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ABSTRACT

Because coal is Caﬁada's most abundant fossil fuel,
ﬁany feel that it will provide the sdlﬁti to @he energy
' shoftages of the mid;1976's. However, there are sevefal

factors’ which may pfevent coal from becohing fhe most -

';bdominant fuel, . First, the convenience and efficiency factors
wvhich resulted in the erosion of the traditional c coal
-markets (railroads and space heating) by other fuels stlll
exist today., Second, economic and social problems related
 to the extraction and use of coal hay be difficult to over-
come~in a sdbiety which is becoming more en?ironment con=
éc;pus. Finally, many- technical difficulties remain to be
sq;;eddn developing new markets for coal. At present coal
is used only for metallurgical purposes and for thermal
electric power generation. | (g

Although'coal output by the Canadian coal industry
" has increased rapidly 4in the last five years, the industry
has been characterized by government aid in the form of
subvéntions and other subsidies or nationalization. Over
the past decade the emphasis of the Canadian coal output
has shiftedvfroﬁ the Maritime region ot the Mogntain region,

which exports coking coal, and the Prairie region, which

sells its output to the power generatingvindustry. The
| iv
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Canadéan industr&'is charactefiied %yrincreaeing c&hcentra-
tion, economies qf.écale,‘end a gradual shift towards surface
mining techniques., However,ithe future of the Canadian
coal industry is uncertain because of changing technology

and a turbulent world energy scene,
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o PREFACE

While I was working as a research assistant for'the -
Province of Alberta's Grande Cache Commission in the summer
of 1973, I became interested in the Canadian coal industry |
and the entire energy issue. During the 1973-74 school
term I wrote several papers which were related to the coal
industry. Although thé} thesis is based’ mainly on an
industrlal organzation paper, my committee members felt i
that I should 1nclude an econometric paper as a separate
entity. This I did in Appendix A, This thesis also shows . k\cf

the influence of a'paper dealing with some conceptual ﬁroblems

in determining the costs and benefits associated with coal

=

papers is conta
!’

- mining. A list!of some of the publications used in these '

led within the biibliography.
I realize that_many of the'predictions‘in this
treatise will be outdated within several'months;ﬁ'The réaséﬁ g

for this is that the data.and publlcatlons I had avallable O

‘to me were not as recent as one mlght have llked. (The most

recent data was almost two years old although. some artlcles

were dated m1d-1973)- Changlng energy technologles, new

-
1)

reserve discoveries, . environmental pressure,‘and other economic

'ﬁ~or 8001al factors requlres on to use up-to-date 1nfdfmation

. at all times, I would like to apologize for not having, or

!

being able to providg, such information, R

vi 3
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CHAPTER I o G

INTRODUCTION

e . -~ . S Lo s

v

Qo,my knowledge, no work exasts wﬁlch has been R
{ v -

vl.wrltten wﬁth the aim of providing a general overv1ew of the

;'entlre Canadlan coal mining 1ndustry and descrlblng the role

%of coal in the energy fleld . It is the purpose of thls

-

- treatise to furnlsh the background whlch is requlred in order

\

to con51der coal as an energy source, 1n 1ts proper perspec-

tive’ within thevpresent-day energy issue. Although 1ntended N
'to provide the 1ayman with an 1n31ght 1nto the Canadlan coal R
| industry and the role of coal 1n ‘the Canadlan economy, the

N
paper may provide useful“background 1nformatlon for energ

) and resource economlsts as well as other energy speclalls s.,“ﬁ'fﬁ
\ \ ﬁ.,«;: . _
In thls paper the descrlptlve or quantltatlve,

approach Wlll be used to analyze the. Canadlan coal 1ndustry,

ThlS is 1n contrast to the approach used by James M, Hendersoﬂ

~in analy21ng the Unlted States coal 1ndustry. Henderson %éﬂ?

uses a llnear programmlng model +to show that the behaV1or of

> . . N
a . N . a _ . v
- . e i o oo

1. Henderson, James M, The Efficiency of the Coal Industrv.;“
: Cambrldge Massachusetts: Harvard Unlver81ty Press, PEETPEPNRS
1958 ' v L. st

- 1 . T
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| the United States' coal industry deviated from the perfectly

Q

competitive norm., Using the perfectly competitive industry as
a_norm for an efficient industry, Henderson concluded that the
U;S. coal industry was inefficient., On that basis he set
forth some policy quidelines for the %pvernment to follow, But
there is "no way of knowing whether his results are valid or
téfwhat degree they are invalid within his framework and, |
therefore,'... any conclusions of policy nature are 81mply
unjustified. "2 Henderson fails to take into account elements
which cause the industry to be inefficient or to deviate

from the competitive norm. The quantitatlve hypothesis does
explain the behawlor of the industry by taking into account
these elements and therefore, "one could obtain a8 quantita-
tive notion of how much total costs of production and dis~
tribution would be reduced if such-and-such a pollcy were

put into effect,"> n

<

Whereas Henderson's linear programming'model cannot
take into account unforeseen technological and other changes
because of tre bu11t -in, mathematical-type assumptions the
descriptive approach can, and does, take 1nto account changingr
technologies, changing industrial organization, and changes
such as those occurring in'the legal and judicial areas,

Hence the justification of a descriptive approach,

” ~—

2 Nerlove, Marc.i "On the Efficiency of the Coal Industry ’

Thevggurgal of Business, July, 1959, Pe 2?7.)

3  Ibid.
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CHAPTER II

[ 4

¢ TECHNICAL ASPECTS

It is neéessary to provide a technical base before
oné is able to proceed with the analysis.' The types of coal,
their chemical and physical propertles, and their maJor uses
are discussed in this section. Also included is a descrip-
tion of the vafious mining techniques and a desoription of
the location of the coal resources of Canada as well as their
quantitative-gstimates. Although the discﬁssion,of coal
reserves could be included in the chapter on supply, it is
included in this section because it provides the backgrdund
necessary for the discussion'of demand and also gives insight

into the basic geographical divisions of the Canadian coal

indﬁstry. ‘ _ 5 : .

Coal: Properties, Classjfications and Uses

What is coal?
p _
Coal is a mineral fuel of vegetable orlgln. It
has formed from the cellulose, lignin and resin
constituents of vascular swamp vegetation after
millions of years of burial during which many
chemical and physical changes -have taken place,
The degree of maturity of coal is related to
the extent of these changes., Chemically, coals
consist of various proportions of carbon,
hydrogen, oxygen, nitrogen, and impurities,
The carbon in coal occurs as fixed carbon and

E
/] :
N
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(1)

- (2)

(3)

(4)

in volatile matter. The percentage of fixed car-

.bon on a dry basis determines the rank of coals

when more than 69 per cent of fixed carbon is
present; for lower ranked coals, classification
is based on the b,t,u., content on the moist (as

-mined) basis., The classification of coal by

rank permits its designation as anthracite,
bituminous, subbituminous and lignitic, with
further groupings under each of these main

‘classes, This and other coal classifications

provide a means of describing coal which, as a

“result of the varying conditions relating to its "

origin, has a wide diversity of characteristics,

Coal is analyzed on '‘the basis of four criteria: 5
water content (moisture);
mineral impurity (ash) left when coal is completely
burned;
volatile matter which consists o% the gases drivep out

when coal is heated; and

fixed carbon.f

The fixed carbon,ig a coke-like residue which, after the

vodatile matter has been driven off, burns at high temperatures.

These criteria are used to differentiate among the foﬁfsf

classifications (ranks) of coal and also to provide a basis

for further groupings. “The classification of coals by rank

is based on the percentage of fixed carbon and calorific

)

value (expressed in b.t,u. per pound) calculated on the mineral*"

Mineral Resources Division, Department of Mines and
Technical Surveys. Minerals ~-- Canada and The World.,
Mines Branch Report No., 860. Queen's Printer,
Ottawa: 1957. (Pages not numbered)

Schlick, Donald P, and N. L. Fannick., "Coal in the
United States", Pulmonary Reactjons to Coal Dust: A
Review of U.S. Experience. -(Marcus M. Key, L. E. Kerr
and M, Bundy; editors). Academic Press, New York: 1971,

p. 14,
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5 ‘

matter free basis,"® Table 1 presentd the breakdown of

coai into classes based on the per tent of fixed carboﬁ\and

volatile matter, calorific content, and specific gravity,
Based on specific gravity anthracite is the haraqst

coal mined, but its heat content is less than that of some ég

the softer coals, According to the American Society for \

Testing and Materials (A.S.T.M.) classifications, anthracite \\

has the highest per cent of fixed carbon -- 86 per cent or

more, It is considergd to be a specialty coal and is used

in the iron and ste;ithdustriés and in the chemical

industry.7 Very little'énthracite is found in Canada

although one mine in {le'ertar the only province in which

anthracite is kﬁownvto occur, does produce some semianthracite.8
Bituminjus coal is the second hardest éoal and also .

the most abuﬁéant,and widely‘Bsed. Threévsub-groupings,

namely low-, medi%m- and high-volatile bituminoﬁs coal, QCcur

within this rank és shown in Table 1, Bituminous coal is //.

ﬁade'into coke for use by the iron and steel industries, is

used in the chemical industry, is used as a Space-heating - /

6 Latour, B, A, and L. P. Chrismas, Preliminary Esijmaie'
- .. of Measured Coal Reserves Including Reassessment of
Indicated and Inferred Resources: in Western Canada,

Geological Survey of Canada; Department of Energy, Mines
and Resources, Queen's Printer, Ottawa: 1970. p. 3.

7 Chrismas, L. P, "Coal and Coke", Canadjan Minerals
Yearbook. . Report No, 13, Mineral Resources Branch;
Department of Energy, Mines and Resources, Queen's
Printer, Ottawa: 1972, Pe 7 A

8 Only the Canmore Mines Limited produces some semianthra-
cite for export to Japan, This coal is used by the
Japanese for making steel,
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fuel, and is used as a fuel'for thermal electric pewer
generation.9‘ The low= and medium-volatile bituminous coals
are better suited for coke-making than the high-volatile
variety, The latter tends to be used mainly in tpe‘elec-
trical generating industry altheugh high-volatile bitumin-
ous coal can be used for coke-making.

Subbituminous coal and lignite are the softest
coals with lignite being the softer of the two;. Both
varieties are steam coals and are dsed in the production of -
electricity and of heaf for industrial and domestic buildings,

Lignite is .alsc used in making briquettes.lo

Reserves of Canadian Coal

The 12th Internationél Geological Congress of
1913 estimated Canadian coal reserves at about 1,217 billion
metr;c tons -- about 16 per cent of the world total, 1In
1947 Dr, B. R, MacKay estimatéa Canadian reserves at 94

billion t&hs;of which he con51dered 471 billion tons to be
11

recoverable. Although these estlmates are outdated and
9' Chrismas, L.P. "Coal and Coke", Canadian Minerals

Yearbook. Op. cit., 1972 PeTe
10 Ibid.
11 Three different types of measure for the ton exist. The
: relatlonshlp of each to the standard British pound (1b, )*
is as folloWs: : , ‘ i
short = 2, OOO lb ' _ _ : :
long t n = 2 240 1b, : » o
metric ton = 2,000 kg. = 2,2001b, '
Unless specified dlfferently, we will use the term ton
to refer to a short ton,.



inaccurate, they do tell us that coal 1s our most dominant
form of. energy if we. 1gnore nuclear energ\ and future
Adevelopments such as tidal and solar eneréy. Excluding the
tar sands, coal represents 96,6 per cent of the thermal
equlvalent fuel reserves in Canada-as opposed to 1.6 per
cent and 1.8 per cent for petroleum and natural gas,

respectively.‘lz

Before considering the more recent estimates of
Canada's coal resources it is helpful to identify the
location of the main Canadian ooal basins. Geographicaily
Canada’s coal deposits are located in two major areas, the
Maritimes and the West., In the Maritimes six»df?ferent coal
fields can be-disfinguisned although one is not being mined

at the-present.l3 The coal in these fields is of a medium-.

;2 Burchell D. G., et al "Underground Coal Mining in

Canada®, Mining in Canada, 6th Commonwealth Mlnlng
and Metallurgical Congress. pp. 537-38, :

13 The coal basins of the Maritimes are the following:

(a) Sydney field on Cape Breton Island;j

(b) West-coast (Inverness) basin of Cape Breton Islandj

(c) Pictou field in Nova Scotia near the New Brunsw1ck
forder;

(d) “umverland field in Nova Scotla near the New
L: umswick border;

(e) Mi-<- field in New Brunswickj and

(f) St. ueorges in Newfoundland which is not being

mine” , - . \



to high-volatile bltumlnous varlety and the depos1ts are the
oldest deposits known in Canada -=- dep081ts of the Carbon-

iferous period. The deepest mines in Canada are found in the
Cumberland field of Nova Scotia where the subterranean workings
reach depths of over 4,000 feet. The mines of Cape Breton:
Island constitute the largest undersea workings'in the world
~ with some coal fag&s as far as five or six miles from shore,
Although some lignitic coal reserves are found in
the Hudson - Bay lowlands in northern Ontarlo (Onakawana f1eld)
the maJor proportlon of the Canadian reserves lie in the
three western provinces -- Saskatchewan, Alberta and Britlsh
Columbia, The quallty of coal (as determined by hardness)
‘increases as one moves westward from Saskatchewan to the
western edge of the Rocky Mountains' due to the 1ncreased
maturity of the deposits and the shape of the geosyncllne,
which subjected the more westerly coals to greater pressure.
Four main coal areas can be distingnished in this region,
(1) The coal of southern Saskatchewan (Sonris Valley area)'
is all of the lignitic varlety and Early- Tertlary in
| ‘age., ‘
(2) The coal of the Plains area of Alberta varies from a

hlgh-volatlle bituminous variety in the south (Lethbridge

area) to a subbltumlnous type in all +the other mlnlng

#



(3)

10

basins of the Plains area, " The coals were formed in

the Late Cretaceous period.
The coal in the Outer Foothjlls Belt is all high-volatile

bituminous in rank and is Late Cretaceous and Early

Tert%‘fy in age,

Because of their proximity to the mountains

the coal deposits in this belt have been
subjected, to a considerable degree, to the
same forces that formed the mountains, Con-
sequently, the seams may be at any attitude,

or folded, or truncated by faults or other- 15
wise structurally deformed, '

Very little coal is mined in this area and it is often
convenient to consider .this area as a part of the

Mountain, or Inner Foothills, Belt, 16

14

15

16

_ , ,
Four major coal mining basins, or area§j producing
sSubbituminous coal in Alberta can be distinguished:
(a) Brooks and Taber area; ) ]
(b) Drumheller, Sheerness and Carbon area;
(c¢) - Castor, Ardley and Camrose areg; and

(d) Edmonton, Tofield and, Pembina,.,

PRI T N

Latour, B, A, "Coal Deposits of Western and Northern

Canada", Proceedings: First Geological Conference on
Western Canadian Coal., (G. B. Mellon, J. W. Kramers,
and Erica J., Seagel; editors.) Research Council of
Alberta, Edmonton: September 1962, pPe 4,

Coalspur, which is now a type of ghost town,-Wés built
for the purpose of being a base for a coal mine operating
in this Belt, : ‘ o _



1

(4) The coal in the Mountain Belt is usually of a low- to

v

medium-volatile bituminous rank and has a low sulphur

content,
{

Coals of excellent coking quality have been’

found at various localities throughout the

belt, but certainly not all the coal is of

this quality and there is no way of predic-

ting those areas or seams most favourable

for its occurrence., Within a given strati-

graphic section containing several seams,

the coking quality may vary from seam to 17

Seam and, indggd; within a seam, \
The coals tend to vary in age from Early Cretéceous'to
Late Jurassic, 'This coal area extends from the United
States border in the south to the Peace Rivefwvgiley .
in the,ndfth.

- .

Altﬁdﬁgh many occurrences of coal are known, five

coal basins can be dist}nguished-in the central areas of
British Columbia; and two small basins are known to exist on
Vancouver Island., The deposits of the south-central region
.. . N ) {/

of British Columbia are all Tertiary in age but vary in rank,
The Tulameen coal is subbituminous to high-volatile bituminous;
the Merritt-Nicola depasits are méinly high-vdlatile _
bituminous; and the Hat Creek coal is lign_itic.l8 The lignite
deposits of Hat Creek are very thick (about 2,000 feet thick

although layers of clay occur within) and it is felt that

4

17  latour, B.A. "Coal Deposits of Western and Northern
Canada", Op, cit,

18  Ibid., p. 5..
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they can be mined to prov1de fueL for an on-site electric
power plant. The deposits of the mld-central area (Telkwa
and Bowron Rlver) are ranked as medlum- to hlgh-volatlle
bltumlnous although those of Telkwa are older (Lower
Cretaceous) than those of Bowron River“(Tertiary) .

Recent exploration activity has resulted in coal
dlscoverles in northeastern Brltlsh Columbia at Butler
Ridge and Hasler Creek in what is how called the Peace River
Coalfield, vAlthongh high-volatile bituminous coal was at
'one time mined on Vancouver Island (Comgx and Nanaimo coal-
flelds), the reserves remaining are 1ns1gn1flcant The Comox
coalfleld is considered to be mined out ' Y

The extent of ‘coal occurrences in northern Canada
is not well known, Three potential mining areas exist in'
the Yukon Territory but onl&i%he Carmacks area is being
mined to serve the local lead- z1nc operatlons. The coals
are Mesoz01c to”;ertlary in age, Three occurrences of ‘coal
with mining potential exist on the mainland of the Northwest
Terrltory and coal from one-of these has been used as a fuyel
at Aklavik, - Subbltumlnous coal has been found on the Arctic
Islands. In fact, "there are now a sufflclent number of

relaable reports of coal seams of mlneable thickness  to

1nd1cate that the Ardtlc Islands coal deposits are extenS1ve nl9

19  Ibid., p. 8,



were undertaken by Latour and Chrismas in the late 1960's,

But

13

The most recent estimates of Canadian coal reserves

rd
only the coal resources of the three western
provinces were studied as it is estimated that
about 93 per cent of Canada's coal resources
are in western Canada., The remaining 7 per
cent is divided almost equally between Nova

"Scotia and the Northwest and Yukon Territories.

Small deposits are "also worked in New Brunswick. 2
and some coal of low rank occurs in Northern'zo
Ontario-south of James Bay,

but these are ignored in arriving at total Canadian estimates

21

as are the deposits of Vancouver Island,® However, Coates

estimatéd the Onakawana reserves as 0.2 billion tons of

lignite and also included an estimate of 1 to 2 billion tons

for the reserves of the Maritime provinces, 2%

20

21,

22

Chrismas, L. P. "Coal and Coke", Canadian Minerals
Yearbook, 1970. Op. citi, p. 173, .

Latour. B. A. "Coal Deposits of Western and Northern
Canada"' Opo Citcp P. 5. . - ) . = . . -

Coates, G. D. Capada's Fossjl Fuel Resources.

Luscar Ltd., 1973: p. 5. - / : ,
Also see: <Chrismas, L. P, and M, K. McMullen, CokKing
Coal ipn Canada. Mineral Resources Branch, Department

of Energy, Mines and Resources: , 1973, pp. 5-9.

' In the Sydney area of Nova Scotig indicated and inferred
~coal reserves are estimated at 710,700,000 tons.
However, since the seams dip seaward in most Nova Scotia

coal basins, exact measurement is unknown., Ten million
tons of coal are estimated to be recoverable by surface
methods to a depth of 65 feet in New Brunswick. ~
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Any discussion of\energy resources is plagued with

.

‘the problem of finding a suitable.definition of resérves
because any reserve figufe'is d pehdént on many variables
including prices, technc.ogy and legal restraints. It was
‘onli recently that ghe U;S. Bureaq of Mines énd the U.S,
Geological Survey were aﬁle to come io a mﬂtuaﬁ'agreemenpf_
regafding”the definition of reserves.2’ Even So the defini-
fion is limited in application. /For example, 'the definition
does not allow for reserves*of methane in coal bedégto be
included as an energ&vreserve.b This was in spite of the fact
that - . S
' gas from a borehole in a virgin West Virginia
coal bed is being fed into a commercial pipe-
~ line near Morgantown at rates of about three-
quarters of a million cubie feet per day.

This production rate is in excess of most 2l
Appalachia gas wells, ‘

Latour and Chrismas gsé a definition of coal reserves which -
is based on the spacing.of observation, or contrpl,“points :
(outcrops, trenches,\mihe workings and drillhole ),“the |
thickness df/fhe coal seaﬁsg and tﬁé depth at w ich the cbal
beds occur, | ' - |

The'esfimates of coal resources fall ipto three"‘

categories, o - '
i

.

23  National Coal Association. "BoM, USGS Agree on Reserve
' Definition",. Coal News, (Noof4209).”;ﬂashington;_ .
April 19, 1974, p. 5, o e ) A

24 Ibid,
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Measured, or proven, resources are

.those reserves of coal con51dered to be _ ‘
economically recoverable under present "
conditions and for which the tonnage .is

'compu d from measurements at control

pointgs spaced closely enough to prov1de

a high degree of assurance that the

amounts>of coal so compiited will actually 25

be found in place. S

Although the necessary spaclng varies from one area to

\‘ the next, the points of observation generally tend to be

(2)

(3)

,about % mlle apart. The - computed tonnages are Judged to

control pq1nts generally 1 to 1% miles apart. a

%

be accurate within 20 per cent of the true tonnage.

[ 2

Probable, .or 1ndlcated coal reserves are N

deflned as those reserves of coal, , .
economlcally recoverable under present ’ i 4
or foreseeable future conditions, which-
may reasonably be assumed to .exist on 26

- the ba81s of available geological evldence. .
1

The estlmates are computed from spe01flc measurements
and progectlons based on geologlcal evidence, w1th

. SN
Possible;wor inferred resources are quantitative

estlmates based on a broad knowledge of the geologlcal P

character of a partlcular area with observation points -

3 about 2 miles apart. A Largevdegree of error is associated

with these.estimatés. | - ' ’ : .

25‘

26

Gorrell H. A., C "A. S, Bulmer and M J. Brusset.,
"Monetary Evaluation of Coal Properties", Proceedings:
First Geological Conference on Western Canadian Coal,
(G. B. Mellon, et. 3%y Yeditors), Research Councll of
Alberta, Edmonton: - September 1962, p. 63,

Ibid,
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Latour and Chrismas included in the measured
category on%y those‘eoal seams which were five feet‘orvmore
.in thickness, Furthermore, in the Mountain and -Outer Foot-
. hill Be;ts, the seams could not be found more than 2,500 ;
| feet below the eurface in order to be classified as provenj;

in the Prairie region (Alberta and Saskatchewan) the depth

cogld not exceed 150. feet., Tables 2 and'3 provide a summary

.of the coal resources of-western Canada by province and rank,

The totad-=reserves of the western provinces are estimated/at
,118 ;7 billion tons. Adding to this the eStimates of Coates
and ignoring the coal deposits of the North Canadian
2_:reserves total-ah\yt '121,3 bllllon_tong. ) |
_ 4 . : p

ﬁjhing Metrodé a

_J" , ‘As background.to tﬁepargumenye\whieh gﬁpearjieter,
~it'is/b§efui to'present a description of the  various mining
techniques‘-and some of the prerlems-related‘td them, Two |
‘basic mining forms can be identified -~ underground mining

and surface,‘or strlp, mlnlng. We w1ll deal with each

v
I

separately.

(1) Underground Mining
~ .

"Entry inte a coal bed which cannot be mined by

surface»ﬁethods canfbe accomplished in several ways, A

©

\
-t
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TABLE 2

Coal Resources of Western Canada by Province

(thousands of short tons)

Province Measured

Inaicated

Inferred Total

British Columbia 7,328,600 11,175,400 40,953,000 59,457,000

*

Alberta . 2,203,900 32,096,100 12,940,200 47,240,200
Saskatchewan’ 291,500 7,024,000 4,698,400 12,013,900
Western Canada

N ‘j . .

