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FOREWORD 

The Fuels Research Centre of the Mines Branch and its predecessor, the Fuels and 
Mining Practice Division, have collected over a period of more than sixty years analytical 
data on properties of Canadian fossil fuels. Concurrently, the Canadian Combustion 
Research Laboratory of the Fuels Research Centre, in carrying out numerous boiler 
acceptance tests, has prepared accurate data on combustion air requirements, flue gas 
volumes and boiler heat losses for many of these fuels. In addition, the laboratory has 
been active in research on many aspects of domestic, commercial and industrial 
combustion, and has contributed to recent technological advances relating to fireside 
corrosion and air pollution. 

Having these analytical, calculated and research data and, furthermore, having access 
to data-processing computers, the laboratory undertook to prepare a handbook for the 
use of Canadian fuel-related industries. Each of the main fuels—coal, oil and gas—is dealt 
with in a separate volume and, for each fuel analysis, combustion and heat loss data are 
provided in simple, accurate charts. The use of these charts is illustrated by examples 
where appropriate. Recent information relating to fireside corrosion and air pollution is 
also provided. 

The need for such a handbook has been demonstrated by the popularity of Volume 
1/Fuel Oil, published in 1969, and Volume 2/Gaseous Fuels, published in 1973. Indeed, 
there have been many queries concerning the projected volume on coal, and we are 
pleased to respond with the publication of Volume 3/Coal. To meet the needs of 
Canadian users as far as possible, this volume includes data on more than two dozen U.S. 
coals. 

It is not claimed that the three volumes of the handbook include every coal, oil or gas 
used in Canada, but it is planned to publish periodic addenda as omissions or new fuel 
sources are brought to the authors' attention. Thus, we request the cooperation of the 
users of the handbook in pointing out shortcomings. 

D. F. Coates 
Director, Mines Branch 

Ottawa, May 1974 
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1. INTRODUCTION 

Those concerned with the utilization of fossil fuels have 
frequent need of combustion calculations. Air pollution 
authorities use them to establish the potential pollutant emissions 
of a particular fuel; designers and consulting engineers use them 
to size gas handling systems for fuel burning installations; boiler 
and burner manufacturers use them to design burners and 
furnaces and to select equipment for draft systems; and owners 
and operators of combustion equipment use them to determine 
efficiency of operation, with a view to conserving fuel. Often 
both the background information and facilities are inadequate to 
carry out complete sets of calculations for all the fuels that are 
likely to be encountered, and they are performed only on an 
individual basis, as specific problems arise. This introduces 
duplication and, because combustion calculations are inherently 
cumhersome, approximations and rules of thumb have been 
employed, often substantially affecting the accuracy of the 
results. 

This combustion handbook was prepared by the statt of  the 
Canadian Combustion Research Laboratory (CCRL). CCRL is in 
the unique position of possessing considerable experience in the 
application of combustion calculations, particularly to heating 
plant equipment and to pilot-scale research equipment, as well as 
having access to a wealth of fuel analyses. 

The handbook attempts to include all fuels used in commercial 
quantities in Canada. The combustion data for each specific fuel 
are presented in the form of a set of easy-to-use graphs. These 
graphs show: 

(a) The weight and volume of combustion air required and 
flue gas produced per unit of fuel for a range of 
temperature and excess air conditions. 

(b) The heat losses resulting from combustion of the fuel for 
a range of conditions, calculated according to the 
American Society of Mechanical Engineers (ASME) Power 
Test Code. 

(c) The theoretical concentrations of carbon dioxide, oxygen 
and sulphur dioxide in the flue gas. 

Use of these graphs eliminates most of the laborious 
calculations usually associated with the design of a combustion 
system and the determination of its efficiency. Although the 
handbook has been aimed primarily at boiler combustion 
systems, its usefulness extends to many other systems where 
fossil fuels are consumed. 

The handbook has been published in three volumes, one for 
fuel oils, one for gaseous fuels, and the present one for coals. In 
each volume, the graphs are preceded by a section giving 
instructions for their use, along with detailed examples. Also 
included is information common to all combustion analyses, such 
as a psychrometric chart and a chart showing boiler radiation loss. 

This volume attempts to cover all the "commercially signifi-
cant" coals used in Canada, both of native origin and those 
imported from the United States. The proximate and ultimate 
analyses and heating values of all the Canadian coals included in 
the handbook were determined by members of the Solid Fuels 
Analysis and Standardization Section, Hydrocarbon Group, Fuels 
Research Centre. The properties of the American coals were 
determined from Canadian users' analyses and from U.S. Bureau 
of Mines bulletins. 

The term "commercially significant" is admittedly subjective. 
To provide the information most likely to be needed, and yet 
avoid an unwieldly volume of data, it was decided to include in 
the handbook those coals being mined at a rate greater than 
25,000 tons per year. Thus, due to special situations or changing 
production rates, important coals may have been omitted. 
Therefore the authors are prepared to publish addenda as further 
needs are brought to their attention. 

2. SCOPE OF THE HANDBOOK 

As previously explained, for each coal used in commercial 
quantities in Canada this handbook offers a set of graphs giving 
combustion and heat loss data, using one pound of dry coal as the 
basic unit of fuel. The detailed method of calculation is given in 
Appendix A. Each set of graphs is preceded by a table giving the 
name, origin and size of the coal in question, its proximate and 
ultimate analyses on the dry basis, the typical range of moisture 
content, and conversion factors relating to the higher heating 
value. 

The subject of heating value requires clarification. In North 
America, heating values of solid fuels are determined according to 
American Society for Testing Materials (ASTM) Standard 
Methods 1,2 , which use a bomb calorimeter. Thus the combustion 
takes place under constant volume conditions, and any moisture 
in the combustion products is condensed. The iesult is called the 
gross calorific value. The ASTM method is convenient and gives 
reproducible results, but in a steam generator the fuel is burned 
under constant pressure conditions, not constant volume, and the 
calorific value will be different from the gross calorific value 
determined by the bomb calorimeter, because of changes in the 
internal energy of the combustion products. The ASME Power 
Test Code 3  accordingly specifies a calculation by which the gross 
calorific value is corrected for constant pressure conditions. The 
new value is called the higher heating value and this is what 
should be used in the ASME heat loss and efficiency calculations. 
However, the correction is small, usually well below the limits of 
accuracy for the bomb calorimeter determination, and the 
correction can only be made if the hydrogen content of the fuel 
has been established by ultimate analysis. For convenience and 
simplicity, this handbook follows the rather common practice of 
using the gross calorific value in place of the higher heating value. 

The organization of the coals in the handbook also bears 
some explanation. Traditionally, coals have been identified by 
means such as the name of the mine, or the name of the milling 

1 



Nova Scotia 
New Brunswick 
Ontario 
Saskatchewan 
Alberta and British Columbia 

NS: 
NB: 
0: 
S: 
ABC: 

company and the pit number, or the name of the seam from 
which the coal was taken, or a geographic place name in the 
mining area. To this is commonly added a size designation, which 
may be a subjective description such as "stove size", or a precise 
description of a screen fraction such as "1 1/2 in. round x 1/2 in. 
square". A petrographic classification may also be given, e.g. 
"high-volatile A bituminous", and a variety of other properties 
may be indicated by terms such as "strongly caking", "free 
burning", "low ash fusion", etc. This is all very confusing to the 
uninitiated, but it reflects the fact that coal is a highly 
heterogeneous material, and in spite of the many analytical 
procedures which have been developed over the past 75 years, we 
still cannot predict the combustion performance of coals with 
complete reliability. 

This handbook does not attempt to advise on the selection of 
coals for particular applications. It simply provides the detailed 
combustion and heat loss data that are required once a selection 
has been made. Nor is there an attempt to improve the confusing 
system of identification described above. However, for con-
venience, the various coals have been organized according to 
province or state of origin, and the various products under each 
coal name have been grouped together. Thus, each chart bears 
alphanumeric identifier (e.g., NS 3-2) of which the letters indicate 
the province or state of origin, according to the following list: 

USK: Kentucky 
USO: Ohio 
USP: Pennsylvania 
USV: Virginia 
USWV: West Virginia 

The first number in the identifier represents a particular coal 
name or company, such as Dominion or Forestburg, and the•
order is in no way a reflection of quality. The second number in 
the identifier designates different sizes of the same coal. The 
complete list of coals dealt with in this handbook is given in the 
Table of Contents. 

Because of the approach of metrication, some thought was 
given to publishing this handbook in dual units. However, this 
would have led to cumbersome and confusing graphs. Further-
more, the issue of which metric units we will ultimately use is not 
yet completely settled. 

It was concluded that for the immediate future, at least, the 
handbook would be more useful in English units, and a metric 
version will be prepared when the need arises. For convenience, 
however, Système International (S.I.) units are summarized in 
Table 1 and metric conversion factors are given in Table 2. 

3. EXPLANATION OF COMBUSTION DATA GRAPHS 

3.1 Explanation of Figure 1 

In each set of graphs, Figure 1 shows the weight of 
combustion air required, along with the weights of dry and total  

flue gas produced, for the combustion of one pound of dry coal 
versus the per cent of total combustion air. Total combustion air 
is defined as the per cent of air relative to stoichiometric 
conditions, or the per cent excess air plus 100. Flue gas analysis 
may be related to total combustion air by either the carbon 
dioxide (CO2 ) curve or the oxygen (0 2 ) curve. 

Combustion calculations for coal are complicated by its 
variable moisture content. One way to deal with it is to assume an 
average moisture content for the calculations. Another is to base 
the calculations on dry coal, and make corrections for the actual 
moisture level. The latter method, albeit more involved, is more 
accurate and was therefore chosen for this handbook. Thus, 
although the graphs are based on dry coal, the moisture in the 
coal is frequently a significant factor. As a rough rule of thumb, 
percentage error in uncorrected total flue gas volumes will be low 
by about one-fifth of the coal moisture expressed as a percentage. 
Thus, for accuracy within 1 per cent, corrections should be made 
for moisture contents of 5 per cent or more. The examples 
showing how this is done should be studied carefully. 

The graphs also neglect random variations in the moisture 
content of the combustion air. The effect is usually less than 1 
per cent, and therefore is not very significant. However, correc-
tions for moisture in the air can be applied, if desired, as shown in 
Section 3.4. 

It is important that the terms "dry flue gas" and "total flue 
gas", as they are used in this handbook, be dearly understood. 
Dry flue gas represents the moisture-free components of the flue 
gas, i.e. CO2 , 02, N2, SO2 , etc. Total flue gas represents the 
preceding components plus the moisture resulting from the 
combustion of hydrogen in the coal. However, total flue gas does 
not include coal moisture or moisture in the combustion air. 

3.2 Explanation of Figure 2 

This graph shows the volumes, at different temperatures, of 
the dry combustion air required and the total flue gas produced, 
along with the dry flue gas at 32° F produced when one pound of 
dry coal is burned, plotted against total combustion air. The 
volumes shown are for a standard pressure of 29.92 inches of 
mercury. Corrections for other pressures may be made by 
applying a correction factor from Figure A. as has been done in 

PV 
Example 1, or simply by applying the Perfect Gas Law, —

T 
= 

constant, talcing care to use absolute temperatures (i.e., ° R = ° F 
+ 460). 

To obtain the wet flue gas volume produced when one pound 
of wet coal is burned, corrections must be made for the moisture 
in the coal and, if high accuracy is required, for the moisture in 
the combustion air. 

3.3 Direct Application of Combustion Data 

For designers of combustion equipment, this handbook 
provides a rapid method of sizing forced-draft and induced-draft 
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TABLE 1 

Summary of Système International (SI) Units 

The Basic UnitS 

symbol 	French 

Length 	 metre 	m 	mètre 

Mass 	 kilogram 	kg 	kilogramme 

Time 	 second 	s 	seconde 
Electric current 	 ampere 	A 	ampère 
Thermodynamic temperature 	kelvin 	K 	kelvin 
Luminous intensity 	 candela 	cd 	candela 

The Supplementary Units 

Plane angle 	 radian 	rad 	radian 

.Solid angle 	 steradian 	sr 	stéradian 

The Preferred Prefixes 

symbol 	meaning 	 origin 

tera- 	 T 	 10 12 	 Greek teras 
giga- 	 G 	 10 9 	 " 	gigas 
mega- 	 M 	 106 	 ,, 	megas 
kilo- 	 k 	 103 	 75 	kilioi 
milli- 	 m 	 10-3 	 Latin mille 
micro- 	 it 	 10_6 	 Greek mikros 
nano- 	 n 	 10-9 	 Latin nanus 

pico- 	 p 	 10-12 	 pico 

femto- 	 f 	 10-15 	 Danish femten 
atto- 	 a 	 10-18 	 atten 

Derived Units without 
Special  Naines  (selection only) 

Area 
Volume 
Velocity 
Acceleration 
Density 
Volume flow rate 
Surface tension 

Dynamic viscosity 	 Pas 

Kinematic viscosity 	
1.1124 

Electric resistivity 	 S2.111 

Electric conductivity 	 S/m 

Electric field strength 	 V/m 

Magnetic field strength 	 A/m 
Magnetic permeability 	 H/m 

Specific heat 	 J/(kg•K) 

Thermal conductivity 	 W/(m•K) 

Luminance 	 cd/m 2  

Derived Units with Special Names 

sym  bol 	dérivation 

Frequency 	 hertz 	 Hz 	s-1. 

Force 	 newton 	N 	 kg•m/s2  

Pressure 	 pascal 	 Pa 	N/m2  

Energy 	 joule 	 J 	 N•m 

Power 	 watt 	 W 	 J/s 

Electric potential 	 volt 	 V 	W/A 

Electric resistance 	 ohm 	 sz 	V/A 

Electric conductance 	siemens 	 s 
Electric charge 	 coulomb 	C 	 A•s 

Capacitance 	 farad 	 F 	 C/V 

Magnetic flux 	 weber 	 Wb 	Vs 

Magnetic flux density 	tesla 	 T 	 Wb/m 2  

Inductance 	 henry 	 H 	 Wb/A 

Luminous flux 	 lumen 	 lin 	cd•sr 

Illumination 	 lux 	 lx 	 1m/m2  

Temperature 	degree Celsius 	 °C 	K - 273,15 

Units which deviate from strict S.I. principles: 

Pressure 	 bar 	 bar 	10 5  Pa 

Volume 	 litre 	 1 	 dm 3  

(for liquids and gases) 

111
2 

m3 

MiS 

m/s2 
 kg/m 3 

 m3 /s 
N/m 
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TABLE 2 

English to Metric Conversion Factors 

to: 	multiply by: 	reciprocal: to: 	multiply by: 	reciprocah from: from: 

length 	inch 	 MM 	 25,4 	0,039 37 	force 	ounce-force 	N 	 0,278 01 	3,596 94 
inch 	 CM 	 2,54 	0,393 70 	 pound-force 	N 	 4,448 22 	0,224 81 
ft. 	 m 	 0,304 8 	3,280 84 	 kip 	 kN 	 4,448 22 	0,224 81 
yd. 	 m 	 0,9144 	1,093 61 	 poundal 	N 	 0,138 25 	7,233 01 
mile 	 km 	 1,609 34 	0,621 37 	 dyne 	 I-IN 	 10 	 0,1 
int. naut. 	 kilogram- 	N 	 9,806 65 	0,101 97 
mile 	 km 	 1,852 	0,539 96 	 force (kp) 
micron 	p m 	 1 	 1 pressure 	psi 	1 	kPa 	 6,894 76 	0,145 04 
millimicron 	nm 	 1 	 1 	 pound- 	Pa 	 47,880 26 	0,020 89 
angstrom 	DM 	 0,1 	 10 	 force/ft.2 
x-unit 	pm 	 0,1 	10 	 ksi 	 MPa 	 6,894 76 	0,148 04 

area 	sq. inch 	cm2 	 6,451 6 	1,155 00 	 short ton- 	MPa 	13,789 49 	0,072 52 
sq. ft. 	 m 2 	 0,092 90 	10,763 91 	 force/in. 2  
sq. yd. 	m2 	 0,836 13 	1,195 99 	 kp/m2 Pa 	 9,806 65 	0,101 97 
acre 	 ha 	 0,404 69 	2,471 05 	 kp/cm 2 	} 	kpa 	98,066 5 	0,010 20 
sq. mile 	km2 	 2,589 99 	0,386 10 	 technical at. 

3 volume 	cu. inch 	cm 	 16,387 06 	0,061 02 	
dyn/cm2 	Pa 	 0,1 	10  

10 s 
cu. ft. 	 m3 

	

0,028 32 	35,314 67 	
bar 	 Pa 	 10-5 

 
1,30 7  95 	hydrostatic 	mm of 	mbar 	 1,333 22 	0,75006  cu. yd. 	m 3 0,764 55  

register ton 	m 3 	 2,831 68 	0,353 15 	units 	mercury (torr) 

acre-ft. 	m 3 

	

1233,482 	8,107 x 10-4 	 normal 	bar 	 1,013 25 	0,986 92 
atmosphere 

capacity 	minim 	in/ 	 0,059 19 	16,893 60 	 inches of 	mbar 	33,863 9 	29,530 0 
Imp. 	fluid oz. 	m/ 	 28,413 06 	0,035 20 	 mercury 

nzeasure 	pint 	 / 	 0,568 26 	1,795 75 	 mm of 	Pa 	 9,806 65 	0,101 97 
quart 	 I 	 1,136 52 	0,879 88 	 water (4°  C) 
gallon 	 1 	 4,546 09 	0,219 97 	 in. of 	mbar 	 2,490 89 	0,401 46 
bushel 	h/ 	 0,363 69 	2,749 62 	 water (cony.) 

weight 	 energy 	ft.-lb.-force 	J 	 1,355 82 	0,737 56 
or 	 grain 	 mg 	 64,798 91 	0,015 43 	 Btu  (lait.) 	kJ 	 1,055 06 	0,947 82 
mass 	dram 	 g 	 1,771 84 	0,564 38 	 therm 	 MJ 	105,506 	9,478 x le 

avoir- 	f oz. 	 g 	 28,349 52 	0,035 27 	 horsepower- 	MJ 	 2,684 52 	0,372 51 
dupois 	1 lb. 	 kg 	 0,453 59 	2,204 62 	 hour 

f cwt. 	 kg 	 45,359 24 	0,022 05 	 calorie (int) 	J 	 4,186 8 	0,238 85 
short 	I ton 	 t (metric) 	0,907 18 	1,102 31 	 erg 	 J 	 0,1 	10 
troy or 	f oz. 	 g 	 31,103 48 	0,032 15 	 kgf-m 	J 	 9,806 65 	0,101 97 
apothecary I. lb. 	 kg 	 0,373 24 	2,679 23 	 kWh 	 MJ 	 3,6 	0,277 78 

frequency 	cps 	 Hz 	 1 	 1 	 watt-hour 	kJ 	 3,6 	0,277 78 
electron-volt 	aJ 	 0,160 21 	6,242 

velocity 	ips 	 m/s 	 0,025 4 	39,370 1 
fps 	 m/s 	 0,304 8 	3,280 84 	Power 	Btu/h (int.) 	W 	 0,239 07 	3,412 14 
fpm 	 m/s 	 0,005 08 196,850 	 Btu/s (int.) 	kW 	 1,055 06 	0,947 82 
mph 	 m/s 	 0,447 04 	2,236 94 	 ft.-pound- 	mW 	 0,376 62 	2,655 22 
mph 	 km/li 	1,609 34 	0,621 37 	 force/h 

acceleration in/s2 	 na/s 2 	0,025 4 	39,370 1 	
HP metric 	kW 	 0,735 50 	1,359 62 

ft/s2 	 m/s2 	0,304 8 	3,280 84 	 HP electr. 	kW 	 0,746 	1,340 48 
HP mech. (UK) kW 	 0,745 70 	1,341 02 

magnetic 	maxwell 	weber (Wb) 	10-8 	10 8 
HP boiler 	kW 	 9,809 5 	0,101 94 

flux 	maxwell 	nanoweber 	10 	 0,1 	 kp m/s 	W 	 9,806 65 	0,101 97 
(n Wb) 

conductance mho 	 siemens (s) 	1 	 1 
mag, flux 	gauss 	 tesla (T) 	10-4 	104  
density 	gauss 	 mT 	 0,1 	10 
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fans, without having to carry out the tedious calculations usually
required. In sizing fans, good engineering practice requires that a
safety margin be added to the calculated requirements. Common-
ly accepted values are 15 per cent on volume and 30 per cent on
pressure, although more liberal values are sometimes used. Figures
1 and 2 will yield only the calculated requirements. To remind
the designer to apply a safety margin, in the examples the
notation "plus margin" has been added to the results obtained
from the graphs.

Example 1 - Fan Sizing with Corrections for Coal Moisture and
Elevation

A pulverized-coal-fired boiler is being designed to burn 12 tons
per hour of -3/8 in. coal from the Forestburg Collieries in
Alberta. The as-received moisture is assumed to be 25%. It is also
assumed that the flue gas temperature will be 300°F, the CO2
concentration in the flue gas will be 13.6%, and the average air
temperature at the inlet to the forced-draft fan will be 60°F. It is
desired to find the capacities in pounds per hour and in cubic feet
per minute (cfm) of (a) the forced-draft fan and (b) the
induced-draft fan. Values are required for both sea level and an
elevation of 3000 ft above sea level.

Solution

The graphs for -3/8 in. coal from Forestburg Collieries are found
in Set ABC 9-2. Because of the coal moisture, the fuel input to
the boiler actually consists of

dry coal = 12 x 2000 x 0.75 = 18,0001b/hr
moisture = 12 x 2000 x 0.25 = 6,000 lb/hr

= 0.333 lb/lb dry coal

It must be kept in mind that the forced-draft fan does not have to
handle the coal moisture, but the induced-draft fan does.

(a) Forced-Draft Fan

From Figure 1 or Figure 2, at 13.6% C02 ,
total combustion air (TCA) . . . . . . . . . . . . = 140%

From Figure 1, at 140% TCA,
wt of dry air per lb dry coal . . . . . . . . . . . . = 12.1 lb

From Figure 2, at 60°F and 140% TCA,
vol of dry air per lb dry coal . .' . . . . . . . . . . = 158 cu ft

Req'd capacity of forced-draft fan at sea level
= 12.1 x 18,000 = 217,8001b/hr plus margin
= 158 x 18,000 = 47,400 cfin at 60°F and 29.92 in. Hg

60 plus margin

At 3000 ft above sea level, the required weight is unchanged,
but the required volume increases.

From Figure A (p. 25), 3000 ft above sea level is equivalent

to about 26.8 in. Hg, and a correction factor of 29.92
26 . 8

or

1.116 must be applied to the volume.

Req'd capacity of forced-draft fan
= 47,400 x 1.116 = 52,900 cfm at 60°F and 26.8 in. Hg
plus margin

(b) Induced-Draft Fan

From Figure 1, at 140% TCA,
wt of total flue gas per lb dry coal ....... = 13.01b

From Figure 2, at 300°F and 140%TCA,
vol of total flue gas per lb dry coal ....... = 240 cu ft

From Input calculation, 12 tons coal at 25% moisture,
moisture per lb dry coal . . . . . . . . . . . . . . = 0.333 lb

From Figure B (p. 26), at 300°F,
vol of 1 lb of water vapour . . . . . . . . . . . . = 30.5 cu ft
vol of water vapour per lb dry coal
= 30.5 x 0.333 = 10.16 cu ft

Req'd capacity of induced-draft fan at sea level
= (13.0 + 0.333) x 18,000 = 240,000 lb/hr plus margin
= (240 + 10.16) x 18,000 = 75,050 cfm at 300°F and 29.92

60
in. Hg plus margin

The flue gas volume is corrected for altitude in the same way
as the combustion air volume.

Req'd capacity of forced-draft fan
= 75,050 x 1.116 = 83,750 cfin at 60°F and 26.8 in. Hg plus

margin

Example 2 - Fan Sizing With Correction for Coal Moisture

An existing stoker-fired boiler is to be fired with Old Sydney 3/4
in. x 1/4 in. coal. A maximum fuel input of 40 million
Btu/hr is required. It is expected that the maximum coal moisture
will be 8%. The flue gas temperature at full load is 500°F, and
combustion air is drawn from the boiler room at 80°F. The
forced-draft fan has a capacity of 12,000 cfm at 80°F and 29.92
in. Hg. The induced-draft fan has a capacity of 18,000 cfm at
500°F and 29.92 in. Hg. Are these fans adequate for the
maximum load and the maximum moisture, if excess air is to be
at least 35%?

Solution

The graphs for Old Syndey 3/4 in. x 1/4 in. coal are found in Set
NS 6-2. Note that fuel input is given as Btu required, rather than
as the weight of as-fired coal. It is therefore necessary to calculate
the weight of dry coal required, and then calculate the additional
weight due to the coal moisture. From the data sheet preceding
the set of graphs,

Calorific Value = 14,640 Btu/lb dry coal

Maximum firing rate of dry coal = 40,000,000 = 27321b/ln•
14,640

Associated coal moisture at 8% = 0.08 (2732) = 238 lb/In•
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(a) Forced-Draft Fan 

From Figure 2, at 80° F and 135% TCA, 
vol of dry air per lb dry coal 	  = 204 cu ft 

Req'd capacity of forced-draft fan at sea level 
204 x 2732  

60 	— 9290 cfm  plus màrgin 

(b) Induced-Draft Fan 

From Figure 2, at 500° F and 135% TCA, 
vol of total flue gas per lb dry coal  	= 376 cu ft 

From Figure B (p. 26), at 500° F, 
vol of 1 lb of water vapour  	= 38.8 cu ft 

Req'd capacity of induced-draft fan, assuming dry fuel, 
376  x2732 

—  17,120 cfm at 500° F and 29.92 in. Hg  plus 60 
margin 

Req'd capacity of induced-draft fan, assuming a maximum 
fuel moisture of 8%, 

= 17,120 + 238 x 38.8= 17,274 cfm at 500° F and 29.92  60 in. Hg  plus margin 

The following conclusions can be drawn: 

1. The forced-draft fan has sufficient capacity, and the 
. 	. 

 
12000-9280 safety margin is ' 

9280  x 100 = 29.3% 

2. The induced-draft fan has sufficient capacity, but the 

safety margin is only 
18,000-17,274 

 17 274 	x 100 = 4.2% ,  

This means that excess air must be carefully controlled at full 
load. 

