a. Geological Map, Bessemer iron ore deposits, Mayo township, Hastings
county, Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch
Accompanying report No. 184.)

t192. Magnetometric Survey, Vertical Intensity Rankin, Childs, and
Stevens mines, Mayo township, Hastings county, Ontario—by E
Lindeman, 1911, Scale 200 feet to 1 inch \ccompanying report
No. 184,

f192a. 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.)

1193, Magnetometric Survey, Vertical Intensity: Kennedy property, Car-
low township, Hastings county, Ontario—by E. Lindeman, 1911,
Scale 200 feet to 1 inch. (Accompanying report No. 184.)

t193a. 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 + have been printed independ
can be procured separately by applicants.

ntly of reports, hence
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Province of Alberta: Showing properties from which samples of coal
were taken for gas producer tests, Fuel Testing Division, Ottawa
Accompanying Summary Report 1912

Mining Districts, Yukon. Scale 35 miles to 1 inch—by T. A. MacLean
Accompanying report No, 222

Dawson Mining District, Yukon. Scale 2 miles to 1 inch—by T. A,
MacLean. (Accompanying report No. 222

Index Map of the Sydney Coal Field, Cape Breton, N.S. (Accompany

ing report No., 227

Mineral Map of Canada. Scale 100 miles to 1 inch Accompanying
report No. 230

Index Map of Canada, showing gypsum occurrence Accompanying

report No. 245

Map showing Lower Carboniferous formation in which gypsum occurs
Scale 100 miles to 1 inch \ccompanying report No, 245

Map showing relation of gypsum deposits in Northern Ontario t¢
railway lines. Scale 100 miles to 1 inch \ccompanving report
No. 245

Map, Grand River gypsum deposits, Ontario.  Scale 4 miles to 1inch
\ccompanying report No, 245

Plan of Manitoba Gypsum Co.'s properties \ccompanying report
No. 245.)

Map showing relation of gypsum deposits in British Columbia to
railway lines and market.  Scales 35 miles to 1 inch \ccompanying
report No. 245

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

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—1. Maps marked thus * are to be found only in reports
2, Maps marked thus + have been printed independently of reports, hence
an be procured separately by applicants
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Reconnaissance Map of part of Albert and Westmorland counties

New Brunswick. Scale 1 mile to 1 inch. (Accompanying report

No. 291

Sketch plan o

Scale 2

Map sh

Scale

miles

Map, G

\ccompar

Map showir
12} miles

wa Scotia,  Scale 200 feet to 1 inch

[ Gaspe oil fields, Quebec, showing location of wells

to 1inch. (Accompanying report No. 201

and ol fields and pipe-lines in Southwestern Ontario

» 1 ing \ccompanying report No. 291

ip of Alberta, Saskatchewan and Manitol Scale

ch \ccompanying r wrt No. 201
the forty-ninth parallel, 09804 iles to 1 inclh
ecport No, 291
ocation of main gas line, Bow Island-Calgary. Scale
» 1inch,  (Accompanying report No. 291

chois, (
wchoi 1pe

Map, McPherson mine, B

Map, iron ore deposits at Upper Glencoe, Inverness
1 Scotia.  Scale 200 fe 1 incl

Map, iron ore deposits at Grand Mira, Cape Breto
Scotia.  Scale 200 feet to 1 inch

|

Director MiNes Branch,
DEPARTMENT OF MINES
SUSSEX STREET, OTTAWA