Total 9,824,000 50,295,500 58,591,600 118,711,100

Source:  Latour, B. A. and L. P. Chrismas,

Preliminary Estimate of Measured Coal Resources

Includinz Reassessment of Indicated and Inferred

Resources in Western Canada.

.

D.

11,
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TABLE 3

\

Coal Resources d? Western Canada by Rank and Province

(thousands of short tons)

Province N Measured Indicated Inferred Total
Low- and Medium-Volatile Bituminous '
.Albefta 982,100 19,620,200 7,366,500 27,968,800
British ColumBia 6,943,000 10,775,000 40,&80;190 58,198,100
Rank Total 7,925,100 30.3537500 47,846,600 86,166,900
High-Volafile Bitumiqous -
Alberta 6,278,600 3,043,700 9,322,300
British Columbia 45,600 100,400 172,900 318,900
Rank Total 45,600 6,379,000 3,216,600 9,641,200
Supp}tuminous | | |
Alberta ‘.1;221,800 6,197,300 2,530,000 9,949,100
Lignitic |
British Columbia 340,000 300,000 300,000 940, 000
Saskatchewan 291,500 7,024,000 -L4,698,400 12,013,900
Rank Total 631,500 7,324,400 4,998,400 12,953,900
.Grand Total 9,824,000 50,295,900 58;591,600 118,711,100

Source: Latour, B.A. and L. P; Chrismas, Preiimihary
- Estimate of Measured Coal Resources Including

Reassessment of Indicated and ;Qferred Resources

In Western Canada,

pp. 11-12,

,.’
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vertical shaft can be driven down into the coal seam, after
- which the shafts are driven horizontally into the seam, or
& horizontal shaft can be driven into the seam where the seam
outecrops on the side of a mountain. Shafts are often drlven
into the coal beds at an. angle—%o permit the movement of men ,
equipment and coal 1nto or out of the mine wlthout requlring
a transfer from one form of transportation to another, which
would be the case in a vertlcal shaft situation where men
and equlpment would have to transfer from rail cars to
elevators or vice versa. . Hence the horizontal or "angular®
entrances are’preferred to the vertical,

" Most mines use belt conveyors for coal haulage
and some type of equipment~-man-materials access cohsisting'
of either free moving maphines with rubber tires or track
haulage equipment, The conveyors and vehicular form are
vbaccommodated in the mine shafts either double-deck or side-
.by-31de as shown in Flgure 1, 27 (Figure 1 also shows some
of the shapes which underground roads, or shafts, can take R

In developing an underground m1ne one must con-

81der the direction of m1n1ng amongst other thlngs.

27 "Mining uidebookﬁ, Coal Ages 1972 MlnlngiGu1debook
and Buying Directory. Volume 77, Number 7
McGraw-Hill, Inc.,, New York: July 1972, pp, 129-133;

L




;20

r

All things being equal, full-retreat mining,
meaning mining from the boundary (of the coal
seam or potential mining area) back, is the
ideal system with exceptions so few as to be
almost negligible., But more time is involved,
even with the high speed possible with today's
equipment, so.combination advance and retreat
has become a popular system, One side -of the
area, or even of the entire mine, is worked

- on the advance, providing quick coal at full
rate and normal costs., The other side is 28

- worked on the retreat. ;

% . FIGURE 1

Trans tation Equipment ommodati

In ﬁndérground Mines

R LI 27 T I 2T 2T R

BZZr777 7777 — _
~1 o . . )
| | ‘ r — \ /
. 2

28 Ibid.,_p. 133. Words in brackets are my own,
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In order to clarify these concepts one must look at two

methods of underground mining,

(a)

The room-and-pillar”approach is the most common
method used in the Unlted States and accounts for more,
than 90 per cent of the total underground productlon.‘
Room~and~-pillar remains almost unchallenged
as the basic working-section plan with
conventional loaders or mobile-type
continuous miners, FRull retreat, and
advance on one side and retreat on the

other are the two most popular panel 29
plans.

Continuous mlners cut the, coal and load it onto -
conveyors at the same time, The conventional technigue';
uses a mining machine which cuts the coal and a

separate me hanical.loader to load the coal onto

- conveyors or haulage cars. Pillars of coal are left

standing to support the roof in-the room-and-pillar'

,..method. ATthough circular plllars prov1de the best

support square plllars are. the most practlcal because

'thelr relative strength 1s closest to the round. In

,\

order to maximize coal recovery the pillars are mlned

'out on the retreat and the roof is allowed to cave in,

Because this caving results in surface subsidence,
léegislation may prevent the removal of the pillars, -

Hence they may -be left standing'after the mine has been

'abandoned.' Figure 2 shows how a mine might be developed

i E . !

29

 Ibid., p. 136.
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by the foom-and-pillar method., In this case the coal
pillars are removed on the retreat, |
The .trend is towards 1ncreased use of the longwall

method.

The (longwall) method can be used in coal
seams ranglng in thickness from a low of
around 22 in, to a hlgh of 10 ft., with

. the maJorlty between 3% and 5 ft., and

~in veins pitching up to 8 to 10 per cent,
‘Face lengths range from 300 to 650 ft.,

with an occasional longer exceptlon. ‘
Some shorter than 300 ft., are in opera- 30
tion or contemplated. _ :

N

Although conventional and cbntinuous mining eqnipment

is ‘capable of rates of productlon whlch exceed those of
ionguall equlpment and can be used in seams that ‘pitch
up to 20 degrees, the longwall approach has several
advantages. '

(i) As figure 3 shows, longwall equlpment prov1des roof
support next to the mining face by means of powered
self-advancing;supports. 31 Hene; reasonable recoferyo
of good coal can betobtained'at=extfeme depths, Thisl.

method of mining is also of use where. the overburden is

shallow and nextfto-face roof support‘is'required.

30
31

Ibid., p. 138.

~

I am grateful to Professor T. H. Patchlng for guldlng
me through the technlcal literature and for prov1d1ng

- figures 3 to 5.
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FIGURE 2

A

Room-and~Pjllar Minj

s S S S s S
— N

L L LS
1 P\. |

.3' \\

: AN

2 N -

7 j \

, R

bt N

A . _ MINER \
—-—IM = . .=. 1 A p— .

AT T N Y N N N S \'\\\\,

- Source: "Nining Guidebook", CoailAge: 1972 Mining Guidébook
~and Buying Directory. ‘p. 135. - '
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FIGURE 3

Next-to-Face Roof Sgnport in Longwall Mining

\Z GRoowD PRESSURE

SOLID COoAL

e QDVANCING
Covy. 30R ) ROOF SQPPORTS

(ii) Because of its flexibility longwall eqdipment can
be used_in:shaliow seams measuring between 32 and 42
inches high, Conventional and cbhtinﬁdus miners cannot
be used iﬁlsuch_seams and there Wlll be a greater shlft
~'to longwall as more seams of this helght come into
_production in the future, »
The retreat longWail approéch (flgure b) is used more

~

exten51vely in the U.S. than the advance approach (figure 5)

L

The latter is used exclu31vely in Britain and on Cape Breton




25_. 4'

.Iéland.v Recently, however, some companies in the Uﬁited
Stétes have gone to the alternate advance in one panel and
retreat in the next as‘showﬁ'in figure 6, The advance
longwall mefhod has an advantage over the retreat longwall

method in two respects,

FIGURE 4

Re eaf'n Loh wall

— V,} —
- R e ——
EXHAUST ALR - T <
COAL ouT ' ‘ '
x ADVANCING
) _
400 to
boo
FResH a2k AvD ' i ﬁ;ﬁ,ﬁé““ <
SUPPLIES
. B ‘q
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FIGURE 5

Advancing Longwall
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FIGURE 6

Alternate Advance and'Retreat Longwall

ou

| ‘ | 4013(1'/” o .RETU(M,'
" AD\MN&IEDMNEL /éfrcr/jr PANEL

A
- First, the retreat method requlres the dr1v1ng of

four shafto in order to create one longwall face. (This is
only the case in ‘establishing the first face 81nce later
'faces can use the shafts of prev1ous ‘ones, ) The reason for
this number of “shafts is ventilation although t also alds
1n the provision of transportatlon fa0111t1es., Every face,
even the narrow faces whlch'ex1st as the shafts are belng |
built, must be well ventllated to reduce the hazards of

exp1051ons due to the presence of methane gas or coal dust.
\ _‘ . . ;;_’,/

4

s -



The shafts are driven by eqﬁipment other thanviongwall
equlpment i.,e., by confinuod? miners or ednventional cutters

and mechanlcal loaders, ~0nl§ longwall equipmeht is required
: 4
\

in the advanee me thod,

'Seeond,fénytmining face creates a pressure arch,
Whenever "a heading is advanced, the layere in the immediate
roof deflect éiightly and relieve themselves of the load of
" the overlying strata by transferring it. to the sides of the

opening."32 In the retreat longwall method this means that

el
extra pressure is brought to bear on those sectlons of the

side shafts whgch lie in the front abutment zone of pressure

as shown in the diagrams. This creates roof control*pfoblems

- 1

‘which are not found 1n the advance/longwall method. \

Longwall mining’ 1s ‘unsuitable in areas of the '_, ')/rﬂ
/// 0

mine whefe some of the coal has been mined by the room-and-

@illar technlque.33 Its effectiveness is also hlndered by

= |

frequent mov1ng of. the equipment faulting, pltchlng seams

and varlatlons 1n coal seam thickness,

Roof control is a partlcular problem assoclated

with underground_mlnlng.' Tlmberlng, roof-bolting, steel

32 ‘“Mlnlng Guldebook" op. clt., De 147.

33 McIntyre Porcuplne Mlnes Limited developed its No. 2
- ‘Mine at Smoky River, Alberta for longwall mining, v
However, in order tc meet contractual commitments it 1
mined certain sections by the room-and-pillar method
although these sections were meant to be mined using.
the longwall equipment, - Hence, much longwall equip- e
ment sat 1dle for long perlods of time,

R



. o
arches and rlngs relnforced concrete llnlngs. and powered

_29

<

self—advanc1ng supports are some of the methods by whlch the

roof can be supported although each adds considerably to

mining costs, Because longwall equipment includes powered

self-advancing supports, roof control is easier than in the

room-and-pillar technique where separate'creWS arefﬁsually :

1

requlred for roof-boltlng, timbering or the like s1nce rooms

usually have some degree of permanence.

Although it is beyond the scope of - thls paper, it

1s useful to note some of the externalitles a53001ated w1th

\underground coal mlnlng. The external dlseconomles of
underground mining 1nclude the social costs of the early
deaths of: workers, dlsease ("black lung"), pollutlon (acid
~ Mmine drainage), and the damage,to bulldings resulting.from

a subsidence of the surface,

o

(2) Surface Mjnjngb o ’ ;[ oo o 3 i

Over the last two decades the empha81s in coal

‘productlon has shlfted from und erground mining to surface

mining, Whereas in 1962 ahput 40 per cent of coal productlon

"in Canada came from surface mines, in 1972 almost 80° per cent

v

of total Canadian coal productlon came from strlpplng

_ operatlons.34 Surface mlnlng is cheaper, safer. and more

o

34 Statistics Canada, Cbal Mines.'xCatalogue No, 26-206.
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productlve and capltal intensive than’ underground mining,
For example, average output per manegay in 1971 was 39.5
tons for Canadlan surface mines (welghted average) but only

h 5 pons for underground m1nes.35

Strip m1n1ng 1nvolves the strlpplng of ﬁhe soil,

rock and~other overburden lying above X: coal seam so as to

expose the coal and facilitate extraction, The amount of
overburden Whlch can economlcally be removed depends on a )
number of factors. The type of coal (and hence its price),

the size of the coal Seam, the terrain, and the alternative

uses of ‘the land all help to determine the feas tility of

&', strip mining. ' Generally coal in flat lying areas can be

£

strlp mlned if the overburden de?th is less than 150 feet, -

In Canada s mountain areas the depth of the overburden should

be less than in the flatter regions (about 100 feet or less
of overburden) although there are exceptlons to thls.36

‘It is estimated that about seven per cent of

~ the measured coal resources in the (Alberta)
Mountains and Foothills (982,100,000 short
tons) can be mined ‘by surface methods, where-
‘as all the measured coal resources of the

& (Alberta) Plains (1,221,800,000 short tons)

: are potentially mlneable by surface methods
under present economlc and technological 37

) conditions.

r“;(;

'35 Ibid,

36 McIntyre Porcupine Mjines L1m1¥ed plans to strip mine a
“seam of coal which lies below 150 feet of overburden

or more (No, 9 Mine),

37 Slaney, F., F. and Company Limited. Env1ronmental Impact
of Surface Coal Mining Operations in Alberta. Vancouver:
1971, (A Report’ for the Environmental Conservation

» 'Authorlty of Alberta:s <Edmonton.) p. 5.




-~ \31

-

N,

. 1
All the measired lignitic coal resources of Saskatchewan

(291,500 tons) and British Columbia (340,000 tons) are also
potentially mineable by surface methods., Assuming similar
condltlons in the mountains of British Columbia as in
Alberta an estimated 7 per cent of Brltlsh Columbia‘'s
measured Mountain reserves (6, 943,000,000 tons) can be
strlp mlned Hg ” ’

Drilling equlpment is used by mlnlng companles to
drill holes in Whlch .explosives are~placed, The exp1031ves
aid in breaklng up the overburdeg/j;ich is then cleared by

wheel loaders bulldoézers or dragllnes. Figure 7 shows how
each type of equipment handle; the overburden.38 Once the
‘ coal has been exposed front-end loaders back-end loaders or
draglines can be used to load thg,coal onto trucks (ranglng
’ﬁln capacity from 10 tons to over 100 tons) or rallway cars.
The ability to use so many different sizes of equlpment
results in a large variance in thefslze of strip mining
operatlons.
| Surface mining in flat-lying areas is much
simpler thanlstrip mining in the mountains or foothills.
In the flat-lying regions an initial cut is made to remofe
the overburden., This cut lies on one side of the mining

area and runs in the same direction as the.coal seam, The

5

38 &Mining Cuidebook", op. cit., p. 174,
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FIGURE 7

How Dragline, Dozer and Front-end lLoader

Move Overburdén

(Numbers Show Steps)
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overburden from this initial cut, or treneh, is deposited on
the outskirts of the mining area., When the coal has been
removed from this first trench, a second cut is made parallel
to the flrst with the overburden of this second trench
deposited in the flrst. This operation 1s continued unt11
the boundary of the mineable region is reached, Furrows and
mounds are found throughout the entire mining region but |
these are'easily leveled by a bulldozer. ' |

When more than one coal seam 1s present and it is
rfeaS1ble to mine the second (or thlrd ...) seam, the first
trench remains open after the upper seam has been m1ned
Further overburden 1s removed and the second seam is also
mined, After all the seams have been m1ned a second trench
~ is made and the overburden depOS1ted into the first, The
‘process is repeated untll all the coal in all the mineable
- seams of the area has been removed. In some cases mining is
feaS1ble only if there is more than one coal seam and the
seams are not too far apart vertlcally.

In reglons with very uneven terrain, coal outcrops
tend to occur on the sides of mountains rather than in the.
valleys and this is where the mining then takes place., Open~
pit or contourﬁsurface nining is practiced ! In open-pit |
mining the overburden is simply removed from .the :side of a
mountaln, or h111 and thrown down the slope thereby dis-
turblng an area which is larger than “the actual mlnlng area,

As flgure 8 shows, strlpplng starts near the outcrop by cuttlng
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a trench and casting the overburden down the slope,
After coal is mined from this cut, another
strip of coal adjacent to the first cut and
on the down dip side, is similarly exposed.
Overburden from this second strip is placed —
in the spaceé created by the removal of the
first cut. This process repeats (itself) =
until overbur#en depth becomes so great that 39
mining is" no longer economically feasible,

!
_FIGURE.B

Surface Mining in Rugged Terrain Y

(Numbers Show Steps)

mMOunNTAIN SIDE ‘
HIGHWAL. - -

AN
e

39 Ibid., p. 177.
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Contour mining is very similar but, as its name implies, the
“™warious trenches occur in a circular fashion as the mining

equipment proceeds all the way around an uplifted area, In

this case the Goal seam usually underlies the entire uplifted

‘area (or mountain},

T e presence of multiple seams is hand%ed much the
same as in at-lying areas,excepf that the mining begins at
_ the outcrop of the bottom seam. As one moves up the side of

the mountain the upper seams come into production but the
overburdeh lying above the lower seams increases. The bottom

seam is mined until the oyérburden ratio makés it economiCally—

infeasible to do so. Thé entire afea‘is mined until the
~overburden deptﬁ ﬁékeé 3t eponomically-iﬁfeasible to;miné any'

of the seams, Once again the presence of more than_oﬁéyseam
\ﬁa& make surface minihg feasible where it'might'not'be‘if'

only one seam was. known to exist,

J
i

Augering is often associated with surface mining
although it can be used in underground mines.a Augering

equipment removes coal from exposed seams, which are

€

00vered by too much overburden to permit further stripping,
by a simple drilling technique.- | '

Coal produced by augering usually is dry, clean .
and has a high proportion of "lump sizes,... '
Augers are avajilable in diameters ranging from

16 to 84 in,, and are capable of producing as
much as 25% tons of coal per minute,... The
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“depth to which augering is carrled out depends

to a great extent on the coal thickness,

whether the seams roll or are flat, and whether'
they are strong enough to stand after renetra-

tion and not foul the auger, Distance between
holes also depends on the strength of the coal 4o
and the overlying rock, - °

In Canada little coal is produced by augerlng because augering
1s‘best suited to use in mlned-out surface mines located in
rugged terrain, (The highwall auger is the most productlve )
.Since the strip mines in Canada' s Nountaln Belt are.

relatively new augerlng has not been necessary yet

' Acld m1ne drainage and the soclal costs of land
‘damage are the ma jor externality costs assoc1ated with strlp
mlnlng. The ‘external dlseconomy resultlng fr and damage -
may take a variety of forms, .It may be tha l d damage
destroys recreatlonal areas or the output ablllty of an

'agrlcultural area, Perhaps the loss of scenlc amenities is

)
the largest social cost a58001ated with strip mlnlng

esperially in mountainous regions, £

" In Canada all of the aboveJmentloned forms of mining

are pracficea., The mines .of Nova

mines and tend to use the longwall method of mining more 0 "7 -

cotla are all underground

.than room-and-plllar. In the Mountain regions of Alberta
and British Columbia some underground mining is praCtieed

"although most of the .output of this area is from surface .

40  Ibid., p. 181.
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»mines.ul Al%hotgh robm-and-pillar minihg is the basic
,undergfound method &Sed some longwall mlnlng has been
tried, The Prairie megions of Alberta and Sdskatchewan
produce coal’ by surface technlques although an 1ns1gn1f1cant
amount of the Alberta output is from room-and-plllar under=
ground methods., .Coal in New Brunsw1ck,Ls produced by ‘
hstripping methods ohlyf |

-Before proceeding’to.bOnsider some of the other -
aspectsAof supply, it is‘hélpful,to consider.the.demand
aspects first. In order for one to fully understand the

changes Wthh have taken place on the supply 31de 1t is

necessary to consider the changes in demand.

&

P4
-4

i

“_41 Each underground prbducer also operates a surface mine.



CHAPTER III

THE DEMAND FOR COAL

{
that of the United States and Europe, has beéen faced with a

The coal mining industry inFCanadg, as well as

highly unstable demand During World‘War‘IIﬁand shortly
thereafter demand for coal 1ncreased very rapidly, U.S,
production reached its highest level (630 million tons) in
194?.4 Canadlan productlon peaked three years later when
19.1 mllllon tons of coal were produced, 43 Since then,

1nto the m1d 1960 S, the industry as a whole was faced STt
rapldly decllnlng demand. Not only had a greater efficiency
in the use of coal resulted in less demand but interfuel
competltlon has eroded many of the‘markets preV1ously held

by coal, bl ? | o. f

In this section the changlng demand for coal 31nce'

World War II and the 1mpact of 1nterfuel competltlon will be

42 Sorenson, Glenn ‘E, . "Bituminous. Coal Economlcs", Read;ngs

in _Economic Geography (Howard G, Roepke and Thomas J,
Maresh, editors.) John wlley and Sons, Inc., New York:

1967. pp. 332-336.

L3 - Statistics Canada. General Review of the Mineral

Industries, Catalogue No, 26-201.

44  Moyer, Reéd Competition in the Midwestern Coal Industry.
Harvard University- Press; Cambridge, Massachusetts::
1964 pPp. 47 8 ) ‘
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considered, Further, the present day markets for coal will
be analyzed and a discussion of potentiel markets will be

presented,

. : } H . C

Historical Changes iﬁ Demand and;Interfue% Competition

The railways and space heatiﬁg agents have
traditionally been the largest consumers of coal In'l951ﬂ
the ,Canadian Natlonal Railway Company set about to convert
all 1ts steam locomotlves, which used coal to heat the
boilers, 1nto dlesel locomotlves becehse the latter were
more efficient and cheaper to operate. - In 1953 Canadian
Pacific followed suit; This chaggeover ffom coal éo fuel
" 0il by the railroads, as depicted in Table 4, was a big blow
‘“to the coal indusitry,

Table 5 depicts a s1m11ar trend in the space

heating market Because coallwas dirty, difficult to handle,
relatively expensive, and.required epace for éfbngge, R ™~_
“consumers“disliked using it as a space heafer; The advent

of natural gas and home heating oil" (where natural gas was

not available or competltlve) and . the ease w1th which thesge

could be used to heat’ homes and office bulldlngs fac111tated

their replacement of coal as the dominant fuel for sSpace

heatlng.;
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TABLE U4

Estimated Heat Equivalent 0jil Used by Locomotives as a

Percentage of Total Coal and 0jl, 1943-62

Year Per Cent Yeég . Per Cegg

1943 k.3 1953 20,2
1944 L,y 1954 . 25,2
1945 4,2 1955 31.9
1946 4,6 1956 35,2
1947 4,6 - 1957 6.3
1948 5,0 1958 65.6
1949 7.7 ¢ 1959 83.1
1950  \M2,4 1960 96,9
1951 14,5 1961 99.5
1952 16,9 . 1962 99,5

~ -~

R4 .
: 3

Source: “Coal and Coke", Canadian Minerals Yearbook
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TABLE 5 X

4

Consumntion;pf Coal and Coke for Household and Commércial

'ngldjng Heating, 1947-67

(thousands of short tons) -

-

Year Consumption Year Consumption Year Consumption

1947

1948

1949
1950

©.1951
1952

1953

Source: “"Coal and Coke", Canadjen Minerals Yearbook

“made

13,117 1§54 8,600 . ' 1961 .- 4,111
13,429 ‘ 1955 8, 283 1962 3,615
12,473 1956 8,049 1963 3,056
12,653 1957 . 6,953 - 1964 2,651

. 11,437 1958 6,062 - 1965 2,062
10,515 1959 5,751 1966 - 1,734
8,941 1960 4,717 1967 1,349

«

The switch from coal to other types of fuel was :
for reasons other than just costs as the above indicates;h5

Convenience and efficiency of the other fuels resulted in the

- decreased usage of coait For exampie, "in the postwar

period, both coal and distillate fuel prices increased

45 ‘

In some instances costs did of course play a big role,
The City of Edmonton found it cheaper to use natural
gas in its power generating plants-.as did Calgary
Power Limited at Wabamun., (See Paproski, Dennis M.
The Demand for Coal by the Electrical Generation

Industry in Alberta. M.A. Thesis; The University of

Alberta: 1967,)
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sharply but.at-approiimately the same rates; still, coai
consumption dropped 3.6 péf cent annually while guelluse
increaséd 12,8 per cent yearlj."ué’ Table‘ﬁ showg'thdfithe . ”;
cost of coal was con51stently lower than that of other fuels '
on a b, t u. basis available to the thermal electrlc power
generating. 1ndustry. Although other factors must beM:
considered, it seems that all consumers could: get cheaper

ifuel on a b.t.u. basis by sw1tch1ng to coal.47 But~ the

trend was to subst¥itute against coal.