3. The maximum expected coal moisture of 8% increases the 
load on the induced-draft fan by 
17,274-17,120  x 100 = 0.90% 

17,120 

Example 3 — Effect of Excess Air on Flue Gas Volume 

A stoker-fired boiler is fired with Cascade (Canmore) 1 1/4 in. x 
1/2 in. coal having 4% moisture as fired. It normally operates 
with 9% 02  in the flue gas and a stack temperature of 480° F. If 
the excess air is reduced to give 5.5% 02  in the flue gas, and this 
results in a 30° F drop in the stack temperature, what will be the 
reduction in the volume of the flue gas? 

Solution 

The graphs for Cascade 1 1/4 in. x 1/2 in. coal are found in Set 
ABC 1-1. The coal moisture is low enough that it can be ignored 
for calculations not requiring high accuracy. In this case, 
the problem is one of finding a difference in volume due to excess 
air and temperature, with fuel moisture constant. Therefore even 
a high fuel moisture would have only a small effect. Atmospheric 
pressure can be ignored for the same reason. 

From Figure 2, 9% 0 2  corresponds to 174% TCA. 

From Figure 2, 5.5% 0 2  corresponds to 135% TCA 	 

From Figure 2, at 480° F and 174% TCA, 
vol of total flue gas per lb dry coal 	  = 465 cu ft 

From Figure 2, at 450° F (480° -30° ) and 135% TCA, 
vol of total flue gas per lb dry coal 	  = 350 cu ft 

Reduction in volume of flue gas 

= 115 cu ft/lb dry coal  

=  24.7% 

3.4 Correction for Moisture in the Combustion Air 
Moisture in the combustion air increases the weight and 

volume of gas handled by the systems for the combustion air and 
the flue gas. Unless the weight of moisture exceeds 70 grains per 
pound of dry air, it may be neglected without introducing an 
error greater than 1 per cent. If it is decided to apply a 
correction, the relative humidity of the combustion air must be 
determined using a sling psychrometer, after which the weight of 
moisture can be determined from tables or from a psychrometric 
chart, as shown in Example 4. It should be pointed out that the 
psychrometric chart in this handbook has been drawn for a 
pressure of 29.92 in. Hg, and becomes progressively less accurate 
as atmospheric pressure deviates from that point. However, the 
inaccuracy should not be significant unless the pressure deviation 
is substantial or a high degree of accuracy is required. In such 
cases the weight of moisture per pound of air may be calculated 
using Carrier's formulae. 4  

Example 4 — Correction for Moisture in Air 

For the case given in Example 1, correct the weights and volumes 
of combustion air and flue gas when the combustion air has a 
relative humidity of 70% under standard atmosphe ric pressure. 

Solution 

(a) Forced-Draft Fan 

From Example 1, at standard atmospheric pressure (sea level), 
req'd capacity of forced-draft fan, dry air basis 

= 217,8001b/hr 
= 47,400 cfm at 60° F and 29.92 in. Hg 

From the psychrometric chart, at 60° F and 70% relative 
humidity (RH), 
wt of moisture per lb of dry air = 0.00775 lb 
specific vol (cu ft per lb of dry air) = 13.25 cu ft 

From the psychrometric chart, at 60° F and 0% RH, 
specific vol (cu ft per lb of dry air) = 13.09 cu ft 

Req'd capacity of forced-draft fan, moist air basis, 

= 217,800 x 1.00775 = 219,500 lb/hr  plus margin 
= 47,400 x 13.25 = 47,980 cfm at 60°F and 29.92 

13.09 	 in. Hg  plus margin 

6 

= 465-350 
115 _ — 	x 100 



(b) Induced-Draft Fan 

The moisture in the combustion air which is handled by the 
forced-draft fan must also be handled by the induced-draft 
fan. Therefore, the weight of flue gas will increase by the 
same amount as the weight of combustion air. However, the 
increase in volume will be different because the flue gas is at a 
different temperature than the combustion air. 

From Example 1, at standard atmospheric pressure, req'd 
capacity of induced-draft fan, dry air basis, 

= 240,000 lb/hr 
-= 75,050 cfm at 300° F and 29.92 in. Hg 

From Figure B (p. 26), at 300° F, 
vol of 1 lb of water vapour 	= 30.5 cu ft 

From Example 4, part (a), 
wt of moisture in combustion air = 219,500-217,800 

= 17001b/hr 

Req'd capacity of induced-draft fan, moist air basis, 

= 240,000 + 1700 	= 241,700 lb/hr  plus margin 

75 ,050 + (1700 x 30.5) = 

4.2 Explanation of Figure 4 

Figure 4 shows the heat loss, in per cent of fuel input, due to 
the moisture in the coal. Heat is required to raise the fuel 
moisture to boiling temperature, evaporate it, and superheat the 
vapour to the final flue gas temperature. Thus the loss is 
dependent upon the fuel temperature, the moisture content of 
the fuel, and the stack temperature. The heat loss is found from 
Figure 4 in the following way: 

1. Find the appropriate fuel temperature on the lower part 
of the side margin. 

2. From this point, move horizontally to the appropriate 
fuel moisture line. 

3. Then move vertically upward to the appropriate stack 
temperature line. 

4. Finally, move horizontally to the left margin and read off 
the heat loss. 

Example 5 — Heat Loss Due to Coal Moisture 

Estevan lignite, 2 in. x 1/8 in., produced by the Battle River Coal 
Company, is burned on a travelling-grate stoker. The initial fuel 
temperature is 60° F and the flue gas temperature is 500° F. What 
is the heat loss due to coal moisture when the as-fired moisture is 
35%? 

Solution 

The coal in question is represented by Set S 1-3. 

From Figure 4, at fuel temp. of 60° F, fuel moisture of 35%, and 
stack temp. of 500° F, 
heat loss due to coal moisture = 6.07%  

4.3 Explanation of Figure 5 

Figure 5 shows the heat loss, as a per cent of fuel input, due 
to moisture in the flue gas formed from the combustion of 
hydrogen in the coal. Since it is North American practice to use 
the higher heating values, this loss comprises the heat necessary to 
evaporate the moisture from hydrogen, and superheat it to the 
stack temperature. Hence, for a fixed hydrogen content in the 
fuel, the loss depends upon both the stack temperature and the 
combustion air temperature. It is commonly called the "hydrogen 
loss". 

4.4 Explanation of Figure 6 

Figure 6 gives the heat loss, in per cent of fuel input, versus 
per cent combustible in the refuse. It is assumed that the 
unburned combustible is entirely carbon, and has a heating value 
of 14,500 Btu/lb. Thus, for a particular coal, the loss is only 
dependent upon the per cent of unburned combustible in the 
refuse and this percentage must be determined by an ash analysis. 

Figure 6 can be used directly for combustion systems having 
only one major ash collection point, such as the grate ash from 
under-feed stokers or the fly ash from pulverized-fired systems. 
However, many systems have two or more major ash collection 
points, and the amount of unburned combustible may be 
different in each. In that case each ash stream should be weighed, 
and the values from Figure 6 should be prorated, as shown in 
Example 6. 

Example 6 — Heat Loss Due to Unburned Combustible, 
Calculated for Two Ash Streams 

A spreader-fired travelling grate burns Dominion-St. Lawrence 
Mix, 1 1/4 in. x 0, coal. At the end of a combustion test, 400 lb 
of ash are removed from the ashpit, and 120 lb of ash are 
removed from the dust collector hopper. Subsequently, analysis 
shows that unburned "combustible" in the grate ash is 9%, and in 
the fly ash is 28%. What is the total loss due to unburned 
combustible? 

75,910 cfm at 300° F 
60 60 	 and 29.92 in. Hg 

plus margin 

4. EXPLANATION OF HEAT LOSS GRAPHS 

4.1 Explanation of Figure 3 

In each set of graphs, Figure 3 shows the heat loss, in per cent 
of fuel input, represented by the sensible heat in the dry flue gas 
leaving the system. This loss is dependent on the excess air level 
and the temperature of the flue gas above the combustion air 
temperature. Hence, heat loss has been plotted against total 
combustion air for a range of temperature differentials. CO 2  and 
02  curves have been included to conveniently relate flue gas 
analysis to combustion air. A curve giving the per cent by volume 
of S02  in the flue gas as a function of the combustion air has also 
been included. 
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Solution 

The coal in question is represented by Set NS 3-1. The heat loss 
in each ash stream must be prorated on the basis of pure ash 
content, but the "ash" removed from the boiler and weighed is 
really a mixture of ash and unburned combustible. Therefore 
corrections must be made to obtain the weight of pure ash. 

Wt of pure ash removed from grate 

(100-9)  _ =  400x 	
100 	

3641b  

Wt of pure ash removed from dust collector hopper 

= 120 x 
(100-28) 

 — 86.4 lb 
100 

Total wt of pure ash = 364 + 86.4 = 450.4 lb 

From Figure 6, 
loss at 9% combustible = 0.9% 
loss at 28% combustible = 3.4% 

Heat loss due to unburned combustible, 

364  
in grate ash = 0.9 x 450.4  =-- 0.73% 

in fly ash -= 3.4 x 450 
86.4 

 — 0.65% 
.4 

Total = 1.38%  

4.5 Explanation of Figure 7 

Figure 7 shows the heat loss, in per cent of fuel input, due to 
carbon monoxide in the flue gas resulting from incomplete 
combustion. This loss increases with increasing CO concentration 
and with decreasing CO 2  concentration. That is, for a given CO 
concentration, the loss is higher if excess air is present. However, 
with modern firing systems, properly operated, combustion 
should be complete unless the excess air is less than 10 per cent. 
Therefore, Figure 7 has been simplified by considering only the 
case where there is negligible excess air. For a given CO 
concentration, if the excess air level were actually 5 per cent 
instead of 0 per cent, the error resulting from the use of Figure 7 
would be about 2 per cent of the indicated heat loss. 

4.6 Heat Loss Due to Radiation and Convection from 
the Boiler 

This loss can be fairly significant, particularly for small 
boilers, but it is difficult to determine accurately. To do so 
involves establishing the area and emissivity of all surfaces 
exposed to ambient air, their temperature above ambient, and the 
air velocity over them. However, a convenient and widely 
accepted method of approximating this loss is provided by Figure 
C (p. 28), the standard Radiation Loss Chart published by the 
American Boiler Manufacturers' Association (ABMA). This chart 
assumes a temperature differential of 50° F between surface and  

ambient, an air velocity of 100 feet per minute (fpm) over the 
surface and an emissivity of 0.95. Its accuracy increases with the 
size of the boiler in question. The chart takes into account the 
number of water-cooled walls in the generator, because water-
cooled walls have a lower temperature and hence a lower 
radiation loss than do refractory walls. Most modern watertube 
boilers have three or four water-cooled walls, and package 
firetube scotch-type boilers may be treated as having four such 
walls. 

The heat losses obtained using the ABMA chart can be 
corrected for higher air velocities and higher surface-to-ambient 
tempereture differentials using the correction factors given in 
Figure D (p. 29). This involves establishing the average boiler 
casing temperature, preferably with a contact thermometer, 
measuring the ambient air temperature, and measuring the air 
velocity over the boiler casing by a vane anemorneter or other 
such instrument. This procedure is demonstrated in Example 10. 

4.7 Other Heat Losses 

To determine efficiency, this handbook applies the ASME 
Indirect Method, otherwise called the heat loss method, whereby 
the heat losses are measured in terms of per cent of fuel input. 
For a complete discussion of boiler heat losses the reader is 
referred to the ASME Power Test Code for Steam Generating 
Units.3  

In addition to those just discussed, coal-fired systems may 
have several other heat losses, whose importance will vary with 
the system. Some of these are given below. 

4.7.1 Heat Loss Due to Moisture in the Combustion Air 

The moisture in the air is already in vapour phase, but it must 
be heated from the combustion air temperature to the stack 
temperature. Therefore the 'loss depends upon the weight of 
moisture per pound of air, the weight of air per pound of fuel, 
and the net temperature rise through the combustion system. It is 
shown in Example 10 how this loss can be calculated. 

4.7.2 Heat Loss Due to Sensible Heat in the Ash 

Generally some sensible heat is lost with the ash. This is most 
obvious for slag-tap systems, where molten ash at perhaps 2500 ° F 
is drained from the boiler into a quench tank. However, some 
sensible heat is also lost when dry ash, having a higher 
temperature than the combustion air, is removed from the boiler. 
Even if the ash is allowed to cool in the ashpit or dust collector 
hopper prior to removal, it is unlikely that the heat radiated from 
the ashpit or hopper is included in the estimate of boiler radiation 
and convection loss. 

The sensible heat lost with the ash can be calculated fairly 
easily for a slag-tap system, provided one knows the weight of ash 
removed as slag, its average tapping temperature, and its specific 
heat for the range from combustion air temperature to tapping 
temperature. However, calculating the heat lost from fly ash 
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cooled in a precipitator hopper is likely to require some rather 
arbitrary assumptions even if the specific heat is known. 

4.7.3 Heat Loss Due to Leakage of Hot Air or Flue Gas 

Small, stoker-fired boilers are usually operated with a slightly 
negative furnace pressure, so leakage of hot air or gas is not a 
problem. However, large units may have pressurized furnaces, and 
usually have auxiliary equipment such as air heaters and 
pulverizers. Thus the possible sources of leakage are multiplied. 
The loss, of course, is dependent on the temperature and volume 
of the leakage. It is likely to be very difficult to measure 
accurately, but in a well-maintained system it should be small 
enough to ignore. 

4.7.4 Heat Loss Due to Radiation and Convection from Auxili-
ary Equipment 

The ABMA Radiation Loss Chart (Figure C, p. 28) does not 
include heat lost from auxiliaries such as air heaters and 
pulverizers, which are outside the main boiler casing. Heat loss 
from the surfaces of such devices can be calculated approxi-
mately, using the method given in Appendix B. 

4.7.5 Allowance for Unmeasured Losses 

In the great majority of boiler heat balances the four losses 
described in Sections 4.7.1-4.7.4 are not estimated separately. 
This is because they are often very difficult to calculate 
accurately and, in any case, they together comprise only a small 
portion of the total heat loss. Instead, it is much more 
convenient, and usually sufficiently accurate, to cover these items 
in the heat balance by an "allowance for unmeasured losses" of 
0.5 to 1.0 per cent. The lower value would be appropriate for a 
small, stoker-fired boiler, while the higher value might be 
appropriate for a large boiler where leakage and radiation from 
auxiliaries are more significant, or for a slag-tap boiler where heat 
is lost in the molten ash. 

4.8 Application of Heat Loss Data to Boiler Efficiency 

To obtain an approximate heat balance using this combustion 
handbook, the following information is required: 

1. Sufficient information about the source of the coal to 
identify the set number in the coal index. 

2. The as-fired moisture of the coal. 

3. The maximum continuous output rating of the boiler 
(Btu/hr). 

4. The actual output of the boiler (Btu/hr). 

5. The flue gas temperature ( ° F). 

6. The combustion air temperature (° F). 

7. Analysis of the flue gas for CO2  or 02  and CO (% by vol). 

8. The temperature of the coal (° F).  

9. The per cent of combustible in the ash. If there is more 
than one ash stream, the per cent combustible in each 
stream must be determined and the weight ratios of the 
streams must be determined. 

Assuming the foregoing information is measured to state-of-
the-art tolerances, the accuracy of the heat balance will depend 
mainly on the size of the combustion system or boiler. This is due 
to the fact that the percentage of radiation and convection loss 
rises sharply with decreasing heat output; the accuracy with 
which the loss may be estimated from the ABMA chart decreases 
proportionally. For boilers operating at a full-load output of 20 
million Btu/hr or higher, the loss can usually be estimated to 
within 0.5 per cent of the total heat input. For smaller boilers, or 
those operating at low loads, the estimated radiation and 
convection loss is accurate to within 1 to 2 per cent of the total 
heat input. 

Example 7 — Boiler Efficiency 

A watertube boiler is rated at 60,000 lb/lhr of steam at 125 psig, 
dry and saturated, with a feedwater temperature of 200° F. It 
burns Acadia 3/4 in. x 3/16 in. coal from Nova Scotia, by means 
of a chain-grate stoker. The coal has an as-fired moisture content 
of 8%. Test measurements yield the following data: 

Per Cent of Full-Load Rating 

Stack temperature ( ° F) 
Combustion air temperature ( ° F) 
CO2  in flue gas (% by vol) 
CO in flue gas (% by vol) 
Fuel temperature ( ° F) 
Unburned combustible in ash (%) 

Find the boiler efficiency at 50%, 75% and 100% of full-load 
rating, neglecting heat loss due to moisture in the air, but 
assuming unmeasured losses = 0.5% of fuel input. 

Solution 

The coal in question is dealt with in Set NS 1-1. 

From Steam Tables*, heat absorbed, 
Btu/lb steam =  1193— 168 	  = 1025 

Therefore, full-load rating in Btu/hr 
= 60 x 103  x 1.025 x 10 3 	 = 61.5 x 10 6  

(a) Heat Balance at Full-Load Rating 

Heat output = 61.5 x 10 6  Btu/hr 

Total combustion air (TCA) from CO 2  curve of Figure 1 
123% 

*In calculating heat balances on boilers, reference must be made 
occasionally to steam tables such as those found in Thermodynamic 
Properties of Steam by J. H. Keenan and F. G. Keyes. Published by John 
Wiley & Sons, Inc., 1936. 
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= 0.61% 

= 0.50% 

= 17.53% 

= 82.47% 

1.50% 

0.00% 

0.90% 

0.50% 

16.02% 

Heat Losses 

1. Dry flue gas loss, from Figure 3, at 123% TCA 
and temp. diff. = 430 - 80 = 350°F . . . . = 

2. Loss due to moisture in coal, from Figure 
4, at 8% moisture, fuel temp. of 60°F and 
stack temp. of 430° F 	  

3. Hydrogen loss, from Figure 5, at combustion 
air temp. of 80° F and stack temp. of 430°F = 

4. Loss due to combustible in ash, from Figure 
6, at 18.5% combustible 	  

(c) Heat Balance at 50% of Full-Load Rating 

Heat output = 0.50 x 61.5 x 10 6  = 30.75 x 106  Btu/hr 
8.20% 	TCA at 11.0% CO 2  from Figure 1 = 166% 

Heat Losses 

= 0.81% 

3.77% 

3.00% 

5. Loss due to CO in flue gas, from Figure 7, 
at 0.2% CO  	= 0.64% 

6. Radiation and convection loss, from ABMA 
Radiation Loss Chart (Figure C), assuming 
4 water-cooled walls, at rated output of 
61.5x  106  Btu/hr 	  

7. Unmeasured losses (assumed) 	 

Total losses 

Therefore, boiler efficiency = 100.00 - 17.53 

(b) Heat Balance at 75% of Full-Load Rating 

Heat output = 0.75 x 61.5 x 10 6 	= 46.1 x 106  Btu/hr 
TCA at 13.0% CO 2  from Figure 1 	= 141% 

Heat Losses 

1. Dry flue gas loss, from Figure 3, at 141% TCA 
and temp. cliff. = 400 - 80 = 320° F 	 

2. Loss due to moisture in coal, from Figure 4, at 
8% moisture, fuel temp. of 60° F and stack 
temp. of 400° F 	  

3. Hydrogen loss, from Figure 5, at combustion 
air temp. of 80° F and stack temp. of  400 ° F.  = 3.72% 

4. Loss due to combustible in ash, from Figure 
6, at 10% combustible 	  

5. Loss due to CO in flue gas at 0% CO 	 

6. Radiation and convection loss, from ABMA 
Radiation Loss Chart (Figure C), assuming 
4 water-cooled walls, at output of 46.1 x 106 

 Btu/hr, and rated at 61.5 x 106  Btu/hr . . . . 

7. Unmeasured losses (assumed) 

Total losses 

Therefore, boiler efficiency = 100.00 - 16.02 	= 83.98%  

1. Dry flue gas loss, from Figure 3, at 166% 
TCA and temp. cliff. = 380 - 80 =  300° F.  . = 9.45% 

2. Loss due to moisture in coal, from Figure 
4, at 8% moisture, fuel temp. of 60° F and 
stack temp. of 380° F 	  = 0.79% 

3. Hydrogen loss, from Figure 5, at combustion 
air temp. of 80°F and stack temp. of 380° F. 	= 3.70% 

4. Loss due to combustible in ash, from Figure 
6, at 8.5% combustible 	  = 1.20% 

5. Loss due to CO in flue gas at 0% CO 	 = 0.00% 

6. Radiation and convection loss, from ABMA 
Radiation Loss Chart (Figure C), assuming 
4 water-cooled walls, at output of 30.75 x 
10 6  Btu/hr, and rated at 61.5 x 10 6  Btu/hr . = 1.35% 

7. Unmeasured losses (assumed) 	 = 0.50%  

Total losses = 16.99% 

Therefore, boiler efficiency = 100.00 - 16.99 	= 83.01%  

Summary of results from Example 7 

Per Cent of Full-Load Rating 	50 	75 	100 

Heat Loss (%) 

	

9.45 	8.60 	8.20 

	

0.79 	0.80 	0.81 

	

3.70 	3.72 	3.77 

	

1.20 	1.50 	3.00 

	

0.00 	0.00 	0.64 

	

1.35 	0.90 	0.61 

	

0.50 	0.50 	0.50 

Total losses 	 16.99 	16.02 	17.53 

Boiler Efficiency (%) 

Example 8 - Efficiency Gain Due to Reduction in Excess Air 

A stoker-fired, high-temperature water generator, rated at 20 
million Btu/hr, burns 2 in. x 0 Balmer Seam coal from Crowsnest 
Industries, Ltd. The as-fired moisture content of the coal is 4.5%, 
and the fuel temperature is 75° F. Under full-load conditions, the 
generator normally operates at 55% excess air, a stack temper-
ature of 525° F, no CO in the flue gas, and 7.5% combustible in 
the grate ash. What will be the gain in efficiency if the excess air 
is reduced to 35%, resulting in a stack temperature of 475 ° F, 
0.15% CO in the flue gas, and 11.0% combustible in the ash? 
Assume a combustion air temperature of 75° F, and unmeasured 
losses of 0.5%. 

0.80% 

1. Dry flue gas loss 
8.60% 2. Loss due to moisture in coal 

3. Hydrogen loss 
4. Loss due to combustible in ash 
5. Loss due to CO in flue gas 
6. Radiation and convection loss 
7. Unmeasured losses (assumed) 

83.01 	83.98 	82.47 
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(a) Heat Balance Under Normal Conditions 

1. Dry flue gas loss, from Figure 3, at 155% 
TCA and temp. cliff. = 525 - 75 -= 450 ° F 

2. Loss due to moisture in coal, from Figure 
4, at 4.5% moisture, fuel temp. of 75 ° F 
and stack temp. of 525 ° F 	  

3. Hydrogen loss, from Figure 5, at combus-
tion air temp. of 75° F and stack temp. of 
525° F 	  

4. Loss due to combustible in ash, from 
Figure 6, at 7.5% combustible 	 

5. Loss due to CO in flue gas at 0% CO 	 

6. Radiation and convection loss, from 
ABMA Radiation Loss Chart (Figure C), 
assuming 4 water-cooled walls, at rated 
output of 20 x 106  Btu/hr 	  

7. Unmeasured losses (assumed) 	 

Total losses 

Efficiency under normal conditions 
= 100.00 - 19.43 	  

= 13.15% 

= 0.41% 

= 3.42% 

= 0.90% 

=- 0.00% 

= 1.05% 

= 0.50%  

= 19.43% 

= 80.57%  

= 10.22% 

= 0.40% 

3.37% 

7. Unmeasured losses (assumed)  	- 0.50%  

Total losses 	= 17.22% 

Efficiency under reduced excess air conditions 
= 100.00 - 17.22  	= 82.78%  

= 0.49% 

= 4.03% 

-= 14.47% 

Solution 	 Efficiency gain due to reduction in excess air 
= 82.78 - 80.57  	= 2.21% 

The coal in question is dealt with in Set ABC 4-2. 

Example 9 - Effect of Economizer on Efficiency 

A pulverized-fired boiler is being designed to burn Avon Minto 
slack coal, 1/4 in. x 0, having 5.00% moisture. The combustion 
air and fuel both enter the system at 70° F. Flue gas leaves the 
boiler at 500° F, and contains 4.0% 02 . What will be the gain in 
efficiency if an air heater is added which reduces the flue gas 
temperature to 350° F? 

Solution 

The coal in question is dealt with in Set NB 1-3. Not all of the 
losses are dependent on the stack temperature. Since it is desired 
to establish the increase in efficiency due to a decrease in stack 

temperature, only the losses affected by stack temperature need 
be considered. These are the dry flue gas loss, the loss due to 
moisture in the coal, and the loss due to moisture from the 
combustion of hydrogen. 

From Figure 1, 4% 02  represents 123% TCA. 

(a) Losses Without Air Heater 

1. Dry flue gas loss, from Figure 3, at 123% 
TCA and temp. diff. = 500 - 70 =  430° F.  . 	= 9.95% 

(b) Heat Balance Under Reduced Excess Air Conditions 

1. Dry flue gas loss, from Figure 3, at 135% 
TCA and temp. cliff. = 475 - 75 = 400° F 

2. Loss due to moisture in coal, from Figure 
4, at 4.5% moisture, fuel temp. of 75 ° F 
and stack temp. of 475 ° F 	  

3. Hydrogen loss, from Figure 5, at combus-
tion air temp. of 75° F and stack temp. of 
475° F 	  

4. Loss due to combustible in ash, from 
Figure 6, at 11.0% combustible  	= 1.20% 

5. Loss due to CO in flue gas, from Figure 7, 
at 0.15% CO  	- 0.48% 

6. Radiation and convection loss, as before .  	= 1.05%  

2. Loss due to moisture in coal, from Figure 
4, at 5.0% moisture, fuel temp. of 70° F 
and stack temp. of 500° F   

3. Hydrogen loss, from Figure 5, at combus-
tion air temp. of 70° F and stack temp. of 
500° F   

Total losses 

2. Loss due to moisture in coal, from Figure 
4, at 5.0% moisture, fuel temp. of 70° F 
and stack temp. of 350° F 	  

3. Hydrogen loss, from Figure 5, at combus-
tion air temp. of 70°F and stack temp. of 
350° F 	  

Total losses 

Gain in efficiency due to air heater = 14.47 - 
10.77 

= 0.46% 

= 3.81%  

= 10.77% 

= 3.70%  

(b) Losses With Air Heater 

1. Dry flue gas loss, from Figure 3, at 123% 
TCA and temp. diff. = 350 - 70 = 280° F 	= 6.50% 
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and corrected radiation and convection loss 
350 

= -135 
x 0.35 	  

7. Loss due to moisture in combustion air: 

From psychrometric chart, at 85 ° F and 80% RH, 
lb moisture/lb dry air = 0.0211 

From Figure 1, at 131% TCA, 
lb dry air/lb dry coal = 11.05 

Therefore, lb moisture/lb dry coal 
= 0.0211 x 11.05 = 0.2332 

- 0.91% 

Solution 

The coal in question is dealt with in Set S 1-2. 

