Demand for
coking coal:
implications
for suppliers to
the Japanese
market

By David L Anderson

The relative stagnation of the
world steel industry has
significantly changed the structure
of a number of mineral industries
supplying raw materials to the steel
industry, notably iron ore and
coking coal.

In this article David L Anderson
looks at developments in the
coking coal industry, with special

" Introduction

The purpose of this paper is to outline
changes in the demand for coking coal
in the Japanese market. The resulting
impact on prospective suppliers, par-
ticularly those based in Australia and
Canada, is also discussed. The paper is
divided into several sections. After a
brief discussion of the historical
development of the steel industry since
World War II, the paper focusses on
price and quantity trends in the coking
coal industry. This is followed by a
review of future demand estimates and
an analysis of the influence of quality
characteristics on individual suppliers.
In Section five, the potential for
technological change in the steel-
making process is discussed with par-
ticular emphasis placed on the substitu-
tion of non-coking for coking coals.
The following section explores, albeit

briefly, the underlying cost structures of .
the major participants in the Japanese
market. The paper concludes with a
review of the major findings.

Coking coal is that coal which is
suitable for use in the blast furnaces
(BF) of the integrated steel industry. It is
employed to produce coke which, in
turn, is used to support the blast furnace
charge and to generate the heat and
gases necessary to produce pig iron. The
demand for coking coal is therefore
derived from the demand for steel pro-
ducts. Between 1946 and 1979, world-
wide steel production rose from 112 to
747 Mt. The industry then entered a
period of relative stagnation from
which it displays few signs of recovery.
This situation was undoubtedly caused,
in part, by the macro-economic effects
of the oil shocks of the 1970s; however,
other factors, of a long-term nature,

Table 1

Coking coal imports 1963—1984
(in Mt)

reference to Japan, which is a 1963 1973 1979 1980 1981 1982 1983 1984

major importer of coking coal and Japan 93 559 561 618 653 641 597 693

an important actor in the market. EEC 38.1 327 308 329 310 296 239 325
Other West Europe 3.8 92 118 119 118 127 119 120
CPE®: Europe 10.7 7.8 9.0 9.6 9.2 9.3 109 113
Asia, excl Japan 0.6 0.6 5.9 6.0 8.8 104 103 109
Latin America 2.3 33 6.3 6.3 54 6.1 7.3 9.3
Canada 4.5 7.0 6.9 5.7 5.3 44 6.3 7.0
Africa/Mid East 0.6 0.6 1.3 1.9 1.9 2.1 1.8 na
CPE: Asia 0.0 0.0 1.5 14 14 1.3 1.2 na
Total 699 1171 129.6 137.5 140.1 140.0 133.3 155.8
Notes:
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were also at work.! For instance, as the
economies of the industrialized nations
approached advanced stages of maturi-
ty, the need for infrastructure invest-
ment, which is highly steel-intensive,
declined in a slow but inexorable man-
ner. Furthermore, the oil shocks led to
the development of smaller scale pro-
ducts in order to increase energy effi-
ciency — the so-called downsizing ef-
fect. Finally, the search for light-weight
products also lead to the increasing use
of substitutes such as plastics and alu-
minium.

Of particular relevance to this study
is the phenomenal growth of the Jap-
anese steel industry since the end of
WWIL? In 1946, Japan produced a
mere 0.6 Mt of crude steel; in 1973, its
output reached 119.3 Mt® — a figure ex-
ceeded only by the USA and the USSR.
Although Japan has never again match-

ed her 1973 output, it has nevertheless
improved her relative ranking and is
now the world’s second largest pro-
ducer, trailing only the USSR. This is a
remarkable feat for a nation which must
import virtually all of its primary steel
inputs, including approximately 90 per
cent of her coking coal requirements.
Not surprisingly, as shown in Table 1,
Japan has become the world’s largest
importer of coking coal; in recent years,
it accounts for approximately 45 per
cent of total world seaborne trade.

From 1947 until 1972, the US was the
leading supplier of coking coal to the
Japanese steel mills (JSM).* Since then,
as reported in Table 2, Australia has
assumed first place, supplying between
40 and 45 per cent of the JSM’s re-
quirements. On the other hand, the pro-
portion captured by US suppliers has
declined from around 50 per cent to less

than 25 per cent. Equally relevant to this
study is the fact that Canada has also
become an important supplier to Japan,
its market share over the 1973—1983
period being in the order of 15—20 per
cent. Furthermore, in 1984 Canadian
coking coal exports to Japan nearly
equalled the total for the USA.