TABIE 6

“Average ngsfi-Fuel Costs "as Burned" for Electric
Utility Steam-Electric Gegezatjén in the U,S,

| 1960 1965 1968 - 1969 . 197200
Coal 26,0¢ 2h,bg 25.5¢ 26,6¢  31.1¢ TR,
.01l 34, 33.1. 32,8 31,9  36.6 |
cas 23,8 25,0 25,1 25,4 - 27,0
; Although Table 6 indicates that coal is cheap, on-MJ

a b, tnu. basis relatzve to other fuels, hlgh costs of

transportlng-the_coal (relative to the costs of trgnsporting

N

46 - Moyef, Reed., Op. cit., p. 49. (See also Hendry,qﬁamés B,
"The Bltuminous Coal Industry", The Structure of American
'lndustgy ‘Walter Adams, editor, 3d edition.,). "~ -

k7 See Appendlx A - . . =

L
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natural gas) have forced electrlc power companies to locate
their generatlng plants near, or at, the coal mlne51tes or .

to use a fuel other than coal. Only through the changes 1n

_ transportatlon technology, in partlcular the bulldang of

extra high voltage (EHV) transm1s31on llnes, has coal become
more competltlve w1th other fuels in the generatlon of -
electr1c1ty. Rallroads ‘have been forced to 1nnoyate (1n ~
order to capture some of the coal frelght) as ‘a result’of
1nterfuel competltlon and the threat of competltaon from
other forms of transportatlon.48 Technological'and innovar

tive changes, such as the 1ntroduct10n of unlt trajins, can

be expected to cut transportatlon rates per ton of coal by

" 51gn1flcant amounts thereby maklng coal more compet1t1Ve~

Transformatlon of coal from one energy form to
“another will also 1ncrease 1ts competltlveness._ Coal
gas1f1catlon and llquefactlon, both of which ara dlscussed
further below, W1ll a1d in redu01ng the hlgh costs of coal
transportatlon much as the extra hlgh voltage transmlssion
11nes have doge. if ga31f1catlon technlques are perfected
coal gas will be &5 easy to handle and as clean burnlng as

natural gas, Coal gas1flcatlon and llquefactlon will both

result in coal becoming more competltlve w1th other fuels,

L8  The form of transportatlon con51dered to be the most
important competitor of the. rallways 1s the coal .
slurry plpellne. ; . -
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"& In the late 1960 s and early 1970 s the demand for

coal began to 1ncrease agalna This requrgence is due to the
1ncreased demand for coal by the thermal electeic power '
generatlon 1ndustry, the 1ncreased demand for coklng coall

and the so- called "energy crisis" whleh has resulted in hlgher

prlces of the magor fuels which compete with coal, Leav1ng

a31de the rapid 1ncrease in the prlces of other fuels W1th

whlch coal competes, . we now look at the demands for Canadian

R
w

lcoal by the electrlc generating industry and the steel

AN . *

‘1ndustry.

o
e

Y

Demand for Coal by the Electric Power Generating Industry

1

= The demand for. coal by the thermal electric power

generatlng 1ndustry is expected to 1ncrease in the near

~

future as the 1ndustr1al commerc1al -and residential demand

for electrlclty=1ncreases. But#t' will the demand for coal
increase in dlrect proportlon to an 1ncrease in the demand
for electrlclty or will it increase fadter or. slower than the
demand for: exuctrlelty? To answer this question one must
look at~the_prieéé‘of competing fuels, eompeting methods of
generating electr1c1ty, advances in technology and legal

requirements, if any.

- Various methods of generatlng electr1c1ty compete‘
<>

with_ the conventlonal steam electrlc method Whlch uses coal
-~

as a fuel, The amount of hydro-electric power which can be

¢ ~

- . [a]
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_ hegenerated is limitedyﬁy the availability of suitable dam sites.
g%§A Nuclear power{generating'plants,~although used. in Canada, take
a long time to build, are extremely expensive, and tend to be
unpopular due to the threat ofNradiation which they pose,
The generatiﬁg capacity of nuclear power plants has not
increased ‘as fast as originally thought. Although nucleaf
power plants will undoubtedl& account for a much greater
._percentage of geherating capacity in the future, ﬁheir effeet
in &he next decade can be assumed to be similar to that of
past -decades == m1n1ma1 In the near future, therefore, we .
wopld not‘expeét'hydro‘br nuclear power p;anfs to have a | ~
large impact on the demand for other'fonms ;f power genera-
tion; at least, not largef than before. HoWever, in the;mofe
distant future (20 years or more) the-impact of both nuclear
and hydro cabécity‘may be very large.l+9 '
iﬁi Other methods of powef generation require the ‘
bufhing,of fossil fuels .-~ coal, natural éas,or oil. ‘Which
fuei is burned dépende'on.thfee things., Fifst,,it depends on
the initial capital cost of the power plant. Second, it :
depends on/4;;2;;e;eg;A;;E\axpected future prices of all of.
- the- f0331l fuels. Future prlces are important becz . = the

¢ average. generatlng unit has a llfetlme which ranges from 15

i\

b S

.0 The J -es Bay prOJect will probably relieve ‘Quebec of
hav:- - rely on coal for electric power generating
e tes in the foreseeable future, Ontario is expected
tc re. ~ re ahd .more on nuclear ‘power generation. But

suach.p.-dictions are hlghly unreliable..
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to 30vyears. Building a gas turbine or internal combustion
generating uniF'means that one is committed to burning
natural gas orébil for the unif's lifetime.so Tﬁird, legis~ -
lative restricfi&ns may prevent the use of one or more of the
fossil fuels because of their high sulphur content. If it
is téchnicélly ndt feasible or too expensive to reduce the
amount of S0, (sulphur dioxide) which is released into the
atmosphere by the burning of fuels such as oil or coal; then
 -power plants may be builtwto.burn only naturai gas rather
~than coal or o0il, This may be the case even thougﬁ coal or
0il may be cheapér, on & b,t.u. basis, than natural gas,

Coal-fired generating units may in some cases be
converted to burn only natural gas, bﬁt at a£cost;51
_Conventional sfeam-electric generating units can be built
so ;hat they can bufnieither'gas or coal, of‘both iﬁ-compina-
tion, 2 The choice of fuel‘used at any point in time is
governed léféely by atmdspheric\conditioﬁsband legislative
;equirementé-but also by changes in fuel prices and supply;lﬁa:

" Although exceptions exist, it can be ,said that, in général,

50 See footnote 45,

51 In 1972 four 100-MW units at Ontario Hydro's Richard L.,
Hearn Generating Station in Toronto were converted from
coal-firing units to units which burned only natural gas,
However, the first two 66~MW units installed at Wabamun
(1956 and 1958) were converted from natural gas to coal
burning units in the early 1960°'s, .

52  Four 200-MW units at the Richard L, Hearn Generating
Station can burn both coal and natural gas, -

~ 284
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}once\a powef plant is.built to burn a pafticular fuel, that-
fuel is the only fuel which can be burned. for the lifetime
of the particular generating unit.

For coal-fired plants a further resfriction exists,
Coal burning plants‘are designed to burn a particular grade
of eoal. A hlgher rank of coal can be burned but not a lower
vrank. Burning a lower rank of coal reduces the efflclency
of the equlpment gnd reduces the unlt s lifetime drastlcally.‘
Hence, if a plant is de51gned‘to burn subbltuminous eoal,
high-volatile ‘bituminous coal can be bﬁrned but not lignitic
ceal. Therefore, designers of coal-fired power plants must
know which grades of ceal the particular coal-fired unit is '
to burn and operators must be assured a continuous supply of
that grade of ‘coal for the lifetime of the unit.

In order to predlct the demand for coal by the
Canadlan electric power generatlng 1ndustry it is necessary
to know: something about present and planned future generating
capa01ty. Table 7 gives the generating égpa01ty ofvcoal fired

power plants by province and electric utility company.53'

Ihdicetions of .additions to capaci%y have also been made,

L]

53 See the map in Appendlx B for the locatlon of the -
various coal-fired power plants,
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TABLE 7

Generating Capacity of Coal-Fired Power“Plants

in Canada by Utility Company and Province (1972)

. » ‘«Capacity Number
Province : (kilowatts) of Plants
‘Alberta o N
Alberta Power Limited 383,500 3
Calgary PoweriEdmited 882,000 2 .
Alberta Total 1,265,500 5
Saskatchewan ' Lo
Saskatchewan Power Corporation - 743,000 3
Manitoba B . '
Manitoba Hydro 392,800 2
Ontario* o
Hydro-electric Power 6,159,800 6
Commission of Ontario ; : ‘
New Brunswick 7 \
New Brunswick Electric ‘ \
° 1
Power Commission » . } 117,500 2 \
Nova Scotia o S ~ _
Nova Scotia Power Commission ' 512,000' ' L
 Canada 4 | 9,190, 600 22
Source:  Chrismas, L. P. "Coal and Coke", Canadian
. Minerals Yearbook, 1972,
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At the-end.of 1972, existing coal-fired
electric power plants had a combined total
capacity of 9,190 megawatts (MW). In
addition, utility companies in several
provinces have announced plans which will
result in the construction of thermal
plants totalling about 5,240 MW of capacity
to be completed within six years. This ‘
expansion is expected to occur principally
in Ontario and to a less extent in Alberta 5“
and Saskatchewan, ‘ ‘
Seven 500-MW units will be added to Ontario Hydro's .
ﬁanticoke Generating Station near Port Dover on Lake Erie..
A 150-MW unit started praduction at Saskatchewan Power's
Boundaryﬂfam Station at Estevan in 1973 and a further unit
of 300-MW capacity is scheduled for operation by 1977,
‘ . . v N '
This will make the Boundary Dam Station one of tﬂg'largest
lignite-fired power'generafing stationsbin North'America.
In Alberta, Alberta Power is planning to install a 150-Mw
unit at its Battle River Generating Station at Forestburg'
and Calgary Power is planning to increase the capacity of
its.Sundance.plant‘at Wabamun_by about 1,140 megawatts over
its 1972 capacity., .- |
If we assume that all of the abovementioned plans
are madé'operétional by 1977, then Canadian coal-fired
generating scapacity will be 14,430 MW by this date. Table
’v8 is a summary of this capacity’bybprovince and by type of

L

coél burned. -

54  Chrismas, L. P.. "Coal and Coke", Canadian Minéraig
Yearbook, 1972, Op, cit.,, p. 11, ' ' '
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TABLE 8

-Flred Power Plants 1n

Canada by Province and Rank of. Coal Burned (1977)

Canada

d T
. Capacity -
Province (megawatts) Rank of Coal Burned
'Alberta 2,555 - Subbituminous
Saskatchewan 1,193 Lignitic
Manitoba 393 - Lignitic
'Lignite-fired capacity 1,586
‘ X _
" Ontario 9,660 Bituminous
117 Bituminous
512 -
Bituminous-coal-fired ,
capacity 10,289
14,430

In order to translate this capa01ty 1nto a demand

@,

for coal several relatlonshlps are requlred.

(1) Capaclty refers to the maximum number of kilowatts Which

a power plant can produce in one hour, i,e., it refers

to kilowatts per hour (KWH).

A9

Obviously plants do not

5 _
toperate at full capac1ty all the time and therefore .Some



(2)

(3)

5&(

type of average yearly load factor is required for

‘ calculatlons. The load factor commonly used‘ranges

from'so per cent to ?O per cent.55 In-this section
we will assume a load factor of 50 per cent or about

h 500 hours of .capacity operation per year.

The heat rate refers to the amount of heat required to

' generate one kllowatt of electr1c1ty. Heat is measured

in terms of the Brltlsh thermal unit. (b t.u.). The
heat‘rate:ls approx1mate1y 10 500 bet.u. /KW at present

. although 1t can be expected,to decrease as more

eff1C1ent generatlng units are built and other tech-

nologlcal changes. are 1mplemen‘ted.56

The. heat content of the various fypes'of coal is'found

in Table»l - In this section the follow1ng heat contents -

will be used for the different ranks of coa.l:57
‘Bituminous coal : - 11,500 b(t,u./lb;

.“Sﬁbbituminous coal ' ‘8,500 tn;iﬁ./lb.

Lignitic coal S . 7,000 b.t.u./le.

55

s

57

Natlonal Petroleum Counc1l U.S. Energy Outlook: Coal
Availability, U. S Department of the Interlor‘ 1973,

P. 58, p. 100,

Korda, B, Competition of Prairie Coals. Research Paper
No, 4, Un1vers1ty of Alberta, Edmonton: 1972, P. 17,

Natlonal Petroleum Council. Op, cit., p. lOO. The heat

rates used in the -calculations on P. 100 vary as follows:
1970 11,167 b.t.u./KW, S
1975 10,300 b.t.u,/KW, _
1980 . = 10,100 b.t.u./KW, and
1985 10,000 b,t,u,?KW,

National Petroleum Council, " Op, cit., p. 58,
Korda, B(L;Op- Cit., p|"23. L O
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' Based on the above relationships and data, it is
poséible to calculate the demand for coal by the electric
power generatlng 1ndustry at some future date. The calcula-
vtlons presented in Appendix C estimate the total coal requ1re-§
.ments~of,the electric power generating industry in Canada
for l97f as 33,587,000 tons. Although many'SOUrces of
error exist in making such a predictiqn, the estimate‘coes
give an ideéAof the magnitudc-cf the incréase in coal-fired
vgenerating capacity COnsidering that in 1972 some 17 million
" +tons of coal’weré used to generate electricity. A discuséion
of coal use-in geﬁerating electricity in Alberta and Ontario
also shcds some light on the accuracy of the-estimates.

| - In Alberta 4,906,000 tons of subbifuminous coal
‘were produced’ in 19?2.58 Of this about 4,5 million tons was
used fo‘genefate electricity. As capacity of the coal-fired
generatlng plants almost doubles and the efflclency of coal
‘use. 1ncreases we should not be surprlsed at a coal requlrement
figure of 7.1 million tons for the power generatlng 1ndustry
in Alberta.' In fact a %rlorl reasoning may cause us to

conS1der this figure to. be on the low side.,

Ontario Hydro uses about 9 million tons of coal each
year to produce elcctricity. Almost all of this coal which

is impofted from the United States under long-term

5§ZL}Statistics Canada., Coal Mines. “Catalogue No, 26-206,
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o contracts.’’ Ontario Hydro has stated that it expects to
use over -19 miilion toné of coal annuaily by 1980 confirming
our ?Stimatesléo Ontario Hydro feels that only 12 to 13 |
million tons of tp;s_ambunt will ha§e‘to 5e imported With
the rest coming fr;m western Canada, Although Ontério Hydro
‘has experlmented w1th western Canadlan coals (llgnlte and
subbi tuminous coal), high tranSportatlon costs and supply
problems related to a very rapldly expanding coal 1ndustry
in western Canada may prevent the use of such coals in

. dntario fofvsbmétyears.

| ‘The provinces of Alberta, Saékatchewan, New
Brunswick.and Nova Scotia‘;fe capable of producing enoﬁgh
coal for théir'oyh electric power generating needs. Whefe-
as Ontario relieé heavily on coal imported from the rich
coalflelds of the eastern and mldwestern United States,

Manltoba Aimports llgnltlc coal for its coal fired generating

'.
-

stations from Saskatchewan. . | ' . o

59 Recently Ontario Hydro signed a 30-year contract with
theg U.S. Steel Corporation for 90 million tons of low-
su¥phur bituminous coal., Delivery is to start in 1976
and to reach.3 million tons annually by 1979.

60. National Coal Assocmtlon. Coal News. Op. cit.,
P. 2. ’ ’
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The Demand for Coking Coal

The demand for metallurgical, or coking, coal is’
a function of the chemical properties of coal rather than
'its heat content, The demand for this type of coal is a //

derived demand{bqspg ultimately on the final demand for

Rt T "\-':N

finished stedH

FirSt,vqoéﬂ?dffi ‘ tférteg to coke. Second, the coke is
used in~thd |
hot metal (pig lroagg ~Third, the slag is removed from the

hot metal and raw steel ‘is made, Finally, the raw steel

passes through a final process in which it is made into

finished steel and shipped. |

At eacﬁ stage in the steel-making proqess there ‘is
a Weight 1qss'and some conversion factbr is‘hsgd to describei
this ;eight‘lOSS. The coal to coke “ratio is ndt'expectéd‘.
to vary from the present level of 1,44 due fo the‘natural;A-
chgmistry of co_al'."61 However, thére is a possibility fhat

future fechnoldgical progress will resul%“in'weight loss

reductions at the other steps in the process,

The demand for coke must take into account any
foreseeable technical developments in melting
practice and the possibilities of exploiting
‘other forms of energy for melting which could
affect the demand for coke.... There is no

§l National Petroleum Council, op, cit., p. 108,
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technlcal development in blast furnace melting
practice for the . foreseeable future which is
likely to eharply affect the present coke to
hot metal ratio. 'Therefore, projecting the
trend of the last 5 years, the coke consump-
tion per ton of hot metal should be 0, 58 in 62

1985 and 0,54 in 2000.

The ratlo of blast furnace to raw steel production: has

rgmalned relatlvely constant over the last‘ ten years at

k

0.677. As open hearth furnaces are phased out the ratlo is

expected to change to 0. 64 by 1985 and to 0.60.by the year

2000, 63 .

‘The yield for raw steel to finished steel

(shlpments) is increased using contlnuously

cast semi-finished instead of -ingot semi-

finished. The present 68,5 per cent yield \
is increased to 80.6 rer cent with continuous
castlng.' Overall industry yield could

increase to 75 per . cent by 1985 and to 80. . 64

per cent by 2000. .

All of these technologlcal changes7will lead to an increase.

in thé demand for coke, and. hence metallurglcal coal, which

is proportlonately less than the increase in the demand for

'flnlshed steel,

With Japanese steel capaclty doubllng every 5

years in the 1960's and -U.S. and European output 1ncrea31ng

rapidly as well, those countries producing coking coal

'benefitted from increasing exports of coal,

i

62

63
Al

Ibid., At present the coke to hot metal ratio is abod}

:0.7'=

Ibid., pp. 106-108,-

ot ]
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Beginning in the late 1960's the westernx

;{>‘~— -Canadian coal producers suddenly found. themé

selves looking at a great world-wide coking -

coal shortage. (The coal) industry (was)

presented with a unlque opportunity, not.

only to participate in this seller's market,

but also ... at the same.time ,.,. to be

established as one of the major long-term 65

world suppllers of coking cozal, .

"~ Although the United States has enqggh reserves of coking-

coal for its own purposes Europe, South America, Japan, and

- other countries are not as fortunate since they must 1mport

large quantltles of coal for their steel industrles. *
Table 9 presents an estimate of world coking coal

arequirements for the years 1970 to 2000, Although the U, S.

share of the world market 1s presently about 13 per cent 1t —

is assumed that the Unlted States sh%re of the world coklng v

coal market will increase to 20 per cent by 1980 and stabllize_.

- at that'point. In 1972 Canada . produced about 12 mlllion

tons of metallurglcal coal, or about 3 per cent of the

world total, Sirnce Canada 8 share of the coklng coal -

market is. small the demand curve faced by Canadlan producers

is very elastic and can ‘be con81dered to be horizontal.

As long as Canadlan producers can supply coal at, or below,

the world market price, Canadlan productlon can be expanded

66

without practlcal limit. However, supply aspects will be

65 Olsen, B, E “The World~Wide Marketing of Western Canadian’
Coal", Prots s of the 24th Canadian Conference on -

Coal. Edmonton: 1972, p. 3,

.66 Whether or not Canada can supply coklng coal at, or below,
- world market price depends on what. the market really is as
-, .well as on what production costs are, One mist talk about
. & number of market prices since transportation costs have
. created a number of different geographic markets, :

".r' BN

3



- discussed in the following section.

L

'1 o
TABIE 9 . ,

Estimated World Coking Coal Requirements (1970 - 2000)

v-(millions of .tons)

. With Present Wlth Future Technologlcal

Year Practices - Developments ‘Probable Actual
1970 4ho w0 o
1975 1 560 500. ., 560
1980 680 o 560 - 650
1985- pgo . 620 . 750
o _:N"_?'f\‘\.‘: ‘ o L ' ' \ . .
1990 ¥ gho - - '690 . . 850
1995- ; 1,120 760 cT e okb
. 2000 © ', 1,230 80 - . 1,040

Soﬁroei Natlonal Petroleum Coun01l. U:S. Energy Outlook:
; Coal Avallabllltv. .

.
P

-

*

~ Although Australla shlps large amounis of coklng

coal to Japan, the Japanese have also turned to western

Canadlan producers for some of thelr requlremeﬁ%s. W1th1n S

the last flve years six .coal companles with mines or holdlngs

‘\ "\.

in the Mountaln Area have obtalnaﬁ‘tong ~term contracts w1th
the Japanese. This: has resulted in enqulrles from other
areas of- the world as to the avallablllty of Cinadlan coklng

Y
. N .

¥
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coal and has also resulted in optimism for the coking coal

industry."Some'of the more optimistic felt that Canada

would be exporting 14 million tons of coal in 1972; 18

"million tons in,l973.“and 26 million tons By:1975. Agthough

these tonnages have not béen reallzed (and probably will not

Lo

by those dates), it 1s ‘obvious that the amount of coklng coal

whlch is belng exported has rlsen rapidly. -In 1968 about

5lbm111ronmtgn%§of coal were shlpped abroadj; in 1972 the

figure had increasedfto over 10 mil;ion tons. As Canada
becomes a reliaﬁle producer of largeLQuantities of cokir
coal.and as long haulage costs (lanq and sea) are red¥ced,
the output of'metailurgical ~oal’oan,be expected to increase.
It is conf}dently predicted that %3nada will" supply about
one-fourth of Japan's' imports of coal for coqug purposes
in the near future and that shlpments ‘of coal to the |
European market will total some 2 mllllon tons by’ 1980&%2,(‘
, -As the map in Appendlx B 1nd1cates there are )
seven coke ovens located in Carfada whlch use metallurglcal
coal to produce coke for steel-maklng. In.l9?2 tneatotal

coke capa01ty of these ovens was 8, 281 000 tons'of coke per :

vyear.. If ‘the ovens operated at-full capa01$y ll 9 million

.o‘

tons of coal would be’ requlred -~However,‘1n 1972 723

P 2
R __.4* \
h .A’(r . -

'1?6??ﬁ Slmon, H. P, -"The Economlc Imgact of the Coal Industry

/7 - in Western Canada*, Proceedlng of the 23rd Canadian

'.J{: _Conference on Coal., pP. 234y See. also Aprendix D,

l ’ ! " .» - - ~

I
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i

million tons of metallurgical coal was used and 6.8 million O
tons of this was imported from the United States.
The three largest steel producers in Canada account

for almost 90 per cent ogtCanadlan coke ovr capa01ty.68,

These companles use’ U S. coal “exclusively and either. have
captlve dogl mxnos gn “the Unltedgitates or have long term

contracts w;thvcoal mlnlng companIes in the U.S., or both.69

"‘féé The three largest companles and thelr coke oven
capac1ty are as follows: '~

Q* ' : Coke oven : ‘
Company . Capacity Location
“J‘.A% .. {tons/year) .
. o - EETT O & ® ’ : .
“oy Algoma Steel Lo 'f7' Sault Ste. Marie,
Corporation, Limited [ - 2,100 Ontario
Steel Company of Canada . . .
Limited (Stelco) /< 3,400 Hamiltonw, Ontario
Dominion Foundries and , ‘ . ' : ,
Steel Limited (Dofasoo) R 1, 800 Hamilton, Ontario :
~ Y T

Soupce: Canadian Nlnerals Yearbook

69 Algoma 14 developlng a low-volatile coal mlne at Fa;rdale

¥ West Virginia. Wthh{Wlll be capable of produc1ng\l 25
million tons of coa annually, Stelco opened a 700,000 -

" ton per year coal mpne at Madison, West Virginia whlch

produces hlgh-vola ile copal, Stelco also has a 1/8

interest in a low-volatile bituminous .coal mine in West

Virginia from whiecl igywill receiye 870,000 tons annually,

Dofasco recently sugned@a 20-year agreement with

-Eastern Associated Coal for 500,000 tons of coal per

~Yyeary This is in addition to an. existing 550,000 tons

- per yeag contract with this company. Dofasco also '

has an Bwnership interest in the. Itmann Coal Company

of West*ﬂlrglnla from whlch°1t recelves 250 000 tons

of “coal annuallx. T S |

”
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This effectively prevents western Canadian producers from
entering this particular section of the market for metallur-

gical coal, Considrring the fact that Canadlan coklng,coal
costs about 50 per cent more to transport to the easte @# )
Canadlan coke ovenc .41 does U, S coking coal an yaﬁgéact
that there is no Canadlan tariff on imported coal 1t 1s

not surprlslng that imported metallurglcal coal is usea

[

rather than the Canadian coal

-

l The fourth largest coke producer, the Cape Breton L

Development Corporatlon (Devco), 1s a crown corporatlon
which has a coke capac1ty of 900, OOO tons annually.?p L
Although ’Zé’ per cent of the coal used. by Devco is friW its $

own mlnes ik Nova Scotla the remalnder 1s 1mported from- “Fhe 9
’ . )

Unlted States, The major reason for 1mport1ng‘coal is’ the

fact that the hlgh-volatlle bltumlnous coal from the Nova
' Scotla mines is not sulted for maklng coke unless it is

aixed w1th hlgher ranks of coal. fisw-volatlle bltumlnous

.coal), ' Use of Canadian low-volatlle bltumznoMsgcoal is .