From steam tables, heat absorbed, 
Btu/lb steam =- 1490 - 148 	 = 1342 

Therefore, full-load rating in Btu/hr 
= 200 x 103  x  1.342x 10 3 	  = 268 x 106  Btu/hr 

From Figure 1, 5.0% 02  represents 131% TCA. 

Heat Losses 

1. Dry flue gas loss, from Figure 3, at 131% TCA 
and temp. diff. =  300- 85 = 215 ° F 	 

2. Loss due to moisture in coal, frorn Figure 4, at 
38% moisture, fuel temp. of 65 ° F and stack 
temp. of 300° F 	  

3. Hydrogen loss, from Figure 5, at combustion 
air temp. of 85 ° F and stack temp. of 300° F . . 

4. Loss due to combustible in ash, from Figure 6, 
at 15% combustible 	  

5. Loss due to CO in flue gas at 0% CO 	 

6. Corrected radiation and convection loss: 
Radiation and convection loss, from ABMA 
Radiation Loss Chart (Figure C), assuming 4 
water-cooled walls, at rated output of 268 x 
106  Btu/hr = 0.35% 

= 5.40% 

= 6.80% 

= 3.74% 

= 2.60% 

= 0.00% 

Example 10 - Loss Due to Moisture in Combustion Air, and 
Corrections to Radiation and Convection Loss 

A pulverized-fired boiler burns bug-dust lignite (-1/2 in.) supplied 
by Battle River Coal Company, Ltd., in Estevan. The coal is at 
65 ° F and contains 38% moisture. The boiler is rated at 200,000 
lb of steam/hr, at 1500 psig and 1000° F. Feedwater temperature 
to the system is 180° F. Combustion air temperature is 85 ° F, with 
a relative humidity of 80%. At full load, the stack gases contain 
5.0% 02 , no CO, and the stack temperature is 300 °F. The fly ash 
contains 15% combustible. The average boiler casing temperature 
is 170° F, and the air velocity over the boiler casing is 8 ft/s. Find 
the boiler efficiency as accurately as possible, under full-load 
conditions. 

Heat required to superheat moisture to stack temp., per lb 
dry coal, assuming specific heat = 0.46, 
= 0.46 x 0.2332 x (300 - 85) = 23.06 Btu/lb dry coal 

From the analyses table for Set S 1-2, 
calorific value = 10,960 Btu/lb dry coal 

23.06  
Therefore, heat loss = x 100 	 = 0.21% 

10,960 

8. Unmeasured losses, assuming 0.5% to cover radiation 
from auxiliaries and sensible heat in ash, 	 = 0.50% 

Total losses 	=  20.16%  

Boiler efficiency under full-load conditions 

= 100.00 - 20.16 	  = 79.84% 

Example 11 - Effect of Air Infiltration on EffiCiency 

Some old balanced-draft boilers have settings which allow 
substantial air infiltration, often resulting in a serious decrease in 
operating efficiency and excessive fuel consumption. In this 
example, Drummond No. 1 Nova Scotia 3/4 in. x 0 coal, 
containing 4% moisture as-fired, is burned on a chain-grate stoker. 
Gas analyses carried out at the furnace outlet and in the 
breeching show CO2  concentrations of 12.0% and 9.2% respec-
tively. The flue gas temperature at the stack is 450 ° F and the 
combustion air temperature is 75 ° F. What effect does the air 
infiltration have on boiler efficiency? 

Solution 

From Figure D (p. 29), at boiler casing temp. cliff. of 170 - 
85 = 85° F, and air velocity of 8 fps, 
transmission loss = 350 Btu/sq ft hr 

Also from Figure D, at design conditions of ABMA chart 
(temp. cliff. of 50° F and air velocity of 100 fpm, 
transmission loss = 135 Btu/sq ft hr 

350 Therefore, correction factor for ABMA chart = 
135 

The coal in question is dealt with in Set NS 4-1. Two extreme 
cases, which bracket all other possible situations, will be 
considered. The air may infiltrate into either the first pass or the 
last pass. For these two conditions, the dry flue gas loss, the loss 
due to moisture in coal, and the hydrogen loss will be affected 
differently. Before dealing with each case separately, it will be 
convenient to calculate the apparent losses under conditions 
measured at the breeching, that is, CO2  = 9.2%, flue gas temp. = 
450° F, combustion air temp. = 75° F. From Figure 1, 9.2% CO 2  
represents 197% TCA. 
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CO2  measured at furnace outlet = 12.0% 

From Figure 1, this represents 152% TCA. 

Also from Figure 1, 
total flue gas at 197% TCA 
total flue gas at 152% TCA 

= 18.00 lb/lb dry coal 
= 14.05 lb/lb dry coal 

= 14.40% 

-= 0.47% 

= 4.28%  

= 19.15%  

Apparent Heat Losses 

1. Dry flue gas loss, from Figure 3, at 197% TCA 
and temp. diff. = 450 — 75 = 375 ° F 	 

2. Loss due to moisture in coal, from Figure 4, at 
4.0% moisture, fuel temp. of 60° F (assumed) 
and stack temp. of 450° F 	  

3. Hydrogen loss, from Figure 5, at combustion 
air temp. of 75° F and stack temp. of 450° F . . 

Total apparent losses 

Note: The other losses due to combustible in refuse, radiation 
and convection from the boiler surfaces, etc., are not considered 
here because they are not affected by the infiltration. 

(a) Air Infiltrating into Last Pass 

If the air infiltrates through leaks in the last pass, the effect 
on operating efficiency will be small, because the tube banks 
have already reduced the gas to its normal final temperature, 
and the air is simply diluting the flue gas entering the stack. 
However, error will result if the efficiency is calculated from 
the stack temperature and excess air level measured in the 
diluted gas. The indicated stack temperature will be reduced 
by dilution, making the efficiency appear higher than it 
actually is; on the other hand, the indicated excess air will be 
higher than the actual value, making the efficiency appear 
lower than it actually is. Thus, the apparent losses calculated 
previously are in error. Those conditions which represent the 
actual operating efficiency of the boiler can be estimated as 
follows. 

Therefore, infiltration = 18.00 — 14.05 = 3.95 lb/lb dry coal 

The "true" temperature of the flue gas, that is, its tempera-
ture before dilution by infiltration, can be determined from 
the following enthalpy balance: 

enthalpy of 3.95 lb air at 75 ° F + enthalpy of 14.05 lb flue 
gas at true temp. = enthalpy of 18.00 lb flue gas at 450° F 

For the present purpose, it can be assumed with reasonable 
accuracy that air and flue gas have the same specific heat and 
that it does not change with temperature. Then the above 
relationship reduces to one involving only weight and 
temperature differential. However, a reference temperature 
must be chosen, and it is convenient to use absolute zero. 

Then [3.95 x (75 + 460)] + [14.05 x (true temp., ° F + 460)] 
= [18.00 x (450 + 460)] from which true temp. (° F) = 1015 
— 460 = 555° F 

Thus, the true conditions are: TCA = 152%, stack temp. = 
555° F, and combustion air temp. = 75° F 

Losses Under True Conditions 

1. Dry flue gas loss, from Figure 3, at 152% 
TCA and temp. cliff. = 555 — 75 = 480° F 	= 14.30% 

2. Loss due to moisture in coal, from Figure 
4, at 4.0% moisture, fuel temp. of 60°F 
(assumed) and stack temp. of 555° F . . . 	= 0.49% 

3. Hydrogen loss, from Figure 5, at combus-
tion air temp. of 75°F and stack temp. of 
555° F  	= 4.46% 

Total true losses 	= 19.25% 

Therefore, infiltration makes the efficiency appear higher 
than it actually is by 19.25 — 19.15 = 0.10% 

It should not be assumed from this example that infiltration 
at the last pass will always cause efficiency to be slightly over 
estimated. It simply illustrates qualitatively that in this 
situation the changes tend to cancel each other. 

(b) Air Infiltrating into First Pass 

If the air infiltrates through leaks in the first pass, it reduces 
the efficiency of the combustion system, because part of the 
heat in the flue gas is used to bring the air up to the flue gas 
temperature, reducing the latter in the process. The air and 
flue gas then give up heat to the convection banks of the 
boiler and are thereby cooled to the stack temperature. As a 
first approximation, it can be said that the heat loss due to 
infiltration is equal to the heat required to bring the 
infiltrating air from ambient temperature up to stack temp-
erature. This loss is readily determined as follows: 

First Approximation of Efficiency Loss 

Dry flue gas loss, at 197% TCA (9.2% CO 2 ) 
and stack temp. of 450° F, as determined 
previously   = 14.40% 

Dry flue gas loss, from Figure 3, at 152% TCA 
(12.0% CO 2 ) and temp. diff. = 450-75 = 
375° F   = 11.20% 

Therefore, infiltration reduces efficiency by 
14.40 — 11.20 	 = 3.20%  

The foregoing method actually underestimates the drop in 
efficiency, because the infiltrating air increases the mass flow 
through the convection bank, resulting in a higher stack 
temperature than would actually prevail if the infiltration did 

not occur. The relationship between mass flow and stack 
temperature cannot be conveniently calculated. However, for 

a given boiler at a given load, it is easy to establish by 
experiment a correlation between excess air and stack 
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temperature, which can be used to estimate the effect of 
infiltration on stack temperature. 

For example, if it had been established that the stack 
temperature dropped by 25 ° F for every 1% increase in CO2, 
losses could be determined for the following infiltration-free 
conditions: TCA = 152%, stack temp.  =450 — 25(12.0 —9.2) 
= 380° F, combustion air temp. = 75° F 

Accurate Assessment of Efficiency Loss 

1. Dry flue gas, from Figure 3, at 152% TCA 
and temp. diff. of 305° F (380-75) 	 

2. Loss due to moisture in coal, from Figure 
4, at 4.0% moisture, fuel temp. of 60° F 
(assumed) and stack temp. of 380° F . . . . 

3. Hydrogen loss, from Figure 5, at combus-
tion air temp. of 75° F and stack temp. of 
380° F 	  

Total infiltration-free losses 

Therefore, infiltration reduces efficiency by 
19.15 — 13.71 	  

Note that the figure of 19.15% was calculated at the 
beginning of this example as the apparent loss. It is also the 
true loss for the case where air infiltrates into the first pass. 

4.9 Accuracy Limitations of Heat Balances 

It will have been observed that, in the foregoing examples, 
heat losses have been recorded to two decimal places. Unfor-
tunately, this does not mean that the heat balances are accurate 
to the nearest 0.01%. The subject of significant figures is 
frequently controversial; in this case two decimal places were 
decided upon because some of the heat loss graphs can normally 
be read to that accuracy. These include the hydrogen loss, the 
loss due to CO, and, at least for low-moisture coals, the loss due 
to moisture in the coal. The other graphs can normally be read to 
an accuracy of at least 0.1%, except for the Radiation Loss Chart, 
where larger errors may result in estimating this loss for small- and 
medium-sized boilers. Error is also introduced if the actual coal 
analysis does not exactly match the analysis used for the 
calculations. Nonetheless, if measurements are taken carefully to 
tolerances usual in the trade, heat balances obtained by the 
methods given in this handbook should be accurate within 1.0 to 
1.5%. This compares satisfactorily with the direct method, which 
depends on steam flow meters that are seldom as accurate as 
±1.0%, and on a measurement of coal weight which, even if 
accurate, is susceptible to variations in moisture. 

5. APPLICATION TO AIR POLLUTION PROBLEMS 

5.1 Pollution Emissions 

Flue gases from the combustion of coal may contain a 
num.  ber of pollutants, such as CO, SO 2 , SO 3 , nitrogen oxides,  

particulate matter containing acid soot, and unburned hydro-
carbons, including polycyclics, olefins and paraffins. All of these 
pollutants are harmful in concentrations well below 1 per cent by 
volume. Whether or not CO2  should also be considered a 
pollutant is debatable. It is a non-poisonous product which is 
necessary to the photosynthesis process for healthy vegetation, 
yet it dilutes the oxygen necessary for our life and may well alter 
the heat balance of the earth with respect to space. In any case, 
the concentration of CO 2  can be predicted using Figure 1, 2 or 3. 
The volumetric concentration of SO 2  versus the total combustion 
air is given in Figure 3, and Example 12 shows how the emission 
rate can be calculated. 

The concentrations of other pollutants cannot be accurately 
predicted merely from the fuel analysis and excess air level. The 
formation of nitric oxide, for example, depends on both flame 
temperature and organic nitrogen content of the fuel. The 
extensive literature on this subject shows that the flue gas from 
coal-fired furnaces may contain from 200 to 1500 parts per 
million (ppm) of nitric oxide. However, if the nitric oxide 
concentration is determined by measurement, the handbook 
facilitates calculation of the emission rate. 

The measurement of particulate emissions in flue gas is an 
involved process, and in many parts of Canada there is legislation 
specifying in detail how such measurements are to be carried out. 
Because of the complexity of the equipment and sophistication 
of the techniques, measurement of particulates is limited to teams 
of experts, and is therefore not dealt with in this handbook. 
Interested parties should consult the appropriate air pollution 
authorities. 

Example  12—  Calculation of Pollutant Emissions 

A pulverized-coal-fired boiler burns 5 tons/hr of coal from the 
MacIntyre Porcupine Mine, having a moisture content of 3.5% as 
fired. The boiler operates at 30% excess air. Flue gas analysis 
shows 400 ppm of NO on the dry basis. What are the emissions of 
CO 2 , SO2  and NO in lb/hr? 

Solution 

The coal in question is dealt with in Set ABC 6-1. 

Firing rate of dry coal = 5 x 2000 x (100.0 — 3.5) = 9,650 lb/hr 

Flue gas components are analyzed as volumetric percentages or 
fractions of the dry flue gas. The problem is one of converting 
volume fractions to weight per lb of coal. It is convenient to use 
the curve in Figure 2 which shows the volume of dry flue gas at 
32° F per lb of coal. 

From Figure 2, at 130% TCA, 
vol of dry flue gas at 32° F per lb coal = 175 cu ft 

The following information is also required: 

molecular wt of CO2 	= 44.01 
molecular wt of SO2 	= 64.01 

= 9.10% 

= 0.45% 

= 4.16%  

= 13.71% 

= 5.44%  
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= 0.00827 lb 

The fuel in question is dealt with in Set ABC 5-1. 
Dry flue gas loss, from Figure 3, at 140% TCA 
and temp. diff. of 300° F (350 - 50) 	  = 7.95° F 

Wt of S02 /1b dry coal 
64.01 

= 0.0464 x 	 
359 

molecular wt of NO 	= 30.008 
molecular vol (cu ft at 32° F) = 359 

(a) Wt of CO 2  

From Figure 2, at 130% TCA, 
CO2  in dry flue gas = 14.3% 

Vol of CO2  at 32° F/lb dry coal 
14.3 

= 	x 175 = 25.02 cu ft 
100 

Wt of CO2/ lb dry coal 
44.01 

= 25.02 x 	 - 3.07 lb 
359 

Hourly CO2  emission = 3.07 x 9650 = 29,625 lb/hr 

(b) Wt of SO 2  

From Figure 3, at 130% TCA, 
SO2  in dry flue gas = 0.0265% 

Vol of SO2  at 32° F/lb diy coal 
0.0265 

x 175 = 0.0464  eu  ft 
100  

(1) The dry flue gas loss 

(2) The sensible portion of the loss due to moisture from the 
combustion of hydrogen 

(3) The sensible portion of the loss due to moisture in the 
coal 

(4) The loss due to moisture in the combustion air. 

For relatively dry fuel and air, the total loss may be 
approximated by multiplying the dry flue gas loss by the weight 
ratio of the total flue gas to the dry flue gas, as shown in Example 
13. For convenience, the sensible heat loss will be calculated as a 
percentage of fuel input. The actual loss can then be readily 
calculated from the firing rate. 

Example 13 - Approximate Sensible Heat Loss 

A plant burning dry coke produced by the Great Canadian Oil 
Sands plant operates with 40% excess air and a stack temperature 
of 350° F. The combustion air temperature is 50° F. Find the 
approximate sensible heat loss. 

Solution 

Hourly SO2  emission = 0.00827 x 9650 = 79.8 lb/hr  From Figure 1, at 140% TCA, 
dry flue gas/lb dry fuel 	  = 15.95 lb 

(c) Wt of NO 
From Figure 1, at 140% TCA, 

Measured concentration of NO = 400 ppm 	 total flue gas/lb dry fuel 	  = 16.30 lb 

Vol of NO at 32° F/lb dry coal 	 16.30 
Approx. sensible heat loss = 7.95 x 	- 8.12%  

400 	 15.95 
= - x 175 = 0.070 cu ft 106 

Wt of NO/lb dry coal 
30.008 

=  0.070x 	= 0.00585 
359 

Hourly NO emission = 0.00585 x 9650 = 56.5 lb/hr  

5.2 Plume Rise Calculations 

Example 14 - Accurate Determination of Sensible Heat Loss 

To calculate the plume rise, the sensible heat lost up the stack 	Foster coal from Armstrong County, Pennsylvania, is burned with 

must be determined. This loss is made up of four possible 	30% excess air and a stack temperature of 300° F. The coal 

components: 	 contains 5.0% moisture, and enters the system at 50° F. Corn- 

The calculation of plume rise is dealt with extensively in air 
pollution literature. One particularly useful paper is that by 
Whaley. 4  It presents a simple yet reliable method for estimating 
the dispersion of combustion effluents from chimneys. In this 
handbook, no attempt is made to present the actual plume rise 
calculations. Rather, it is shown only how the handbook can 
facilitate such calculations. 

It may be noted that in the above example the fuel has a very low 
hydrogen content, therefore the dry flue gas loss alone would 
have been a close approximation to the sensible heat loss. 
However, for fuels having higher hydrogen content, the procedure 
shown in Example 13 incorporates an approximation, in that 
water vapour is assumed to have the same specific heat as dry flue 
gas. A more refined calculation would have to take the different 
values for specific heat into account. The ASME uses the 
following values: 

for dry flue gas: 	  0.24 Btu/lb°  F 

for water vapour at low vapour pressures and 
temperatures up to 575 ° F: 	  0.46 Btu/lb ° F 

for water up to 212° F . 	  1.00 Btu/lb °  F 
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bustion air enters the system at 80°F and 80% RH. What is the 
sensible heat loss? 

Solution 

The coal in question is dealt with in Set US P-6. 

From the table of analyses for this coal, 
calorific value = 13,270 Btu/lb dry coal. 

1. Dry flue gas loss: 

From Figure 3, at 130% TCA and temp. cliff. 
of 220° F (300-80) 	  

2. Sensible heat in moisture from combustion of 
hydrogen: 

From Figure 1, at 130% TCA, 
total flue gas/lb dry coal  	= 13.70 lb 

From Figure 1, at 130% TCA, 
dry flue gas/lb dry coal  	= 13.25 lb  

Moisture lb/dry coal  	= 0.45 lb 

Assuming specific heat of 1.00 up to 212° F, and 0.46 above 
212° F, 
sensible heat loss =0.45 x [(212 - 80) +  (300- 212) (0.46)1 

= 77.62 Btu/lb coal 

77.62 	x 100 =. 	 - 0.585% 
13,270 

3. Sensible heat in moisture in coal: 

The coal contains 5.0% moisture, 
5.0 

therefore, moisture/lb dry coal --- 
95

- = 0.053 lb 

This is heated from the coal temp. to the stack temp. 

Assuming specific heat of 1.00 for temperatures up to 212 ° F, 
and 0.46 above 212° F, 
Sensible heat loss = 0.053  [(212- 50) + (300- 212) (0.46)] 

= 10.73 Btu/lb dry coal 

10.73 x 100 
13,270 - 0.081%  

4. Sensible heat in moisture in combustion air: 

From Figure 1, at 130% TCA, 
dry air/lb dry coal 	  = 12.85 lb 

From psychrometric chart at 80 ° F and 80% RH, 
moisture/lb dry air 	  = 0.0176 lb 

Moisture/lb dry coal = 0.0176 x 12.85 	 = 0.226 lb 

Sensible heat loss = 0.226 x (300 - 80) x 0.46 
= 22.9 Btu/lb dry coal 

22.9 x 100  
13,270 = 0.172%  

Total sensible heat loss 
= 5.25 + 0.585 + 0.081 + 0.172 =  6.09% 
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1.000 

Calorific Value (Btu/lb) = 14070 

A.2 Combustion Calculations (Assuming Atmospheric 
Pressure = 29.92 in.Hg) 

A.2.3. Stoichiometric Products of Combustion by Weight 

Dry Coal and Dry Air Basis 

Dry Products 

C = 0.0778 + 2.073 
N2 = 0.013 + 8.155 
S = 0.028 + 0.028 

Dry flue gas (lb/lb coal) 

Wet Products 

H2 = 0.051 + 0.405 

Total flue gas*, 
(1b/lb coal) 	 11.531 

= 2.851 (CO2) 
= 8.168 (N2) 
= 0.056  (SO2 ) 

11.075 

=  0.456  (H2 0) 

APPENDIX A 

A.1.1 Ultimate Analysis (lb/lb dry coal) 

A.1 Fuel Properties 

Fuel: Dominion Slack Coal, 3/4 in. x 0, represented as NS 
3-6 

Mois ture 	  0.000 
Carbon 	  0.778 
Hydrogen 	  0.051 
Sulphur 	  0.028 
Nitrogen 	  0.013 
Ash 	  0.081 
Oxygen (by difference) 	  0.049 

SAMPLE COMBUSTION AND HEAT LOSS 
CALCULATIONS 

Total air (%) 	100 	140 	160 	200 

Dry air (1b/lb coal) 	10.613 	14.858 	16.981 	21.226 

Air temp.  (°F) 	Dry air (cu ftllb du coal) 

40 	 133.6 	187.1 	213.8 	267.2 
60 	 139.0 	194.6 	222.5 	278.1 
80 	 144.3 	202.1 	230.9 	288.7 

100 	 149.7 	209.6 	239.6 	299.5 
120 	 155.2 	217.2 	248.3 	310.3 

A.2.1 Stoichiometric Air Required per lb Dry Coal 

Combustible 	 02  from air (lb) 

C = 32/12.011 x 0.778 	 = 2.073 
H = 8/1.008 x 0.051 	 = 0.405 
S = 32/32.066 x 0.028 	 =  0.028  

Total 	 = 2.506 

Less 0 2  in coal 	 = 0.049  

02  from air (1b/lb coal) 	 = 2.457 

Associated N2 = 76.85/23.15 x 2.457 	= 8.155 

Dry air (1b/lb coal) 	 = 10.612 

A.2.2 Combustion Air for a Range of Total Air 

Sp. vol of dry air at 40° F = 12.59  eu ft/lb dry air 
60° F = 13.10 
80° F = 13.60 

100° F = 14.11 
120° F = 14.62 

*The term "total flue gas" is taken to mean the dry products plus the 
moisture from the combustion of hydrogen but excluding moisture 
from coal or air. 
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for a Range of Total Total Flue Gas ( cu ftllb coal) 

18.14 
15.04 
12.85 
11.21 
9.94 
8.94 

0.00 
3.56 
6.09 
7.97 
9.44 
10.59 

0.242 
0.200 
0.171 
0.149 
0.133 
0.119 

100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 

1.89 
2.83 
3.78 
4.72 
5.67 
6.61 
7.56 
8.50 
9.45 

10.39 
11.33 
12.28 

23.26 
104.67 

0.31 

128.24 

=. 

250° F 
300° F 
350° F 
400° F 
450° F 
500° F 
550° F 
600° F 
650° F 

Gas 
Temperature 

(° F) 

A.2.4 Products of Combustion and % CO2 
Air 
At Stoichiometric 

lb/lb coal + mol. wt x mol. vol 	= 
(lb coal) 

Total Air (%) 

100 	140 	160 	200 

cu ft at 32° F 

Dry Products 

CO2 	2.851 + 44.011 x 359 
N2 	8.168 + 28.014 x 359 
S02 	0.056 + 64.066 x 359 

11.075 

Wet Products 

H20  from H2 
in coal 0.456 +  18.016x  359 	= 	9.09 

Total flue gas, 
(1b/lb 
coal) 	11.531 	 137.33  

For 20% Excess Air 	lb /lb coal 

Additional 02 =  .0.2x  2.457 = 0.4914 
+ 32 x 359 	 = 	5.51 

Additional N2 =  0.2x  8.155 = 1.631  
÷ 28.016 x 359 

Additional Dry Products = 2.120 	26.41 

Dry 	Dry 	Total Total 
Flue 	Flue 	Flue 	Flue 	CO2, 	02, 	S02, 
Gas 	Gas 	Gas 	Gas 	(%by vol, (% by vol, (%by vol, 

(lb/lb (Cu ft at (1b/lb  (eu ft at dry gas 	dry gas 	dry gas 
coal) 	32° F) 	coal 	32° F) 	basis) 	basis) 	basis) 

100 11.07 128.24 11.53 137.33 
120 13.19 154.65 13.65 163.73 
140 15.31 181.07 15.77 190.16 
160 17.44 207.48 17.90 216.57 
180 19.56 233.89 20.02 242.98 
200 21.69 260.31 22.15 269.40 

A.2.5 Volume of Products of Combustion for a Range of Total 
Air and Temperature 

460 + 200 
Correction for 200° F - 	- 1.3415 

460 + 32 

1.4431 
1.5447 
1.6463 
1.7480 
1.8496 
1.9512 
2.0528 
2.1545 
2.2561 

	

32 	137.32 	190.14 	216.55 	269.38 

	

200 	184.14 	254.98 	290.40 	361.24 

	

250 	198.15 	274.37 	312.49 	388.71 

	

300 	212.16 	293.77 	334.58 	416.19 

	

350 	226.03 	312.97 	356.45 	443.40 

	

400 	240.03 	332.37 	378.54 	470.87 

	

450 	254.04 	351.76 	400.62 	498.35 

	

500 	267.91 	370.97 	422.50 	525.56 

	

550 	281.91 	390.36 	444.59 	553.03 

	

600 	295.78 	409.57 	466.46 	580.24 

	

650 	309.79 	428.96 	488.55 	607.72 

A.3 Heat Loss Calculations 

In % = above x 100 + calorific value of dry coal 

Note: Both the weight of dry gas/lb coal and the calorific 
value vary directly with the moisture content; 
hence, the % heat loss is independent of the coal 
moisture content. 