Production, exports
and prices

Although coal, of all types, is found
throughout the world, approximately 80
per cent of the geological resources and
55 per cent of economically recoverable
reserves are to be found in three nations:
China, USA and USSR.’ The reserves
of Australia and Canada are relatively
small, but they rank fourth and fifth in
the former category and seventh and
eight in the latter classification, respec-

Table 2

Market shares by major coking coal suppliers to the Japanese steel mills 1969—1984°

(per cent)

1969 1970 1971 1972 1973 1974 1975

Australia 38 31 38 42
United States 49 53 39 32
Canada 2 9 15 18
South Africa — — — —
China — — — —
USSR 8 5 5 5
Poland 3 2 3 2
Other — — — —

Notes:
2 Totals may not add due to rounding.

41 35 37 43 45 46
33 42 37 30 24 20
18 15 19 17 19 22
5

’—"—‘UIIUI
e

b Based on six months acitivity, January—June 1984 (Coal Manual 1985, p 68).

Source:

Derived from Coal Manual (Tokyo: Tex Report, 1985), p 27.

1976 1977 1978 1979 1980 1981 1982 1983 1984°

47 40 41 43 45 40
25 33 37 33 26 24
17 17 14 15 19 22
5 5 5 5 6 7
2 2 2 3
1 2 2 3
1

—— )
— ) Pt
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In a relatively short time Australia has
emerged as a major supplier of many
minerals. In coking coal it is challeng-
ing the US as the world’s leading ex-
porter. Photo from open-cut mining in
Peak Downs in central Queensland.
The mine is controlled by BHP and pro-
duction exported to Japan and Europe.

tively. However, because of their small
populations Canada and Australia have
surplus reserves and are important ex-
porters. _

Steaming and coking coal is also pro-
duced in many other nations, although
much of it is used domestically for ther-
mal purposes. The dominant producers
arethe USA, USSR, and China; they are
followed, albeit at a considerable dis-
tance, by Poland, UK, India, South Af-
rica and Australia. All of those nations
produced in excess of 100 Mt in 1983.
Canada ranked ninth in that year, pro-
ducing 45 Mt.

The relative rankings associated with
the export trade are quite different.
Based on 1983 data, Canada is in sixth
position behind the USA, Australia,
Poland, South Africa, and the USSR. It
should also be noted that the world ex-
port trade generally accounts for ap-
proximately 10 per cent of global pro-
duction. The focal point of this study is
the coking coal trade. From Table 3, it is
apparent that this sub-set of the total
market is highly concentrated with the
two leading exporters, the USA and
Australia, accounting for 65 per cent of
total activityin 1983. Canadais the third
largest exporter of coking coal and in
1983 supplied 10 per cent of coking coal
exports.

Although the US is an important ex-
porter, its sales have declined con-
tinuously since 1981. This is attributable
to high production costs, exacerbated by
the recent appreciation of the US dollar
vis-a-vis its competitors, and long hauls
to the Asian market.® On the other
hand, US producers have guaranteed ac-
cess toalarge, albeit declining, domestic
market, and their remaining sales are
broadly dispersed throughout the non-
socialist world. The latter point requires
emphasis. In 1982, the US exported 58
per cent of its coking coal production;
comparable figures for Australia and
Canada are 78 and 92 per cent, respec-
tively.” The corresponding estimates of
the ratio of sales to Japan to total ex-
ports are 35, 69 and 72 per cent.
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1973

39.0
28.1
10.7
10.0
13.8
10.5
0.1
2.5
3.0

117.7

Table 3
Coking coal exports 1963—1984
(in Mt)

1963
United States 359
Australia 3.1
Canada 0.8
Poland 3.5
USSR 12.4
West Germany 13.9
South Africa 0.0
China (PR) 2.4
Others 0.0
Total 72.3
Source:

1979

45.5
34.7
12.7
9.4
11.2
8.6
2.3
2.5
0.8

127.8

1980 1981
57.3 592
33.9 4038
141 13.6
6.2 3.7
11.7 9.8
6.9 7.8
3.4 3.3
2.6 3.3
2.5 2.8

138.7 144.9

1982

56.7
37.0
13.0
7.0
9.6
6.5
34
3.4
2.8

139.6

1983

45.5
42.1
14.5
9.7
7.7
6.7
3.0
3.3
2.6

135.3

1984

51.7
47.0
221
10.5
7.2
6.8
5.0
2.9
2.6

155.8

Derived from Vincent Calarco Jr, World Coal Outlook: A Reassessment, Chase Manhattan,
April 1985, p 52; and Vincent Calarco, The Coal Situation, Chase Manhattan Bank, vol 5,

no 2, March 1985.
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The high dependency on the Japanese
market is a distinguishing feature of the
Australian and Canadian coking coal
industry. In recent years, however, as
shown in Tables 4 and 5, both countries
have somewhat succeeded in capturing
new markets. Nevertheless, in 1985,