L4

prevented by hlgh transportatlon costp. - .
Although productlon of coke from the western |
Canadian coke ovens of the Manltoba .and Saskatchewan Coal

Company (capa01ty 110, OOO tons of coke annually) and Kaiser

/
/

-
> *
. /

{

=70 Devco's forbation-will be discussed later,
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Resources Limited,(capaclty.zhs,ooo tons of coke annually)
is insignificant, these coke ovens do use western Canadian
vc;al. But dnless:a ma jor steel industry is‘established in
weatern Canada, transportation rates are a barrier which
will result in. the use of more imported coal as Canadian
* steel capa01ty 1ncreases. HoweVer, Canadian exports of y
' metallurglcal coal are expected %m 1ncrease over the next

.-
LN

few decades,

: B T,
Future Technologlcal Developments and_the Demand ﬁég Qoa
) \~ ¥,

‘3"}.' .
Future technologlcal developments whlch maywaffect

 the demand for coal include the satlsfactory resolutlon aﬁ;

air pollutlon problems, coal ga31f1cat10n and coal llquefac-'
tion. New technology'ln any ‘of these flehgs will affect the-
demand for coal in some inter-related ways%insor ‘example, a
breakthrough in coal ga81flcatron technology w1thout new
'technology in pollution abatement may not result in a decline
of the demand for ebval by the power generatlng 1ndustry. '
| Rather 1t~may lead to an increase in demand as power plants
hurnlng gas use coal gas rather than natural gas, and gas-
~f1red power plants are substltuted for coal-fired plants.

The oppos1t10n to coal~-fired: thermal electrlc
~ power generatfng;plants 1s a fd?ctlon of the air pollution
whic¢h results whenever coal 1s burned. gnless low=-sulphur

pooal_(or_other»low—gulphur fuel made from coal itself)‘isl

available-for;gag?in the power plants,.gome type of stack
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gas cleanup system is required. At the momeni forms ofv
lime, limestone and dolomite"afe being considered in the
scrubbing of.stack.gases.although more. economic systems are
expecfed to follow in~the‘future. The gas . scrubblng systems

=3
which are now 1n existence are expensive and often take a

\'long time to install and brlng into effectlve operatlon.71~

If other more economic, systems are developed it Wlll take

at least 15 years beforé'z'j esé! systems can be 1mplemented.72

Hence an increase in demand fof coel resulting’ from an _
increased de51re to- bulld coal fired poner generatln% plants
‘because these plants will be non-pollutants will not occur:
for some years, }

| In the United States optimism over the feasibilify'
of coal gasification is high. As & result, several ma jor
natd@él gas transmission companies have bougnt up extensive
blocks of coal reserves near their plpellne systems,%Just in

case technological developments make coal gas competitiwve

with natural gas as a cheap, clean-burning fOSSll fuel.73

g?l Eveh at a low'cost of $25 per kilowatt of capa01ty it
~ will cost $230 million to fit all of the Canadian coal—
, fired stations with 80, removal systems, 43.

”?;%QZT' Natlonal Petroleum Counc1l.' U, S Energv Outlook: Coal
A b3 3

@‘:.4» Op.lclt., po 64

v73 : Canad anﬂBu31ness Service., .Investment Council., Toronto:

“91972. . PPy .2 5 -6. El. Paso-Natural Gas Company, Texas
Gas Transmigsion Corporatlon and American Natural @ms
Company are examples of three natural gas transm1581on

companles rnvegjlng 1n coal reserves,

.
>
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Commerciaily~proved technology to: produce .

synthetic pipeline gas from coal is nearly - kS

available and'at costs ($0.85 to $1.15 per

million ‘b,t.u.'s) comparable to other. - . -

supplements to domestic natural gas.,

Improved'%echnology, now under rapid develop-

ment, may lower costs 10 to 15 per cent, and

Such improved systems may be available by the ol

end of the projection period (1985),

There are a number of different processes by which

coal can be transformed into synthetic gasi75' However, only

“for the‘Durgi process, which has been used commercially in-

_ Eurbpe ahd South Africa, is anyﬁinformatiqn Qh costs available.
Based on the requirements of a gasificatiqn plant delivering
270 million cubic feet of gas daily with the gas having a .
heating‘value of about 900 b.t.u.'s per cubic foot, onevcan
draw some conclusions about the feesibilityeof eoelxgasifica-

- tion plants in Canada, _‘é},
‘ _ : | : X

74 Natibnainetroleum;00uncil. "U.S, Energy Outlook:. Coal
Availability, Op. cit,, pP. 9. - - ~

75 Othgr than the Lurgi process, some ,of the developmental °
coal gasification. processes are as Tollows: .
(1) "A pilot plant using the HYGAS process is being
operated to produce coal gas by the Institute of
Gas ‘Technology and the Office of Coal Research,
, It is located in Chicago. A ST .
(2)4 Consolidation Coal Company is constructing a pilot »g&
- .plant at Rapid City, South Dakota under the sponsor- 4
ship of the Office of Coal Research, The plant is_ -
‘being built in an attempt to develop the CSG B
process, . : , :
(3). Bituminous Coal Research, Inc., sponsored by the
5 0ffice ofiCoal Research, has designed a pilot plant
for the BCR Two-Stage Pressure Coal Gasification ‘
Process,,, . . ' oo a : .
(4) 'The Bureau #f Mines plans a pilot plant for the
" Synthane process, ; : R

“(B)  The Kellogg‘Coal Gasifieation‘PnocessliEB not yet
-~ been -committed to the pilot plant stage.i
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" The annual tonnage of‘the three types of .coal
requ1red for one ga51flcat10n plant of the above s§201f1ea~
tions is as follows: |
(l)‘ Bituminous coal (11,500 b.t.u./1b.,) © 5.7 million,tons
(2)  Subbituminous coal (8,500 b, t.u /1b,) 7.8 million tons-
(3) ngnlte (7, 000 b.t.u./1b,) . 9.5 million tons.
If a coal gaS1flcatlon plant is to produce plpellne gas for . .
15 years then the coalfleld (or flelds)~located near'the
plant must have recoverable reserves of 86 mllllon tons of

Qp‘bltumlnous coal 116 mllllon €Gns of subbltumlnous coal or
‘142 million tons of llgnlte. -As our early discussion, and
: Table@ 2 and 3 show,,depQ81is 1n Canada are, capable of

*.Jeu'

supportlng coal ga51{icat10n plaprs with the above spec1flca-
tlons.. For example, the llgnlte reserves at Hat Creek in
central British Columbla are more than sufflclent with about
340 mllllon tons of measured reserves, '
‘ Homerer, the capltal costs of bulldlng a coal
ga51flca¢10n plant are high. Table 10 glves some 1ndlcatloh
of the 1nvestment requlred‘for a complete gasification plamf /
QWithftﬁe above specifieations) starting with stockpiled coal

. (i.e;vexcludes cdal mine investmeﬁt) and delsverlng dried
pipelihe gas, . ‘The investment is given for a plant using

.

wesfern ‘strip-mined coal, -Further, an allowanee of 15 per

cent has been added to the cost‘of the process plant invest-

ment because a detalled engineering analy51s was not used 1n
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::> deriving the estimates nor was a particular plant location
76 )

chosen,
_ ‘ - . TABLE 10
o _ R

Coal Gasjfication - Lurgj Process - Capital Requirements

o (270 millions cubic feet per day of 900
S ‘ -+ best.u. per cubic foot gas)

gpocess_yianﬁS'Investment‘ - <:> ,¢$132,00d,060})5
Utilities andEOffsites 23,000,000
e Allowéncé.for‘Deféiled Design , 20,000,QOO
‘Escalation during Construction | -+ . 15,000,000
AlléWancg'for\Process Developmént , . 5,000,000'
Miscellé;egus>(startup, coordination, etc,) 8,600,0&57
Total | ‘ - $203, 000,000

v

Source: National Petroleum Council, QU.S. Eherav Qutlook:
Coal Availability, :

-
e,

e
L
r'd

" ~ Although coal gasification may be practical in
. ' ‘ f - -~
western Canada. because of the location of the coal reserves
- of Canada and the existence of a system of naturél gas'pipe-

lines, the historic abundance .of natural gas, the distance

76 Natioﬁal Petroleum Council. U.S, Energy Outlook: Coal
~Availability, - Op. cit., p. 241, .
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coal nust be shipped if plants are located near the'markets and
the high capital-costs of building coal gASif;cation plants
preclude development of Canadian plants in.the near future,

| The manufacture cf hydrocarbon liquids from coal
(liquefaction) is still in the research stage. The main
obstacle to the development of an economic technifue for
liquefaction is that of producing a high hydrogen-content
‘ liquid from a low hydrogen-content SOlld Although many
_technlques have been developed for making liqulds fromlgcal
'Xno know process is con31dered.tc’be economically v1ab1e,
Assuming that the needed technology becomes available in the -
near'future; it will still he.scme 20 years before -he manu-l
facture of synthetic liquid fueIs'fromtcoai is possible oﬁi
a commercial scale., Once again high initial capital coste
(abcut $123 million epread over 3 yeerS), lack of nearby
markets the historicel abundance of fcssil fuels other than'
coal and the efforts in the Athabasca tar sands may prevent
‘the bullding of coal llquefactlon plants in. Canada. 77 “Q’

It seems likely that the demand for Canadian coal

4in the near future will not be affected hy-future poesiblew“
.technological developments, Although more coal will be used

to generate electricity, an increase in demand by the electric

T

7?7 The $123 million investment figure is based on the
development of a liquefaction plant which MHas a
capacity of 30,000 barrels of syncrude pef day and

which uses the Amoco process to convert coal into a
hydrocarbon ligquid,

National Petroleum €ouncil, QASL,Energv Outlook:,TCoal‘

Avajlability. Op. cit., P. 264

- | \i
- b . . B _
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utility companies based solely on pollution abatement

~ technology is unlikely, Coal gasification or liquefaction
‘on a large scale seems unlikely in Canada for the reasons
mentioned earlier, 'However, rapid increases'in natural.gas

and o0il prices could result in some coal gaslflcatlon and

liquefaction taking place in Canada before the year 2000,

i
0

. Summary. .

~

¢

~

In the nekt several desades the demand foficoal
by the electrlc power generating 1ndustry is expected to
increase,, Assumlng that nuclear and hydro-power generatlng
capac1ty will remain constant relative to total power . ”/
generatlng capac1ty, the exact 1ncreage in coal-fired
‘ generating capacity will" depend .upon the 1nterplay of the
supply and demand of all the fossil fuels. If this assump-
tion.does not hold then the increase in coal flred
generatlng capa01ty Will also depend upon the rapldlty and
‘ amount of nuclear and h 'ro=-capacity that is installed.
Increases in either type of capacity relative to total
“,capaeiYyWill result in a decrease in‘the.rate of increase
of coal flred capacity and hence the rate of 1ncrease of
coal demand. - # o R 'hr | /

v' At the moment 1ndlcatlons are that coal ‘will be
relatlvely 1meEtant in the: power generatlng 1ndustry in the
’ near futur eglslatlon concernlng effluent dlscharge

o | 55] N



standards may reduce the amount of'coal-fired capacltylbeing
- installed, but the industry will. probably overcome thls
restralnt by the development of pollution abatement devices,
However, the development of such devices 1is, of itself, unlikely
to increase the amount of coal- flred capa01ty 1nstalled

’ . The demand for coking coal by Canadian steel makers}
will not be”met by the output ovaanadian coal‘producers in the
,short run because of imports from the United States._ The Cana-
dlan metallurgical coal‘output‘is expected to increase; howcver;

s the world demand for steel increases. Although changes in

technology w1ll cause the demand for coal to in ; '
rapldly'ﬂpmn the demand for steel Canada W1ll‘b§h'aced w1th
'a market favorable to an increasing metallurglcal coal output.
Hence the coal requlrements of the steel producers
and the electrlc power generatlng 1ndustry w1ll determine the
demand for coal in the next few decades. The.use of;coal for

4 : . ‘ .
ga51flcatlon,and llquefactlon-wrll'be limited- in Canada in

the foreseeable future. o Y )

L .. *

The'éonclu81ons presented above do not agree with

those of the Energy Resources Conservatlon Board of Alberta.78

o

- 78 In two recent reports it predicts that Alberta alone
" will need to produce about 60 million tons of coal - by~
1985 and 145 million tons by the year 2001 See the
following reports: .
(a) Energy Resources Conservation Board. - Review of the
. Alberta Coal Industry, 1973, Report'?h-E.
- .Calgary: March, 1974,
- (b) Energy Resources Conservation Board. The Adequacy
of Alberta's Reserves of Surfacé-Mineable ‘
~ Subbituminous Coal o Meet Market Requiremeénts.
. Report.74-G. €algary: April, 1974, '
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plpellne capacities and whether or not_the existing plpellne

; B 69

The Board's predictions tend to be veryfoptimistic when
compared to those in'this\secrion. There nay be several )
reasons for the existence‘of this discrepency. FirSt;'fhe 3
boérd feels that the technological problems of transporting |
coal to eastern Canadian and U.S. markets can be solVved by

fie

the use of coal- slurry plpellnesa%xButﬂlt fails to mentlon

system is capable of transporting large quantities of coal .
if it is also.tolbe.used‘to transport oil from the Athabasca
tar sands and the MacKenzie Delta. To »°*1ld a new pipeline

may require large investments in~capital -~ capital which-

,must come from some other sector in the economy.

Second, and perhaps most 1mportant the Board fails
to take into account the env1ronmental impact of mlnlng large
quantities of coal (most of -which w111 be mlned by surface

<

methods) and the resultant’ public outery. The costs of

. reclamation and the state to WhichAdamaged land can be

restored are not precisely known althoughvexperience in®

| ~

'Brltaln seems to 1ndlcate that full restoration can never be

achieved and that any respec%able degree of restoratlon can

only be achleved at enormous cost.79

ﬁr[ e‘ Third, alchough coal gasification will become

B

79 Whereas in Great Britain reclamation .costs were

approximately. $3,000 per acre restored, in the United
States reclamation costs ‘were found to be less than

$1, 000 per acre. 1 Y

/ .
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profitable in the near future, the possibillty of haying coal
ga81f1catlon plants in Canada w1th1n the”next few decades 1is
llmlted by thelr high capital costs. Development of the 011
sands and other investments in energy projects (eg.,wMacKenzie
Valley P1pe11ne) w1ll limit the ava11ab1]1ty 01 capltal for

_coal\ga51flcat10n plants\w;

|
4 o\

Finally, the Energy Resources Conservatlon Board

makes forecasts thlrty years 1nto ‘the future.: The w1sdom of

'

"7u51ng such a long projection perlod\oan be questloned in the‘

light of present—day energy events, Although the Board takes
.~ .
1nto account’ any future technologlcal changes whlch may-

‘ 1ncrease the’ demand for coal it de-emphaS1zes those changes

‘1n technology whlch result in other prlmary energy forms .
being substltuted for coal Long range forecastlng is

drfflcult and fraught with uncertalnty because of an unstable

Dl

energy situation, ' e

Although the Eﬁergy Resources Conservatlon Board may
be proven correct, the ‘above: crltlclsms point out‘the folly of
not cons1der1ng energy as‘ one sector 1n the entlre economy.

- Taking a microeconomic view of the energy sector may lead to

..

false conclu51ons in a dynamlc maoroeconomlc settlng. Hence

l

one must take into account ‘a1l the polltlcal 3001al and

/

economic varlables when trylng to predlct the -future need for

-coal, ‘ ;2 ’ R : o v
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CHAPTER IV
‘ 2 L .
THE SUPPLY OF COAL IN. CANADA . - -

"

A. General Comments_on the -Canadian Coal InéuStrv,

\

wﬁ"
Although some of the supply condltlons have been

d1s0ussed it 1s useful to look further at the\Fanadlan coal

1ndustry to see how the above demand for. coal is met In N

”dlscuss1ng the varlous aspects of the Canadlan hnal 1ndustry

it may be useful - to refer to the llterature on the Amerlcan

and Br;tlsh coal industries., ' The American 1ndus§ry is .

characterized by low, but increaéihg, concentratién eagy

“entry, ‘captive markets, dlscrlmlnatlng frelght rates, and a

free, though unstable market The Brxtlsh coal. industry,

on the other hand, is fully natlonallzed and alsg 1s

i .
b N3

cbaracterlzed by prlces whlch are not eqg .a. to-competltlve

_prlqei. Shortages of coa& have been conmqnplaci because of

. ‘.

kS

,'government pricing below the market. prlee that is °be15w

LY

actualt costs (1nclud1ng a falr rate of rexurh;u;,,f~

<«

. '71

)
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(1) - Goncent;ationv RN

Sy

_ Table 11 indicates that the productlon of coal had

,fallen from the 1955 total - of 14% mllllon tons to abdutﬁiol

S

',1ncreased productlon‘dﬁxpltumlnous COa A Alberta and
Brltlsh Columbla and is &@fleeted in the exPoj%s column of

<the Tables. All. efport p& coal at pha"presen,
'Japan on arcontract baa;s.Bo The»shldt ln empha51s of coal“i}"

:”'and will be dlscussed r“;more d4ta11 later, 2;5" .

’mlllldn tons by 1962 in response %o a decline in demand ugn%

remalned at thls relat1Ve1y low le;;;/ihrough the early and'
by

mld—l960 S As the demand for coa Ytheaplectrlc power

=
generatlng 1ndustry 1ncreased 1mports of forelgn coal 1nto
Ogtarlo (whlch ‘lacks Quebec's hydro s1tes) 1ncreased as did

productlon of coal’ for electrlc generatlon purposes 1n the

.;Pralrle prov1nces.4 Ekport demand for coking coal by the

world's.steel ?

.

o e

0 K

.-

In 1955 ﬁ§%re were 14k mlnes operailng 1n Canada,
Of these, 42 mlnes had an annual productlon of over lOO,&OO

tons each and” toge*her accounted for- 86 per cent of &btal

~

- tons a &ear.B} Thls was hardly a concentrated 1ndustry

. MR §
- - . .
. . PR

r;?v N ;>:f y. ’ BN

\

. ! t \
80 - Test shipments of coglng coal have been sent to some

South Amerlaan and European countfles.,

817 - Burchell D Gr et al, 'ob; 01t., PP, 537 38

. . : © )

ducers (espec1alLy J..ran, Nas met by ' .

'1me 1suto aﬁ.ff

productlon from thj\ 1t1mes to. the West 1s<also 1llustrated

5_ output.~ Of the. 144 mlnes 62 mines® produced less than 10 000 f'

~
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N

¢’

c con51der1ng that total productlon was only lui million tons.,

However, if we look at the productlon flgures for 1972 we'

. e
see’ that the coal industry has. become very concentrated 8

2 S
(The tran31tlon 1sé%eplcted in Table 11,) ~In 1972 t , four ;

ulargest operations accounted for 65. 9 per cent of all the

'Canadlan coal output capa01ty. Of these fqpr OPQratlons,' &

» order to praduce coklng coal for export to Japan.83 The

fourth operatlon Manalta QQa;’lelted at Wabamun iake
. S < &‘

rgﬁ}rece§tly ex nded 1ts operatlons when Galgary Power lelted

&‘k\ v }

‘v'added to its cpal- flred steam generatlng electrlc power

R

capac1ty. As the results of Table 12 show, 1f 1ntercorporate

&

three operatlons were. started w1th1n the last four years 1n.~f'

™

.
¥

s ownershlp 1s cgp red 78 e per cent df total Canadlan out-‘ )

o put°1s produced by the four ﬁE;%ést ﬁlrms. "

s"Phe’ hlgh degree of. oonoentratlon does not
necessarily 1mply a cOrreSpondlngly high degree of market

power, As will be’ seen later, “the largest coal operators

"
L

sell:to a llmlted number of buyers, and usually on a long-d

<

: _term contract basis, ’ These buyers 1nclude Japan as- the

82/ Mlnes and Resources Branch (Department of Energy,.Mlnes
© . and. Resources) Coal Mines in Canada, 1972. Operators
A List L: Ottawa. , o T

' E
FR

ij _These operatlons are.

(1)° McIntyre Porcupjne Mines Limited on the Snoky River,

;L@ {2) Kaiser Resource it ited  near Spanwood B.C., and
-

3 Fordlng Coal le “near; Sparwood. i

. 3 . ‘ - v . \\
A _ o ) i
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;.TABLE,;z

Estlmated Output of the Four Largest Coal

, ;:_g oy Companles in Canada.»1972* | . .
- iv ‘ ::i. ”v¢‘. i:{w d (short !ons) :ﬁ' -
'fz?~ ‘Company i "“~ e "x7i& o Outpu
~ Alberta Coal lelted (Manalta Coal lelted) -6, 714 ooo
i"Battle River Coal lelted ;%;. ;-33.?? ¢ l 025 OOQ
ﬁg{ ' Alberta operatlon e Llfii' f'i ;%“ ‘ 550 O"
Uﬁ{i : Saskamchewan operatlon fd”;;‘TV}; h‘c‘ 475 000
:‘ Utllgty Coa&g Lrglted (Saskatchewan) ;i:_ 2, 135 000
| Manalta Coal leited (Wabamun Lake) ‘J' 3” 55k, oﬁo
Luscar lelfed ff?ff_gidm Qi“';”‘ v"f'fcjﬁ?,,, 1,779, 500
N Foresfﬁurg Colllerles Limjted : _", v.dblci 610, OOO\
Manltoba and Saskaﬁchewan Coal Company Ltd ‘ 625 OOO ;
_JM’M Cardinal Rlver Cbals lelted**i' "‘m f 514J+ 500 |
. McIntyre Porcuplne Mines Limited B 2 83? 000
’ ,Kéiﬁﬁr Resources lelted ¥ | - 6,3Q?,OOO
Total output by the - four largest flrms - 17}63?{5003
' . Total Canadlan output . . I a - $22,500,QOO
R Fordlng Coal lelteddls wholly owned by Canadian

* Pacific Limited but has- ‘only .one operatlon w1th an
ouiput of 1, 009 000 tons. .