Heat Loss % 

Stack temp. 	Total Air, % 	100 	140 	160 	200 
- comb. air 	lb dry gas  
temp. (° F) 	lb coal 	11.07 	15.32 	17.44 	21.69 

	

2.61 	2.98 	3.70 

	

3.92 	4.46 	5.55 

	

5.23 	5.95 	7.40 

	

6.53 	7.44 	9.25 

	

7.84 	8.93 	11.10 

	

9.15 	10.41 	12.95 

	

10.45 	11.90 	14.80 

	

11.76 	13.39 	16.65 

	

13.07 	14.88 	18.50 

	

14.37 	16.36 	20.34 

	

15.68 	17.85 	22.19 

	

16.98 	19.34 	24.04 

Total 
Air 
(%) 

A.3.1 Dry Flue Gas Loss 

In Btu/lb coal = lb dry gas/lb dry coal x 0.24 x 
20.90 	 (stack temp. - combustion air temp.) 
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Combustible 
in refuse 

(%)  

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

Heat loss 
(%) 

0.44 
0.93 
1.48 
2.10 
2.80 
3.60 
4.53 
5.60 
6.88 
8.41 

10.27 
12.61 

0.166 
0.160 
0.154 
0.338 
0.326 
0.315 
0.518 
0.500 
0.482 
0.706 
0.681 
0.657 
0.902 
0.871 
0.839 
1.107 
1.068 
1.030 

0.179 
0.173 
0.167 
0.365 
0.354 
0.342 
0.560 
0.542 
0.523 
0.762 
0.738 
0.713 
0.974 
0.943 
0.911 
1.196 
1.157 
1.118 

0.193 
0.187 
0.181 
0.393 
0.381 
0.370 
0.602 
0.584 
0.566 
0.821 
0.796 
0.771 
1.048 
1.017 
0.985 
1.287 
1.248 
1.209 

+ 0.46 x 

+ 0.50 x 

A.3.2 Heat Loss Due to Moisture in Fuel 

In Btu/lb coal, if final gas temp. is below 575 ° F, 

lb moisture  = lb coal as fired  x(1089  - fuel temp. + 0.46 x stack temp.) 

In Btu/lb coal, if final gas temp. is above 575° F, 

lb moisture  
- 

lb 
coal 

as fired 
x (1066 - fuel temp.+ 0.50 x stack temp.) 

In % = above x 100 ÷ calorific value of coal as fired. 

Calorific 
Value 

Moisture 	(Btu/lb coal 	Fuel 
in Coal (%) 	as fired) 	temp. (° F) 

2 	13789 	40 
80 

120 
4 13507 40 

80 
120 

6 13226 40 
80 

120 
8 12944 40 

80 
120 

10 12663 40 
80 

120 
12 12382 40 

80 
120 

A.3.3 Heat Loss Due to Combustion of H2 

In Btu/lb coal, if stack temp. is below 575 ° F, 

lb H2 
= 9 x 	 x (1089 - comb air temp. 

lb dry coal 
stack temp.) 

In Btu/lb coal, if stack temp. is above 575° F, 

lb H2 
= 9 x 	 x (1066 - comb air temp. 

lb dry coal 
stack temp.) 

In % = above x 100 ÷ calorific value of dry coal 

Note: Both the hydrogen content and the calorific value 
vary directly with the moisture content; hence, the 
% heat loss is independent of the coal moisture 
content. 

Heat Loss (%)  
Combustion Air Temperature (° F) 

40 	60 	80 	100 	120 

200 	3.73 	3.66 	3.60 	3.53 	3.47 
250 	3.80 	3.73 	3.67 	3.60 	3.54 
300 	3.87 	3.81 	3.74 	3.68 	3.61 
350 	3.95 	3.88 	3.82 	3.75 	3.69 
400 	4.02 	3.96 	3.89 	3.83 	3.76 
450 	4.10 	4.03 	3.97 	3.90 	3.84 
500 	4.18 	4.11 	4.05 	3.98 	3.92 
550 	4.25 	4.19 	4.12 	4.06 	3.99 
600 	4.33 	4.27 	4.20 	4.14 	4.07 
650 	4.41 	4.34 	4.28 	4.21 	4.15 

A.3.4 Heat Loss Due to Combustible in Refuse 

wt of refuse = wt of ash + wt of combustible (i.e. comb.). 

(lb ash 	lb 
x 	

comb.  ) 
lb coal 

+ 
lb coal 

lb comb. 	lb comb. lb comb  _ lb comb. 	lb ash  
lb coal. 	lb refuse x  lb coal 	lb refuse x  lb coal 

( lb comb. 	lb ash  ) 
lb refuse x  lb coal  

{
1 

lb comb  
lb refusej 

Heat loss in Btu = above x 14,600 
in % = heat loss in Btu x 100 ± calorific value 

lb Ash content = 0.081-
lb 

Btu 
Calorific value =14,070 lb 
Note: Both the ash content and the calorific value vary 

directly with the moisture content; hence, the % 
heat loss is independent of the moisture content. 

Heat Loss (%) 

Stack temp. (° F) 
200 	400 	600 

Flue Gas 
Temperature 

(° F) 

lb comb.  _ lb comb. 
lb coal - lb refuse 

lb comb.  
lb coal 
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A.3.5 Heat Loss Due to CO 

CO 	 lb carbon 
In Btu/lb coal = 	x 10160 x Co2 + CO 	 lb coal 

In % = above x 100 ÷ calorific value of dry coal 

Assume complete mixing, Le. CO2  + CO always = 18.13 

CO 	 Heat Loss 

(%) 	 (%)  

0.5 	 1.55 
1.0 	 3.10 
1.5 	 4.65 
2.0 	 6.20 

Note: Both the carbon content and the calorific value 
vary directly with the moisture content; hence, the 
% heat loss is independent of the coal moisture 
content. 
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APPENDIX B

RADIATION AND CONVECTION LOSSES

B.1 Theory of Heat Loss due to Radiation and
Convection

If a surface is exposed to still air having a lower temperature
than the surface, it loses heat by radiation and by natural
convection. The natural convection currents develop because, as
the layer of air next to the surface becomes heated, it becomes
more buoyant, and is displaced by unheated air. If the surface is
placed in an air stream, then natural convection is replaced by
forced convection, and the rate of heat loss is increased.

B.2 Emissivity Values

A great deal of research has been carried out to establish the
emissivity of various materials. The following table lists values for
some of the common materials used in the construction of
combustion equipment*.

TABLE B.1

Normal Total Emissivity of Various Surfaces

Surface t, °F** Emissivity**

To calculate the heat losses due to radiation and convection,
the following formulae may be applied*:

Note: °R=°F+460

Radiation loss: h,. = 17.4 x 10-10 x E(Tr4-T2a)

where hr = heat loss by radiation, Btu/hr/sq ft
e = emissivity
Tr = surface temperature, OR
T2 = air temperature, OR

0.18 dti .27
Natural convection loss: he = 0.53C (T )

\ avg I

where he = heat loss by natural convection, Btu/hr/sq ft

C = a constant depending on the shape of the surface
(for a vertical surface, C = 1.39. For the crown of
a furnace, C = 1.79.)

Tavg = average of wall temperature and air temperature,°
R

dt = wall temperature - air temperature, OF

Forced convection loss: hfe = 1 + 0.225 V

where hfe = heat transmission, Btu/hr/sq ft/°F
V = air velocity, ft/s

It should be noted that in using the last formula, to get the heat
loss by forced convection in Btu/hr/sq ft, the value of hfe must
be multiplied by (surface temperature - air temperature, °F).

Figure C was prepared using the formulae for radiation loss
and forced convection loss. The radiation loss is independent of
air velocity, and was calculated for an emissivity of 0.95. The
forced convection losses were calculated for various temperature
differences and velocities, and to these were added the radiation
losses at the corresponding temperature differences. Thus the
curves show the total loss due to radiation and forced convection.
However, they only apply for a snrface with an emissivity of
0.95.

*Taken from p. 169, Manual of ASTM Standards on Refractory Materials,
8th edn., Nov. 1957. Publ. ASTM, 1916 Race Street, Philadelphia 3, Pa.
U.S.A.

Metals and their Oxides

Aluminum

Polished . . . . . . . . . . . . . . . . . . . . . . . . 212 0.095
Commercial sheet . . . . . . . . . . . . . . . . 212 0.09
Heavily oxidized . . . . . . . . . . . . . . . . . 200-940 0.20-0.31
Aluminum oxide . . . . . . . . . . . . . . . . . 530-930 0.63-0.42
Aluminum oxide . . . . . . . . . . ,. . . . . . 930-1520 0.42-0.26
Aluminum alloy 75 ST cleaned with

toluene, then methanol, repeatedly

heated and cooled . . . . . . . . . . . . . . 450-900 0.22-0.16
Aluminum alloy 24 ST cleaned with

toluene, then methanol, repeatedly

heated and cooled . . . . . . . . . . . . . . 450-910 0.17-0.15

Brass

Polished ........................ 100-600 0.10
Rolled plate, natural surface . . . . . . . . 72 0.06
Dull plate . . . . . . . . . . . . . . . . . . . . . . 120-660 0.22
Oxidized by heating at 1110°F ...... 390-1110 0.61-0.59

Chromium, polished . . . . . . . . . . . . . . . . 100-2000 0.08-0.36

Copper

Polished . . . . . . . . . . . . . . . . . . . . . . . . 242 0.023

Commercial, scraped shiny, but not

mirrorlike . . . . . . . . . . . . . . . . . . . . . 72 0.072

Plate, heated long time, covered

with thick oxide laXer . . . . . . . . . . . 77 0.78
Plate heated at 1110 F . . . . . . . . . . . . 390-1110 0.57

Gold, pure, highly polished . . . . . . . . . . 440-1160 0.018-0.035

Inconel

Type X, cleaned with toluene, then
methanol, repeatedly heated and
cooled ....................... 450-1620 0.55-0.78

Type B, cleaned with toluene, then
methanol, repeatedly heated and
cooled ....................... 450-1620 0.35-0.55

*Selected from a compilation by H.C. Hottel, published in Table A.23 of
Heat Transmission, 3rd edn., 1954 by W.H. MacAdams, McGraw-Hill Book
Co., Inc.

**When temperatures and emissivities appear in pairs separated by dashes,

they correspond, and linear interpolation is possible.
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Tin, commercial tin-plated sheet iron . . . 

Zinc 

Commercial 99.1%pure, polished . 
Galvanized sheet iron, fairly bright ... 
Galvanized sheet iron, grey oxidized . . 

67 	0.69 
212 	0.31 

70 	0.66 

	

390-1110 	0.64-0.78 

	

390-1110 	0.79 

	

930-2190 	0.85-0.89 

75 	0.80 
75 	0.82 

	

100-480 	0.95 

	

70-680 	0.94 

	

100-700 	0.94-0.97 

450-1610 	0.46-0.65 

212 	0.072 

	

390-1110 	0.37-0.48 

	

120-1830 	0.65-0.79 

	

120-930 	0.95-0.98 

	

440-1160 	0.054-0.104 

	

440-1160 	0.020-0.032 

Refractories, Building Materials, Paints 
and Miscellaneous 

Alumina 

Mean grain size 10 microns  	1850-2850 	0.30-0.18 
Mean grain size 50 microns  	1850-2850 	0.39-0.28 
Mean grain size 100 microns  	1850-2850 	0.50-0.40 

Asbestos board  	74 	0.96 

Asbestos paper  	100-700 	0.93-0.94 

Red, rough, but no gross 
irregularities 	  

Building 	  
Fireclay 	  

Carbon 

Filament  	1900-2560 	0.526 
Rough plate 	212-608 	0.77 
Rough plate 	608-932 	0.77-0.72 
Lampblack, rough deposit  	212-932 	0.84-0.78 
Graphite, pressed, filed surface  	480-950 	0.98 

Carborundum (87 SiC, density 2.3) ... . 	1850-2550 	0.92-0.82 

75 	0.28 	Brick 

390 	0.63 

	

530-1520 	0.55-0.20 

	

1650-3100 	0.20 

	

390-1110 	0.41-0.46 

Magnesite refractory brick  	1832 	0.38 

212 	0.074 	Marble, light grey, polished  	72 	0.93 

Oak, planed  	70 	0.90 

Paints, Lacquers, Varnishes 

Snow-white enamel va rnish on rough 
iron plate 	  

Black shiny lacquer, sprayed on 
iron 	  

Black matte shellac 	  

	

450-1740 	0.57-0.55 

	

450-1600 	0.57-0.66 

	

450-1650 	0.52-0.65 

0.93 
0.45 
0.75 

70 
1832 
1832 

73 0.906 

76 0.875 
0.91 170-295 

Concrete tiles 	  

Enamel, white fused, on iron 	 

Glass, pyrex, lead and soda 	 

Gypsum, 0.02 in. thick, on smooth or 

	

1832 	0.63 

	

66 	0.90 

500-1000 	0.95-0.85 

blackened plate  	70 	0.903 

t, °F* 	Emissivity* t, °F* 	Emissivity* Surface Surface 

Type 310, brown splotched, oxidized 
from furnace service 	  

Iron and Steel Metallic Surfaces 

Steel, polished 	  
Iron, polished 	  
Cast iron, polished 	  
Smooth sheet iron 	  
Mild steel, cleaned with toluene, 

then ethanol, repeatedly heated 
and cooled 	  

Iron and Steel Oxidized Surfaces 

212 	0.066 

	

800-1880 	0.14-0.38 	Tin, bright 
392 	0.21 

	

1650-1900 	0.55-0.60 

	

450-1950 	0.20-0.32  

420-980 	0.90-0.97 

122 	0.06 

212 	0.07-0.08 

440-620 	0.045-0.053 
82 	0.23 
75 	0.28 

Iron plate, completely rusted 	 
Iron, dark grey surface 	 
Rolled sheet steel 	  
Cast iron, oxidized at 1100°F 	 
Steel, oxidized at 1100° F 	 
Iron oxide 	  
Sheet steel, strong, rough 

oxide layer 	  

	

Sheet steel, dense, shiny oxide layer . 	 

	

Cast iron, rough, strongly oxidized . . 	 
Wrought iron, dull, oxidized 	 
Steel plate, rough 	  

Lead, grey oxidized 	  

Lead, oxidized at 300°F 	  

Magnesium oxide 	  

Magnesium oxide 	  

Monet metal, oxidized at 1110° F 	 

K Monel 5700, cleaned with toluene, 
then ethanol, repeatedly heated 
and cooled 	  

Nickel, polished 	  

Nickel plate, oxidized by heating at 
1110°F 	  

Nichrome wire, bright 	  

Nichrome wire, oxidized 	 

Platinum, pure, polished plate 	 

Silver, polished, pure 	  

Stainless Steels 

	

Polished 	  
Type 301, cleaned with toluene, then 

ethanol, repeatedly heated and 

	

cooled 	  

Type 316, cleaned with toluene, then 
ethanol, repeatedly heated and 
cooled 	  

Type 347, cleaned with toluene, then 
ethanol, repeatedly heated and 
cooled 	  

* When temperatures and emissivities appear in pairs separated by dashes, 	* When temperatures and emissivities appear in pairs separated by dashes, 
they correspond, and linear interpolation is possible. 	 they correspond, and linear interpolation is possible. 
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100-200 	0.80-0.95 

	

100-200 	0.96-0.98 
212 	0.92-0.96 

212 	0.52 

212 	0.27-0.67 

70 	0.39 
300-600 	0.35 

212 	0.79,0.77,0.84 
212 	0.51 

100-300 	0.87-0.97 

t, oF* 	Emissivity* 

Black or white lacquer 	  
Flat black lacquer 	  
Oil paints, 16 different, all colours . 	 
Aluminum paints and lacquers, 10% 

Al, 22%lacquer body on rough 
or smooth surfaces 	  

Other Al paints, varying age and 
Al content 	  

Al lacquer, varnish binder, on 
rough plate 	  

Al paint, after heating to 620°F 	 
Radiator paint, white, cream, 

bleach 	  
Radiator paint, bronze 	  
Lacquer coatings, 0.001-0.015 

in. thick on aluminum alloys 	 
Clear silicone vehicle coatings 

0.001-0.015 in. thick on mild 
steel  	500 	0.66 

Aluminum paint with silicone 
vehicle, 2 coats on Inconel 	 

Plaster, rough lime 	  

Porcelain, glazed 	  

Quartz, rough, fused 	  

Roofing paper 	  

Rubber, hard, glossy plate 	 

Rubber, soft, grey, rough 
(reclaimed)  	76 

Silica, mean grain size 10 microns  	1850-2850 

Silica, grain size 70-600 microns ..  	1850-2850 

B.3 Calculation of Loss due to Radiation and 
Convection 

From the heat loss formulae and the table of emissivity values 
given in the foregoing sections, the heat loss due to radiation and 
convection from a boiler or other large object can be calculated 
fairly accurately, provided surface temperature, ambient temp-
erature and air velocity are measured over all the surfaces. The 
procedure for calculating the heat loss is best demonstrated by 
the following simple example: 

Example B.1 

A coal-fired boiler having a heat input of 80 million Btu/hr 
has an air heater with the dimensions shown in Figure B.1. It is 
insulated all around, and the outer fabric has a fresh coat of 

aluminum paint. However, the sloped surfaces at the top are 
covered with coal dust, and the sloped surfaces at the bottom 
have old paint. Measurements of temperature and velocity show 
considerable spatial variation, but the following figures are 
considered to be reasonable averages: 

* When temperatures and emissivities appear in pairs separated by dashes, 
they correspond, and linear interpolation is possible. 

	

Surface Air 	Air 

	

temp. temp. 	velocity 
(° F) 	(° F) 	(ft/s) 

1. Front, upper half (64 sq ft) 	180 	100 	natural 
convection 

2. Front, lower half (64 sq ft) 	170 	80 	natural 

3. R. side, upper half (95 sq ft) 
4. R. side, lower half (95 sq ft) 
5. Rear, upper half (80 sq ft) 
6. Rear, lower half (80 sq ft) 
7. L. side, upper half (95 sq ft) 
8. L. side, lower half (95 sq ft) 
9. Bottom slopes (68 sq ft) 

10. Top slopes (68 sq ft) 

Find the total radiation and convection heat loss, in Btu/hr and % 
of heat input, ignoring losses from the gas and air ducts. 

Solution 

From the discussion at the beginning of this appendix, the 
following three formulae are applicable: 

Radiation Loss: hr  (Btu/sq ft hr) = 17.4 x 10 -1° xe (T 1 4  - T2 4 ) 

Natural Convection Loss: hc  (Btu/sq ft hr) = 0.53 C ( 	1  r18  
dt1•27 	 'ravg 

Forced Convection Loss: hfc  (Btu/sq ft hr ° F) = 1 + 0.225V 

From Table B.1, emissivities may be selected as follows: 

(fresh aluminum paint) 
(old aluminum paint) 
(treat as rough deposit of 
lamp black) 

These formulae and emissivity values must be appropriately 
applied to each of the ten surfaces. 

1. Front upper half: 

Total radiation loss = (surface area) x hr  
Total radiation loss =- 64 x 17.4 x 10-1°  x 0.27 (6404  - 5604 ) 

2088 Btu/hr  

Total natural convection loss 

( 

600) 

 1 \0.18 
= 64 x 0.53 x 1.39 x  	x80' 27  

(for a vertical surface, C = 1.39) 

Surface 

	

500 	0.29 

	

50-190 	0.91 

	

72 	0.92 

	

70 	0.93 

	

69 	0.91 

	

74 	0.94 

0.86 

0.42-0.33 

0.62-0.46 

Area 

convection 
175 	90 	10 
170 	80 	10 
180 	95 	8 
175 	90 	7 
182 	95 	6 
178 	92 	5 
165 	78 	0 
185 	98 	7 

for the sides: 	e = 0.27 
for the bottom: e = 0.67 
for the top: 	e = 0.84 

= 3893 Btu/hr 
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FIGURE B•I. DIMENSIONS OF AIR HEATER IN EXAMPLE B.I. 
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Total radiation loss = 95 x 17.4 x 10-10 x 0.27 (6424  - 5554 ) 
= 3347 Btu/hr  

Total forced convection loss = 95 x 87 x [1 + 0.225 (6)] 
= 19,423 Btu/hr 

8. Left side, lower half: 

Total radiation loss = 95 x 17.4 x 10-1°  x 0.27 (6384  - 5524) 
= 3251 Btu/hr  

Total forced convection loss = 95 x 86 x [1 + 0.225 (5)] 
= 17,361 Btu/hr  

9. Bottom slopes: 

Total radiation loss = 68 x 17.4 x 1 0 1°  x 0.67 (6254  - 5384 ) 
= 5455 Btu/hr  

There is no convection loss because air circulation is blocked 
by skirts. 

10. Top slopes: 

Total radiation loss = 68 x 17.4 x 101 1°  x 0.84 (6454  - 5584 ) 
= 7566 Btu/hr  

Total forced convection loss = 68 x 87 x [1 + 0.225 (7)] 
= 15,234 Btu/hr  

Total losses 

186,741x  100 

80 x 106  

= 186,741 Btu/hr 

0.233%  

2. Front, lower half: 	 7. Left side, upper half: 

Total radiation loss = 64 x 17.4 x 10-1°  x 0.27 (6304  - 5404 ) 
= 2180 Btu/hr  

Total natural convection loss 
1 )0.18 

= 64 x 0.53 x  1.39x( 	x90127  = 4542 Btu/hr 
585 

3. Right side, upper half: 

Total radiation loss = 95 x 17.4 x 10-1°  x 0.27 (635 4  - 5504 ) 
= 3173 Btu/hr  

Total forced convection loss = 95 x 85 x [1 + 0.225 (10)] 
= 26,244 Btu/hr 

4. Right side, lower half: 

Total radiation loss = 95 x 17.4 xle °  x 0.27 (6304  - 5404 ) 
= 3236 Btu/hr 

Total forced convection loss = 95 x 90 x [1 + 0.225 (10)] 
= 27,787 Btu/hr 

5. Rear, upper half: 

Total radiation loss = 80 x 17.4 x 10-1°  x 0.27 (6404  - 555 4 ) 
= 2740 Btu/hr  

Total forced convection loss = 80 x 85 x [1 + 0.225 (8)] 
= 19,040 Btu/hr 

6. Rear, lower half: 

Total radiation loss =  80x  17.4 x10-1°  x 0.27 (635 4  - 5504 ) 
= 2672 Btu/hr 

Total forced convection loss = 80 x 85 x [1 + 0.225 (7)] 
= 17,510 Btu/hr 
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COAL NS 1-1, ACADIA, PICTOU COUNTY, 3/4 x 3/16 in.

Typical Moisture Range: 0-6%

Proximate Analysis (lb/lb dry coal)

Ash 0.1196
Volatile Matter 0.2869
Fixed Carbon 0.5935

Total 1.0000

Ultimate Analysis (lb/lb dry coal)

Carbon (C) 0.7653
Hydrogen (H) 0.0460
Sulphur (S) 0.0047
Nitrogen (N) 0.0195
Oxygen (0) 0.0449
Ash 0.1196

Total 1.0000

Gross Calorific Value

Btu/lb: 13250
Btu/short ton: 26.5 x 106
Btu/long ton: 29.7 x 106
MJ/kg: 30.81

Conversion Factors

1 short ton = 0.8929 long tons = 20001b
106 Btu = 75.47 lb
106 Btu = 0.03774 short tons
106 Btu = 0.0337 long tons
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COAL NS 1-2, ACADIA, PICTOU COUNTY, 3/16 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1346 
Volatile Matter 	 0.2769 
Fixed Carbon 	 0.5885 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.7814 
Hydrogen (H) 	 0.0447 
Sulphur (S) 	 0.0066 
Nitrogen (N) 	 0.0184 
Oxygen (0) 	 0.0143 
Ash 	 0.1346 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 12830 
Btu/short ton: 	 25.66 x 106  
Btu/long ton: 	 28.74 x 106  
MJ/kg: 	 29.84 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 77.94 	lb 
106  Btu = 0.03897 short tons 
106  Btu = 0.03480 long tons 

38 



20.0 

19-0 

18-0 

17.0 

16.0 

1..1 	15.0 

-J 
0 > 	14.0 

co 
13.0 

0 0 

cs■j* 	12.0 

11•0 

10.0 

9 •0 

8.0 

20.0 

	

19.0 	12.0 

c_9 
1 • 0 

	

17.0 	ci 	10 •0 

	

16.0 	IS 	9.0 

	

15.0 	8.0 
o5 

	

14.0 	(ft.. 	7.0 

	

13.0 	o 	6.0 

co 

	

12.0 	al 	5.0 

	

H.0 	4.0 

	

10.0 	3.0 

	

9.0 	2.0 

	

8.0 	1-0 

2
 

;er
e,  

o  

>- 
m 

0 
0 

Si 

24.0 

23.0 

1111111111111 1111111111 111111111111111111 1 
MUMMMIMMUMMUMMUMMMIMMMUMMUMMMIMMEMMIIMMIM MU 

11111111111111111111111111111111111111111  
IMMUMMIMMIMMMEMMMIUMMIMMIMMUMMIMMI e ce ll 
IMI 	M MMUMMUMEMM

I 
MIIIMMMUM MMUMMINIMMMUM \) r, • 

MUMMIMIEMMMIMUMMBEIMMUMMMMIMEMMUMBR „ Qr.. 
immuummumummummumummummum e( e . 4.1. .................................... „ ,),, ••  
mmmmmmummmmmmmmmmmmu•mmmmmmm 4 Ni q-m 
mummemommommummommommummum 0  (<, i> • 
mummummummummumummumumummum .ç A A m 
•mummummu•mum•ummummom . Q., ' /1_ mg 
mmannumummumum•mmum miz 0 p'ç' am 
••MUM•UM•MIRMIM•UMMUMM•IUMMIffld,  21 	UM 
MIIMMIMMIMMUMMIMMUMMUMMUMMUM1115010:111,111111 
1111111111111111111111111 1164411111  
MIMMIIIMMMUMMUMMMUMMMUNIMMUM •»MU MI IMMIUMMIIMM 

11/311111111M1111110 16111111MPHil  
mmemummummummummulmo umummummumedirm 
m mu mommummumummum . unAmmummomm,._mme_mmm 

ummommummummummAmmummummomm. ......................n.q.nommummumammumumm mummum........mmilmemmummiummer. mmommammommimmummemmmur mummummanummumensmamm..„ ummiumummummummanumaimmumeg 
1 mum mum. mum 

mumm.....mmummagemmumme4.111 III Imam .......raemmummazimmummizemum mum' m... 
mmem ommlmmamarammummillii pm  ... m 
Imam .....meamarommes mm 	 elm 

IIIIIIIIIIIMILIORMIIIIL Immillm  milmi 
Ima»mlr......borlummormillillpri dpu impipm II. Imm VIII r  ' d' 1 0 'I • II 1 11 1  Mill 
11111014111 11 1141411111111111111111111111111 Maidddi 1 10 8 OM 11411411111611 . 	• • mi, • 	• 	• 
dell 1-r  11111111 11111111111111111  1 arde 1 	- um . 1 Iii..,_ im a _ ••..•.: 119 MEW IMMIIIIMMIMM 

1111111' ce/  1111111111111 -' .111111111111 i _ 0?  ggÉrdintall 
1111111111111111111111 111111111 1111111111111 

I 11111111111111111 11111 111111111111111111111111 
111111111111111111111111111111111111 111111111111  

180 
7.0 

100 120 	140 	160 

TOTAL COMBUSTION AIR, % 

22.0 

21.0 

7.0 	0 •0 

200 

FIGURE I COMBUSTION DATA, WEIGHT BASIS NS  I'2 

39 



700 

20.0 

19•0 	600 

18.0 

17.0 	500 

16.0 
-J 

11.1 	 •:X 
15.0 0  400 c.) 

co 
14•0 --I 

U. 
CO 

13.0 	300 
C-)  

120 

11•0 	200 

10•0 

9.0 	100 

8.0 

7.0 	0  

	 .. 