®HE Cardlnal Rlver Coals lelted produces 1,210,000 tons of
coal annually but is owned by Luscar lelted (45 per
cent) and Consolidation ‘Coal Company of. Canada (45 per cent),

.Source°'. Coal Mines in Canada 192 .
. ‘Intercorporate. Ownershln. 1969.
- “Coal and Cohe" '

"@;a)
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; contain, and’ the
-In ether Words,

consldered in the dlscu881qn of concentration., In many

. 79 ) SRR
.\,.J - [ - ) . .
P &, - F
,-‘j‘ v ey
present export @arket, four major utility comp#nies (see~——- _ -

d
Appendix B for ‘he names of. the Prairie utility companies

with coal-fired capacity) as the main bnyers of Prairie

. coal, and numerous other buyers oﬁqgne coal. outpdt rof the

lesser firms in the 1ndustry. Hence we have an’ ollgopsony

situation,

-~
-

In measurlng concentratlon 1n a mlneral 1ndustry

len

.flt is often dlfflcult to attach s1gn1f1cant meaning to

‘h--\ Eal

measures of concentratlon based on output or capa01ty flgures‘-

alone. One must also con51der the ownersh:p of the varlous

~coal rlghts, the quallty and amount ‘of . coal which they

QﬂFSSlblllty of the coal to market;ﬂgfgé}v

4

a?!ct of potentlal entry must berﬁff ;,

casé§ hoqever, much 1nformatlon is m1SS1ng and 1t becomes

difficult. to determlne Wthh companles will be able to enter’

P—s}i 1N

EE]

P

84 There are«&hree magor types of coal rights, _
(l Crown lease: thosewnlghts leased from the federal
.or provincial Hoverﬁﬁ@nt (The federal government
holds. the ownénshlp rights to minerals in Indlan
- . reservations and”natldhag parks, )
(2) Freehold? those mineral’ rights which are he1d by
ﬁﬁagrlvafe 1nd1V1duale or companles.~ They are not
~#owned by government
(3) Leased freehold: those mineral rlghts leased from
.companies - (or individuals) with freehold rights,
See also Energy Resources Conservation Board. Review
. of the Alberta Coal Industry, 1973. Report. 74-E.. .
: .1Calgary 1974 1938 b-1 to 4-3, ' - - S

<
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1;j outhern and central Saskatchewan "85J

80

r
the 1ndustry as producers. Slnce ‘a descrlptlon of which
companles hold +the varlous coal rlghts is 1nadequate because

of the frequent change in ownershlp of these rlghts and the

- o

ex1stence of ‘various option a ements, predevelopment
j:iibed. These’provide'an ‘

exploratlon activities are de

Jindicator of potentlal entry and hence a barometer for future

¢

markét concentratlon. a . . a a ”ﬁ@

In the Marltlmes llttle ‘exploration 1s cdrrled out,

The exploratlon which ﬁoes occur 1s meant to prov1de knowledge

~which 1s uoeful to the future development of ex1st1ng mines,

>

In Saskatchewan the prov1nc1al and federal governments "have

undertaken a. $912 000 shared cost program to determlne the

potentlal for future development of lignite reserves in

t

'4{ : In Alberta and Brltlsh Columbla the ex1st1ng

pnoducers owrl a large share of the existing coal rlghts and -

- carry out much of the exploratlgn act1v1t1es. Alberta Coal

)

lelted Whlch 1s the largest preducer of coal 1n ’ﬂnada

1s exploring the feas1b111ty of produ01ng llgnlte frym the

o

‘Onakawana field of ,Jnorthern Ontarlo for power generatlon

.

purposes. It is also active 1n explorlng 1ts varlous coal L

leases in Albérta through its subs1d1ary, Master Exploratlon

Limited, 86 Canadlan Pac1flc lelted Whlch produces coklng

-

" 85 Chrismas, L. P, -"Coal and Coke"' Canadian Minerals

»Yearbook~ 19?3. . Op. 01t., p.,8;

. 86“dJEnergy Resources Conservatlon Bqard Report:?qu;

Op. cit., p.‘h—ll

‘e
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abal through 1ts sub81d1ary, For : l Coal lelted also owns

a large number of coal rights and is in the process of
] ,eXplorlng these rlghts through another subs1d1ary, CanPac
.3é: Minerals lelted.87 Other current ‘producers or their parent
companies hold exten31ve coal rlghps in western Canada.88
'Otherxcompanies which are'currently not producing
e ,coalvbut may be in a position to do so atAa future date -‘Cb
1nclude oil companles (Shell Imperlal 0il, and Scurry-
'Ra1nbow;01l), other mlnlng companles w1tC pperatlons 1n.

Y ~western Canada (Denlson Mines Ltd. ‘and B ameda Resqurces

Ltd, ), and* exploratlon companles whlch normally sell or lease

‘thelr coal rlghts to‘ggfse conmp es in a posltlon to extract
“the coal, . e, é

L.

. -

The p°werhg?:ﬁp 1ng companles also hold mény of -
. g
the coal rights.| The Clty of Edmonton Alberta Powé% and

._Calgary Power hold col’ rlghts in Alberta.~ mbe latter two

companaes have developed some. of their coal leases by
contractlng the extractlve operatlons to.ceal companles i
o e 3

which have leases 1n the same'atgl &sciﬁbse of the. utlllty; .
~
company.89 The B.C. Hydro and Power,Authorlty controls)%he

. .-"_#A
g

87 Canadian Pagific lelted formerly the- Canadlan Pacific .

; Railroad Company. owns coal rlghts through its - r

. ¢ Sub¥idia CanPac Minerals Ltd, and Canadian Pa01flo
0il and s, Ltd, ‘ R o “u‘ ..H;
88 Both Consolldatlon Coal Company of Canada (Cardlnal "
R River Coads Ltd.,} and Canadian Superior 011 (McIntyre ..
v Porcuplne Mines) hold coal leases. R
N .

-89 The Calgary Power - Manalta Coal Ltd. operatlon at

" . . Wabamun is a good example.. _

I~ N -
v . , .
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qge‘llpnlte deposits at Hat: Creek.g,_p
Concentratlon in the Canadlan'coal industry will
. continue to 1ncrease as the smaller firms are swallowed up

by the larger ones, (Luscar s recent take ~over of the

‘Burnstad Coal Company, whlch had an annual output of 21,000

&
tons,‘ls an example of the s1tuat10n ) Entry 1nto the -
industry is llmlted to those flrms holdlng rlghts to'ex%en-
3 :7s1ve potentlally recoverable coal reserves,. Since most of”

Wthese rights are held by firms already lndthe Industry, or
by flrms 1nvolved in some other resoufah extractlon 1ndustry e

or by firms which will call’ upon an exﬁﬁklenced coal producer

-

N : But concentratlon is only a. characterlstlc of »

A
e

market gtructure and thus useful as a gulde i termlnlng

$the orlgln or cause of poor performancz or- gonduct But hlgh
‘”-levels of . concentratlon do not always 1mply poor performance
'-,and hence are not nékessarlly bad for the economy._ In order y
e} understand what 1s meant here and 1n future sectlcns,

it may be useful to. dlgress brlefly from. the maln “theme of

th;s treatlse to consider economlc,vor-lndustrlal, performance.7

- ’ o ' W -
S . hid P . «o : R
- . .

W~

90,.’The Industrlal Development Department of the. Br1t1sh ' Ra.

Columbia Hydro and Power Authorlty. .The Mining Industry. JE
s of British Columbla ‘and_the Yukon.. 3rd edition: 4
- January, 1968 P 4?.-_ s L T e

+
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Performance: A Digression S

-

Good economio,.Or indﬁétrial, performance embodiee
at leaet the ﬁollowing-four goalsland_implies!'to the extent-
possible, the maximumﬁgatisfaction of these goals,

(a) Scarce resources should not_belmasted outright and - i
production deciSione should be responsiveato consumer’ h
‘demands, ..In other words, %he;productidn\probeSs should

»B . . . . * .

. be effL01ent. Q

'-l(b)' Entrepreneurs should exp101t all technologlcai and ’

.

,market opportunltles so as to @ch1de goods at lowest
Ck

v costs and make avallable4new and 9uper10r products.

‘7(0)- The operatlons of producers sﬁﬁuld fac111tate full
- :9embloyment of(resources, esp801ally 2Bman rfsources. -v'7W
They should not hamper full employment polleéei: |

v
(8) The-dlstrlbut;on_of.lnoome should be equltable. ”';7‘ ~rj\
Producers should not be'able to earW excess profi¥s y ‘
and 1nflat10n should not be ra‘mpant.91 ' o
Performance in partlcular Jndustrles or -~ ‘;._ >"M
markets i§ said ‘to depend upon, the eonduct. 7 .,
of sellers -and buyers in ‘thpse markets in 7= 7
SN . such matters as'pricing policies and. o
/ ' practices', overt and tacit cooperatlon .
- ., among firms, product line strategies,
. researchvand development commitments,
advertising strategies, legal tactics and
. ' RO B B : . L . . - -
91’ Scherer; F.. M. Indusitrial MarKet Structure dnd -
. Economic Performance., - Rand McNally and Company,
A " Chigago: 1970. . pp. 3-6 L
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SO on, - Conduct depends in turn upon ,
the structufe 'of the relevant market, - »
embracing Such features as the. number .
_wandfs;ze distribution of sellers and’ o
7" buyers, the presence gr absence of s
o ~ barriers to entry, [product differen- , -
o \ 'tlatlon[/gnst’structures vertical
o v "~ integration] and so on, Market structure -
3 _ - and conduct are also influenced by
' various basic conditions .... Such
E as . the location and ownership of
e¥sential raw materials, the charac- .

ter of the a; 'lable"technqlogy, cee . oont A
S . .- - the ava11ab1 ¢y of substitute B
‘a - % . @' products, ‘& the . marketing charac= - : o
Rg L ERT- T b terlstlcs of the ‘proquct sold and so o -
"vu(:i,f, On. 4 . . I 92 /__/
R

‘8@?«L'  ni” The perfecg?yﬁpompetltlve model whlch was used by
- A _<'\-.. . ‘U

,@”“ James M. Henderson, la often used for compahlson purposes.
A perfectly competxtlve 1nduStry 1s assumed to exhlhat |

i», . Q L8R

_performance. By comparlng the ba51c condltlons and

F ma structure of any ex1st1ng 1ndustry with tho e of the

. - ' ' ‘xl.o
P 1ndustry@§f 1t.were assuﬁgd to be a perfectly competltlve '
: S "l, "

bne, an analyst may be able to determlne why the ex1stlng

9

1ndustry perfonms poorly.gj_ An41ndustr1al organlzatlon
study‘seeks to flnd the dlfference between - perfectly com- .

B petltlve and ncn}cempetxtlve 1ndustr1es and between ?%dustrles"
s : £ 4

&V'w1th good performance attrlbutes and those W1thout.

A4 . P S e C . T
N . . . v . P . .o o . A

o

)

92 Ibid., p. k. st
. : Lt L ‘4 . o e .
. 93 The assumptlon@ ‘and dlscu581on of’a perfectly competltlve
T 1ndustr{\can ‘be found in an elementary eeonomlcs' A )
text s : ;oo ot

o .
- \

\ .
. .
\\ t - N \\
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_present we must turn to studles of the Unlted States coal

vlndustry because of the lack of adequate Canadlan data.n .

dlseconomles of scale“gu.ln underground mlnlng operat;pn7 ‘”x;,

) t '
'v W1ll1am Comanor, 1n hlS analyS1s of Moyer S study of t%?

_mld-westem coal 1ndus’ﬁry in the U '3.," wgg nofsqrs whezther

rpfal hough he dld say that costs were 20 per oent hlghe% EEN

(2) Econgmies. of Scale “n R E v ‘ .

In dec1d1ng whether or not econoﬁles of scale are

JObv1ously condltlons in Canada are- ngt eXaotly like those of

vthe "U.S. but useful*comparlsons in such areas aé‘mlnlng

techniques, lator attltudes and the llke can’ be ma@e noue-f

theless, Ngcyhof the mlnlng equlpment uﬁed in Canadlan mlnes "

W3
.is 'similar to hat used in the UsSus many of the - panad;an

. o‘l"

‘workers are ﬁ%hbers of U S unlons. Where costs dxffer this

A4

'1s the result of geologlcaldconﬂltlons rather than dlfferences

BNY (iﬁ' .

fln manpower or capltal equlpment. But geohpgrcal dlfferencesl

occurlbegyeen dlfferent mlnes in thEuuﬁlted S%ates as well
¢

,Jé, - The v1ews.on whether or not economles of scale
_ . S o
exest vary.~ Maddala s regreSS1on analysas reweals that _Wy )

"there are no pronounced Lndlcatlons.of economles or= .

L.....

.economles of scale QX1§ted for~undergrouna mlnlng ope?étlons

A

\
¢

/ . . .- o ‘ - ., . —
i ) ) . ; . - . ) . . - .
- . Lo : ‘ o L,

. .

~‘94 kMaddald G. Sy "Productlvlty and Technoloe1pal Chanpega Jg

“in the Bituminous Coal Industry", The Journal of A

J Polltlcal hconomy : Auvu%t 1965 D 357" neo g .
S Sy L, L

: ‘x o
. '.'4 . N . : s ’%‘.s
P . ; :
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SO‘per‘Eent capacity than they were at full capacity.95

However, this refeﬁ;ea to short run average cost curves’

whlch\/ere found (by Comanor and Moyer) to slopé'downwards‘

and then level off as capacity was reached.

]

felt that there were economies.of scaie in undergrouhd

existing in stripping operafions.

requires a;rela{iVely small investmen¥.
‘much greater when 60 ton scoop shovels, eragllhes and

conveyor belts are used.,

he says "thﬂ+ ‘there are unllkely to be substantlal scale

,economles in the case of strlp mining".

-

N . - et
Economies of scale are more evident ‘in strlp _
"mining than they are in undergrouﬂd mining....
.There is more d1V181b111ty in underground

mining operat;ons than in strip. - - Med ium-
sized deep mines can dupllcate the facilities
of larger operatlons the differences in total

'\output being a function principally of the

number of. underground "pIéces“ worked. Since.

" each face operation works semi- 1ndependently

of others, the gddition of face crews
increages total tonnage withoytymeasurably
increasing produc+1v1ty..f.‘ The opportunities
for scale economles n strlp mfhlng ‘dre

‘limited only by an operator's financial 96
‘resources and coal reserve position,

- o

ihe'use'of,caierpillars, trucks and k; t-end loadegs

£,

97

4

95

"97

_I-'nd'us-tch Opc Clto' PD. 105 6 0 p ¢

el

Comanor, Wf(S.

-

€

Obv1ously tomanor is wrong when

. "Competition and the Performance of tNh
. .Midwestern Coal {Industry", The Journal of Industrial

Economics. July, 1?66. Pp. 212-253,

a 96.?’Moyer, Reed.

Competition in the Midwestern Coal

Comanor, W. S." Op. 31t.,.pt o1,
LY ke . 4 ‘: , %\
. . ¢ v ’ ’ .. 7

a3

Only-Reed Moyer

. hd . ’ . - . -\
mining but that these were insignificant compared to those .

‘e

o
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Perhaps the most 1mportant itemvﬁhich determines "
whether ,or not’ economles of scale are present or can_be‘-' -
achieVed 1s geology. Geology can affect the long ruh' . L\ ‘1
average cost (LRAC) curve in tv ways: it can dtenmine /\\g"

>the helght of the LRAC curve and it can, to a lesser extent
determine the\slope of the turve. The overburden to 2pal
ratio helps te declde the height of the LRAC curve in strlp
_mining whereas the ratio of coal to other material cut helps
uto determine the height in underground techniques.l Strip .
mines in which 70 feet of overburden is removéd to work an 8
inch seam are g01ng to‘be more costly to opérate on a per-unit
basis than are strlp mines whlcm\must remove ?0 feet of

overb%&den to mine a 12 foot seam. Mining a 36 inch seam is , o

often more costly than minlng a 7 foot seam when one considers

. ]
underground operatlons . . L -

The slope of the LRAC curve is also affected by a Ji
number of - complex often unknown, geologlcal factors. .
erever in dlscuSS1ng the slope of the curve one turns to the
fdctors mentloned earller. Size of ‘plant (51ze of equipment
used, type of mlning?_and the llkes, managerial ablility’and
other factors help to determ}ne the slope of ‘the LRAC curve,
Although the factors dtermlnlng the slope of the curve are
Q ,

related to thoSe determlng the helght of the curve,\the two'

concepts should not bewcbnqued.,
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In a lérge markét such as %hat wﬁichvexists”in

—

.the United States we can §ay that "scale econqmles are as
’
‘attaimgble under an. atomlstlc market structureﬁas they are

under ollgopoly."98‘ As such the%(ao not constltute a serlous

barrler to entry in the U. S because minimum eff1c1ent

§gaié‘iéhgﬁiiiwiéiétive to market size.';But is ‘the same-
.true—~for the Canadian coal 1ndustry° . L o

AV nllthough a large market for thermal and coking boal

“

ex1sts in Oﬂtarlo and Quebec, the’ large dlstances 1nvolved

°’

in txansporting Canadlan coal from the mlnes to theSe markets

preclude the sale of this. coal at prlces equal to or below
the. laid-dgwn cost: of 1mported v's. coal.d? Hence, the

Capadlan thermal coal operatlons which ex1st serve.the. |

.
I
‘ : . ‘ , I ¥
; ’ \'. " ‘.‘ ' .
. . ) . R .
. .

T o o ) .
- 98" Moyer, Reed. Op. cit., p. 108.:

99 At the moment there is no tariff on imported coal,
" In 1967 there was a tariff of $0.50 per ton of
= bituminous coal 1mpopted for non-metallurgical
purposes. In 1968-it was reduced to'$0.10 per ton
and eliminated as' a result of GATT s Kennedy :
. Round in 1969. . . . , .
~Coal from western Cigada can be sold 'in eastern
Canadian and U,S: markets in mid~1974 because of.
-the high prlces for coal in the U.S. The reason
for “this is the imability of U.S. production
capacity to meet demand requirements. This
situation will change however~as the U.S. govern-
ment plans to pump over a bl&lron dollars into
the U.,S. coal industry er ‘the next two years
to inerease capacity. %grther, Canadian producers
are alded by federal hel

rd
e
‘5\
. .~"

4
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P

smaller regional markets. Although these markets (the -

markets for thermal coal in thevthree\Frairie provinces) .

can accommodate only a few firms at m1'1mum efflclent

scale (MES), operafors can ex1st at prod‘ctlon leve]s much

. below MES because transportatlon costs k e large relative .

to extraction costs (even over short distances).
The market for cdking coal, which is mainly an

éxport market for Canadian préducers;'is large reiétive-to
/

‘m1n1mum 9ff1c1ent sqale but - thls does not prevent mlnlmum o

* 4

~eff1d1ent scale from belng a barrler to entry,, For example,

the mlnlmum efficient 31ze p&dht is small relative o the'

~——

world market for automoblles but 1t still constitutes a

large banr;er to entry. Economles of. scale may matter little

wherenthe markets for coal tend “to be local farmers ‘or <j:::::::r/
i coal flred generatlng plants (subbltumlnous and 11gn1§é - .

’Qoals), but 1n con81der1ng coking coal and expgrfs‘to Japan'
~\(Méum'é'am Area producers)" one reallzes'that there 1s more“
to p;educ1ng than Ju&t taklngfthe coal out of the ground,
Preparatlon lante,~por§tfac111f1es ‘and other costly 1tems
Pmust be con51EEredfes:weil. But ﬁd'reiate a‘minimum ,
Cefficiént size to market size is difficult. Neither the
markets(vafioms parté‘of\%heggg}ldfdepending on Ebilitywio_
.compeﬁe by overcomlng geographlcal barrlers) nor MES is |
well-deflned, The Canmore Mines- ﬁlmited seems to thrlve
amomggi the.giants of the Mounteln reglon with lts annualz
: . ) Lol

Il
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outpgt of 200,000 tqns which is H@vided betwegnwunderground
(150,0Q0 toné) and.sérgace (5Q,OQS\tons)‘opeqﬁtionglg How-
evéf, Canmore Mines'Limited "is somewhat handicapped by ifé
low annual production level, and an inability to market the
coal elsewhere than'iq Japan.... (It hopes) to ihcreése its

current Eroduction.to a more viable level of 550,000 tons

0

per year by 1977."10 vHence, it seems that minimum

zefficient scale in the Canadian coking coal'industry
. . ) ‘(b . .

requires an output of 500,000 tons pérryear or more.lol
¥ -
.

(3) Productivity, Capital Costs and Profitability

The prodthivity of ynderground mines is Signifi-"

~cantly different from that of surface mines as figure 9

shows, But what has_caused the increase in the average
v ; ' ' .
S productivity of all Canadian coal mines overftime? - . -

According to Maddala:
the main conclusions (on technological change)
that follow ... are that, if capital is ,
. » measured byﬁthefhdrﬁepower-rating of power .
eqdigg:nt, there is no significant change in
: the ucture of the aggregate production
< , function over such a long period as 1919 -
-~ - 1954 and- that the increase in labor produc-
s tivity over this period can be almost totally

Go

100 Energy Resources Conservation Board. Report 74-E,

//Op.‘citf; p. 1-10._™

/101 Canmore Mines Limited is able to survive at guch a law

' produé¢tion level because its product is slightly '
differentiated from the other producers since it =~
produces some anthracige, However, Canmore Minesg Ltd, -
still needs to expand production to attain a “'more .
viable" level ofi:production, i.e., to attain MES.

. /
Yoo £
. o,

—~
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’ FIGURE 9
. ) _ ‘ .
Averace Output per. Man peér Day in Canadian
Underground and S{irface Mines.-- 1953=1972
ourpur T » | | -
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eXplalned by the increase 1n horsepower—ratlng
- of equipment per worker, the substitution

between the two factors having.taken plaece - ~
“in response to change in relqtrve fact . r
prlces.... The. increased :labor proéycf?i;ty ~
. 1s almost entirely-attributable to“/the in~
102 ;o
crease .in the horsepower equlpment per worker,

Pa ¢ -y

. The remalnlng increase 1n labor product1v1ty is due to a change//'

103 . | _ T

in the quallty of / the labor fbroe. PR -

from surfat® mines. Although there is llttle detalled in-

The cost}of produylng coal from underground mlnes

1s 81gn1flcantly different< from the cost of . produ01ng cOal )

-

formation on.the average capital 1nvestment.per unit of coal

",
produced in Canada, sueh information does exist “for the coal .
*

’ 1ndustry 1n the Unlted States. By comparlng the U.S. capltal

costs W1th those of the Canadlan Mines for whlch data is

Y

avallable, usefulhldeas about Canadian ;nvestment costs can

Qe obtained, In the United/States,

the 1nvestment requlred to open a'new mine. is
greater than the' average capital investment for
all mines currentily producing coal. For
example, information for the year 1970 indi-
cates that original capital investment for la
~-new.mine ranged between $8,00 and $20,00 per
annual ton of production. However Table 13
shows. that the average original gapital inve&t-
ment per annual‘%bn of production at underground
~mines in 107O,was estimated by the economic
model (domputér model used by *the U.S. Bureau 104

f
1

. {) of Mines) to be only $7% l? . R

5
S

102 Maddala, Gh S. Op. citi, p. 364..

103 1Ibid.