1 11111111111111111111111111 111111111111111011100 
MIUM IM 	IMMIUMBIIIIMMUMMINIMMI_MUMEIMM4MMIAd 

1111111111111111
1 
111111111111111111111111111111011  

1111111:1111•111 111111118111111111:1211:atee 
MUMUMMIUMM ••••••• BM BM MR • .UMIOnirnefflingedin 
UMMOMIMIMMUMUMMUMBIUMMOMMUMMMIMMIllefflapi 

IMIMMUMBOMMMITIM@MMUUMPIZORMIIIFM/MMO■diMMILdd 
MI MIKIMMLUMIM • MMUMMEdORIM/Upg0111141•Mdal 

MIUM111111111 1 mummuladommeummed 
111111113q19111110M01101011011:011110:1 1 i Ulm ..doordadeaddeggedmeddigh! 
11111111111111111111111111111111111111111111111111  
111111;1111110110111i001140101111100110iii adoldgeoulguiguemoodagedadi Me peolommegolimenamomillummen= 0000000100Plogye00103 -alp ... 00-0000000 00 00e011010  
addalidligedgeedgeOligi 1 	..:0:101:10 1.100ggoe 
111:1WWW191111ffleergerieregeenilled  
-- Pe" - ■'-'00"'""re'l Mr pm- illm-e100011000000-eme 	PP 0 00- 011 1111 : eee°elleeeeeleligilillimilr adOwiagedah -21toggeoree>11011 	II 1 
eleaMMUMFAMenffleMegeW"--  oe- NUM" Irmo 
iiraliMengeeeeile.:c. >1 32  ' - • n‘q . 

	

- - - - 	
mum. mom 

ummoomewee....---- cGi-k- . mrs  -Ca 111 mane eigereceicewiego- -  
 - 	
vf‘...U1- 

7eemâ'ece-  DR1 	ImMUKIMM - 5.emmem 	:I_ 	mmummlim
II 	- 
m 

01811:r  61,  . ...n. 	IIIIIIIIIIM 	- g  --1.111 1.1 
...... 	mom  ..-- . ... .  •••■■ 

• OM „MBIAIIIIIIIIIIIIIII1111111111111111111  . 	III II MMTAMMUMMUMMUMMIMMaillIMMIIIIImmIERIMIJIMIM «MMUMMMIIMMIMUMMUMMUMB MIMmummummummammumm MUMMMUMMUMMUMMIMUMBMIUMMITIMI  
FAIIII:1111:11111:11111.11 I•11 _JOIMMIMMM 	 •MIMMUMMIM MI 	- 	- 

- 

650 	12.0 

600 

550 °. leV  
500 

450 

400 400 
9.0 

350 

300 — 8.0 
250 

200 	7.0 

I i Ù
 U

 f
f
l
 

0 

120 

80 

40 

LL. 0 
cr 
zi GO co» 

ct›- 
 c-à 

5.0 

4.0 

3.0 

20 

1.0 

0.0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

200 

NS • 12 FIGURE 2 • COMBUSTION 	DATA, 	VOLUME BASIS 

40 



11•0 	26.0 

250 

9.0 	24.0 

23.0 
o 

'` 7.0 	22•0 
Le 

-J 	 21.0 
o  

>" 5 . 0 	20.0 

'62  
19.0 

0 
(i) 3 • 0 	18•0 

170 

1.0 	Ise 

15.0 

170 	11.0 

16.0 	10.0 

Le 150 	9.0 
› 
m 

gi  140 	8.0 

» 
al 

.1s2  

12.0 	6.0 

11.0 	5.0 

10 •0 	4.0 

90 	30 

8.0 	20 

130 	7.0 

E
A

 L
O
S

S
 "Y

.  

20.0 

19.0 

14.0 

13e 

18.0 120 

200 

RANGE 

N S  • 1 2 

••••MU•••M•••I•M••MUM••MMUU•M••IU•••U•ME••UUM 
1110111MMUMMUMMIUMMUMUMMEMMIMMUMMUMMIIMMUMMUMeel 
IMMUMMWMMIUMEMMUMMEMIMMUMBMIMUMMMUMMIIMMUMMII 
• MUM••MMUMM•MUMIUMMMI•MU•MI•MIMMI•MMUMMUMVAMM 
MMUMMUMMUMMIMMUMMIMMMUMMIMMUMMIMMUMMIMMUMMMUUMM 
• IIII••U•MMUMMU••M•M•MM•••M•M•M•UM•••IIM•I•MU•U•M 
• UMBIIMMUMM•MMMMMUMM•MMBMIMMUMMUMMUM•MBMWAIMI•M 
IIIMMIMMIUMMIMIUMMEMBMIUMIUMIMMEMMIMMUMMIRMWM 
MMIUMMINIMMUMMIMMUUMUMMMUMMINUMMMIUMBOAMMEM 
MUUMMMUMMUMMUMMUMIMMUMMUUMMMUMMWMMEMUMMIMMUM 
•••MU••U••U•••••UM••••••••MM•MM•UMUMUMMINI••U 
11111MMIMMUMUMBMIMIMMMIMMUMMIMMIUMMUMMMIUMMIMffle 
OMMIMMUMBMWMIUMMIMMMMMIMEMMIIMMIMMIUMPAIMMUMMum 
BMMUMMIMMIMMIMMIMMMWMMMUMMUMEMMUMMIMIMMMIIMOMM 
••M•MM•U•M••MU••••MEM•••MM••IMMU•••MU•••M•V••• 
MIUMMUMMBMIIMMMUMMIMUMMORMMUUMMUMMUMMUMMUMUMAUMMI 
MIMUMMMUMMMUMWMMMEMMUMMIIMMMUMMMEMIMIRMUMMIlm. 
MUMMUMMIMMMMEMMMUMMMIMIMMUUMMIMMUMMOBRIMEMMUMM 
MMUMBMIMMEMMMUMMUMMIMMUMMMMUMMUMMEMMIMMIMIMMMO 
IIMUMBMBRUMMUMMUMMMUMMUMMUMMEMBETAIMMUMMEOMMUMMUM 
UMMIMMUMMMUMUMWMUMWMIUMMIMMUMMIUMMMMOMMUMBMW2 
MMMMIIMMEMBIUMMUMMMIUMMUMMMIIMMUMMVAIMMUMMMIUM 
MMUMMIMMIMMMUMBIUMMUMMIMINUMMMMUMUMMMIMMEMMBUMM 
MIIIMUMMBEIMMUUMMUMMIUMMMIMMUMMUMMUMUMPARMMMUMMUMMM 
••••ummum••••••mmmo•mu•••••ummu•••ummm••mn•••• 
IMMUMMIIMMMEMMMIMMIIMMUMMIUMUMMBURIMMMIMMMUMMBMMMM 
MCUMMMEMMERIMMUMMIUMMUMMVAMMUMMMOMUMMUMOMMIM 
MMWMMIMMUMUMMIIMMMUMMMUMBEOUMMWAMMMUMMMOMMUMM 
UMMiCIMMUMMUMMMMEMMMUMMUMMarIMMMUMMMEMBEMUMM 

MM M MMMMMEMBUMWMMUMMMM NaMMIVAMOMMUMMUMMOIMB 
IMMUMEMMIlefflaMMMUUMMIIMMIAMMIMMUMMIMMUMMIMMIMA 
MU ••  (' -nlIMMMIMUMMUMUZUMMOWAIMMUMWAIMMEMMMIVAI 
»MUM 0 mmumummummummumnaummummommmum • .u..... e mumenummumummumrammiummummummum 
• mum•mu•mm mmummmemumemmmmwmmmummummummmmommomm 
mommmummummummommommacmummummmmmmummommmummummum 
mummummummummmmummummumw2zeimmummommummmommummum 
mmummmummmmummummmumummummommummummommummummum 
mmummummummummmumnummmonmmummmnommemnummmmummum 
mmummummummmmummmammommammmummammmummumfflurmummmm 
mmummommummummmmummummrammmummammommummmummmmere2 
MMBUMMUMIMMUMMUUMMIIMVAMOIMMMOMMIMIUMUMMUMW2M 
MUMBEMMMIUMMUMIMMUMMMUZUMMEMMUMMOUIMMUMIMMUMIBM 
MMEMMUMMUMMUIMMMOMMUMMMUMPUMMMIWZMMEMMMUMORMUMM 
mmmummmummummourammummummummImmummmummummmummEammum 
mumummommummummmumnommmumummummumummummmnammmum 
moommummmommmummommammummummmumwmummummmnemmummm 
mummummummniummmmammommummummrammumm MM * MM mammon 
mmmmmmmmmmmmmmmmmmmmmmmummmmmmmimmmmmmmm2mmmmmmmmm 
IIIMMUMINBMWAMMMMUMBUMMUMMUMMUMMUMBIROwUMBURIMMBOO 
mmmummummummmmummmmummmummrammummumwmummmmummpu 
mmummmummummimmummm MM * MM IMMUMMIRMIMMOMMEMMIIMMMAU 
MIIMMMIMMOMMUnOMMUMMIMIMMMOUMMIIMMUUKOMMMIMMUMOMM 
MMIUMMIWAIMMMUMMUMMOMMIMMAMIIMMIMOMEMMIUMMVUMMOM 
EIMMUMWAMMIWAUMMIMMIMMIUMMUMMMBMMUMMIMMMUMMIMMIM 
mmummmummommmummommummrammmum MM MM mmummummommummm 
mmummummmumummummummmmammmummummummomm MM n MM mum 
mummammummummummmummemommummemmmummmmummmummumm 
mmedunmemumummammirmommummummuummum 
mumummummummmummummammmummdmmmmmmumnammmummummu 
MMUMMMIKOMMEMUMBMMOMMUMMMOMMUMMUMMUMMUMMUMMMW 
UMMMIUMMUMMMMBMIIIMMIM MM t MM MMMIMMUMOMMUMMIMMMBMOM 
mammmummummummummummmummmummummmammummmmommummm 
ammmummummmmumnammmumummmummmnammmmummm MM n MM 
mumnimmonmummiummumoummm. MM m MM mum. MM u MM 
MMKUMMIIIMMInUMMIMMIPARMUMMIMUMIUMMUMUMM MM MM MUM 
MFOMBMKOMUMUMMIMMBREMIMMIIMPAIMMUMMUIMMIMMUMM 
mmummammunimmummnammumm MM n MM EMMUMMMEMdMMUMMIMUMM 
mmummammumnammumnommimmm MM MM IIIMMMUOMMINUMMIMBM 
KUMIMMMMMMIUM MM MM MUMMIMMIMUMMUMMMWMIUMMMUMMUMMO 
MUMOIMUMMUMMM MM 2 MM MIIIMMMEMOMMUMMOMOOMMEMUMUMMUMMd 
WIWIRMMOMMIV2MMUMMUIMOIMMIMMMUM2MMUUMUMMMIMMUUM 
muommmnammumwmmummmummummummumnammummummummamm2 
MINIIMMIIMMWMIMMMMIMMIMEMMIM MM MM mmommummumnammmom 
MIIIMMMIMMEAMUMMUMEOMMMMUUMAMMUMUMMMUUMPUMBMOURM 
mumnemmunmmumm MM m MM mamma MMM MM MUMMMUMMUM MM M 
umnmmlmmnammmmurammmmmmmmmummummummunommummummum 
wumumlnummummanummumnsimmummumerammummemmum 
wiummeammummummumpeammummimunimmummummumma 
MMMUMWINIM MM MM mummonammummum MM no MM n MM mmummummus 
mummammmumpuimmummmummmmummummumummummmmmummmonm 
mmmamommommummummmnammimmmmummommommmummummmumnamm 
mrammunammummeammimmmunammummummociammo 
nammummommummommummpliumumpumummummummum 
mommummulem MM MM MMUMMPARUMMUMIMUMMMUMMMWMUMMMU 
mmummaammonammummummammummummumundmummummum 
ummemmummummummummennumnammumeammummumm 
mmmummummmmummummm M m2 MM mm MM m MM EMMUMMMIUMMMUMMMUM 
FMOMMIUMMOMMMILIMUMMOMMUMMVUMMUMIMMUMMMUMMUMMUMM 
amompumumummegammumumummundmmummummummo 
KUM MM M MM MUMMIRM2UMMOMMUVUUMMUMMUMMIIMMEMIMMUMMlFid 
UM MM MM mmummunimmummunimogdmmummummummummaimm 
MM M mummumnammumwmmummonammommummummummummilmmmmm 
milmmummorammummememammumummummumeamummumm 
aummummummummumummeummummommummuerammumumum 
mumm MM n MM MMUMMMIMP2AQUMMMUMUMMUMMIPM2MMUMMMUMMUMMB 

nOranninlinearaMIIIIIMOnallarall1111:1: 
meammummumitimmummummimmumammummumummummum 
WIMMUMMWMP2OMMUMMIIMMCWIMMUMMUMMMUMMUMMUMMI 
MIMMIMPMOMMOMMOMMUM2O •UMMIIMMUMMIUMMUMMUMMPM2m1 
mmmummammmumedmmmmommum  0  -qmmummummummummaammu 
mmmumammmmumummommommm 0 -nimmummummemmmummum 
mm2mmummmommummcmmummom 	eummumweammummumm 
wimmumummummmaummmummum c.1  •mummra •••••••• s••  ••••••••• e ••••••••••• •OM2MCU••UMM•M••••MM•M 
MUM MM M2 M F  gmmummummummaummimmummumummumm 
• mummmmr  n ammummummemmummummeummummum 
Butlialmmor  0 mmummadammummumm MM m MM mmummumm 
M•U•••MU• 	MUMU2OMMUMMUMMMIMMUMMUNMUMMUMMOR 
IMMUMUMMOIMM 0.211MMIUMMUMMUMMMUMMMUMMUMMUMM2mO 
mmmummAmmcammummmummummmummummummummau.2emmumm 
mmummeefflummumummummummummoommanommumbniumm 
mowegemmimummummummummouccamemommomummhzum 
magmuMmummmummummmummommemammummummummumamm 
mum moimmumine...-ainizmummum 
ammummummumomtraminimmummummummummummum 
mmunommum.uammommmummommummummummumumm 
immomm-arigemmummummuummumummummmummumm 
emnammimmummummommmummummummummmumum 
immommummummummummmummommummummommum 
mmu•mommumummummommummum•ummummu•mim 
immommummgmammummummummummummummummumum 
mmummulummummemmummumumummmummummummummum 
mummommummumummummummummummummummummmum 

650 

600 

550 

U. 
500 ° 

450 a. 

;Ft 

400 oz 

cr) 
co  

o 2  
350 0  

Cf) 

120 

Le 
300 	11.0 

•zi 
cc 

10.0 a. 

250 1-  9.0 

17)  8.0 
-J 

9 
200 	7.0 

6.0 

150 	50 

c§1  

100 	3.0 

1.0 

0.0 70 	1.0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

FIGURE 3. DRY FLUE GAS LOSS 	FOR A 

OF TEMPERATURE DIFFERENTIALS 

41 



cn 
° 0.8 

O 4  

O 2  

O 6  

'o  

16  

1.4 

1.2 

0 

mummumminimum immumummummummummirmumm immommumm•mum mmummumimmulumm mums m I mumm ummumm•mum 	umummummul mum» m unummummummu mfflimmummummomm immummumm mummummummumm immommimmummumm immummum 
• m•••u•mumm•m••m•mummumm•mmummim•um mummommommumma mmummummumummemmumumm 1 mmummommummim mmummummummummummummun 
mommummummum ummummimmummummummura mummummummumm mmummimmummmuummummew 
immummummucumm mummummummummimumwerm 
mommummummummimmummumummummmummmum 
ammunimmummummm mummumermmammumeman mmulimmummumminummumm MammillaMilaimmuma mmummumummommommumnimmumm mommiummummoraur 
munummummumommumpummmummummumermA 
umummummummimmemmum mmummummummmuminnum 
ummummumumummirm mimmummummumnUvannu 
mummommummummum mummumiummummumanwirmeal 
mummummommammum mummimmummummiveaumatar 
UnaniummannillanmilifflrnimulmmannaninnAnnumira 
MINMMUMmulirna imma IIMMUUMMUIRMMUMMMUUMSAMIUMWM 
mummommaimmilumm mimmummummumwaremnimulimUm 
mimmummummum ummummummummummumummomm 
mmummummummommummummmummaummurammum 
immummiummumm mummuummimmor egnowalum I ammumm•mamma rummumm•mum Aggarammumm mmilimm mummumm ammmimmu miumunpannumumm 
mmummummummium mmummummummi/gaummumm immummummummu mummmummumumnrarammumm 
mmmmmmmmmmmmmnmmmmmmummmmmmgrwmmmmmmmmmmmm immimummorminmommuniummuuntramammumm 
mmummummum mmilmmummummumEgumwmummumm 
mummummomm um immummingrammammummummu 
mummummummumm mummummummraumummummummil immummorimmummummummumunnwafflummumumm 
MINZIUMMB MUMMUMmUNINNWMUMMEFIWAUEOZUMMMIMBNIUMM 
IMMUMMUMM UMMUMMUMIMMUMMUMViAgUMMIIMINIMIUMMUUM 
MMBINUMMMMIIIMUMWMINUMUUUMOIMMUMMIUMMUMUMBM mmummimmummilmmunummummeemmummummumum 
MUMMUUMMMUMUMUMUNIMMUMWOMMNIMMUMUMUMMBRBMW 
UMMINUMUMMIMMIMMINIMUMUMur.d2UrefflUMMOMMUMMUUMMEM mummummuniumm immeoffepeammummimummum 
MUMUMMUNRIMUMMUMUM MUMMVOPProMBINNIMMMUMUMMIIM 
ammUMUMWMUUMMNIMUMUUMUWWWW4MMEMMIMMUMMMMUUMMIMM 
mummummummummummuurommummemmumummum 
mumummummuninummwmpnummummummummumm 
minummummummummumsegammummummommummomm 
mmmmmmmmmmmmmmmmmunr.reioàmmmmmmmmmmmmmmmmmmm milmmniumummummummuieummummummumummumm 
lummummummummee4mummii nommommm momm umu 
mmummummummomemre.ammummumftimmommul 
immummummumweimummum mimmummummimmamm muummummummummommemmummummummuumm 
mmimmummummumnimmummummummummummumm 
IIINIMMIMMIMMUMMOZOWZMUMMUMMIMMUMMUMUMMMUMMIN 
MMUMIMMUMMUNVIZOMMUMMUMUMMUMUMMIUMMUMMBRUMBM 
IIIMUMMIMMUMMIllreir/MIUMMIMMUMMUMMUUMBRMUMMUMMUMMB 
immummummumm romummummumummummummummum 
MUMMUMMIUMBM 4À0YAMMUMUMMOMMUMMUMIMUMMUMMUMUMMU 
111MUMM 	 W UMUMBUI/IRMUMMIUMBRUMUMUMMUMUMMUMMUMUMB 

/ f  

MMIZIMIMMINNII/AUMMUMUMMMBMMINIMMUMMEMMUUMBWMUM 
IIMMIUMUmur AmBellirnmallaNUMMMUMBUMMUMMMUMMUMB 
111•Mm Burn r AOMMUMMINUMBMfflaamMIMMIMMUMMUMUMUM BM•Man AUMMUMMUMWMMUIMMBZUMMWMUMMUMMUMMM 
MURNMEreirMIUMEMUNIUMBBINUMMMBRUMMUMME mumommedirAmm mmimmumm nommommumummmumm 
immum 4mmum immummomm miumm ummummimmum 
mum» Alm imummummum immilmmummommummn 
mmummUltammum mmumummummumum ummummommum 
• m•rrammummummumummummummimmummumm um vem milmmummummummummummummemmum I »UM »BM IMMNIUMMBINUMBMIUMMUMUMBMIUMMUMMBNIMMU 
inimmuunen imuMmummilmimmilfflfflammanainiumall gm 
miummmomm mammumminammimanammummummumma mum 
ImMilimmillammmilinimiamillirnaMmornammammumlimm 
mwzallimmummalifflaimiallin gmmmmmmmmmmmmmmummmmm eimmummommirm gum mummummimmummummul mhemummommum mum miguimummuminummimmum uniummumum mammummummummummommummummomm mommummum

ummummummummumummrommommumg mummemmunimmu M MINUmmUMUMBINMM m 	 OII 1.IMMU

1 
immaimummillimmilifflmmanmm iminiumm inimammillini 

mommiummimumnaMmmmimmmamiumnifflimmainimmi» 
lummmummuMmumummummalmommmammumemmummum 
immummummiumminummillimmiammummummu nammommiffli

mu
mm 

••MU• 	
immummr 

• u•• 	
iammi
M 
 mmimmunimmummilm 

1 m Inim MlianimffliamMUNWIlumminammulanumma 
amm ilm mimummillim MUIRIMUNINUMMUMUmMillim 

UNIMMBRIMMUMMIIMMMUMMIMMUMMUmMUMUMMMHZUMMUMBMMI 
MUMUNITZUMMEMIUMMIMUMMUMBINIMMIUMIMUMUMM 
UMBZUMMIUMMMUMEMBRUMMIUMMUMEMIMUMMUMUMMBRUMUMBBRM 
111MMEMMUIMMUMUMBMMUMWRIMMUMBNUMUMMNBUMWMUMMOMM 
IIIIIIMIIILIBMIIIIMIWIIIIIIMUMMIIIIIIIMMUINIMIIIKEM11111111M 
111•111••••11111•11111111111111111•111111111•1111111WWIIIIIMMIIMMIUMWMIBI 
MUUMMUDIMMENUMMUMMUMMINUMUMMUMMUMMUMMUUMUMUMUM 
MMIUMUMUMUMUMMUMMUMMUMMUNIMMOMMUMMUINUMMMUMU 
MUMMUMUMUNIMIT

M
UBMWMUMBIUMMIUMMIMIMMUMBUMBIl 

MUMMUMBH MB UMUBMIMUMB IMMIMMUMMUMMUMUMMIUMMU 
IMMMuMMUMUMBRZUMMUMUMUIRMUMMUMBERMMMUMBRUMMMUMMUM 

2 	4 	6 	8 
MOISTURE IN FUEL,  °A, 

10 

60 

40 
12 

100 1.7i 
cc 

s o 

120 ° 

700 
600 
500 

400 

300 
200 

S
TA

C
K

 TE
M

PE
R

A
TU

R
E

,  °
F

  

FIGURE 4 HEAT LOSS DUE TO MOISTURE IN COAL 

NS  • 1. 2 

42 



6.0 

5.0 

0 

uî 

0 4.0 

LU 

3.0 

600 
500 
400 
300 
200 

S
TA

C
K

 T
E

M
P

E
R

A
TU

R
E

,°
F

 

IMERZMUMMEMMUMMUMMMUUMMUM • MUMMUMEMM umummummummummemmummummmmumm 
nummummummummummimmummm mm ammumn mm mamma 
im•ummummumumnimmumminimmummmim 
mmummmummummummimmullimmuimmm 
mummummumammummummu mum 
mmummummummummummumm mummum 
• mommummummum•umummumm•m 
• ummummummummumu•mummmumm 
mmmmmumummmmmummmmmmmmuummmmimm 
mmmummummummiummummummummommumm 
ge22..mmmààaem.--meimmumummummusammum 

--memmummeàem==--mmimmumm----' 
...... . me=i-..fflammemee-eeenn 

....am--a.mmummàiewemm- .... Woregeneunneenim  simmommeiVereeee"meea llialeggeree.neemm"meffli iiiiimmate9regeEreregeeeeme  111111•11111111•1101•1111•11111•1111 
MMOMMIIMMUMBIUMM IMMImUMMUMMIUMM 
IIIMMIUMMUMOMMIUMBIBMIIMMMUUMMORMIMMUM 
MMIUMMIUMMUMMUMNIMUMBOMMUMUMMUM 
IIIMMMUMMUMMUMEMMIMMUMMUMMIMMUM 
LIMIMMUMMUMMMIMMUMMIMMUMMIMMIMMUMEMM» 
UMMIIMMUMMUMMUMUMMUMMIT

MMUMMUU  
IMMIUMMIT 

O ROMMUMMUUMMUMMOMUMMUM • MU M • 
UMMUMBRIMMMUMMUMMIM MMMIUMUM 
IMUMMUMMUMMMU•IMMIMMUMMUMMMUMMUM 

MUMME MUUMMUMUMMNUM MO MOBRIMMIMMUMMMI 
MIUMMUMUMMUMUMOMMM MO UMMUMOMUMMUMMUM 

MUMMUMMUM••MMIUM•B•IMMU•UIMMIUMU 1111 

20 
120 40 	60 	80 	100 

COMBUSTION AIR TEMPERATURE, °F 

FIGURE 5 •  HYDROGEN LOSS FOR A RANGE 

OF STACK TEMPERATURES 

N S • I • 2 

43 



40 

0 

cn 
5 3 30 

LL1 

20 

10 

60 50 

60 

50 

0 

I1IOIIIIIIIIIIIOhIIIIIIII 	111  mmllmummmmmmmmmmmmmmmmmm 	I 	11 	Ir 	
11 
 111111191111111111111111111111111111111111111111111111111 