" 104 National Petroleum Couricil., U. S. Energy Outlook:

>

. Coal Aﬁallab;llty. ~0p. - 01t., p. 38

4 \ - : o
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In Canada capital investment requirements per -
:annual unit of output are very similar to those: in the United
State7 since they tend “to fallxln tne'$§.00 to'$20;00 ranée'
per annual ton of broductien. For example} Mcinty;e

Porcuplne Mlnes lelted and Card1na1 Rlver Coal Limited .

o spent $u6 mllllon and $14 mllllon respectlvely, 1n 1n1t1al

‘o

constructlon and investment costs, 105 From Table 12 we see
vthat these companles have outputs of 2,8 and 1 ?\ﬁllllon tons
annually. Hence, Canadlan 1nvestment costs seem to be

" similar to thoée of the Unlted States. The predlctlons .
(estlmates) of Table 13 can, therefore, be used as an
indicator of requlred Canadlan capital 1nvestment in coal
mining in order to meet the predicted~levels‘of'Canadian
output, | |

i

Profltablllty in the Canadian coal 1ndustry tends

o

to be rather low visea-vis the profltablllty in other
P

1ndustr1es. Figure 10 compares the av%page rates of return

on total capital durlng the 1960's for vdrious 1ndustr1al i

'group gs 1nclud1ng the grouplng known as "mingral fuels".
. ) ‘ q N A ) ) .
It . is apparent from this diagram that the mineral fuels

grouping had the lowest rate of return during the 1960°'s,

\

105 Energy Resourges nservation Board, Peport 74-E
Op. cit., pp. 8-3 Yo 8-4,
Also see Crump, N. R. et al, Flnal Report Grande'
Cache Commission, Alberta Grande Cache Commission,

Edmonton.bl974 PP. 155~ 157. o o
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Original . - <;_~ ' ,&////
Capital
Investment f/'"?\\5 B.46 9.20 9.8k 6. 39 7.33 8. 07 8. ?8

K ’-l' \,' S~ 7
9 ; '

. ,TABLE. 1 : _

b

'Estimaied‘Averége Capifal Tnvestment per Anhual Ton

of Produptlon at U.Si anl Mines «- 1970 1085

(30 Year Llfe --_Qonstant 1970 U.S, Dollars)

-

(mllllons).

Operating Year

Underground Mines - ~ Surface Mines *

11970 1975 1980 1985 1970 " 1975 1980 1985

l_Total Capltal

Investment Over

Life of Mine 19,66 23,17 25,03 26.64 10,59 12,15 13,79 b4k

.,.»‘

Source: National Pétroleum Council, U. S Enengy;Outlook

<, , Coal Avallabllltv.

.’ ,

Howéver, Malhotra, using regression analysis techniques,

h

forecasts -a rising rate of return on total capital empléyed

"in

of

the minerél fuels sector during the i970'if106. In spite

the fact that the profitability for this sector has

increased in the eark 19?6'3 and is eXpected to continue to

-,

\

-

4

106 Malhotra, S. P.{ Return on Capital Anaivéis and Forecast

in the Canadian \Mineral Indusiry.- Mineral Bulletin
MR 118, Mineral Nqgsources Branch, \Department of Lnergy,<
Mines and'Resources Ottawa: 1971 PP, 36 L3, . ) v

N ;




2

95 @

o I @\“* FIGURE 10 /
. ) -/X, .
Averazze Percentage Return on Tot‘a,\L Capitad Emploved - ) a ‘

13%

. 13%
N * Metal Mlnlnp }
11% ' | ' - i 11%
*  Other Nining- \ (
‘ L - ,‘l \J
// 9% . * All Mining . 9%
./ LT . * Nonmetalllc Mlnerdl Products
. ’
- #* All Industries N
¥’ Primary Netal Industries . .
: , * Mineral Based Nanufacturlné' ! )
?% :C- = . \\ - i 7% ! .
. . S # 'Petroleum Prdducts T
- ’ . . - ,
~ '
57 " | 5% . /
’ T Mineral Fuel Mining

1

Source: Malhorta, S, P. Return on Capitgml Analysis and
Forecast in the Canadian mlnepai'ﬂndustny.
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do so as'a consequence of the energy crisis, the same cannot;
be said’of.a minor component in the.Canadian mineral fuels
sector,-- the coal industry. Table 14 compares the profifi
| abiliﬁy of the coal industry with.the total{mineral fuels

107

group for the years 1965 through 1970, It is obvious

that the coal 1ndustry is not as profltable as” the other

,1ndustr1es in the ‘mineral fuels/group.
{ Although the last two years in Table 16 show
negatlve proflts in the ‘coal industry, these are the result-
of large producers (malnly Mountaln area coklng coal
producers) encounterlng varlous problems in enterlng thef
)coal 1ndustry and the continued goverpment ratlonallzatlon
of the Nova Scotla and New Brun§w1ck coal 1ndustr1es (to be
dlscussed later) Negatlve, or nedr zero, proflts were .
registered durlng ;970-through l973-as well, as varlous
coking, coal operators continued tozoe plaeued with entry-"

. )
at- large scale difflcultles and’ contraq%ual problems ar1s1ng
.from unstable 1nternat10nal monetary markets.108 .

Whether or not proflts 19fthe Canadian’ coal
{

industr- wifl rise with those of the mineral fuels sector

e . . .
will depsnd upon future production ‘costs, market conditions

-

‘107 More recent Statistics Canada data were unavallable.

108 ﬁordlng Coal Limited entered the industry in 1972, /
McIntyre continued having mining problems as well
as contract difficulties.

o
4
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TABLE 14 ' -

Comparlson of the Profltablllty 'of Coal Mines and

The Total Mlnepal ‘Fuels Extractlon GrouD == 1965 -1970

N Rate of,Return
L . Net Profit Before : on
N Total Assets “Income Taxes o Total Assets
Year  ($000,000) - ($000,000) (Per Cent)

Coal Mines. "

1965 8l , & - <ivp.o | —

1966 Voo 2.6 o 3.8
rl967 ’ 104,3 “' ’ s 3.3 S 3.2 .
1968 130.6 s | ERE
1969 . 2 190.2 _' . -0.6 L o
1970 83635 E e 0w B
. | g Minefal Fuels Egtractioh. L '.‘ ,_'
1965 . 3 676, 94 T 19%4,8 . - 5.3
1966 o, 127 5 o 182,8 o .Q,JQ'
1967 . 5,61l . 73383 0 . 6.0
i9é8% o '6.056.1a Lo 342.5 ".A,»755<‘ 5.7
1969 ° . 5,168.3 . 314,6 SR 6.;
Cagositege v emd \ 4.8

- . |
Source: Stat;stlcs Canada. Corporation Flnanéiai Statlstlcs.

} Catalogue No. 61~207.
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and other factors.1 9 The ‘Grande Cache Comm1551on, Wthh “

'1nvest1yated the V1ab111ty of the McIntyre Porcuplhe Mlne
’

L1m1ted operatlon‘on the Smoky River in Alberta, felt rathe

optimistic about McIntyre S, chances of changlng its negatxve'

~

+

profit operation to a more v1able one in the short term but

questloned the medlum and long ter@:(7 or, more years) ;;*._“ S
p0851b111t1es. However,‘one of the three Comm15510ners, '
/fofessor T. H. Patchlng, questloned the companyg; v1ab111ty

‘glven "the‘experlence of sevefal ‘other’ coal prodycers (with) ;5

prlce changes that have lagged by some perlod of&QLme behlnd
-1ncreases in costs."llO 1f rates of‘;/turn do not>1mprove ' S

a

1n the future, one would expect a- shlft of capltal from the : ’; ;

coal 1ndustry (1 e.‘exlt of some flrms) to other sectors of

'

the economy unless non competltlve elements, such as the

v“‘

- 1nterference of government ;n the market exlst.‘w . /]Z.

. . b . .
. . Lo 1

4

\’ (4) Barriers to Entrm c :f; IR f' .

o o y . :
' , What are the, barrlers to entry into the’Canadlan .

-

coal 1ndustry° Although there are numerous barriers to .

oy \

o Aentry, only those wh1ch mlght be (or could become)

‘< o / o . R A

109 The income of a corporatlon derlved from the operatlon
of a mine was exempt from income tax for a three~year *
- period~starting with reasonablg commercial quantltles of
output from the mine, - This wa dlscontlnued in the 1971 -

: Income. Tax Act, although-it held untll the end of 1973 . PR
- for ex1st1n ‘producers. o 7
R ; . R . 5 e L
110 ’Crump; N.R,Vet al, Flnal Report: Grande Cache Commission.
Op- Ci_tly ﬁo 13110' ) :_:. ) o ', },1),, ~- o
e o ‘\. . -f_?{/ S "\"\_‘r. . .
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' proh;bitive are disCussed' ’ 0

ot
s

\ Large financial ou+lays to achleve an efflclent

\\‘ o (Competitive) g 1ze plan¢ may deter entry. .However, -

~Baratz repof‘ts that “the intended output and
_degree of permanence of a coal mine. determines. ;
its initidd investment cosgt 'beglnnlng at . ’ )4’/
erhaps. $1,000 for a pungz mife, -and-from R
ag 10,000 For a strip mine to $1,000,000 fof a B
'permanent larpe-scale strlp-mlnlng tract, o T
~—  For a deep mine producing hlgh-qualLty -
‘ washed coal, initial- capital requirements - <
run between $1,$ooo 000 and $2,500,000," , :
Although $2, 500, 000 is not a trivial sum, v I
it hardly constltutes axserious. barTier to 111
entry. . < . -
"\, D : N
But, glven the reSults presented above such investments

opha

f/,-- result in mines whlch have a small annual output,
: T_f S The existence of economles of scale does. not seem
- to constltute a serlous barrler to entry in the. Canadfaﬁ\coal b
mlnlng argas, such as Nova Scotia and the Plalns Area of
Alberta where small local markets exist and these markets>
aare : )Iated geographlcally by the hlgh costs of transportlng

coa’ rela,lve to the extractlon coscs. These local markets

1nc¢46e fermers and agen01es such as pulp and paper mills,
whlch rtqulre coal for heating purposes. Fowever éi;gnomies;
of scale do tend to be a bag/ier to entry for thos firms

w1sh1ng to enter the coklng coal industry, as was mentioned

earlier,

lll Wllllamsoq OLE. "Wage Rates as a Barrier to Entry: the
Pennlngton Case in Perspectlve" The Quarterly Journal of

Egong mics. February, 1968 p. 112,

7/

Id



’ Patents and know-how can also constitute a barrier’
to entry. One reason clted for McIntyre PJicuplne s losses
was the fact that the. Compaqy had no experience in coal Lt
minlng nor oid it have competent "coal people”, Firms alreadj
in.the industry tend to have superior information and know-

 Yedge., 'Exlsting-firms maylalso have aﬁvedvantage wﬁere
iﬁperfect markets exist. ~Existing}firms>maj be able to
borrow oapital at lower rates of,ioterest than can potehtial “
entrants. Existing firms may héie?less trouble.purohdslng |
“expensive mining equipme;t, with certain speoifications.

1

from the maﬁufacturers.

Existing firms requlre "lower profits to remain

in the industry than outsiders need to induce .
their entry because the former, merely by 1
surviving, have proven that they can overcome’

the risks inherent in the jndustry. The out- 112
‘Sld'rS remain untested. °

1er, proflts tend to be low in the’ coalhlndustry

compared to the other mineral industries,

.

. . .

Anothgg barrier to entry is\owngrship of "‘reserves,
Those companies which own®large reserves of good quality
coal can exclude other flrms from.entering. Where

marginal flrms (those holdlng smaller or poorer quality

reserves 0 enter, the flrms operatlng in the better reserves

can earn an econ EGnt. ‘This "excess proflt" can be used
),,//* !
& oo A
: Ot o
5 .

112 Moyer, Refed. /Competition in_the Milwestern Coal
4 o cit., pp. 133-134.

. . o ’
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A

to expand th-'r market power through internal growth or

1

through mergers; Ownership of ¢oal reserves:is then the

most effective barrier to entry.

Long#term contracts also, constltu e a con31derab1e

barrier to entry because 1ong-term contracts exclude potehtlalw

.éntrants (and existing firms) from a portion of the market --.

that which is accounted .ford in the con%ract. The same effect

]

occurs in the case of vertical integration. However, capti&e
markets lead to stable prices and make proflts more secure.

Typlcaily a long-term contract spe01f1es a mine
price which fluctuates in response only to~
changes in production costs, The escalation
provisions spell out detailed methods for

ad justing prices in response to wage-rate .
increases, changes in supply costs, and

general and administrative cost adjustments,
Thus if an operator carefully controls his:
costs, the c¢ntract guarantees relatively. .
constant profit margins for the 1life of the :
agreement, any contracts even provide

protection to profit margins from the erosion

of inflation, granting price adjustments 'in ll}
response to changes in the general price level,

In Canada all the coking coal is shipped to Jépan

-on a long-term (15 year) contract_basis. Although some
) R

coking coal is shippedxto/ﬂther countries, the amount is
’ . 1

"small and is used to explore potential markets. leen that
3

some companles have had problems even in meeting the Japanese

contracts, it seems that there is ng/ékcess capacity that

113 1Ibid.

PR



might be used to serve other markets. However, most of the
managers in‘the Canadian coking coal industry'feel that
capa01ty w1ll increase in the future as the relatively new
firms become establlshed in the 1ndustry. Unless a potentlalf
entrant has a contract for selllng cpklng coal (Japan has .
E awarded few contracts in recent years -and no Canadlan
éroducer, or potential producer, has a contract to\sell
ooking coal elsewhere),'he cannot enter the’ 1ndustrya Mos*
of the producers on the Pralrles have long -term contracts

: iﬁﬁf&he powerk companles. This effectively prevents entry
(urNless a new .power plant is bullt) because most of the coal
used on the Prairies is forlthermal.power generatlon. 'Thel )
‘electric utilities and steel mills need lohg-term contracts
to ensure that they will have enough coal to meet plant
requlrements. "Before. bulldlng a power plant to be  fueled

-

by coal, one must be gure that the coal is available for the
'life of the plant., - | |

Tradltlonally entry 1nto the coal mlnlng 1ndustry
has been relatively easy but ex1t has been more dlfflcult.
Entry occurred whenever demand_lncreaéed: exit occurred
whenever demand féll. But because'exit occurred‘at a much
slower rate vis-a-vis entry and related fluctuations in '
demand, excews capa01ty was, and perhaps stlll is,. a problem
 to plague the coal industry. Some mines (such as those in
the Drumhellér- area) operate only on a seasonal basis and

are closed for parts of the year, Some mines are opened

.

)
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during periods of hlgh/demand but are forced to ciose when/

\
demand falls. However, the™ mine andtlts worklngs are stlll

there and it is often cheaper to keep'the mine in workable
condltlon (1n the hopes that demand will rise in the future)
than it is to allow the mine to deterlorate cohpletely. This
is especially true of underground mines, This type of
s1tuatlon leads to excess capacity and excess capa01ty, in
turn, raises the barrlers to entry, or, perhaps one should
say,flowers the incentive to entry. Considering the
inoreasing demandzfor'eheréy ‘and the problems in meeting this

demand, such a phenomenon is conflned to local markets, such

as that of the Drumheller area,

v

”.

B. Reglonal Breakdown of the Canadlan Coal Industrv
r- i .
.‘ - ) t/ N

-, )
. ~..

. Although we héve been discussing the Caﬁadian coal
industry as if ii_were a single thdustry, we should separate
the'industryginto the three separate'ehtities (or'industries)
frequently referred to above; namely, the Marltlme reglon,
the Prairie reglon'and the Mountaln reglon. The bases for
thls dlstihctlon are both geography and d;ffereﬁ%es in the
t;pe of product. Due to vast dlstances, the coal of the
Marithe region does not compete dlreétly with western 0al,
Although Ontario might béﬂaﬁéiauslble Eyea where,they cjhfd

compete, transportation costs and otherhfacfors which are

discﬁssed'in this section prevent this from.taking place,

< . -~

.
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Mounfain coal should be separated from Praifie coal because .

™ 7

they are///p different types of coal, Mountaln coal 1s of

'a metallurglcal variety and is used only in the iron and

114

, steel andustry. As such it is exported. Prairie coal

is hsed locally for power generation purposes although markets

in eastern  Canada and the,Unlted States are belng‘sought.

(1)

- Maritime Region

~ \ __‘ g
’ . @

t ot
;

' The Maritime region was at one time”the dominant

oal mlnlng area’ 1n Canada. However, beginning as .early as

1927, Federal subventions (transportatlon sub81d1es) were

. V.

requared to brlng the coal to the Ontarlo and Quebec markets.

The cost of the§e dlrect subsldles was about $29 5 million

in 1966 and $32.0 million in 1969 although the cost fell

gonstituted a very large proportlon of the total Federal ‘///
Av) :

c

»

\gk million in 1968, 115 As Table 15 shows, these payments

I3

T

114

g

<

Slack, of waste coal, frow the coking coal operations is
used g;r power generatlon in some cases (H. R. Milner

Power( Plant) but this does not constitute a real threat
to Pr&irie coal because of the costs of extracting coal

for thls purpose alone.

The subvention payments were divided between the “

provinces of Nova Scotia and New Brunswick as follows: aﬁi
- Nova Scotia . New Brunswick

1966 o $2? 610,279 $1,925,500

1967 L 29,583,325 - - 2,421,328

1968 5,224,405 3,705,644 "

*Subvention total includes $1,126,257 paid to the
Province of New Brunswick in 1968,
i o » &
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.subVention payments.7 Other direct an 1nd1re9} subs1d1es
_were also made by the prov1n01al ‘and fegf}al governments to
the;Marltlme coal Andustry._ The Atlantlc Provinces Power
Development Act of 1958 provxded some $l 5 mllllon annually,
These payments 1nd1rectly ald the markétlng of Marltlme coal,
In 1962 and 1963 spe01al subsidiks were prOV1ded td Maritime
produders who shipped coal to markets’ where the coal was‘

in direct competlélon with imported_ﬁesidual~oil.‘ These
ﬂsubsidies amounted to ten centslpegyton for New- Brunswick -
producers and 30 cents per fon fOr‘howa}Scotianlproducers;
.or -about $740,000 ann ally; Furthex. subsidies included a
Federal grant.of $b'%£;lion in 1969 to aid the coal industry
1n the Mlnto area of New Brunswick and other sub31d1es arlsang

N : N

out of natlonaalzatlon schemes,

»

In 1966, the subvention payments for coal from the -

4 N\

;Glace Bay~-Sydney region of Cape B}eton.Island were equiva-

1ent to a $3, ?ég sub81dy for every mlner:worklng in this 5
region's coal mines, The 1ndustr1al base of this area.was a
steel and coal industry operated by the Domlnlon Steel and .
Goal Cdmpanj. In 1965, the Company indzﬁafed that it no
longer wanted to gperate unprofitable coal mines, Ra¥fier than
le . 2 industrial base of the area_eollapse (6,260 men were
empl. - by the coal industry and 3,500 by the steel indusxry),
socio- -onomic and pclitical pressures resulted in the :

- . ' . L ‘ 4 .
- provincis and “ederal govgfnments creating a Crown corporation -~
. ; _ . v .

the Cape :fe:fn Levelopment Corporation or Devco. Devco had =@ —

J
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two purposes, First;-it was to rationalize the indﬁstry by
éradually phasing‘out the more uneconomic coai)mines, Second,
Devco was to introduce a ne@ economic base into thé region,
The rate at which mines wéré_phased out depended upon the

rate of development of a new economic base. As a result,
' !

production of coal frdﬁ:thié rartigular area dropped from
3.3@million tons in 1966 M? million tons in 1972,
Since Dech accounted for 70 per cent of total Maritime
prqduétion and 87 per cent of ;otalzNova Scotia producfion

in 1971, this represented a large drop in Mafitime output.,

J

is also a- Crown corporation, New Brunswick Coal lelted

The sécond largeét producer in the Maritime region

owned by the Prov1nce of New Brunswick. This Crown corpora~
tlon was set up in order to rationalize the industry by -
changipg pr?ductlon from.underground minlng to surface.
'miﬁiﬁg; All productlon from this company 1s now from
stripping operatlons +he.last underground mine having been
closed in- 1971, New Brunsw1ck Coal lelted accounted for
20 per cent of Marltlme production in that,year. ,Four
smaller ‘underground operatlons in Nova Scotia account for
the rema%jgﬂg lorper,Cent of output.

“ Although the Maritime region is characterized by
‘high concentration due to nationalization; the industry has
declined rapidly singe 1967, Eventuallj the coal producéd
in the Maritimeé will be sold locally to the steel mills,

- : . , p .
powen Rlants, space heating agents (mainly farmers) and the
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pulp and paper mills, Coal from this area wa% élowly pulled
off the Ontario and Quebtc markets where it 1s not Eompeti-
tive without the lafge subventions., 'This is shown in the
-"shipments from other provinceé" colurn in T e 11, Although
the'subventions have ceased the government still subsidizesg~

the industry in various way_s.116

~In looking at the performance of the coal industry
in the Maritime region one must remember that tne industry
'of the region.was in a state of decline due to a general
decline of demand for the‘regidn's'coal output. It is
obv1ous that government 1ntervent10n prevented. the with-
drawal of‘excess capac1ty --a w1thdrawal which would have
occurred had the industry been a perfectly competitive’ one
in which government 1ntervent10ncd1d not erﬁr. Although
performance of the industry wa; probably hurt by the govern-
ment intervention (and probably still is), thié intervention
should not be® condemned because ‘other elements entcr into -
the compllcated workings of thlu partlcular 1ndust Ve

¢

-

(2) Prairie Region

- T~

" The Prairie region has been characterized by free,

1%

entry and exit. Whenever the demand for coal increased, the
116 In\l969, for example, the Federal governmen which under-

writes all of Devco's losses, was required to pay $21
million to cover . .the losses of Devco's coal lelSlon.
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number'é{ mines.increaséd as well, In the five years prior
to 1956, when demand was declining, 182 mines were c_losed.117
Most of,ihesé mines were small and produced bituminous,
subbiiumiﬂbus and 1ignitic coal for the local markets.,
When the demand for coal;rdse égain in the late 1960°'s the
structufe of the coal industry was different than-it was in
1950, It had changed from one characterized by numerous
small firms operating underground mines tq that of large «
firms operating strip mineSwln order to supply the growin
electric power generation market with coal'whichnis' A
cOmEEtitive with other fuels on a b.t.u, ?asis.

In 1972 one firm and its subsidiaries (Manalta
Coal Limited) aqcounted.for 6.7 million of the 8.0 million
tong (83.75 per cent) of coai“mined”in the Prairie regien,
Two firms,.Ménalta Coal‘Lfnited and Forestburg Collieries
‘Limited (with ‘its subsidiary the Manitoba and Saskatchewan
Coal!Comp?n& Limited) accounted for 98 per cent of totél
‘output in ‘the Prairie-region. Eleven other firms (two of
thch operéted underground mines) accounted for the remaining
. 2 per cent of output. Almost all of +the coal produced by |
the tWo largest&firmsiﬁas sold to electric utility .companies

under a-long-term contract basis.

To say that the two largest firms were dominant in
. - . ) . . &

o

117 Burchell, D. G, et, al. "Underground Coal Mining in
Canada", Op. cit., pp. 537-38. _



. the sense that they had ‘a large degree of market power is

110

not quite right, Competition was provided not only by other
fuels but also by the threat which existing or potential

producers with coal rights always pose.’ Further, many of tﬁé

Fne F .

coal reserves were not owned by the coal companies but rather

by a particular electric utility company., Even though there
. 4

was a high degree of concentration in the seller mar(?t, a

large degree of concentratiof also existed in the buyer

market, Other than a few farmers and other local domestic

users, the large electric utility companies constitute the

only real demand for coal

As Table 15 1nd1cates, some subvention assistance
wanprov1ded to the Pra}rle region coal 1ndustry. However,

the amount of assistance was small (about $150,000 annually)

* and the majority of it was used to move coal to the non-coal

producing areas of the. Prairie provintes, mainly to subsidize

-
» o

the'movement cf Saskatchewan coal to Manitoba, Wlthout

subvenf\bn a331étance og some other type of sub81dy, it 1s

4

unllhe%y that Prairie coals will be used to generate

electr1c1ty in Ontarlo or Quebec.118

B} o

- In conclu51on, one can 1nfer that the performance .

i

“(or at least the behaV1or) of the coal 1ndustry of the

' 4

o
s

118\‘511 subventlon a881stance was to end March 31 1970
“although. two coking coal producers were granted 1 year
ef%en31ons. However, a recent article in the Financial
Post (Juﬂg 8, 1974) indicated that % million tons of
thermal c al will be sent to Ontarlo with some government
assistance because "it is to the country's advantage ,.,
to lessen the dangerous dependency on, the U,S." .

4

S
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Prairie region tends to'épproach that of a competitive
!
industry. However, the 1norea81ng,concentratlon of the

1ndustry s-output in. the hands of a few flrde and the

p0551b111ty of government 1ntervent10n may shizfe t?e/

behavror of the industry substantlally.
A“ "'f . . ’,(

Ao N ‘

- -
\ ‘ o .

(3) Mountain Region

~ - .‘
t ~

The Mountain region accounts for‘qwer one-half
of total coal output ‘in Cangda. kk&though output‘was about
' Jpllllon short tons in 1968, xt rad risen to pboyt 124 .
=-ﬁ;11109_tons by }972. Severél features set the Mbuntaln

2 !

region apart from the other c¢oal mining reglons. Flrst is

the degree of forelgn ownershlp.. ‘0f the six- companles

]
operatlng in the Mountain reglon only one is Canadlan owned

N

and controlled. Fordlng Coal Limited is wholly-owned by
Canadlan Pac1flc leited through 1ts sub51d1ar1es Canadlan

Pa01f1c Investments and Comlnco.ilmlted. 119 The indications

q

are that the amount of ﬂanan01al backlng reﬂulred to carry

out mxﬁing operatlons in thls reglon is large. |

~

Second is thg fact that there is only one. buyer of -

N

the coklng coal produced in the Mountaln neglon. The

tioh of the U.S. Cardinal River Coals Ltd. is owned'by the
Contlnental.bil Company (45%). McIntyre Porcupine Mines
Ltd. is controlled by the Sﬁperlor 0il Company (37.4%).
Kaiser Resources Ltd, is a holly-owned sub51d1ary of .

. Kaiser Steel Corporation. S i -

. I o,

119 Canmore Mlnes Ltd. is wholly owned Ey Dllllngham Corpora-

M



thede contracts have beeg,made there are . reasons to beiievetu

that output could be expanded thus maklng it p0551b1e for

nsubventlon payments were a-characteristic as Table-lS shows,

12
©XC - . . .
Japanese steﬁl manufacturers actlng as a‘cartel all have fj
. ) .t
contracts w1th the six Caﬁadlan producers of coklng coal ‘ fL
) = .
The terms of these contracts are given in Table 16 ALxhough '
. -~

producers to vie for other markets.l.zO However, the fantas-

N

tic gr%z:h in capacity}vithin4four-years has not been.without

costs, abor ‘Problens have beset several of the companles

1 -

U(McIntyre Porcuplne Mlnes and Fordlng Coal have experlenced

?

labor.difficulties sufficient to prevent:the meetlng of

contractual. obligations), many transportation problems still

have to be overcome (McIntyre Porcupine Mine ) still'

9

puzzllng over the question of transportlng coal from its

No., 9 mine +to 1ts preparatlon plant), and ge pglcal problems

face each producer. , -
Third, the 'industry has been sub*sidized by both -

the prov1n01al and federal governgents even though the coal

NS
produced wa$ meant to be exported., Prlor to March 31, 1971

In 1962 these subventlon payments reached $2 4 mll%lon; in

1963, 762,578 tons of coal were exportedrfrom the Crowsnest

as$ area w1th the aid of $2. 5 mllllon subventlon. Although

s

N b

120 The main reason -for Qellev1ng this is fthe amount of coal
exported to” other markets in the formtof test shipments.

o
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TABLE 16

7

" Export Contracts of Cokins Coal to Japan -

-
5 . /
]

Annual . Price
' Shipments - f.o.b, Vancouver
o < ~ (millions of as of May 15,1973
Company long tons) - (U.S. ) Term
McIntyre Porcupine - : ) ' '
Mines Limited 1,25 "21.95 197374
Cardinal River - | o
Coals . Limited 1.0 14,30 : 1970-84
The Canmore Mines, ° ‘ . ‘ -
Limited 0,15 14,88 o 1968-77
Coleman Collieries . o |
Limited - 1.0 ¢ 18,73 . 1967-82
Fording Coal ‘ : ' |
Limited 3.0 17.73 1972-86
Kaiser Resources . F : . ‘ : : i :
Limited R - 18,73* 1973-85
#* . Wi%i increase to $19.85 (Canadian) on July 1, 19?3.-”
Source:  “"Coal and Coke", Canadian Minerals Yearbook.

o

Final Report: Grande Cache Commission.q
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subvention to coking coal producers ended in l97l,4other

" forms of subsidy have come in their place.v be example,
".the'Alberta government subsidized the operations of McIntyre-
Pbdrcupine Mines lelted on the Smoky River near Grande

Cache, Not only did the government build a rallroad ~road

and town in’ support of the coal mintng operations but it

al(o provided an indirect tfansportation 'subsidy. A

* . In the early 1960's, when McIntyre Porcupine first

thought about producing coal from tne Smoky River site,
Canadian National~Railways»said it wouid build a branch

line to the Smoky River operations ifAit were guaranteed a
shlpment of l million tons of coal annually ‘at a rate of $5.50
per ton to the ccast (Vancouver) McIntyre did not go
,ahead w1th coal contract negotlatlons until the decision to
build the Alberta Resources Railroad (A R.R.) had been made.121
In 1965 the C.N.R. quoted a price of $b 45 per “ton for ship-
ment of coal to the coast on the basis that the A.R.R. would-
receive $1.40 of thls amount in order to regaln some of its
capital cost. However, McIntyre Porcuvrine Mines Limited felt B
vhaf it could not,be competitive unless the rate was $3.13
per ton. .This freight rate was based on a eontract which-
gave-the-coal company a 12 pew cent rate of return (a |

"reasonable rate of_return“.according to the partieS»involved).

-

121 The Province of Alberta decided to build the railroad to

. encourage the comkract negoflatlons S0 that coal would -
eventua¥ly be extracted from the region, Initially it
was thought that only coal would move along the railroad,
at least for the first ten to fifteen years.,
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123 1Ibid., p. 15.
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Since the A.R.R.'Was already partially completed by this
time, the provincial government had no choice but to retreat

to a lower freight rate. Coal wag all that would§%e m ved
. ' b : o
along‘khe railroad! The government reduced its rate from'

$1.40 per fon‘ta $0.50_pér ton and McIntyre negofiafeé a

contract based on cost (including the artificially 10wer

fre%ght dbst) plus a reasonable rate of feturn.lzz'lBut

on the 15 year, 29,5 milliorl ton contract, this

» reduction amounted to over $26.5 million., This
reduction, assuming the original $1.40 rate was
a proper one, can only be characterized as a
subsidy -~ to the purchasers of the coal if
they were truly buying on a "cost plus" basis; 123
to the Company otheryése. .

A further revel#tion of the Smoky River oreration
may be useful, . McIntyre Porcupine Mines Limited negotiated
its first contract (15 years -- 29,5 million +tons) on .the

basis that all of the qﬁtput would be produced by Uhderground

‘methods, It should be ndted that none of Qpe consultants"

studies fo July 9, 1968 (the date of the study on thch

final negotiations were based) "plaged any ré}iande on- the

availability of coal from surface or open pit mining."lzu

However, when underground mining proved not feasiblg both

because of cost and because of failure to meet contractual

-

122 "Crump, N. R, et, al.’rFinal Report: Grande Cache
Commission. Op. cit., pp. 10-16.
: o . \

12

124 - Tbid., p, 17, -
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commitments, McIntyre was able to open a small surface mine

. 116

in early 1971,

Mining by open pit methods has been continued since
then by a 'contractor. Output has increased until
it is greater than underground production, and
operating costs are less, Additional tonnages
have been found which can be mined by open pit
methods, and. the method has become very attrac 125
tive to thetCompany. :

Even with these chaﬁges, McIntyre could not overcome some of

e

~the other problems in meeting the annual 2 million long ton

i

‘commltmenjwof the contract. By mutual ggreement, a new
contract was made late in 1972 and the old’ one cancelled
The degree to Wthh other: eompanles in the Moun+tain

region are subS1d1zed is unknown.. The above 1nformat10n

became available only after a public inquiry into’ the Smoky

,ﬁlver operatlon was called for."Buﬁ it is known that all the

companles 1n the Mountaln region use surface technlques to
recover the coal and that these surface methods dgccount for
about three-quarters of the Mountaln reglon s ou‘tput.126
This. in spite of the fact that less than ten per cent of the:

reglon 's coal reserves are’ recoverable by such methods.

D

‘Although four operatlons carry out underground mlnlng, the

recent trend has been towards 1ncrea51ng the proportlon of

JEC

output from the strlpplng tracts relative to that of underground

output. L o E

)

12/ Iblda '} p- 3L|’ ' L . °

126 Ford1ng Coal Ltd. and Cardinal River Coals Ltd, use
surface methods exclu51vely.
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High foreign ownership,<theifact.thatuthe coking

coal is being, sent to Japan, and the High incidence of
surface mining raise some 1nterest1ng questlons of a cost-

peneflt nature. How much do Canadlans beneflt from these
types of opéraﬁions? To take 1nto account all of tha
factors and come to a conclasigﬁK;s'not Qithin the scope

‘ of'this tre tise.‘ Thefefc}e, lct us_?aiéé some questions,

- How exténsivc and- permanent isﬂstrip'ﬁining‘damage? How
;doés one'evaluate the scenic amenities asbociated with ;

~intact wilderhéss areas®? By“howfmuch does Canadian'cmploy-

‘ment really rlse, rememberlng tﬁat strip mining requlncs
less labor per unit of outpuﬁ than underground mining?

_In this context\‘Ve must distinguish between a fully
employed Canédianbeconomy and an-undef-employed}one} To
what.cxtent do profits‘étay in Canada° What have ‘been. the

osts t@government‘> Is $1 per acre per year a large
enough cost of holding leases to prevent hoarding ané

.concentration? Is the $0.10 per ton royalty to the ‘Alberta

governmenf) fof‘examplc, highienough?- Do the benefifs of

"coal mining cutwéigh the costs? The féasonAthese questions’

were not asked in other sectio;s is that onl& coking coal-
is'sold'abroad,in Significanf amounts, . Most of ﬁhe‘other

“types of coal produced in Canada™3re consumed by the domestic

market. - o .



In Judglng the coal industry in the Mountain:
reglon one should not be too\hasty. The industry is only ‘
six years old and‘has grown con51derab1y in that time.
Although market performance seems to 1ndlcate a desire to
maximize proflts, a long hlstory of government subventlon

a

payments and the apparent continuance of government .
sub31d1es makes one questlon the survival ability of somé
ofﬁthe present (and. perhaps future) operators without this
aid, It seems unllkely‘that Canadian coking coal’w;ll be
used in the eastern Canadian markets unless some form of
government  "encouragement” exists.127 ‘However, it is.too

early to judge this relatively new sector of the Canadian

coal'industry.

=]

(4) Other 'Coal Mining Regions

. 1
N Coal mining has taken place in various regions
in Canada. However, only one operating m}ne exists outside
of the regions outlined above, The Anvil Mining Corporation

vLimited mines some'Z0,000‘to 25,000 tons of suﬁbituminous

127 - The Flnan01al Post (June 8, 1974) reported that Stelco
will buy 250,000 tons of metallurglcal coal ¥rom
western Canadian producers with the bulk of it~ A
coming from McIntyre Porcuplne Mines Limited, However,
the Federal government is encouraging such a trans- ’
vactlon. Further, Stelco is seeking to galn an -interest

~in the Smoky River mine; perhaps to ensure ‘itself of
a future coal supply, especially if it is thinking .
about taking part in" the development of the Peace River

iron ore dep051ts.

B
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coal annually from its underground mine in tpe'Yukon. This
coal is used in conjdnction?with the company'§ lead-zinc .
opera‘tion.

Although many .other potential mining areas exlst
in Canada, only two lignite_deposits are llkely to be mined

\J c .t
in the near future., The Hat Creek and Onakawana deposits ™

s hay.b' mined\és)provide fuel for.thermal elecfric _power
génégiting plants, ° Coal found in nqrthern Canadd is unllkely
to- be mined on a large scale ‘because of a small«;ocal market,

large haulage distances to market, and-a harsh gllmate and
-unstable envirenment, Other known Canadian deposits tend

- to be too small‘téifacilitate_a feasible mining operation,
It should be.boihteq out, however, thét.Much explératory_
work reméinS'to be done, both in the‘existing production

areas and elsewhere, to determine the amount of recoverable

coal which is available in Canada.



CHAPTER V

SUMMARY AND CONCLUSIONS
\ .
AY ‘
\ . ,
&t the Sixth Commonwealth Mining and Metallur-
gical Congress in the:mid-l950's it was stated that "the

Canadian coal mining industry has had to produce coal

"economically in competition with imported coal and other

w128 °

fuels, and its record is not unlmpressive. Since that

time the structure of the Canadian coal industry has been

completely changed. No longer do the Maritime provinces

'dominate coal mining output as they have in the past, In

_this region government subsidies and finally government

’ take-over and rationallzatlon were necessary to prevent the

collapse of the industry with its subsequent soclo-economlc

problems. Although the Maritime coal . industry w1ll not
\.

disappear in the foreseeable future, its performance as a

? privately operated industry is rather difficult to assess,

, | S
even from this vantage point in time.
\ " The Mountain area producers of coking coal have

alsovbenefitted from government "interference" in the way

of subventions, ‘government manpower training programs,

¥

A 128 Burchell, D, G, et al, q"Underground Coal Mining in

Canada". Op. cit., p.542.
| 120
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- ¢ .
government assistance in the development of new towns,

_goﬁernment sponsored railwéys, and other such direct, or
“indirect, subsidies. Although the coking coal producers
are. now firmly entrenchsd in the world coking coal market,
it is questlonable whether or not the output of this reglon
would have been at the levels it is now wlthouﬁ the govern-
ment interference.. |

Only in the Plains area of Alberta and Saskatchewan
and some parts of;the Maritimes was vernment ihterveﬁtion“
in thé‘coal ihdus{ry not necessary. ‘it' the development of
extra high voltage transmission lines, large and efficient
strip mining operations were started in order %o produpe
coal at costs which made it highly competltlve with other
fuels ‘and methods of generatlng electricity. Aitrough the
coal-Was sold on a contract basis to the utility companies,
many Of’Wthh were government owned, this sector of. the i
coal 1ndustry performed more like a competltlve industry.

The markets for Canadian producedvcoal will
continue to grow in the next 10 to 20 years. More coking
. coal producers will enter the industry to provide motallur;
‘ g;cal coal to a growing worldvmarket., However, entry will
" be 1limited to existing coal .producers (both coking coal and
other) and to firms witﬁ,owhérship of, or options on, good
- quality coal réserves and the.sapitai to develbp these
reserves, The,demahd for_thermalscoal by ﬁhe power generating

3

industry in western'Caggdé and thé'Maritimes:will also
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increasé but will be mgt almostz%htirely by incfeased output
of the existing firms although B.C. Hydro may develop its
lignite reserves at Haf Creek for power generating purposes,
- No coal'pfoduqers are likely to enter the coal industry inzﬁb
order to Supply'coal:fdr coal gaSificatipn plants }ocated in
Canada., High initial.capital costs, the cgpifal requirements
of.otherVenergy projects,‘ahd‘uncerfain'gasificatiOn
technology are just a few of the reasons why'no7coél
gasification plants will be-built in the near future (about
 15 years), The same is fyue'with.régard to coal liquefaction,
| Littleacoal\is likely to be sold dn the Ontario
market by CanadianJproéucers_forxtﬁo reasons, ' First, trans-
portation costs ffom eifher'the Maritimes-or western Canada
are very high although these céh“be'expécted to decline as a
result of new technolbgy; Sécond{ long-ferm contracts and
captive mines reinforce -Ontario's reliance!én the United
States for mqst of its coal requirements. Any coai sdld in'
eastérn Cahadian.markets by Cana&ian broducers will‘beftd
satisfy théttdemaha which canpot be mef by foreign producers.
Exports of Canadian.coal will increase substantially in ‘the
foreseeable futire as Canadian coking‘coal’produceré expand
their exbofts to Japan and alse find markets for memallurgféal'
coal in other countries., Exports to‘the United States may
élso increase, not because the U.S. cannot supply its own

needs, but because it seeks to export its environmental

problems, : ) ' | o
_ ) : é}
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Although the prospects for increased production of
Canadian coal look good, one should not be too optlmistic.
New technology may increase the need for coal by increasing!
its uses or decreasing its costs per b.,t.u., but it may also
result in a decline in the demand for coal, Public awareness
of how- little: the benefits of coal mining really are to the
Canadian economy may impose a”constraint on the expansion of
output, Herfindahl and Kneese express this point best when:
they discuss the net benefits eccruing to'society as a result
of a surface mining Operaticn.
"In deciding whether the beauty of “the (potential
s+ mining) areas is worth preserving, we must be
.- careful to value correctly the contribution of
‘the mineral deposit to the nation’s product. This
contribution is not measured by the market value
-0of the ore produced, nor by the wages that are
- paid. The proper measure of what we (as a
society) sacrifice by not mining the deposit
is the profit or rent left over after deducting

all expenses (including the competltive return 129
~on capital) from revenues.

'Therefore, the net beneflts of coal mlning tend to be
negligible, The expansion of ‘the industry will further be
limiQed by stringent safeiy legislation for underground minesff
and land reclamation legislation,'wnich can be expecteh as '
society values leisure ané recreational activities higher.'

The future of the coal industry in Canada seems to

129 Herfindahl, Orris C, and Allen V., Kneese., Quality of the

Environment: An Ecohomic roach to Some Problems in
Using Land, Water, and Ajr. The John Hopkins Press,

Baltimcre, Marylands:s 1965, P. 71,
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be ensured but to expect extremel& large increases in output

over the next two decades seems unreasonable,” As nuclear

. energy and other forms of energy come to the fore, they w111

~

|
act as a constraint on the future output of the 1n3ustry as

will other social and technological constralnts. Tne .
resurgence of the coal industry in Canada w1ll at the,most
be to serve energy demang in a tran51t10ngl sense as new '
technology changesﬁour nééd for coal. But the tine Span
_of~this transition is unknownr L

N
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- APPENDIX A

THE DEMAND FOR COAL

Introduction

" The recent ré?TVal'of interest in the coal
1ndustry is closely related to past events in the world -
energy scene and the writings contained 1n the various
—Journals, especially those articles surroundlng the works
of the'so-called doomsday prophets'from MIT. l'ABecause coal
' ,constltutes such & large percentage of ¢he total f0551l |
fuel reserves, 1t is of 1nterest to consider present and

past trends in its demand. 'In particular we would like to
’ 9

- estimate a coal demand functlon which can hopefully be

J
used for predicting the future demand for. the vast

reserves of coal, If the future demand is known withisome

degree of accdracy,'futurendevelopmenﬁ of coal fields can

be regulated in'some manner instead of allowing -the rather
. y - . o .

ad hoc-explgitation thch has-charaqterizedfdeveiopment in

the.past, ) . T .

7 /’

1 I refer in particular to the Club -of Rome and their
funding of the Limits to Growth computer model of.
Dennis M. Meadows and the computer modelling  team
at MIT which uses the ,technique developed by

T, Forrgster. - . \

\ . .
. T v ’
K - v
. - ¢
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The }%odel T '
) o L ' e
Theory tells us that the demand for any’ flnal

outppt 1s a functlon of the prlce of that output thle prices

of all other commodltles, and income, Hence, the demand for
<

good i by consumer j is given as follows:
(l), D.. ;.Dij(Pl" PZ'”" Pn,

i3 . Yi).

" In order to isolate behavior in the ith market all other
prices and income are assumed constant.

(2) DlJ = DlJ (P ) c' .

The aggregate demand for commodity L is just the sum of the

j consumer demandsr
Slmlﬂarly the demand for any input is a. functlon
of the price of the final output and the prlces of\\Iiﬂthe

- inputs used in the'productlon process. Hence the demand for *

s

_ 1nput 1 by flrm 3 is glven by N
_(3) Dy = Dyy (ry, Thives, i Pll\?z}.--. Pl
where the r's refer to. the 1nput prices used in prbduc1ng the
m commodltles and the P's refer to the output pr1ces of the
m commodlt;es'whlcp requ1re input i.

§incevdata limitations prevent us from considefing
the general eqUilibfium cases of equafions (1) and (3), it’
is well to consider only those paramefers which enter dlrectly

1nto the demand;functlon for the 1tg good Rather than

considering all incomes and prlce constant, as was done in
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equation (2), we consider all prices other than those of
immediate substitutés to be conSiant. Hencerthé aggregate:

. demand for output i, after summing over the total number of « .

o

consumers and holding all prices other than those of

' 1

substitutes constant, is

(4) Di = Di (.'PSl' Psz,oo.-' P P;' Y); ' : ‘ . Y

where.the S's refer to substitutes and the Y refers to per

sn'

.capita income, : : ' o

Simjlarly a 1 the input prices of those '‘goods
»
which do not compete with (are not s

bstitutg of) input i
can b; assumed‘constaﬁt.2 Hence the ngrégaie deménd for

~ input i,;éfter summing over the total number of firms and
Hoiding all input prices,exdEpt those of substitﬁtes_cdnstént,
‘becomes |
(5) D3 =Dy (rgys Tgprever Tpr Tiv Proeees Byl

'.wheré_the S's‘refer.to substitutes and the P's to the outpuf
prices of the m goods which use good i as an input.

Where é,pafticular good 1is Both an output and an

inﬁﬁt_into somecproduction prdcesses,.équatigns (4) and (5)

can be combined to- give the total demand for good i,

:(6)_ Dy _

=D, (P P Piv Tgyreees Tgr Proeeey P, Y)
where Pi and r; are the same, Since it is specified in

sl***** " sn’

/

2 Since.we are dealing with the demand for,coal we A
assum$-that the prices of complements are also constant.
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relative prices‘this equatioﬁﬁis homogeoneAus of degree

Ze1 . . |
The ﬁemand fo#icoal can be s ated-in(a functional

form .similar té that”of equation (6);‘hame1f';l .

(7) Dcﬁz f (Pc' él';':’ Pn' Pn;l'f"' Pn+m)'

In this for.mDc refers to the demand for coal,n-Pc to the

relative price of coal (relative ito the ﬁ;m other gobds),

and the P's to the n substitutes for coai.and the prices~of

the m commodities wﬁich require coal as an input, We do npt~‘

make ;ny distinction between_the input and output substitutes

for coal because-tﬁe uses of coal are,such,that thT same 0

substi&ytes occur Whetherowe consider cocal as an input or

as an 6ﬁtput. Befdre specify%ng the exaﬁt form of the coal

- demand equétions estima%ed ip thié'appendix, it may be use-

ful to keep the various markets for coal (as discussed in

cﬁgpter 3) in mind.

-Specification of}the Fquations and the Data

Since virtﬁally no work has been done in the area

of estimaiing the industrié@ or commercial demand for enérgy;

we do not know our maintained'hypdthesiSéyf§h certainty.3

&

3 Daniel Khazzoom makes an effort at trying to solve some
of the problems related to the regression of "energy demand
_equations in his book, An Econometric Model of the Demand
for Energy in Canada 1960-1968. However, he concentrates
mainly on disagyregate equations, considers mainly

[ 1)

natural gas, and has a very short sample period.