III III 1111111111111111111111111 
 P1111111 II 11111 1 	 1111111111111111 

 1111111111111111p 111111111 11111111111161111111:1111111  
1111111111111111151111 MUMUMUMMUMMMOMMI "WM» MMMUMMUMMIMMU 

UMMUMMUMMUMMUMP.MMIMUMMUMMUMMUMM 
MUMMIUMMIMUMMUMMIMMUMIUMMIMMUMPmdMUMMUMMUMUMMOMMUMM 
MMUMMMUMMOMMUMWMMUMMUMMUllemadIMMIMMUMMIMMMUMMUMM 
MMUMMEUMMIMMUMMUMMUMMMIMP ellUMMIMM UMMIMMURIMMUMMMIMM 
MIIMMIMMINIMMMUUMMIUMMOP.millamMUMMUM IIIMMIMUMMOMMUMMUMMR« 
MOIMMUMMMUMMMIMMEMMOMUP ■mOMMOMMIUMMUMMUMMIMMUMMIIMMUMMUMMIUM 
MMUMMUMMMIUMOOMMP.grOMMUMMIMMUMMIMMMUMMUMUMOMMUMMIMMUM 
IIIMMIUMMIMUM0 emmaiMMIUMUMMMIMMUMBRIMMUMMIMMMIIMMIIMMUMMUM 
MUMMIPm m MiMMUMMIMMUMUMMUMMIMMIBMMMUMMMUOMMUMMMOMMIUM 

10 	20 	30 	40 

COMBUSTIBLE, % 

FIGURE  6 	HEAT LOSS FOR A RANGE OF COMBUSTIBLE 

CONCENTRATIONS IN REFUSE 

NS  • I • 2 

44 



0.0 0.5 1.0 1.5 2.0 

6.0 

5.0 

4.0 

0 _J 

w 3.0 

2-0 

1 •0 

0.0 

••• •• M••••••• •  MEMBRIMUNIMMUM  • ••  

• IIM 
• UM 
UM» 
MUM» 
MAIM 
MUMUM 
MUM 
MUMMUM 
MBRIMM 

AI••UM 

VA  mimmommumm 

7.0 

CO, 0/0 

FIGURE 7 . HEAT LOSS FOR A RANGE OF 

CO CONCENTRATIONS, ASSUMING 

NEGLIGIBLE EXCESS AIR 

45 

NS  • I . 2 



COAL NS 1-3, ACADIA, PICTOU COUNTY, 1 1/2 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis (lb/lb dry coal) 

Ash 	 0.2553 
Volatile Matter 	 0.2906 
Fixed Carbon 	 0.4541 

Total 	 1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6206 
Hydrogen (H) 	 0.0384 
Sulphur (S) 	 0.0076 
Nitrogen (N) 	 0.0155 
Oxygen (0) 	 0.0626 
Ash 	 0.2553 

Total 	 1.0000 

Gross Calorifïc Value 

Btu/lb: 	 10670 
Btu/short ton: 	 21.34 x 106  
Btu/long ton: 	 23.90x  106  
MJ/kg: 	 24.81 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 93.72 	lb 
106  Btu = 0.04686 short tons 
106  Btu = 0.04184 long tons 
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COAL NS 1-4, ACADIA, PICTOU COUNTY, 3/4 in. x 0 

Typical Moisture Range: 0 — 6% 

Proximate Analysis,  (lb/lb dry  coal) 

Ash 	 0.1190 
Volatile Matter 	 0.2915 
Fixed Carbon 	 0.5895 

Total 	1.0000 

Ultimate Analysis,  (lb/lb dry coal) 

Carbon (C) 	 0.748 
Hydrogen (H) 	 0.047 
Sulphur (S) 	 0.005 
Nitrogen (N) 	 0.014 
Oxygen (0) 	 0.067 
Ash 	 0.119 

Total 	1.000 

Calorific Value 

Btu/lb: 	 13307 
Btu/short ton: 	 26.61 x 106  
Btu/long ton: 	 29.81x 106  
MJ/kg: 	 30.92 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 75.15 lb 
106  Btu = 0.03757 short tons 
106  Btu = 0.03355 long tons 
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COAL NS 2-1, BRAS D'OR COAL CO. LTD., 
CAPE BRETON, 3/4 in. x 0 

Typical Moisture Range: 0-8% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1437 
Volatile Matter 	 0.3453 
Fixed Carbon 	 0.5110 

Total 	 1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6952 
Hydrogen (H) 	 0.0457 
Sulphur (S) 	 0.0601 
Nitrogen (N) 	 0.0099 
Oxygen (0) 	 0.0454 
Ash 	 0.1437 

Total 	 1.0000 

Gross Calorific Value 

Btu/lb: 	 12490 
Btu/short ton: 	 24.98 x 106  
Btu/long ton: 	 27.98 x 106  
MJ/kg: 	 29.04 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 80.06 	lb 
106  Btu = 0.04003 short tons 
106  Btu = 0.03574 long tons 
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COAL NS 3-1, DOMINION—ST. LAWRENCE MIX, 
DEVCO, CAPE BRETON, 1 1/4 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0847 
Volatile Matter 	 0.3390 
Fixed Carbon 	 0.5763 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.7800 
Hydrogen (H) 	 0.0512 
Sulphur (S) 	 0.0177 
Nitrogen (N) 	 0.0141 
Oxygen (0) 	 0.0523 
Ash 	 0.0847 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 14031 
Btu/short ton: 	 28.06 x 106  
Btu/long ton.: 	 31.43 x 106  
MJ/kg: 	 32.63 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 71.27 lb 
106  Btu = 0.03563 short tons 
106  Btu = 0.03182 long tons 
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COAL NS 3-2, DOMINION NO. 12, DEVCO, 
CAPE BRETON, 1 1/4 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis (ib/lb dry coal) 

Ash 	 0.1040 
Volatile Matter 	 0.3465 
Fixed Carbon 	 0.5495 

Total 	 1.0000 

Ultimate Analysis (lb/lb dry coal) 

Carbon (C) 	 0.7637 
Hydrogen (H) 	 0.0501 
Sulphur (S) 	 0.0152 
Nitrogen (N) 	 0.0135 
Oxygen (0) 	 0.0535 
Ash 	 0.1040 

Total 	 1.0000 

Gross Calorific Value 

Btullb: 	 13810 
Btu/short ton: 	 27.62 x 106  
Btu/long ton: 	 30.93 x 106  
MJ/kg: 	 32.11 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 72.41 lb 
106  Btu = 0.03621 short tons 
106  Btu = 0.03233 long tons 
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COAL NS 3-3, DOMINION NO. 18, DEVCO, 
CAPE BRETON, 1 3/4 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0732 
Volatile Matter 	 0.3795 
Fixed Carbon 	 0.5473 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.7811 
Hydrogen (H) 	 0.0516 
Sulphur (S) 	 0.0175 
Nitrogen (N) 	 0.0137 
Oxygen (0) 	 0.0629 
Ash 	 0.0732 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 14110 
Btu/short ton: 	 28.22 x 106  
Btu/long ton: 	 31.61 x 106  
MJ/kg: 	 32.81 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 70.87 lb 
106  Btu = 0.03544 short tons 
106  Btu = 0.03164 long tons 
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COAL NS 3-4, DOMINION NO. 20, DEVCO, 
CAPE BRETON, 1 1/2 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0900 
Volatile Matter 	 0.3753 
Fixed Carbon 	 0.5347 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.7688 
Hydrogen (H) 	 0.0518 
Sulphur (S) 	 0.0309 
Nitrogen (N) 	 0.0121 
Oxygen (0) 	 0.0464 
Ash 	 0.0900 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 13970 
Btu/short ton: 	 27.94 x 106  
Btu/long ton: 	 31.29 x 106  
MJ/kg: 	 32.49 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 71.58 lb 
106  Btu = 0.03579 short tons 
106  Btu = 0.03196 long tons 
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COAL NS 3-5, DOMINION NO. 26, DEVCO, 
CAPE BRETON, 1 1/4 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0616 
Volatile Matter 	 0.3465 
Fixed Carbon 	 0.5919 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.8069 
Hydrogen (H) 	 0.0524 
Sulphur (S) 	 0.0113 
Nitrogen (N) 	 0.0160 
Oxygen (0) 	 0.0518 
Ash 	 0.0616 

Total 	1.0000 

Calorific Value. 

Btu/lb: 	 14310 
Btu/short ton: 	 28.62 x 106  
Btu/long ton: 	 32.05 x 106  
MJ/kg: 	 33.28 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 69.88 lb 
106  Btu = 0.03494 short tons 
106  Btu = 0.03120 long tons 

102 



24.0 

23.0 

22.0 

21.0 
•rx 
o 
o 

20.0 

o 
120  19.0 

1  _1 
MEOUZIIMMIMIUMM 
ROOWUMKIMMoreffl 
AM mmummemmrmm 

IMMEMIUMIIMMIMMMAMMUMM 
IWIROMOIMMh1111M4UMMUUM 

AIMAM MMINIMMVIIMMMIM 	 BM   	

Ad • 	._......•.,... wr•IIII.ar 	•••••••••• Iii-r,  • RAI' 
	IMMIUMMIBM cD • c„j IF 
	MIMMUMM /. • i,.. I 
	••••••• AN/ . CD AM 
	M UM ‹y 
	MUM» e< , \)'6.,  ,4i.. M 
	 BMW 	 \ • 
	Mali i >../  • (e'  ‘e' II 
	UM ,..\ 4 A A MUM 
	•, ■.) A 	et. MUM 
	 . 	. Il  ■Zt , : .Z, MM. 

■■IIIIIIMIZI11•4•111•11 	MIMI  
AMIMM■1111•1111■■••••1113 ..u•11101 

1011111111  
Aid.11111L 	

••••

AIIIIIMIIIIIMMI111111111111» MIMI 

IMI•11111111•11M•■•■••11•FA 	m • 	 
•••••■■•■•1•1....1..TIT 

---auwaramper-di 
.....m.m..........  ......1... 

.fflormaimmummumm 	m 
manr■memiu mum um   	
VAWAIMMIIMIIIIIIIIMMIMMIM MIS 11 	 

ordlidin  1111  illur di 

.............. à 111111 111111 dill i  
AurAummirdnl il 1 ... ......1...m 	..u... ... . I. 	____ 
	...... . 

18.0 	11.0 

17.0 	c:xe 	10 •0 

16.0 I'S 	9.0 
u_ 

15.0 	8.0 co 

14.0 	zcz- 	7.0 

13.0 

12.0 

-J 
0 

>- 
CO 

• M
B

U
 •
 1'

 

6.0 

5.0 

40 I1'0 

13.0 

20.0 

19.0 

18.0 

17.0 

16.0 

w 	15.0 2 
-J 
0 > 	14.0 

›- 
aa 

0 0 

cs■J 	12.0 

11•0 

10.0 

9.0 

8.0 

3•0 10.0 

20  9.0 

1.0 8.0 

2 

••■••I•___ MIMMUMMEMUMBliffliMM MMTIMM_ 

AMPAMM 

	UU 
.mramil omum  mommtmummhor m

MM
om umm_m 

mmem 
pimmm 	 ••••• ••••■ . 	IIŒ 

EMPAmal IIMMOrAMIMMIU•TITIonfflona» 
.10•1•

u

11 	tdMIN•111•••Mr• ••• • 181111• • •• 
-All MI MMMIMMIMMOMBam II IMM IBM IBM 
AB UMm m  umnIMMIMmoMil MUM M 

Minu mEMIUMMICIBM »BM • MI. 
. 	. 

	

4. 1. 	 • - • ■•••• 	MI MI - • 

7 •0 

100 

_Mr 111111111111121U7111111111111 

	

0 v um m g. 	mum 
MG 	.11111111.111 ') Imelà..1111111 
1211111111111111111 - 1111111971111 mum» . mimmi 	p.... . mg.! 
AIIIIIIIIII IIIII 1 	I I IIIIIIII 1111b1.- •iqmpoloraprdelamplip 

	

li Mai dab: 	1 11.11111.1111.1 
1 IIIIIIIIIIIIIIm 17  : PriPTIPP 

7.0 

120 	140 	160 	180 	200 

TOTAL COMBUSTION AIR, % 

0 •0 

FIGURE I. COMBUSTION DATA, WEIGHT BASIS NS.3.5 

103 



700 

LIJ 

0 

>- 
CO 

o
o 

C.) 

20.0 

	

19 .0 	600 

180 

	

17.0 	500 

16.0 
-J 
«:t 

150  00  400 

co 
14•0 

13.0  D  300 
C-) 

12.0 

110 	200 

10•0 

9.0 	100 

8.0 

7.0 	0  

, 
mumpadm 

MUUMOMMM MeAMIWW1 

11111111 . 111111111111111111111111111111111111111 
mmicommummmomm m mmummmummumummomprammunammgmornam 
mmummummummummumppummummdmomiummammednammid 
maimemmommummummummummmumwminemwmmondiewunamm 
ummmommummmimmil m  

m 
miquommummalmammmAmmmndmemndmmmm 

mmmummummummmi m mmommeammAmmmmagmnew,dmuomum 
mgmmmwmummmugg gm MknOMOMIRWMOJedmMdlndMIMPAOMM 
IMIMMMOMMfflum I mmAmMWM111MMIIRdmffleelliMMOMMBP 

111111:01:11111100INFOMOMORWOMOINII 
111111116111110gledeieligigiOnallail 
111111111110111111111 11111901111011001111i1 
IMILeileigleiâillaalddieddlOdleglind 

100;e1190120elnealOnl
P

iMillfflannall 
610000e00- eienet "0"4■AdIP %OO 10111111171!  0  WeAddaddleitaideaggArligan2d01 M MI 0.200  

Og d 1101010enlegIgnela0011111111100Wegine 0000 001edie rA4100. WIN Pei 4001001119100 .i.40 de M M Oneeesleig0;0004000ell eii0e:100%002010  
ii,raindain.....in-wevemirel

emmelm olleti.oe...e.p0-..memomm 

	 C0911h 
craw,' 	mummummummum  

BM 

- 	

I 	 7 CO , — Minn 
. 	 '..c/,' 'imuumor _ 

khemm 
si  - Runge« 

mmunge  

fill 	 IIIIIIIIIIIIIII IIIIIIIIII  •  M 	 • 

pridendOPM110fflàdiMMIMMMORereOpongenreerAil MUM 
doliMdepmdOMP■iti MMUUm MIOMdel Mee.10.0p000 _ in MU a 

I 
_ r 	_-.■ 0.--.e. ow .0 	a 	Amm m 

-_— 
4e  -40 _di0 'Um M 	MUM2OL Meetion00 0à 	_ _ 
Willaligneiellieleneldi  IMMI/111/119 	 gndmIMMOOPPePePeeree7; Mumma immule;eeoewe.0..■- Gp 	- 
Mgeggee rf 	mommil  eeeperiummu.D 

MgMM 	

mummum  
mummr 	MIIIIMMIMMMUMm  

BVe, MMUMMIIMMIMMUMMI  
....w IMMIMMUMMMMUMMO  
MUMMA. ilIMMIMMMIUMMUMMM 
MIMMAMB MUMMUMMIIMMIMMIM  11:1111111111111111111::: I-1- 	F 

INIMMUMMMUMMMUUMMUMMMUMMIUMMIIIMMIMMIMMIMIll Um  MUM 	 
dill MI 

650 

600 

550 

500 

450 

400 

350 

300 

250 

200 

o 
120 cr 

80 
>- 

40 Cr 
o 

T
il

fA
ll
fi

lr
il

ec
11

1.1
1

a
  

12.0 

110 

10.0 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

1.0 

0•0 

Eli 

100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

FIGURE 2 • COMBUSTION 	DATA, 	VOLUME BASIS 

NS.3. 5 

200 

104 



1 I .0 26.0 222V2.222222VVV22222222221122222M2222222222222U222 
222VV222222V2VMMUIVIUM222222VVVE222222VEVIOUVE 
V22222211VVVVVR2VVVVVIVVVMMEMVVVVOMMOMMVUMVVEM 
VVVVVVVVVVVVVVVVVVVVVRIUMMUMBEVVVEIMUMMUMMUM 
EVVVX222222222222222222222VOU22222222222222222222 
222V2222222V222222222V22222211222222222222222222222 
CUVV222222VV222222222MMUVVVVVVV222222VVRBEVVV222 
kiNVEVVVIMMUOVVVEMUMUMBOVVVVVVVVEMVVVVVVVV22 
• 2M••••1•M•IIMMUM22••V2•M•2••2••••••••••••V•V 

90  
mo MM 0 MM VV22222222222VIUMWM2222222222VMMV2222 
VVVV22101222•2222222222OVV222222VVVVVVVVVVVVVVVC222 

(.1 	 VVVVVVVILIVVVVVVVEMMVEMV222222222VMUMMIMMO222 
I 	 no 	 m MM .., 	• 	 mm ummummammum MMM mmmmmmm mmmmmmmmmmmmmm mom 
0 	 :mu min MMM q M immumanummonmonmonummunommummum 
- 	 mumnamminimmummumummummummummemmummium 
x 	 mmummumzumummummmummunzumum 	600 

ummummlum mmmmmummummmmmmmmmmmm 
LLI 7•0220  :::::::••:::: eÔ nig::::::::::::::::::::à::::::M: 
2 mmmmmmmmmmmmm emmenummmmommummummuummmmumamm 
D 	 MUMBMMMMMMMUMUM MUMMIIMMMUMMIIMMUMMIMIRMMUMMEOMMOI 
_J 	 1122222VVVVVVVVVVVVVVVVVVVemMUM.222222VVVVVVEAVVVV 

0 	
ao  :::::::::::::::::::mwmgmummummmernmemmum 

	

mmmmmmmm0.mmmmmmmràmmmmm 	o u_ 
> 	 immmmmmmmmmmlmmmmmmum0Ràmmmummmm 

••••••••••••••••••••••••••••••••••••••• ■••••••••• 
 

550  - 
>- 	 VUOVVVVVVIMUMUMUVUUMVVVVVIEWAVVVEWM5MOVVVVVVAI 	11.1 
al 5 . 0 200 	

ummemummrom 

	

..............................m.............emà 	D 
e2 	 VVVVV2222222VEMV222221MOVVVVVVIOMMUCOVVVVVVVA2222 	I- 

	

IIMMIMMUMMMMBUM •MCVVVIVINEMVAUBBUVICOMMVEV•UVEM 	<t 

	

VC 	2V2222222,11222.22,1222222 	— 

20.0 g 

3 	MITAMMIMORgi::::::::::11:::::1::::::::: o 
M 

13.0  11V2BVIVIan 	' ' 	 al 	A 	 .." 350   z 120 mummumn MMMMM Km MM m MM mommummummummona 19.0 	 mu» ommmomwm»mmm.mmm•mmmm mm.mmmrammummum 

	

mummummumummummummummmmummummmumnammummummmmumm 	-Ê 4 	rammmmemummummummummmummmummummummummummummummmomm 
w 	mmmmmmmmmmlmmmmmmmmmlmmmemmmmmmmmmmmmmmmmmmmmmmmmm 

	

eo x pd, mmmammmenummummmum mnmmmmmm MM n MM mmmmmmmmm*mmmmmm 	I.LI H.0 -'-' wrammommmemam MM 2 MM CM M V2 MM MUM MM C MM 2222222 

	

VWVVVVAVVVVRVIUMMVUmmommammmummeammummumm 	cc 

	

mmummummmummummommummmunammummummemmummummum* 	p 
minemImonammonunmourammumniimmumium« 7nn 

 

1- 
17.O 	ihn mmommmummammm MM m MM 222»0212221».2 MM M MM MIBIUMMIIMIMI ,JVM‹ In.0 

..''' MUUMM MM M MM IMMUMMUMMO MMM MM mmmmmmmmmmmmmmmmmmnwmmmmm 

	

mummy M * MM gmmiummumm RUVVVVVEMVV222222VEMM2RBMVVVV 	
gr  ,,, 

munminummummummummumnammummon MM ma M um w 

	

WUR2MIBUCOMOUVVVVVVVVV22 M V2 MM mmmmmmmmmmmmmmmmmmm 	a. 
160 	re%  mmomink MM•111 MMM 22VEMVUM MM MO M 2222B2.2MO R2 MM 221M222 

	

'-'•-• VVAVVVVOMMOVIMUMBUMBRZUVVVVVVVVOUVMŒMMUMUM 	2  9.0 w mmmmmmmmmmmmmmmmmmmmmmmnmmmmmmmmmmnmnmmmmmmmmmmmmm 

	

AVVVVEMCIVICVVVVVVVVRVVIUMMV MM 2MilIMUIVVVIUMB 	I- 
mumnammopmmummemommummamemaimummummummin 

 

250 
w mmummummummmemmummummumpummommummumumminmm 

	

=,,, mourn MM n MM NM M V2 MM mmummummummumummummimmmummmm 	(.) 8.0 
> 
D 	

mammummumbreammummugneammummummummummum 

	

ammummmummimmmimmmmemmummemummummommummeammummum 	.4 
_1 	 mummummummemmummummmmnummummmommummmnammummummm 	1- 

	

-.-, mnammmumnimmummommummmammummummammummrnmmommmm 	(1)  TO ? 14-0 	0..n mmmummommmuummommummerammammmmmmmmmunwmmummummmmm 
22222221MUMVEMBOVAOUVOVVVVVVIRMOVVVVVEVVVVVVVVVV 
VVEMV2VVVVVVIUMMeUVEOVVVVVVV2VMMVVVVOVIVEMVUMM200 

» 	 mmmmnmmmmmmmmmnmmmmmmmmmmmmnammmmmmmmmmmmmmmmmpmam m 130 	7,n II M V2 MM 222222EVVVU MM MOM VVOCW2222211MMUMBRUMICeV122 	 6.0 . ‘, •MOVIVVVIVEVIEVVIIMMVVACIMPMUCCUIVVVVVIMBVVIVC2111•112112 

e 	 wampum M V2 MM BUIRIVUOVZOVIVIMUMUMBRUMUMV2M2 
211fflmffliOVVVVVIVIVIP2OVen VEVVVVVVVVPMMIVVVVVVVVVM 
mumundmmummummutumummmymmmmummomommummummummumm 

A., l0 	60 a 	 imi MM n. MM immiamone mmammommumwmammummumumm 	50 
0- 	

. VEVVVVVVVVVVMdI V2222211VMMMINICUMMUUMMUMBEM 
2MIUMBVIMgOVW 2MEMIVPM- '4VIMMUMEMOVUMVEVIOVIan 

o 	 mumemmammey imoredim 0 ilemmommummulomm-eluv 
immundommumnimm monearam 0 mummmumumum-.11m 
a MM ma MM 2222VOVVVRC/2222» .3  OVUOVOUVEMMV22222 
pmm••••••mmm•wmm•••m•m••••m-• ••ygm•mmà•••••••••• 
mmmmmmmmmmunammmmmmmmmmmmmmm mmmmnzimmmmmmmmmmmmmm 
mmmmmmmmeimmmmmmmmmmmmmmmmmmmnammmmymmmmmmmmmmmmm 
mmmummfflummummmummummummimmammummmummemmummmummm 
mmonammmummmmmumummmmmamimmmmmmummumommummummm 
cammummvammmrnmmonammmummmummrnmmmum M wel MM mum 
mummumummmommfflamImmmummiummmummummmmummyeummumn 100 
mummemmummammmummummummmummommmummummmeaRomm 
mummiAnliammummmummummymmummmommommmcmmummmymm 
mmmwniammmmmmmmmmmmmmmmmmmmmmmmmmenammmmmmmmmmmmmy, 
rammmummmmmummmummummummuenmiemmummmumimmmummum 
mmmmMmmmmmmmmmmmmmmmmmmaommmmmummmmmmmm mmmmmmmmm 
mmmmmmmmmmmmmmmmmzommmmmmmmmmmmmmmmmmmm mmmmmmmmm 
IIIMMW22222Men"2113V22222MOVUMBUIMMUMUMMVVVVVVM 
mommmerammmammummmummommummummmummumminummummm 
cegmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 
mrmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 
• mmmm•mmmmmmm•mmmmmmmm•mmmmmmmmmm•mmmmmm••mmmmmmm 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm.mmmmmm 

100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

FIGURE 3- DRY FLUE GAS LOSS 	FOR A RANGE 

OF TEMPERATURE DIFFERENTIALS 

NS - 3. 5 

25,0 

650 

110 	5.0 40 

	

10.0 	4.0 

	

9.0 	3-0 

	

8.0 	2-0 

	

7-0 	1.0 
200 

0 •0 

3.0 

2.0 

1.0 

105 



16  

I•4 

1.2 

'o  

(.1) 

0  0.8 

O 6  

O 4  

O 2  

0 

Li.  o 

cr 
700 1-- 
600 *ere  

500 11 
400 el 
300 1- 

 200 c..)  

Ij 

120 ° - 
cc 

100  tit 

80 

60 

tj  

40 

MIMITIMUMMITII

mag

IMMIMII
g
MI

m
M

mm

MUSIIMMEMI 

m 
UM mummummi • gum • • mummougmegmmgmmu 

mmummummummum immummumm immummummummumm 
um memmummugg 1 um•um us immummaggammumm 
umgmgmgmummun ma iummummgmgm 

lummugnimummm lugglummulumgmmummummum 
ammummumgmummumgmgmmummumgmmummugmmm 
gommammum•emgmm••mummilimmummummummummm 
ummgmmummunglimmgmumm grnmalumgmommummumg 
mummummummummummummum umummummummimumm 
mugumgmmmumger

MIUM I MMM IMNIMM 

mummminiummumgmlummum 
memommummummommi »mum gmummumumummumum 
INIMMUMMUMOCUM MIMI BITMMMIIMMUMMU U 	MUMM MMMEMMIM.. 	UMM MOM MM 	 BR E 1 .................. ......... . ................ .. 	. 	.. .............111......1........11

IMUMUMIUMIOU 

............ ............. .. . 9..I ....., ............,. ............. 1..1.. . • ............. .. .. .... I'BUM
M

UMU
IMMIUMUMM Au ••••••••••••• 	BB minUMM MMMMMIMM4haM 

MMUMMIUMWM MU

»

IM IMIUMMIMMINUMMUMMIletel 
WIMMIUMuMm 11 •••••••mumanammannammanagAwar 
gam annagang g 	gam Irum mulra ze ug «um mommumm • 	mug. muninum mom», « 
mmmummummum • 	mum mmummumm nImannUm 
imummumgmmullœ 

g
immumgmlummomummuwannumur 

immummumm 
mumumommum m: 

mmummm
um gimmumummuummuoMm 

linumg1 amommummignurammgvI 
immigummummum im 	gnimmumenurgnmeig 
IMMUmMUMBUMMU IMMEMMUMMIMUMMUIPAUFFanOrilmilm 
nnnugnammangnagggnammannaglignmagnagmeggammagumman 
ammannummannammnalignman nonnammaggengraumnamm 
manammgmalmannammum mamma g mumunr granemmim 
wommumm mummumm mmumm • mommumau..4nommommi 
mummium immummum BUOIMMUMMIUMMEZUEOUnORMUM 
IMMUMBUIMWOMUUMBIUMMI IUMBr

OM
OMMK/OUrOMMUMB 

1
M
• 

9•11100ffl MIUMM 

U 	
IUUMMIMMIM 

O 
FF4enUMMUMMEM •UM« «BM MMIUMMil M M RIln.:0MPAMMIUM 

IMMMMUMBBMIM mmUMMIMI MKWIU.1511MIUMUM 
MINUMMBIUMMUMUMBUMBB IMMEMM1M OloBBEMMUMUM 
BURMIUMMBUIMMUMMUOMOUrdSZUMVOZUMMUMBIUMM 
mumumummmumm immulpemeemummummumm 
MOMMUMMMOMMUMM lailfflffl mr.grOMMUMMIMMUMMO 
INUMMUMBRIMIUMB MIMMAIleedolUMUM MUINUMM I ••••••••••• BM MIBM Mmouall, JAMerd.d WM« 111111MMUMMIRM 

mumm
mmummummumammuumggg;pmmumgmammummumm 

ummummummummumenn.gammummimmimm 
annammannagnammannammunage, manammannumannumman 
manammannammanammangammwme Oammumummummummum 
musgmmummummummummilwàdinumgmmummummumm 

g
mommiummummomummreememmummemillmmumm 
mommummormom ee a u

muggig 9uUmmgmunumom gamma, 
ummilm inimmnmrrmmunnom•• mummummum 

mannamman annugnmaggr Ageamannnammagnmannammannamm 
IMMUMMIUMMfflammafflund ereAMMIMUMBMWMUMUMUM 
mummummummoggpmmmulimmumrgummummumm 
m 	m umgmummomu arzezeflumg•mum•goommagmumm 
annmangangmang 

 mm 	
ragman. unman mgammammignamang 

iummaggmmum Àaimmiummmummumgmummummumgmm 
mimmumume Aummummmummommemmimummumm 

mummgm

mmmmmmggmmmmv59ammmmmmumgmmmmmmmmmmmmmwmgmamm 
moommugggon ArAnggammummegmuummumummummag 
mummummum eAmmgmummummummi

m
mmmommamm 

ommum Ammgmfflummummum mummumumm 
le/  muummummr immommummummumm nommummumm 

mmigmareur

um

milimmu

ummu

mmummummumm. 

mmagmumur a mu g mm mumminummumg 
mu•mug /AA wig ' rummulimmumminimmg 
mom immuA/1 gum•••• mmummimm mummummumm 
MUM MOUEORBM lien...» MIMMUMUMMMUMUOMMI» 
MMUMM:OTTMMIUMMEMMUMIIMMOMMUUMIUMEM 
minuMMBU • • MuuMMUm «Man IMMUMMUMMUMNIU • 1011».g.à. M MUMMUM MUMMUMB MUMMIUMMUMBRIMM • 
SIMMEMOAMM miRMIMMUMBMOMMUMM MMIUMMUMUUMMUMMI 
Mommil›MMEMmumm•IMIMMUMMIMBRUMMUMMUMI 
UMWIUMMIE 

••

MM MIMMUMMUIT MOMMIIIMMUMMIUM 

ledimMUMB MR» _M•m• IMMUMMMUMMUMMU 
!AMMONIUM • MUM imam MUMUMMummummeMM 

Mil »WM le BM gui RUMMB I MUMMM MOBIMMUMMUMM 
• AMU» In IMMIMIIIMM Man MOOMMUMBIUM 

MU MINIT
u
U

n
MB mrnifflimmillffl1 

im
MMUMBRIUMMUMBd« m ummigm gm mummummulgmgmgma rnmumggim mummenu 

mrmimmingummumirmgromulimuommog 
mu mummum gamma gum» mmummumummummium 

1 m•uimmummummimmummeimmemmiummummvmm 
munimmummumummumgger

.
muummgmmummumumm imam mi 

g
mummungammomm gmmmmmmmmmmmmmmmmmmmmm 

um» m oommuggoir ..... ...L ........r......... ...... 	 •...••.• r•  I ............ . ..... ........., 
IMMUMMUM MIIMMEMM» IIMMWIEMUMUMMIMMIMMIM 
MUMMBRIOIMMIUM117.11MMUMUMMUMMWM• 
MICUMOURIMI MUM» SIMMM uMMIUMMIIIMMIUMWM 
MINIMMIMM

mm

UM MIBBBM MUM MBIUMBRIUMBRUMWM 
MI UMUM MUM .Urn•IIMUMMIUMMBR UMMUMB 
MU I M« fflfflimm MUMUMIMUMMIMMEMIMMIUMMM 
MUMMEMINNIMMUMBI

• 
 BirliMUMEMBRUMINIMMffli 

M IUMMUHUMBRU ma Illrn BM gummummimummula 
mum um mummumenummumummummummumm 
mummelli

m
mm• ma•ma gm mirmummumn 

mmummi ummiummummommummi mommaimmuumm 
2 	4 	6 

MOISTURE IN FUEL  • 'Ye 

FIGURE 4 • HEAT LOSS DUE TO MOISTURE IN COAL 

10 12 

NS. 35  

106 



3.0 

20 

600 
500 
400 
300 
200 

S
TA

C
K

 T
E

IM
PE

R
AT

U
R

E 
,°

F
  

6.0 
MMIMM 

1111111111111111111 1111111111 	II 
•111101111111111111111111111111111111  
11111111111111.1111191111

BUM MM • M 
.11 

BEIM 	
1111111111  

MMMEMMMUMMUMMUMM M 	 M milimailm
MUM
aille UM  

M 	 R

mi 
MM 	

ll 
IUMMMUMMUMMM 	 I

MUM  MMIMMMIUMMIUMM 	M«. 
BlIMMUMMIIMMUM 	 MUM MURIBM 
mummumMUMMIUMMUMMIMMUMBMWRIMMICI 
Merammummiceaam iremmumMUMMUMMUMM MI mmemmemummummummeMg22"nemeidarim■=2="22 umiziminauze-mmmeggeelelmummulàiiiiell2--=1  g.m.mmummemaammummimmem=eenemminge=--- mmem-r.mmmummewaremmmummuâaM="mefflumMeile immilimriu

mumMia:Mrernelerneeeeeintieleilimillial  eammummuniffeatem"nannlieeee-"mmaneriieeeene  IlliMMMUMMIreafflenggeeieMeggl ennumiel= 
MMUMMUMMM MMUMMIIMmimmillnammee;T --n-- ■ 

11111•1111111MIZZArMIMIMMIMMIWITIfflumn unpuquapuipq..ipm...0. .... .... .... ..... ... ... ..... MU 
MMOMMUMMIMMUMMIMMU•MUMBRIMIBM 
MUMMUMMUMMUMMUMUMIUMBIBMMUMMMU M 
MUMMUMMMEMIUMMOMMUMBOMMURB 11111111  • 
111111111 	1111 	11 	 	111111111111  Pi lit I 

5.0 

uî 
cn 
0 4.0 -J 

40 	60 	80 	100 

COMBUSTION AIR TEMPERATURE, °F 

FIGURE 5. HYDROGEN LOSS FOR A RANGE 

OF STACK TEMPERATURES 

120 

NS .3. 5 

107 



60

50

40

w

20

10

0

0

q q q q

10

m

mmq

mm q

20 30 40

COMBUSTIBLE, %

m

$
50

FIGURE 6 HEAT LOSS FOR A RANGE OF COMBUSTIBLE

CONCENTRATIONS IN REFUSE

NS-3-5

60

108



	111111111  
11111111  

111111111111111111111111111111111111111 1  1 	I 	 :::::

_______ • __ _. _.. . ................ :".01.12..  ................... mum  immim  p nommommumn 
IIIIPIIIIIIAMIEMINIIME iiiiiiiiiIiii, .llm......mu nummummommI. 	n ......... 	..............._. 
mummum 	mo 

mumum marammumm 
nummum  ....."" '  limp pmellimpl 
mumilm...1111 :I mila1 amm

l 1 ornal 
mumarara..mas 	. arammu. 
ilm.i
mmirrammumplemmileurpra 

nimm  Imm m m mama a Immi mm mmim 
le "mil  IntImmummilimumm mama IIIIIIIIIII  II IIIIIIIIIIIIIIIIIIIIIIIII emmemmummummIl minnum urn 
rIIIIBIIIIIIIIIIIMAIIIIIIIIIIIIIIM mom 

0 • 0 0.5 1-0 1.5 2.0 

7-0 

6.0 

5-0 

0 0 
4.0 

w 3.0 

2.0 

1.0 

0 •0 

CO, 0/0 

FIGURE 7 . HEAT LOSS FOR A RANGE OF 

CO CONCENTRATIONS, ASSUMING 

NEGLIGIBLE EXCESS AIR 
N S.3.5 

109 



COAL NS 3-6, DOMINION SLACK, DEVCO, 
CAPE BRETON, 3/4 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0806 
Volatile Matter 	 0.3484 
Fixed Carbon 	 0.5710 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.7781 
Hydrogen (H) 	 0.0506 
Sulphur (S) 	 0.0281 
Nitrogen (N) 	 0.0132 
Oxygen (0) 	 0.0494 
Ash 	 0.0806 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 14070 
Btu/short ton: 	 28.14 x 106  
Btu/long ton: 	 31.52x 106  
MJ/kg: 	 32.72 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 71.07 	lb 
106  Btu = 0.03554 short tons 
106  Btu = 0.03173 long tons 
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COAL NS 4-1, DRUMMOND NO. 1, PICTOU COUNTY, 3/4 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.2251 
Volatile Matter 	 0.2389 
Fixed Carbon 	 0.5360 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6497 
Hydrogen (H) 	 0.0428 
Sulphur (S) 	 0.0076 
Nitrogen (N) 	 0.0171 
Oxygen (0) 	 0.0577 
Ash 	 0.2251 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 10994 
Btu/short ton: 	 21.99 x 106  
Btu/long ton: 	 24.63 x 106  
MJ/kg: 	 25.57 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 90.96 lb 
106  Btu = 0.04548 short tons 
106  Btu = 0.04060 long tons 
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COAL NS 4-2, DRUMMOND NO. 2, PICTOU COUNTY, 3/4 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.2103 
Volatile Matter 	 0.2457 
Fixed Carbon 	 0.5440 

Total 	 1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6577 
Hydrogen (H) 	 0.0426 
Sulphur (S) 	 0.0146 
Nitrogen (N) 	 0.0161 
Oxygen (0) 	 0.0587 
Ash 	 0.2103 

Total 	 1.0000 

Gross Calorific Value 

Btu/lb: 	 11173 
Btu/short ton: 	 22.35 x 106  
Btu/long ton: 	 25.03 x 106  
MJ/kg: 	 25.98 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 89.50 lb 
106  Btu = 0.04475 short tons 
106  Btu = 0.03996 long tons 
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COAL NS 5-1, EVANS COAL MINES LTD., 
CAPE BRETON, l in.  x 3/4 in. 

Typical Moisture Range: 4-10% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0920 
Volatile Matter 	 0.3768 
Fixed Carbon 	 0.5312 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.7190 
Hydrogen (H) 	 0.0459 
Sulphur (S) 	 0.0649 
Nitrogen (N) 	 0.0123 
Oxygen (0) 	 0.0659 
Ash 	 0.0920 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 12910 
Btu/short ton: 	 25.82 x 106  
Btu/long ton: 	 28.92 x 106  
MJ/kg: 	 30.02 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 77.46 lb 
106  Btu = 0.03873 short tons 
106  Btu = 0.03458 long tons 
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COAL NS 5-2, EVANS COAL MINES LTD., 
CAPE BRETON, 3/4 in. x 1/2 in. 

Typical Moisture Range: 4-10% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0900 
Volatile Matter 	 0.3787 
Fixed Carbon 	 0.5313 

Total 	 1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.7148 
Hydrogen (H) 	 0.0464 
Sulphur (S) 	 0.0673 
Nitrogen (N) 	 0.0136 
Oxygen (0) 	 0.0679 
Ash 	 0.0900 

Total 	 1.0000 

Gross Calorific Value 

Btu/lb: 	 12900 
Btu/short ton: 	 25.80 x 10 6  
Btu/long ton: 	 23.04 x 106  
MJ/kg: 	 30.00 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 77.52 lb 
106  Btu = 0.03876 short tons 
106  Btu = 0.03461 long tons 
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COAL NS 5-3, EVANS COAL MINES LTD.,
CAPE BRETON, 1/2 in. x 0

Typical Moisture Range: 4-10%

Proximate Analysis (lb/lb dry coal)

Ash 0.1204
Volatile Matter 0.3799
Fixed Carbon 0.4997

Total 1.0000

Ultimate Analysis (lb/lb dry coal)

Carbon (C) 0.6853
Hydrogen (H) 0.0434
Sulphur (S) 0.0670
Nitrogen (N) 0.0127
Oxygen (0) 0.0712
Ash 0.1204

Total 1.0000

Gross Calorific Value

Btu/lb: 12227
Btu/short ton: 24.45 x 106
Btu/long ton: 27.39 x 106
MJ/kg: 28.43

Conversion Factors

1 short ton = 0.8929 long tons = 20001b
106 Btu = 81.79 lb
106 Btu = 0.04089 short tons
106 Btu = 0.03651 long tons
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COAL NS 5-4, EVANS COAL MINES LTD., 
CAPE BRETON, 4 in. x  2m.  

Typical Moisture Range: 4-10% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0877 
Volatile Matter. 	 0.3783 
Fixed Carbon 	 0.5340 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.7197 
Hydrogen (H) 	 0.0458 
Sulphur (S) 	 0.0670 
Nitrogen (N) 	 0.0124 
Oxygen (0) 	 0.0674 
Ash 	 0.0877 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 12990 
Btu/short ton: 	 25.98 x 106  
Btu/long ton: 	 29.10 x 106  
MJ/kg: 	 30.21 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 76.98 lb 
106  Btu = 0.03849 short tons 
106  Btu = 0.03437 long tons 
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COAL NS 5-5, EVANS COAL MINES LTD. 
CAPE BRETON, 2 in. x 1 in. 

Typical Moisture Range: 4-10% 

Proximate Analysis  (lb/lb dly coal) 

Ash 	 0.0911 
Volatile Matter 	 0.3851 
Fixed Carbon 	 0.5238 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.7099 
Hydrogen (H) 	 0.0463 
Sulphur (S) 	 0.0691 
Nitrogen (N) 	 0.0124 
Oxygen (0) 	 0.0712 
Ash 	 0.0911 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 12836 
Btu/short ton: 	 25.67 x 106  
Btu/long ton: 	 28.75 x 106  
MJ/kg: 	 29.85 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 77.91 	lb 
106  Btu = 0.03895 short tons 
106  Btu = 0.03478 long tons 
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COAL NS 6-1, OLD SYDNEY, DEVCO, 
CAPE BRETON, 1 3/4 in. x 3/4 in. 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0322 
Volatile Matter 	 0.3924 
Fixed Carbon 	 0.5754 

Total 	 1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.8247 
Hydrogen (H) 	 0.0550 
Sulphur (S) 	 0.0151 
Nitrogen (N) 	 0.0162 
Oxygen (0) 	 0.0568 
Ash 	 0.0322 

Total 	 1.0000 

Gross Calorific Value 

Btu/lb: 	 14890 
Btu/short ton: 	 29.78 x 106  
Btu/long ton: 	 33.35 x 106  
MJ/kg: 	 34.63 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 67.16 lb 
106  Btu = 0.03358 short tons 
106  Btu = 0.02998 long tons 
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COAL NS 6-2, OLD SYDNEY, DEVCO, 
CAPE BRETON, 3/4 in. x 1/4 in. 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ath 	 0.0387 
Volatile Matter 	 0.3903 
Fixed Carbon 	 0.5710 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.8184 
Hydrogen (H) 	 0.0544 
Sulphur (S) 	 0.0225 
Nitrogen (N) 	 0.0140 
Oxygen (0) 	 0.0520 
Ash 	 0.0387 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 14640 
Btu/short ton: 	 29.28 x 106  
Btu/long ton: 	 32.79 x 106  
MJ/kg: 	 34.04 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 68.31 	lb 
106  Btu = 0.03415 short tons 
106  Btu = 0.03049 long tons 
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COAL NS 6-3, OLD SYDNEY, DEVCO, 
CAPE BRETON, 1 3/4 in. x 0 

Typical Moisture Range: 0-6% 

Proximate Analysis (lb/lb dry coal) 

Ash 	 0.0662 
Volatile Matter 	 0.3661 
Fixed Carbon 	 0.5677 

Total 	1.0000 

Ultimate Analysis (lb/lb dry coal) 

Carbon (C) 	 0.7876 
Hydrogen (H) 	 0.0511 
Sulphur (S) 	 0.0201 
Nitrogen (N) 	 0.0151 
Oxygen (0) 	 0.0599 
Ash 	 0.0662 

Total 	1.0000 

Gross Calorifïc Value 

Btu/lb: 	 14200 
Btu/short ton: 	 28.40 x 106  
Btu/long ton: 	 31.81 x 106  
MJ/kg: 	 33.02 

Conversion Factors 

1 short ton -= 0.8929 long tons = 2000 lb 
106  Btu = 70.42 lb 
106  Btu 	= 0.03521 short tons 
106  Btu = 0.03144 long tons 
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COAL NS 64, OLD SYDNEY, DEVCO, 
CAPE BRETON, — 1/4 in. 

Typical Moisture Range: 0-6% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0908 
Volatile Matter 	 0.3602 
Fixed Carbon 	 0.5490 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.7682 
Hydrogen (H) 	 0.0501 
Sulphur (S) 	 0.0258 
Nitrogen (N) 	 0.0158 
Oxygen (0) 	 0.0493 
Ash 	 0.0908 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 13980 
Btu/short ton: 	 27.96 x 106  
Btu/long ton: 	 31.32 x 106  
MJ/kg: 	 32.51 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 71.53 lb 
106  Btu = 0.03577 short tons 
106  Btu = 0.03193 long tons 
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FIGURE 1. COMBUSTION DATA, WEIGHT BASIS 
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COAL NS 7-1, RIVER HEBERT, JOGGINS, 1 1/8 in. x 0 

Typical Moisture Range: 0-8% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.2365 
Volatile Matter 	 0.3132 
Fixed Carbon 	 0.4503 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6120 
Hydrogen (H) 	 0.0414 
Sulphur (S) 	 0.0425 
Nitrogen (N) 	 0.0127 
Oxygen (0) 	 0.0549 
Ash 	 0.2365 

Total 	1.0000 

Gross Calorifïc Value 

Btu Ilb: 	 11130 
Btu/short ton: 	 22.26 x 106  
Btu/long ton: 	 24.93 x 106  
MJ/kg: 	 25.88 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 89.85 lb 
106  Btu = 0.04492 short tons 
106  Btu = 0.04011 long tons 
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COAL NS 8-1, SPRINGHILL, CUMBERLAND, 3/8 in. x 0 

Typical Moisture Range: 0-8% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.2136 
Volatile Matter 	 0.3013 
Fixed Carbon 	 0.4851 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6589 
Hydrogen (H) 	 0.0410 
Sulphur (S) 	 0.0247 
Nitrogen (N) 	 0.0100 
Oxygen (0) 	 0.0518 
Ash 	 0.2136 

Total 

Gross Calorific Value 

Btu Ilb: 
Btu/short ton: 
Btu/long ton: 
MJ/kg: 

Conversion Factors 

1.0000 

11250 
22.50x 106 

 25.20x 106 
 26.16 

1 short ton = 
106  Btu = 
106  Btu = 
106  Btu = 

0.8929 long tons = 20001b 
88.89 	lb 
0.04444 short tons 
0.03968 long tons 
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COAL NB 1-1, AVON, N.B. COAL LTD., MINTO, 1 1/4 in. x 0 

Typical Moisture Range: 0-8% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1475 
Volatile Matter 	 0.3295 
Fixed Carbon 	 0.5230 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6965 
Hydrogen (H) 	 0.0458 
Sulphur (S) 	 0.0699 
Nitrogen (N) 	 0.0081 
Oxygen (0) 	 0.0322 
Ash 	 0.1475 

Total 

Gross Calorific Value 

Btu/lb: 
Btu/short ton: 
Btu/long ton: 
MJ/kg: 

Conversion Factors 

1.0000 

12740 
25.48x 106 

 28.54x 106 
 29.63 

1 short ton = 
106  Btu = 
106  Btu = 
106  Btu = 

0.8929 long tons = 2000 lb 
78.49 lb 
0.03925 short tons 
0.03504 long tons 
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COAL NB 1-2, AVON, N.B. COAL LTD., MINTO, 3/4 in. x 0 

Typical Moisture Range: 0-8% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1758 
Volatile Matter 	 0.3276 
Fixed Carbon 	 0.4966 

Total 	 1.0000 

Ultimate Analysis (lb/lb dry coal) 

Carbon (C) 	 0.6731 
Hydrogen (H) 	 0.0446 
Sulphur (S) 	 0.0741 
Nitrogen (N) 	 0.0080 
Oxygen (0) 	 0.0244 
Ash 	 0.1758 

Total 	 1.0000 

Gross Calorific Value 

Btu/lb: 	 12340 
Btu/short ton: 	 24.68 x 106  
Btu/long ton: 	 27.64 x 106  
MJ/kg: 	 28.70 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 81.04 lb 
106  Btu = 0.04052 short tons 
106  Btu = 0.03618 long tons 
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COAL NB 1-3, AVON, N.B. COAL LTD., MINT°, 1/4 in. x 0 

Typical Moisture Range: 0-8% 

Proximate Analysis (lb/lb dry coal) 

Ash 	 0.1211 
Volatile Matter 	 0.3499 
Fixed Carbon 	 0.5290 

Total 	 1.0000 

Ultimate Analysis (1b/lb dry coal) 

Carbon (C) 	 0.7280 
Hydrogen (H) 	 0.0480 
Sulphur (S) 	 0.0634 
Nitrogen (N) 	 0.0087 
Oxygen (0) 	 0.0308 
Ash 	 0.1211 

Total 	 1.0000 

Gross Calorifïc Value 

Btu/lb: 	 13370 
Btu/short ton: 	 26.74 x 106  
Btu/long ton: 	 29.95 x 106  
MJ/kg: 	 31.09 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 74.79 lb 
106  Btu = 0.03740 short tons 
106  Btu = 0.03339 long tons 
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FIGURE 3. DRY FLUE GAS LOSS 	FOR A RANGE 
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COAL NB 2-1, D.W. & R.A. MILLS, N.B. COAL LTD., 
MINTO, 2 in. x 0 

Typical Moisture Range: 0-8% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1859 
Volatile Matter 	 0.3209 
Fixed Carbon 	 0.4932 

Total 	 1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6658 
Hydrogen (H) 	 0.0435 
Sulphur (S) 	 0.0654 
Nitrogen (N) 	 0.0089 
Oxygen (0) 	 0.0305 
Ash 	 0.1859 

Total 	 1.0000 

Gross Calorific Value 

Btu/lb: 	 12290 
Btu/short ton: 	 24.58 x 106  
Btu/long ton: 	 27.53x  106  
MJ/kg: 	 28.58 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 81.37 lb 
106  Btu = 0.04068 short tons 
106  Btu = 0.03632 long tons 
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COAL NB 2-2, D.W. & R.A. MILLS, N.B. COAL LTD., 
MINTO, 3/4 in. x 0 

Typical Moisture Range: 0-8% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1774 
Volatile Matter 	 0.3288 
Fixed Carbon 	 0.4938 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6722 
Hydrogen (H) 	 0.0449 
Sulphur (S) 	 0.0618 
Nitrogen (N) 	 0.0079 
Oxygen (0) 	 0.0358 
Ash 	 0.1774 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 12420 
Btu/short ton: 	 24.84 x 106  
Btu/long ton: 	 27.82 x 106  
MJ/kg: 	 28.88 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 80.52 	lb 
106  Btu = 0.04026 short tons 
106  Btu = 0.03594 long tons 
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COAL NB 3-1, V.C. MCMANN, N.B. COAL LTD., 
MINTO, 1 1/4 in. x 0 

Typical Moisture Range: 0-8% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1845 
Volatile Matter 	 0.3336 
Fixed Carbon 	 0.4819 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6675 
Hydrogen (H) 	 0.0455 
Sulphur (S) 	 0.0644 
Nitrogen (N) 	 0.0085 
Oxygen (0) 	 0.0296 
Ash 	 0.1845 

Total 	1.0000 

Gross Calorific Value 

Btu Ilb: 	 12230 
Btu/short ton: 	 24.46 x 106  
Btu/long ton: 	 27.40 x 106  
MJ/kg: 	 28.44 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 81.77 	lb 
106  Btu = 0.04088 short tons 
106  Btu = 0.03650 long tons 
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0.6412 
0.0393 
0.0079 
0.0106 
0.1703 
0.1307 

1.0000 

COAL  01-1, ONAKAWANA LIGNITE MINE RUN 

Typical Moisture Range: 40-55% 

Proximate Analysis  (lb/lb dry coal) 

Ash 
Volatile Matter 
Fixed Carbon 

Total 	 1.0000 

0.1307 
0.4133 
0.4560 

Ultimate Analysis  (lb/lb do, coal) 

Carbon (C) 
Hydrogen (H) 
Sulphur (S) 
Nitrogen (N) 
Oxygen (0) 
Ash 

Total 

Gross Calorific Value 

BtuIlb: 
Btu/short ton: 
Btu/long ton: 
MJ/kg: 

Conversion Factors 

10300 
20.60x  106 

 23.07 x 106 
 23.93 

1 short ton = 
106  Btu = 
106  Btu = 
106  Btu = 

0.8929 long tons = 2000 lb 
97.09 	lb 
0.04854 short tons 
0.04334 long tons 
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COAL S 1-1, BATTLE RIVER COAL CO. LTD.,
ESTEVAN LIGNITE, 1 1/2 in. x 1/2 in.