~
’
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'Sincé we arevultimatelx iﬁtérésted in obtaining’ an agéregaté
demand function for coal, two countries, the United States

-and Canada, were chosen %or consideration. For compariéon‘

a regression was run on»a regioﬁal level, The region chosen

was the Inner Plains area of Alberta because the market aﬁd

- producing area are the same and the céal type -and qua}ity are

‘ nearly the same throughout thé region, QonsumptiOn by thisg .
Jregion is entirely from the coal produéed by the region. No

imports into the .area have occurred over\thé sample period

(1947 to 1967). ';3 . W
| The four aggregate functions which are specified
had forms similar:-to equé%ions (), (5),and (6) above,

In functional form they appear as follows:

(\a) Dl = fl (Pcl' PF; PNG' Pk' Yﬁs)-
(b) Dy = £y (Pops Ppy Pygs Pplv
(c) D3 =“f3 (P02: Po, RNG' Ps” Pp ), and

\§ oo By,

(4 Dy = £y (Poy Prey oo Foo e
. ) . < S .
Tﬁg regional equation for Alberta had the.following functional
! - .k) ” ° .
form: , _ , _ ‘\\\
| e | b AN =
(e) Dy = £ (P Py, P For V)i \\\\\\\\\
. J o ‘ ’ .
. R - - “ L
L The notation has the follawing meaning:

Dl: demand for U.S. domestic coal as determlned by
S retail deliveries.
1D2z -déemand for. coal by electrlc power statlons in the 3
U.S. :
D,: demand for 1ndustr1al coal in the U.S.

3

- . \
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demand for coal in Canada.
demand for coal in Alberta.
U.S. price of domestic bituminous coal,

'U.S.”price of industrial bituminous coal.

value of Canadian coal f.o0.b, the mine (weighted
average). o '

value of Albertan coal f.o.b. the mine (Inner

"Plains only -~ a weighted average "of the various
-mlne values),

an average of PFl and- PFz where

PFl’ wholesale. prlce of distillate fuel oil. f. 0.b,
New York Harbor' (#2 fuel), and

Fot wholesale- price of residual fuel 011 f.o.b,
~ Oklahoma (#6 fuel). =

P

well- ~head price of oil in Canada.,

U.S. price of kerosene.

: price of natural gas in the U.S.

well-head price of natural éés in Canada,
price of elecirlclty in the U.S,

: price of electrlclty in Canada,

price of electricity in Alberta._
price of steel f.o.b. Pittsburgh
per capita income in. the pnited States. \

per capita income in Canada,
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The first three functions are based.on the United States

economy whereas the last two are based on Canadian figures

to a large degree,

1

The United Stateéydata,were obtained from The
R ( 4 .

Survey of Current Business. published by the United States

- Department of Commerce, Canadian data were obtained from

the Canadian Petroleum Association ané Statisticé Canada,
‘Where Canadian obServafiQns were mi&slng and the Canadian
data‘which did'éxist followed closelérthe movements of the
correspondlng U.S. data, the U.S, data were uoe%}gn deter-
mlnlng the m1351ng Canadlan obseévatlons.‘ The data were
scaled So that it was p9351ble:to run a proper regression

‘on the comppter.’: S

)

5  The final gquations used data measured 1n the
following terms:

Dl’ ?@, D3:~ mllllons'gf short'tons

;Du, D5: thousands of short tons

Poor Pov Py - $/short ton B -2

r Per
P,: $/U.S. gallon

P
P

F Fl’ k

r2r Pot- $/baprel

Pre! '$/th§rm A ‘

Pg: ¢/1,000 cubic feet v

P Phc, Pyt ¢/kwh, S _,,3 |

P $/1b, (in the U.S. equations),$/100 1b,  (in the
Canadian equations) ‘ '

. Y ., Y : $/person

us' "¢ &/7
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Equation (a) is similar to an output demand
function for ceal whereas equations (b) and (c¢) can be

regarded as 1nput demand functlons for coal. ~On the output

side the prlces of fuels compe ting with coal, namely, fuel

0il (P ), Kerosene (P ), and natural gas (PNG), and income

per capita are considered to,be\the.relevant parameters to

1ncludea1n the demand function, along with the price of

 “co 1tself. The price of electrlclty is not included
because, the demand for electrlclty usually.glveszrlse to

- a;demand.for coal oil or natural gas (the fuels used in -

thermal electrlc power generatlng plants) Although'prices

:for nuclear power and other forms of energy should have

been 1ncluded they were not. The reasons for this are:.

(1) a lack of data and Q) the fact that such forms of

energy are recent, or new « )

The input demand for coal depends on the price

~of the 1nputs (oil and natural gas, for example) wh1ch can’
';be substltuted for coal and on. the output prlces of the

‘ ,céﬁmodltles which use: coal as an 1nput. Once again a lack

";*of data prevents the use of 1nput prlces of other energy
',ﬁforms. In determlnlng the demand for bltumlnous coal for

’ {k.electrlc power generatl\g purposes 1n the U.S. (equatlon (b)){

“a varlqble "descrlblng“ the 1ncrease in- hydro—generatlng B

capac1ty was added as an explanatory variable, When the
results of the regression 1nclud1ng thlo farlable were

compared with those of the regresslvn w1thout the variable,



 }1‘33 o
\

it became épparehf that the variable-fér hy@ro-cabacity
made littlé‘difference'to the results bbtained The
variable's coefflclent was not 51gn1flcantly dlfferent from
zero. Equation (c) is an input demarid function for industrial
coal in the United States, It neglects income as an éxplana-
tory variable because it is asSumed that all 1ndustr1al coal
is used aj/an 1nput. That 83 per cent of all coal is used ‘
by the steel ‘and electrlc power generatlng 1ndustr1es seems’
to support thls assumption, ' |

Equatlonq (d) and (e) are ba ed on demand.fOr,coal
in Canada and Alberta reopectlvely. As such they ihclude
the prices of the inputs and outputs, whlch can bérsubstl-
tuted for coal and per caplta income for Canada as a whole.
It was assumed that per caplta 1ncom° movemen%s in Alberta
followed the national trends /quite cJooely. Hence the
national flgure was used 1n,the regional equaﬁiqn.' Dafa onf
forms of ené%gy other thah th6ii;}pecified are also |
unavailable, | | .
¢ Each ofvthe'five functions, above, was specified '

as a polynomlal function hav1ng the general form

The parameters of the resulting equations were then estimated

-

using a log-linear regression analysis, .

i
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The Resulis

The results of the different régqessith'using
A - o e
ordinary least squares are given below, :The term in bracﬁ%ts

’

refers to the\s;andard error and the "A" means that the

antilog of the/cof®tant must be taken.

> -1.04 . 0,12 . 1.35 -0.25 -1,91
(a) Dy = A 24,01 P4 Pr P, Puc Yoo

(1,42) (0.37) (0.52) (0.80) (0. 09) (0.10)

il

RZ = 0,9782 | -
(b) D2 = A 7.50 PCZ-O.LI—J..PFO.OILP PN‘E;-FO._lO PE-Z'.BJ.,
' (0,95)  (0.21) (0.23)  (0.06) (0.14)
R? = 0,9603 B |

: 5 ' 7 —0062 “0175 -0.09? 0.31 -1.20
(c) D3 A 10,60 Pcz PF ‘PNG PS PE

(0.80). (0,14) (0.,15) (o.o39)‘ (0.17)'(0.15)-

- (a)

R = 0.9730 o |
e~
— "'O.ll " -Oqjl "0.001 0068 1128
Dy = A ;'035 Pc ' E%c~ PG ' PO : Yc
| (1.435) (0.16)  (0.34) (0.25) (0,016) (0.21)
‘R? = 0,9513

, -2,87 ~0.82 . 0,03 - 4,48 . -0.68
(e) Dy.=411.38 P, "% B R N 4

(15.19)  (0.57) (1.31). (0.08) (1.54) (2.08)

e

0.9304 ' ' i

" R2

A liﬁear fﬁncfionél form wasvalso used buf‘the
results were similar to those given aBove. An alternste
estimating fechnique the Cochrane-Orc¢utt iteration techniqﬁs,
was also used but the results differed only sllghtly from :

those given by the ordinary least squares method Much of
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th? demand ‘for coal tends to be a caﬁfive demand rather than
-a free demand. Almost three-quarters of the coal sold in
Canada aﬁd'much bf tﬁat s;ld in the United States is sold

dn a contractual basis to the electric utilities and the
steel companies, Prices a?e thus bound by these contracté
and this might intfoducé'aﬁ autqregressivé element infoffhe
analysis. However, it seems that if autoregression is

- Fresent.it is rather small as indicated-by the little
difference betweenfﬁhe alternate estimating techniéues.
Multicollinearity isfa1Ways a problem in any

. U |
estimation procedure. However, it is a problem of degree

only.'/@he correlation tables for the log-linear regfessions

(Tables Al throug h A5) seem indicate that the degree of

multicollinearity is hi or the Canadian data than it
is for the U.S. cases, A "high'degree of r L. »llinearity

is simply a feature of the sample that contributes to the

[

unrellablllty of the est1mated*coeff1c1erts, but %as no
relevance.for ‘the conclusions drawn as‘a result of this
'ﬁnreliability.“é Little can be done to correét.this problem,
Misspecification was a most trgublesome problem. |
Although 1ittle can be done from a'sfatistical poiht of view

because misspecification occurs at tHe theoretical level,

6 Kmenta, Jan. Elements of Econometrics, The Macmillan
Company, New York: 1971, p. 391, ‘ -
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¥ ACORRELATION MATRICES FOR THE LOG-LINEAR B%?RESSIONS

‘g O

cl. -

F

g g

<o'g

us

vy ow O

)

NG -

4

Dy

1.0

Dy

1.0

{

TABLE Al
|

U.S. Domegtic Demand -~ Equation (a)

P | 0 P

Pe1 F K NG Tus

00 =-,292 ' 255  Jhho .320 - -,970

1,000 406 086 -,692 .256

: 1,000 .732  -,303 . -,184

- | 1,000 =,147  -,316

1,000 -.b405

1,000

IABLE A2

U;S}»Elecﬁribai Demand -- Equation (b)
‘P2 Pp io R s

00 61k -,169 '-.45? -.987 .
1,000 345 -,878 -,663
1,000 -,278  ,129
1,000 47k

1.000
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TABLE A3
U,S. Industrial Demand -~ Equation (c¢)
3 Po2 Pp Pve Py Pg
1,000 « 565 ~-,030 -, 417 . 891 ~.955
1,000 .345  ~B78 650 -.663
1,000 * -,278 =,202  ,130
N 1,000 -.502 o
1,000  ~,930
TABLE A4 °
Demand for Coal in Cafiada -~ Equation (d)
Dy, . Pe = Pge Py Fq Po
1.000 -.838  ~,873 .726 253 =,716
1.000  .830 ~.,571 -,017  .733
l.OOO “'08?2' -0350 0913
~ 1,000 274 -,828
1,000 ~.263
1.000

"'.816 ‘

874
.291
-.892
1.000
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TABLE A5

Demand for coal in Alberta -- Equation (e) -

P . P P . P

Ps cA . Fma G 0 Yo
D5 1,000 -,922 -,798 256 L-.628/ .852
Poa 1.000 SOH3 =274 LBUL -, 967
Pp, . 1.000 -.281_ 946 -,970
R T ~1zooo -.263 . 291
Py : J . 1,000 -,892
Y, o ) . 1.000

<.an attempt was made tefarrive at ap equapion w}th the
proper parameters by reéressing a number of differently.
‘Specified‘equations. It appears that the logﬁiinear
regression of equation (c¢) (the 1ndustr1al demand for coal
in +the U.S. ) glves the best results from a 81én1f1cance
point of view, Only in this equation are all the coefficients
significant with the . value of'RZ.being high as well, (The
pesults for Alberta kequation (e)) were poor using these
criteria ‘and hence could not be used for comparlson purposes )
Even though %he misspecification problem has not begn :
ellmlnatei the results for equation (¢) provide a od

-

~indicator of what paraﬁeters to include,
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One of the most B{essing problems of éstimating

: - - P ) p .'o 3 . 1-" .
demand equatigns is the problem of ldentification. Are we

estimating a demand equation or are we estimating the move-

‘mentvbf demand along a éuﬁply curve, i.e, the~Supply'curvé

itself? Statistical criteria cannot determine whether an

equation is identified or not. Hence we cannot pursue “this

~

issue further,

- _ .,
. %

Intenpretation and Explanation

X

)
t

Theory Qgils us that for a normal good demandf‘
varies' inversely with the-price of that good and directly

with the price of substitutes for that good. 1In other words,

if the ‘price of the substitutes of a particulgg commodity
_ \-

(whether an input or ah output) goes up, then the demand ,

T LT

" for the commodity increases, Furthermoré, as income
increases more of the commodity (as well as other goods

qné normally_BEZs) would be demanded.- But.ﬁ@-coal a normal

W

good?  The anaiysis seems to indicate that it is not!
Earlier we saw that there was a gradual shift from
coal to other typés of fuel_between_the:Years 1947 and 1967
3 . N : ’ . Q

- It Seems that coal

~

regardless of<what prices were doing.

bx]

was too inconvenient .to use as a fue}

for space heating., 1In k
?

~ agddition, %s per capita income roSe;\people demanded a
cleaner environment, which meant that less coal (the most

air-polluting fuel) would ‘be burned, Hence one would expect

\‘\
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L o v,

the elastxclty of demind for coal with respect t0 income to !

be neggtlve. Further, it is too 1neff1c1ent as 11 as

inconvenient to use coal as a fu?l”for steam locomotives and

space heating, This inefficiengy reascr, along with the

inconvgnience one, may result in negative coefficients for

the price of coal substitutes, -

- a ¥

: The,analy§;s supports our contention that demand

' . varies inversely'with the price ®f the good., Hence cbal is

not a Giffen good. In equation (a) the domestlc ‘demand for
coal in the\Unlted States was found to vary lnversely w1th,
income as we expeét from our previous, dlscu581on. Tﬁus coal
is an in;erior goqd from the point ofﬂview of the«finair
domestic coal consumer; the reason probably being its in-
convenience, Hence coal-can be consiéered'an inferior good

Iy

in ‘this sense, But if the demand for coal is a derived .

demand it is possible,that'its'demand"increases as income

increases, in which case coal is a normal aood It seems )

‘reasonable and the results for Cahada, and Alberta support

thié, that as income: increases the demand for electr1c1ty and
steel increases thereby 1nprea51ng the demand for coal,

When we consider the input demand for coal we find

that as the prices of the outputs (in which coal is used as

an input) increase the amount of coél demanded may_increase
or decrease, This iq a very pefﬁleXing problem if one ‘
considers Whét theory-says.‘°If we assume that the costs of
production. (in this case of electricity ahd’steel)'db‘not

J

~ I

(4

_ LTy ()‘
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/g‘increase: theory tells us tnat the'price‘increases are due to
" defiand increases. These demand increases then lead to éhf
inirifse'in'the demand for inputs (coal). .Is there a |
misspecification problem‘7 ‘ _ . ' Yy
The third log- 11near equatlon, that giving the

-demand fer,lndustrlal coal in the United States (Dj), offers -
“some hope for.an explanaiion. (This equation was the one
eonsidered to be the best,) The coefficients.fer the price
of steel are posI%ive indicating a greater demand for cdal
as the prlce (and hence the demand) of steel lncreases, An
blncrease in the price of (demand for) electrlclty is shown
by our analysis to decrease the demand for coal.,  The reason’
for this is the fact that there has been a shift to other

fuels during two-thirds of the years of our sample data

(,
7

and ihls shift occurred regardless of relatlve prices,
Both new 1nvestment resultlng from an 1nCréased demand for
ﬁelectrlclty and replacement investment was in non- coal-u51ng
| thermal.electrlc pover plants,durlngnmost of our sample
period,. The same cannot be said'of steeliproduction as there
.re no real substitufes for'goking coal, | |

The apalysis also indicates that in some instances
- the demand for coal decreased as the prices of s ostitute
fuels increased contrary to what we would expect. .Twolforces
acted on coal demand whenever prices of competlng fuels o

:increased. First, the price effect caused more coal io be:
v o : . : .

demanded and second, the wconvenience effect"  always
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worked to reduce coal demand. Whenever the convenience
effect (which also’includes pollution externalitieé) out-
weighed the priée effect, which was quite often over our «
sample period, it resulted in the illusion that less coal
would be demanded whenever the prices of coal substitutes

went up.

Conclusion

At the:beginniné of this paper it was stated that
the regsén for wanting to look at a‘qémandlfor cq@lffﬁnction)
was the fact that‘such a function can be used for prediction,
In‘light of . the redept upheavals in the ene%gy”area it n6w 
seems unreasonable to aftempt predictidﬁ,dho%.only of future
coal demand buz aiso.of other enefgy demaﬁds, based on P
econometric feéults;of the.past. The energy'mérkets are
400 unstable to permit statistically accufate prediction.

“«- We have seen that there -was a gradual decline in
co;l dpmand as new fuels came onto the7market repla01n9 the
tradltlonal market, rallways and spac heating, prev1ousi&
held by coal. The recent increases in demand have resulted
from increased energy and steel outpt e s.‘ Coal has

found its piace as a dominant fuel for the préduction of |
eleqtficity since extra high vo%ﬁage traﬁsmission lines have
~educed the héed to transport coal.. But the environmental

’ﬂang; air, and'water) damage,whibh the extractibn and burning

of coal creates may be a factor in keeping the demand for coal |
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in check. Developmentsﬁin the nuclear field and the solar
energy field, and the possibility of harnessing tﬁe tides"
will have a profound effect on coal demand as w1ll new
‘dlscoverles of o0il and gas, coal gasification, and other
technological changes. All'these and other energy evenés,
and their uncertalnty, makes 11 dlfflcult for one to
. predict future demand for coal by resortlng to past events,
‘ However,‘ln order not to d13111u81on those
attempting to find enefgy demand7functions,,it should be
pointed out that much econometric and other work still,
awaits résource and energy economists, The preSent is a
time of energy confusion which will be sorted out over the
next few years, Once stablllty 1s regalned predlctlon w1ll

o

again become fruitful,
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Cbal-Fired Power—Génera%ing Stations

(8

Name ; : | Comﬁanv. ’ Capaéity(KW)
1, H.R. Milner T " Alberta Power '\150,000
2, Sundance - L ‘ Calgaé; Power ' | 300,000
3." Wabamun - : Calgary Pé&en. N ,‘582,000
4, Battle River Alberta Power 216,000
5, .Drumheller | o Alberta Power - . 17,500
6. Queen Elizabeth : Sasﬁétchewan_Powef 241 ,000-
7. Boundary Dam : SaskatcheQ;n Power - 452,000
8; " Estevan . . Saékatchewan waer . 70,000
9.  Brandon  Manitobs Hydro 237,000
1o, Selkirk. Manitoba Hydro 155,800
11. Thunder Bay | Ontario #ydro 128,300
12, Lambton Ontario Hydro 2,030,000
13, J. Clark Keith Ontario Hydro 271,5&@
14.‘0Nanticoke .- Ontario Hydro /SO0,00é ,
.is. Lakeview 2 | Ontario Hydro . 2,430,000
16, Richard L.’H;arn Ontario HydfO‘ 800!OQ_.
17, Chatham E New»Brunswiék Electric Péwer 32,500
18, Grand Lake '~ New Brunswick Electric Powef 85,000
19, ‘Hérrison.Lake‘ Nova chtié Power 26,500
20, Lower water St. Nova Scotia Power 167,500
%1.- Trenton Nova Scotia Power ‘ 210,000
22, Seaboard L Nova Scotia Power 108,060

Source: Chrismas, L.P, "Coal and Coke", Canadian
Minerals Yearbook, 1972. ‘
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Se b " fAPPENDLx C

A

CALCULATION OF COAL REQUIREMENTS 33 CANADTAN

POWER PLANTS "IN 1977 e o

-

In order to calculate the quantlty of coal whvch
-t " (-
' a{partlﬁylar generat;ng statlon requires use.: of the follow1ng

A

T is made.e;4{%;?; fj”ﬂ
anl_Reqpifemeht ='aenerating Capacity X Load Factor X
B e - Heat Rate X Heat Content.

o &

The values of the varlabl%s are fouhd in the text and can
<

- be’ used to calculate the coal rcqulrementq in J9?7 by

prov1nce anﬁ rank of coal.’

-

~ )

Alberta’ . T ’
2,555 ooo KWH X 4 500 HR x 10, 500 Btu/KW

ll-

Coal Required .
X' 1b/8,500 Btu X ton/Z 000 1b,
7,100,000 tonst ,

Subbituminous'coal.requirements in l97z/= 7,100,000 tons.,

Saskatchewan - . -/

1,193,000 KWH X lb/? 000 Btu

Coal. Required
X 23, 625 Btu, ton/lb KWH

4 026, OOO tons,

t

Manitoba

" Coal Required = 393,000 KWH X 15/7,0Q0 Btu X 23, 625 Btu.ton/

. -  1b, KWH

1,326,000 tons



Lignite requirements in 1977 = 5,353,000 tgns.*
‘Ontario o

9,660,000 '"KWH X 1b/11,500 Btu

Coal Reqﬁired
| X 23,625 Btu. ton/lb, KWH
= 19,845,000 tons,

New Brunswick : \i

Coal Required = 117,000 KWH, X 1b/11,500 Btu
‘ X 23,625 Btu, ton/lb. KWH

= 240,000 _tons,

Nova Scotia

Coal Réquired = 512,000 KWH X 1b/11,500 Btu
X 23,5425 Btu. ton/lb, KWH

= 1,050,000 tons, g

: o #
B¥tuminous coal requirements. in 1977 = 21,134,000 tons.,
Total coal requirements for electric power generating
' purposes in Canada in 2977 = 33,587,000 tons. ' (\

The actuai\aéount of coal required by the Canadian

~

~electric power generating industry would differ from these
~estimates, Errors in the actual load factor which -varies

from area to area could result in estimattes which are

lower or higher than those above, It was assumed that all

* Figures do not add due to" rounding.
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W : \
of the Ontarlo power plants wold burn bltumlnous coal,
However, 91gn1f10ant changes 1in prlcpo and sources of
supply (Western Canada vis=-a=-vis the United States) could
result in Xast minute changes in the fype ofucoa& whichl
the generating stations could burn., Further, changes in
plans cbuld.result in"hore or less coal-fired electric

.

power yeneratlng unlts being built. These and other
&

sources of! ezror could-result in a variation of our “estimate

by about 20 per cent or more,
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APPENDIX D
SOURCES. OF WORLD COKING COAL

The table on the foilowing page gives some
indication of the production and use of coking coal by
varlous countries and gives an indication of Canada S
competltlveness in the world metallurglcal coal market.
Note that the Unlted'States does not need to import any -

coklng coal whereas Japan is dependent on 1mports. The

/“J

trend in the orlglnal EEC (European Economic Community) .”Q

countries is towards increasing imports.
& ' '
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Ma jor Sources of Coal

United States, EEC Coﬁntries and Japan

~ (Percent of Total)

. 4
l

] 1972 197 Japan 1969 Coal for Coke
United States  Coking Coal ‘Plants -- EEC
United States 100, 0% 31.%% 6.0%
' Canada - - 11.3 ' .
Eec. - | - 88.5
Other Europe - . 2,0 IR 3,2
.Latin America - ' - -
Africa ’i - ' - o 0,2
Australia .'_' : - | 27.3 ; , 0.3
Japan - ' - | 23,7 ' . ; e
Other Asia ' - - | -
U,S.8R. ¢ - o0 1.8
Other _ - . , 0.1 S L 4
’ 00,0 10080 - ¥ 100‘.*%7/
#  Original:.6 countries |

S?ﬁrcé: American Iron and Steel Institute., Steel Industrv
/o Economics and Federal Incume Tax Policy.
February, 1974. P. 53. : ’
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