Typical Moisture Range: 25-40%

Proximate Analysis (lb/lb dry coal)

Ash 0.1027
Volatile Matter 0.3969
Fixed Carbon 0.5004

Total 1.0000

Ultimate Analysis (lb/lb dry coal)

Carbon (C) 0.6634
Hydrogen (H) 0.0417
Sulphur (S) 0.0133
Nitrogen (N) 0.0107
Oxygen (0) 0.1682
Ash 0.1027

Total 1.0000

Gross Calorific Value

Btu/lb: 10820
Btu/short ton: 21.64 x 106
Btu/long ton: 24.24 x 106
MJ/kg: 25.16

Conversion Factors

1 short ton = 0.8929 long tons = 20001b
106 Btu = 92.42 lb
106 Btu = 0.04621 short tons
106 Btu = 0.04126 long tons
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COAL S 1-2, BATTLE RIVER COAL CO. LTD., 
ESTEVAN LIGNITE, — 1/2 in. 

Typical Moisture Range: 25-40% 

Proximate Analysis (lb/lb dry coal) 

Ash 	 0.1123 
Volatile Matter 	 0.3936 
Fixed Carbon 	 0.4941 

Total 	1.0000 

Ultimate Analysis (lb/lb dry coal) 

Carbon (C) 	 0.6674 
Hydrogen (H) 	 0.0399 
Sulphur (S) 	 0.0129 
Nitrogen (N) 	 0.0110 
Oxygen (0) 	 0.1565 
Ash 	 0.1123 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 10960 
Btu/short ton: 	 21.92 x 106  
Btu/long ton: 	 24.55 x 106  
MJ/kg: 	 25.49 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 91.24 lb 
106  Btu 	= 0.04562 short tons 
106  Btu = 0.04073 long tons 
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COAL S 1-3, BATTLE RIVER COAL CO. LTD., 
ESTEVAN LIGNITE, 2 in. x 1/8 in. 

Typical Moisture Range: 25-40% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0866 
Volatile Matter 	 0.4104 
Fixed Carbon 	 0.5030 

Total 	 1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6787 
Hydrogen (H) 	 0.0421 
Sulphur (S) 	 0.0091 
Nitrogen (N) 	 0.0110 
Oxygen (0) 	 0.1725 
Ash 	 0.0866 

Total 	 1.0000 

Gross Calorific Value 

Btu/lb: 	 11220 
Btu/short ton: 	 22.44 x 106  
Btu/long ton: 	 25.13x  106  
MJ/kg: 	 26.09 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 89.13 	lb 
106  Btu = 0.04456 short tons 
106  Btu = 0.03979 long tons 
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COAL S 2-1, MANITOBA AND SASKATCHEWAN COAL CO. LTD., 
BIENFAIT LIGNITE, 1 1/4 in. x 1/2 in. 

Typical Moisture Range: 25-40% 

Proximate Analysis (lb/lb dry coal) 

Ash 	 0.0850 
Volatile Matter 	 0.4603 
Fixed Carbon 	 0.4547 

Total 	 1.0000 

Ultimate Analysis (lb/lb dry coal) 

Carbon (C) 	 0.6806 
Hydrogen (H) 	 0.0424 
Sulphur (S) 	 0.0082 
Nitrogen (N) 	 0.0122 
Oxygen (0) 	 0.1716 
Ash 	 0.0850 

Total 	 1.0000 

Gross Calorifïc Value 

Btu/lb: 	 11290 
Btu/short ton: 	 22.58 x 106  
Btu/long ton: 	 25.29 x 106  
MJ/kg: 	 26.25 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 88.57 lb 
106  Btu 	= 0.04429 short tons 
106  Btu = 0.03954 long tons 
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COAL S 2-2, MANITOBA AND SASKATCHEWAN COAL 
CO. LTD., BIENFAIT LIGNITE, — 1/2 in. 

Typical Moisture Range: 25-40% 

Proximate Analysis (lb/lb dry coal) 

Ash 	 0.0984 
Volatile Matter 	 0.4011 
Fixed Carbon 	 0.5005 

Total 	 1.0000 

Ultimate Analysis (lb/lb dry coal) 

Carbon (C) 	 0.6771 
Hydrogen (H) 	 0.0416 
Sulphur (S) 	 0.0087 
Nitrogen (N) 	 0.0109 
Oxygen (0) 	 0.1633 
Ash 	 0.0984 

Total 	 1.0000 

Gross Calorifïc Value 

Btu/lb: 	 11200 
Btu/short ton: 	 22.40 x 106  
Btu/long ton: 	 25.09 x 10 6  
MJ/kg: 	 26.05 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 89.29 lb 
106  Btu = 0.04464 short tons 
106  Btu = 0.03986 long tons 
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COAL S 2-3, MANITOBA AND SASKATCHEWAN COAL 
CO. LTD., BIENFAIT LIGNITE, 4 in. x 2 in. 

Typical Moisture Range: 25-40% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0744 
Volatile Matter 	 0.4143 
Fixed Carbon 	 0.5113 

Total 	 1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6801 
Hydrogen (H) 	 0.0440 
Sulphur (S) 	 0.0062 
Nitrogen (N) 	 0.0110 
Oxygen (0) 	 0.1843 
Ash 	 0.0744 

Total 	 1.0000 

Gross Calorific Value 

Btu/lb: 	 11310 
Btu/short ton: 	 22.62 x 10 6  
Btu/long ton: 	 25.33 x 10 6  
MJ/kg: 	 26.30 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 88.42 lb 
106  Btu = 0.04421 short tons 
106  Btu = 0.03947 long tons 
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COAL S 2-4, MANITOBA AND SASKATCHEWAN COAL 
CO. LTD., BIENFAIT LIGNITE, 2 in. x 1 1/4 in. 

Typical Moisture Range: 25-40% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0789 
Volatile Matter 	 0.4155 
Fixed Carbon 	 0.5056 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6873 
Hydrogen (H) 	 0.0426 
Sulphur (S) 	 0.0086 
Nitrogen (N) 	 0.0116 
Oxygen (0) 	 0.1710 
Ash 	 0.0789 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 11370 
Btu/short ton: 	 22.74 x 106  
Btu/long ton: 	 25.47 x 106  
MJ/kg: 	 26.44 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 87.95 lb 
106  Btu = 0.04398 short tons 
106  Btu = 0.03926 long tons 
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COAL S 3-1, UTILITY COAL LTD., ESTEVAN, MINE RUN 

Typical Moisture Range: 25-40% 

Proximate Analysis  (lb /lb dry coal) 

Ash 	 0.1336 
Volatile Matter 	 0.3821 
Fixed Carbon 	 0.4843 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6548 
Hydrogen (H) 	 0.0361 
Sulphur (S) 	 0.0060 
Nitrogen (N) 	 0.0113 
Oxygen (0) 	 0.1582 
Ash 	 0.1336 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 10790 
Btu/short ton: 	 21.58 x 106  
Btu/long ton: 	 24.17 x 106  
MJ/kg: 	 25.09 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 92.68 lb 
106  Btu = 0.04634 short tons 
106  Btu = 0.04137 long tons 
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COAL ABC 1-1, CANMORE MINES LTD.,
CASCADE, 1 1/4 in. x 1/2 in.

Typical Moisture Range: 0-4%

Proximate Analysis (lb/lb dry coal)

Ash 0.0753
Volatile Matter 0.1560
Fixed Carbon 0.7687

Total 1.0000

Ultimate Analysis (lb/lb dry coal)

Carbon (C) 0.8373
Hydrogen (H) 0.0421
Sulphur (S) 0.0069
Nitrogen (N) 0.0158
Oxygen (0) 0.0226
Ash 0.0753

Total 1.0000

Gross Calorific Value

Btu/1b: 14553
Btu/short ton: 29.11 x 106
Btu/long ton: 32.60 x 106
MJ/kg: 33.84

Conversion Factors

1 short ton = 0.8929 long tons = 20001b
106 Btu = 68.71 lb
106 Btu = 0.03436 short tons
106 Btu = 0.03068 long tons
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COAL ABC 1-2, CANMORE MINES LTD., 
CASCADE, — 3/16 in. 

Typical Moisture Range: 0-4% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0796 
Volatile Matter 	 0.1500 
Fixed Carbon 	 0.7704 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.8366 
Hydrogen (H) 	 0.0419 
Sulphur (S) 	 0.0090 
Nitrogen (N) 	 0.0164 
Oxygen (0) 	 0.0165 
Ash 	 0.0796 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 14193 
Btu/short ton: 	 28.39 x 106  
Btu/long ton: 	 31.79 x 106  
MJ/kg: 	 33.01 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 70.46 lb 
106  Btu = 0.03523 short tons 
106  Btu = 0.03145 long tons 
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COAL ABC 2-1, CARDINAL RIVER COAL CO.,
MOUNTAIN PARK, No. 1768, MINE RUN

Typical Moisture Range: 0-4%

Proximate Analysis (lb/lb dry coal)

Ash 0.0945
Volatile Matter 0.2190
Fixed Carbon 0.6865

Total 1.0000

Ultimate Analysis (lb/lb dry coal)

Carbon (C) 0.8152
Hydrogen (H) 0.0437
Sulphur (S) 0.0015
Nitrogen (N) 0.0109
Oxygen (0) 0.0342
Ash 0.0945

Total 1.0000

Gross Calorific Value

Btu/lb: 14038
Btu/short ton: 28.08 x 106
Btu/long ton: 31.45 x 106
MJ/kg: 32.64

Conversion Factors

1 short ton = 0.8929 long tons = 20001b
106 Btu = 71.24 lb
106 Btu = 0.03562 short tons
106 Btu = 0.03180 long tons
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COAL ABC 3-1, COLEMAN EXPORT,
CROWSNEST, 1 1/4 in. x 1/4 in.

Typical Moisture Range: 0-4%

Proximate Analysis (lb/lb dry coal)

Ash 0.0849
Volatile Matter 0.2330
Fixed Carbon 0.6821

Total 1.0000

Ultimate Analysis (lb/lb dry coal)

Carbon (C) 0.8109
Hydrogen (H) 0.0447
Sulphur (S) 0.0075
Nitrogen (N) 0.0111
Oxygen (0) 0.0409
Ash 0.0849

Total 1.0000

Gross Calorific Value

Btu/lb: 14160
Btu/short ton: 28.32 x 106
Btu/long ton: 31.72 x 106
MJ/kg: 32.93

Conversion Factors

1 short ton = 0.8929 long tons = 20001b
106 Btu = 70.62 lb
106 Btu = 0.03531 short tons
106 Btu = 0.03153 long tons
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COAL ABC 3-2, COLEMAN EXPORT, CROWSNEST, 1/4 in. x 0 

Typical Moisture Range: 0-4% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0885 
Volatile Matter 	 0.2289 
Fixed Carbon 	 0.6826 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.8117 
Hydrogen (H) 	 0.0444 
Sulphur (S) 	 0.0060 
Nitrogen (N) 	 0.0112 
Oxygen (0) 	 0.0382 
Ash 	 0.0885 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 14040 
Btu/short ton: 	 28.08 x 106  
Btu/long ton: 	 31.45 x 10

6 

MJ/kg: 	 32.65 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 71.23 lb 
106  Btu 	= 0.03561 short tons 
106  Btu = 0.03180 long tons 
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COAL ABC 3-3, COLEMAN TENT MOUNTAIN, CROWSNEST,
1 1/4 in. x 1/4 in.

Typical Moisture Range: 0-4%

Proximate Analysis (lb/lb dry coal)

Ash 0.0985
Volatile Matter 0.2353
Fixed Carbon 0.6662

Total 1.0000

Ultimate Analysis (lb/lb dry coal)

Carbon (C) 0.8002
Hydrogen (H) 0.0443
Sulphur (S) 0.0068
Nitrogen (N) 0.0112
Oxygen (0) 0.0390
Ash 0.0985

Total 1.0000

Gross Calorific Value

Btu/lb: 13920
Btu/short ton: 27.84 x 106
Btu/long ton: 31.18 x 106
MJ/kg: 32.37

Conversion Factors

1 short ton = 0.8929 long tons = 20001b
106 Btu = 71.84 lb
106 Btu = 0.03592 short tons
106 Btu = 0.03207 long tons
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COAL ABC 4-1, CROWSNEST INDUSTRIES LTD.,
A SEAM, EAST KOOTENAY, 2in. x 0

Typical Moisture Range: 0-4%

Proximate Analysis (lb/lb dry coal)

Ash 0.0810
Volatile Matter 0.2530
Fixed Carbon 0.6660

Total 1.0000

Ultimate Analysis (lb/lb dry coal)

Carbon (C) 0.8130
Hydrogen (H) 0.0464
Sulphur (S) 0.0057
Nitrogen (N) 0.0136
Oxygen (0) 0.0403
Ash 0.0810

Total 1.0000

Gross Calorific Value

Btu/lb: 14210
Btu/short ton: 28.42 x 106
Btu/long ton: 31.83 x 106
M7/kg: 33.04

Conversion Factors

1 short ton = 0.8929 long tons = 20001b
106 Btu = 70.37 lb
106 Btu = 0.03519 short tons
106 Btu = 0.03142 long tons
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COAL ABC 4-2, CROWSNEST INDUSTRIES LTD., 
BALMER SEAM, EAST KOOTENAY, 2 in. x 0 

Typical Moisture Range: 0-4% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0919 
Volatile Matter 	 0.2030 
Fixed Carbon 	 0.7051 

Total 	1.0000 

Ultimate Analysis (lie dry coal) 

Carbon (C) 	 0.8202 
Hydrogen (H) 	 0.0430 
Sulphur (S) 	 0.0042 
Nitrogen (N) 	 0.0114 
Oxygen (0) 	 0.0293 
Ash 	 0.0919 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 14140 
Btu/short ton: 	 28.28 x 106  
Btu/long ton: 	 31.67 x 106  
Mi/kg: 	 32.88 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 70.72 lb 
106  Btu = 0.03536 short tons 
106  Btu ' = 0.03157 long tons 
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COAL ABC 5-1, GREAT CANADIAN OIL SANDS, 
FORT MCMURRAY, COKE 

Typical Moisture Range: 0-4% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0442 
Volatile Matter 	 0.1295 
Fixed Carbon 	 0.8263 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.8315 
Hydrogen (H) 	 0.0354 
Sulphur (S) 	 0.0565 
Nitrogen (N) 	 0.0142 
Oxygen (0) 	 0.0182 
Ash 	 0.0442 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 14410 
Btu/short ton: 	 28.82 x 106  
Btu/long ton: 	 32.28 x 106  
MJ/kg: 	 33.51 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 69.40 lb 
106  Btu = 0.03470 short tons 
106  Btu 	=O.03098  long tons 
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COAL ABC 6-1, MACINTYRE PORCUPINE COAL MINES, 
SMOKEY RIVER, No. 1765, MINE RUN 

Typical Moisture Range: 0-4% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0628 
Volatile Matter 	 0.1990 
Fixed Carbon 	 0.7382 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.8411 
Hydrogen (H) 	 0.0451 
Sulphur (S) 	 0.0042 
Nitrogen (N) 	 0.0119 
Oxygen (0) 	 0.0349 
Ash 	 0.0628 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 14636 
Btu/short ton: 	 29.27 x 106  
Btu/long ton: 	 32.78 x 106  
MJ/kg: 	 34.04 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 68.32 lb 
106  Btu = 0.03416 short tons 
106  Btu = 0.03050 long tons 
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Gross Calorific Value 

Btu/lb: 
Btu/short ton: 
Btu/long ton: 
MJ/kg: 

11130 
22.26x  106 

24.93 x 106 
 25.88 

Conversion Factors 

COAL ABC 7-1, AMALGAMATED COALS LTD., 
DRUMHELLER, 1 1/8 in. x 5/8 in. 

Typical Moisture Range: 10-25% 

Proximate Analysis (lb/lb dry coal) 

Ash 	 0.1228 
Volatile Matter 	 0.3702 
Fixed Carbon 	 0.5070 

Total 	 1.0000 

Ultimate Analysis (1b/lb dry coal) 

Carb on (C) 	 0.6521 
Hydrogen (H) 	 0.0449 
Sulphur (S) 	 0.0075 
Nitrogen (N) 	 0.0145 
Oxygen (0) 	 0.1582 
Ash 	 0.1228 

Total 	 1.0000 

20001b 1 short ton 
106  Btu 
106  Btu 
106  Btu 

= 0.8929 long tons 
= 89.85 lb 
= 0.04492 short tons 
= 0.04011 long tons 
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COAL ABC 7-2, AMALGAMATED COALS LTD., 
DRUMHELLER, 5/8 in. x 0 

Typical Moisture Range: 10-25% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1224 
Volatile Matter 	 0.3679 
Fixed Carbon 	 0.5097 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6538 
Hydrogen (H) 	 0.0439 
Sulphur (S) 	 0.0072 
Nitrogen (N) 	 0.0143 
Oxygen (0) 	 0.1584 
Ash 	 0.1224 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 11080 
Btu/short ton: 	 22.16 x 106  
Btu/long ton: 	 24.82 x 106  
MJ/kg: 	 25.77 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 90.25 lb 
106  Btu = 0.04513 short tons 
106  Btu = 0.04029 long tons 
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COAL ABC 8-1, BATTLE RIVER COAL CO. LTD., 
SHEERNESS, No.  1046,2  in. x 1 1/4 in. 

Typical Moisture Range: 20-30% 

Proxirnate Analysis (lb/lb dry coal) 

Ash 	 0.0999 
Volatile Matter 	 0.3616 
Fixed Carbon 	 0.5385 

Total 	1.0000 

Ultimate Analysis (lb/lb dry coal) 

Carbon (C) 	 0.6784 
Hydrogen (H) 	 0.0466 
Sulphur (S) 	 0.0103 
Nitrogen (N) 	 0.0146 
Oxygen (0) 	 0.1502 
Ash 	 0.0999 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 11420 
Btu/short ton: 	 22.84 x 106  
Btu/long ton: 	 25.58 x 106  
MJ/kg: 	 26.56 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 87.57 lb 
106  Btu = 0.04378 short tons 
106  Btu = 0.03909 long tons 
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COAL ABC 8-2, BAT'TLE RIVER COAL CO. LTD., 
SHEERNESS, No. 1046, 1 1/4 in. x 3/4 in. 

Typical Moisture Range: 20-30% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0952 
Volatile Matter 	 0.3933 
Fixed Carbon 	 0.5115 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6842 
Hydrogen (H) 	 0.0450 
Sulphur (S) 	 0.0059 
Nitrogen (N) 	 0.0149 
Oxygen (0) 	 0.1548 
Ash 	 0.0952 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 11570 
Btu/short ton: 	 23.14 x 106  
Btu/long ton: 	 25.92 x 106  
MJ/kg: 	 26.91 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 86.43 lb 
106  Btu = 0.04322 short tons 
106  Btu = 0.03859 long tons 
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COAL ABC 8-3, BATTLE RIVER COAL CO. LTD.,
SHEERNESS, No. 1046, - 3/4 in.

Typical Moisture Range: 20-30%

Proximate Analysis (lb/lb dry coal)

Ash 0.0877
Volatile Matter 0.4017
Fixed' Carbon 0.5106

, Total 1.0000

Ultimate Analysis (lb/lb dry coal)

Carbon (C) 0.6798
Hydrogen (H) 0.0445
Sulphur (S) 0.0057
Nitrogen,(N) 0.0145
Oxygen (0) 0.1678
Ash 0.0877

Total 1.0000

Gross Calorlfic Value

Btu/lb: 11640
Btu/short ton: 23.28 x 106
Btu/long ton: 26.07 x 106
MJ/kg: 27.07

Conversion Factors

1 short ton = 0.8929 long tons = 20001b
106 Btu = 85.91 lb
106 Btu = 0.04296 short tons
106 Btu = 0.03835 long tons
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COAL ABC 9-1, FORESTBURG COLLIERIES,
CASTOR, 1 in. x 3/8 in.

Typical Moisture Range: 20-30%

Proximate Analysis (lb/lb dry coal)

Ash 0.0818
Volatile Matter 0.3876
Fixed Carbon 0.5306

Total 1.0000

Ultimate Analysis (lb/lb dry coal)

Carbon (C) 0.6844
Hydrogen (H) 0.0447
Sulphur (S) 0.0107
Nitrogen (N) 0.0138
Oxygen (0) 0.1646
Ash 0.0818

Total 1.0000

Gross Calorific Value

Btu/lb: 11653
Btu/short ton: 23.31 x 106
Btu/long ton: 26.10 x 106
MJ/kg: 27.10

Conversion Factors

1 short ton = 0.8929 long tons = 20001b
106 Btu = 85.81 lb
106 Btu = 0.04291 short tons
106 Btu = 0.03831 long tons
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COAL ABC 9-2, FORESTBURG COLLIERIES, 
CASTOR, — 3/8 in. 

Typical Moisture Range: 20-30% 

Proxirnate Analysis  (lb/lb dry coal) 

Ash 	 0.0955 
Volatile Matter 	 0.3830 
Fixed Carbon 	 0.5215 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6773 
Hydrogen (H) 	 0.0445 
Sulphur (S) 	 0.0065 
Nitrogen (N) 	 0.0138 
Oxygen (0) 	 0.1624 
Ash 	 0.0955 

Total 	1.0000 

Gross Calorific Value 

Btullb: 	 11590 
Btu/short ton: 	 23.18 x 106  
Btu/long ton: 	 25.96 x 106  
MJ/kg: 	 26.95 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 86.28 lb 
106  Btu = 0.04314 short tons 
106  Btu = 0.03852 long tons 
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COAL ABC 10-1, GREAT WEST COAL CO., 
SHEERNESS, 1 1/4 in. x 1/2 in. 

Typical Moisture Range: 25-35% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.0931 
Volatile Matter 	 0.3975 
Fixed Carbon 	 0.5094 

Total 	 1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6552 
Hydrogen (H) 	 0.0434 
Sulphur (S) 	 0.0061 
Nitrogen (N) 	 0.0134 
Oxygen (0) 	 0.1888 
Ash 	 0.0931 

Total 	 1.0000 

Gross Calorific Value 

Btu/lb: 	 10950 
Btu/short ton: 	 21.90 x 106  
Btu/long ton: 	 24.53 x 106  
Mi/kg: 	 25.46 

Conversion Factors 

1 short ton '= 0.8929 long tons = 2000 lb 
106  Btu 	= 91.32 lb 
106  Btu = 0.04566 short tons 
106  Btu = 0.04077 long tons 
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COAL ABC 10-2, GREAT WEST COAL CO., 
SHEERNESS, — 1/2 in. 

Typical Moisture Range: 25-35% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1052 
Volatile Matter 	 0.3941 
Fixed Carbon 	 0.5007 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6407 
Hydrogen (H) 	 0.0416 
Sulphur (S) 	 0.0075 
Nitrogen (N) 	 0.0135 
Oxygen (0) 	 0.1825 
Ash 	 0.1052 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 10890 
Btu/short ton: 	 21.78 x 106  
Btu/long ton: 	 24.39 x 106  
MJ/kg: 	 25.32 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 91.83 lb 
106  Btu = 0.04591 short tons 
106  Btu = 0.04099 long tons 
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COAL ABC 11-1, SCISSONS' MINE, ARDLEY, No. 809, 
MINE RUN 

Typical Moisture Range: 15-25% 

Proximate Analysis ablib dry coal) 

Ash 	 0.0986 
Volatile Matter 	 0.3570 
Fixed Carbon 	 0.5444 

Total 	1.0000 

Ultimate Analysis (lb/lb dry coal) 

Carbon (C) 	 0.6798 
Hydrogen (H) 	 0.0403 
Sulphur (S) 	 0.0035 
Nitrogen (N) 	 0.0101 
Oxygen (0) 	 0.1677 
Ash 	 0.0986 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 11363 
Btu/short ton: 	 22.73 x 106  
Btu/long ton: 	 25.45 x 106  
MJ/kg: 	 26.42 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 88.00 lb 
106  Btu = 0.04400 short tons 
106  Btu = 0.03929 long tons 
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COAL ABC 12-1, STAR KEY MINES LTD., 
EDMONTON, 1 1/4 in. x 3/8 in. 

Typical Moisture Range: 20-30% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1077 
Volatile Matter 	 0.3901 
Fixed Carbon 	 0.5022 

Total 	 1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6552 
Hydrogen (H) 	 0.0426 
Sulphur (S) 	 0.0034 
Nitrogen (N) 	 0.0115 
Oxygen (0) 	 0.1796 
Ash 	 0.1077 

Total 	 1.0000 

Gross Calorific Value 

Btu Ilb: 	 11050 
Btu/short ton: 	 22.10 x 106  
Btu/long ton: 	 24.75 x 106  
MJ/kg: 	 25.70 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu 	= 90.50 lb 	' 
106  Btu = 0.04525 short tons 
106  Btu = 0.04040 long tons 
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COAL ABC 12-2, STAR KEY MINES LTD., 
EDMONTON, 3/8 in. x 0 

Typical Moisture Range: 20-30% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1612 
Volatile Matter 	 0.3804 
Fixed Carbon 	 0.4584 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6199 
Hydrogen (H) 	 0.0395 
Sulphur (S) 	 0.0041 
Nitrogen (N) 	 0.0098 
Oxygen (0) 	 0.1655 
Ash 	 0.1612 

Total 	1.0000 

Gross Calorifïc Value 

Btu/lb: 	 10370 
Btu/short ton: 	 20.74 x 106  
Btu/long ton: 	 23.23 x 106  
MJ/kg: 	 24.11 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 96.43 lb 
106  Btu = 0.04822 short tons 
106  Btu = 0.04305 long tons 
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COAL ABC 13-1, WHITEWOOD MINE, PEMBINA, 3/4 in. x 0 

Typical Moisture Range: 20-30% 

Proximate Analysis  (lb/lb dry coal) 

Ash 	 0.1253 
Volatile Matter 	 0.3526 
Fixed Carbon 	 0.5221 

Total 	1.0000 

Ultimate Analysis  (lb/lb dry coal) 

Carbon (C) 	 0.6555 
Hydrogen (H) 	 0.0385 
Sulphur (S) 	 0.0025 
Nitrogen (N) 	 0.0063 
Oxygen (0) 	 0.1719 
Ash 	 0.1253 

Total 	1.0000 

Gross Calorific Value 

Btu/lb: 	 10820 
Btu/short ton: 	 21.64 x 106  
Btu/long ton: 	 24.24 x 106  
MJ/kg: 	 25.16 

Conversion Factors 

1 short ton = 0.8929 long tons = 2000 lb 
106  Btu = 92.42 lb 
106  Btu = 0.04621 short tons 
106  Btu = 0.04126 long tons 
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