Canadian sales to the JSM are expected
to once again exceed 80 per cent of total
Canadian exports. This outcome is at-
tributable to the opening of two new
mines in northeast British Columbia
which are dedicated to serving JSM.
As shown in Tables 6 and 7, coking

coal prices rose rapidly after the 1973
energy crisis and, in real terms, re-
mained relatively firm until the late
1970s.% Since then they have declined; in
fact, they even fell in nominal terms
from 1982 to 1985. Nevertheless, in real
terms, present day prices are still

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
252 23.0 230 251 266 236 256 256 28.6 257 281
2.8 4.7 6.1 5.6 7.8 6.0 4.9 4.3 5:l 4.0 6.3
04 0.6 0.6 1.0 1.1 1.2 2 2.3 3.5 3.8 34
— 0.4 0.5 0.2 0.4 0.3 1.0 0.6 1.2 2.1 2.2
0.1 0.4 1.0 0.1 0.5 0.9 1.0 0.7 0.8 1.5 2.1
285 292 304 319 363 320 347 335 399 371 421

Table 4
Australia: Metallurgical coal exports 1970—1983°
(in Mt)

1970 1971 1972
Japan 16.5 16,5 20.3
Europe 1.2 3.2 3.2
South Korea — —- —
Other 0.6 0.5 0.1
Taiwan 0.1 — —
Total 183 20.1 235
Note:

# Statistics prior to 1978 include steaming coal exports. The total quantity of thermal coal exported over the interval 1970 to 1977 (in million
metric tons) was as follows: 1.4; 2.7; 0.9; 0.1; 2.7; 3.4; 2.9; 3.7. (See black coal in Australia 1982—83, p 81).

Source:

Joint Coal Board, Black Coal in Australia (Sydney: Joint Coal Board, various years); and Australia, Department of Trade and Resources,
Inquiry into the Australian Export Coal Industry, Submission to the Senate Standing Committee on Trade and Commerce, Canberra, Sep-

tember 1982, p 40.

1973 1974
10.65 9.97
— 0.03
0.10 0.02
0.01 0.39
017 036
10.93 10.77

Table 5
Canada: Metallurgical coal exports 1970—1983*
(in Mt)

1970 1971 1972
Japan 375 673  17.56
South Korea — — —
Latin America — — 0.10
Europe 0.12 020 0.07
Taiwan == = —
Other 012 010 0.01
Total 399 7.03 17.74
Note:

1975 1976
10.76 10.60
— 0.35
— 0.05
082 0.74
011 0.02
11.69 11.76

1977

10.64
0.26
0.21
1.21

12.32

1978

10.87
0.56
0.64
1.48
0.03
0.05

13.63

1979

10.58
0.89
0.53
1.24
0.06
0.36

13.66

1980

10.80
1.30
0.84
0.70
0.21
0.29

14.14

1981

9.40
1.85
1.47
0.58
0.31
0.25

13.86

1982

9.42
1.85
1.47
0.58
0.31
0.25

13.03

1983

10.15
1.88
1.14
0.74
0.52
0.14

14.57

2 Statistics prior to 1980 include steaming coal exports. Although the exact figure are unavailable, discussions with industry officials suggest

that it is unlikely that thermal coal exports accounted for more than 5 per cent of total coal exports prior to 1980.

Source:

Derived from Statistics Canada, Coal Mines, Cat No 26—206, various years.
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Table 6
Average prices paid by Japanese steel mills for coking coal imports

1969—1983
(CIF, current USD/t)
Fiscal South
year USA Australia Canada USSR Poland Africa China Average
substantially above their pre-1974 levels. 1969 19.51 13.60 1572 1448 15.88 — — 16.69
Although the data presented are ex- 1970  26.26 15.42 16.60 15.75 16.92 — — 21.32
pressed in US dollars and incorporate 1971 27.47 16.07 20.04  18.37 22.09 — 11.76  21.36
ocean transport costs to Japan, they are 1972 28.88 17.46 21.07 19.52 2442 17.28 — 21.97
nonetheless representative of FOB port 1973 33.42 21.48 22.88  21.29 2594 19.31 — 25.64
(FOBT) domestic currency prices re- 1974 74.45 32.87 3520 3949 4483 4047 — 50.99
ceived by Australian and Canadian sup- 1975 70.22 44.02 54.03 53.87 60.41 44.89 — 56.16
pliers. 1976  70.41 51.91 60.58 55.52 6l1.61 42.06 — 59.09
1977 7237 54.06 58.80 5494 6119 4273 — 59.06
1978 73.10 57.11 57.38 5517 59.84 4431 49.66 59.87
Demand forecasts 1979 7651 5653 5869 53.92 5869 4800 5125 6151

Despite the fact that estimates of future 1980 81.41 60.74 62.39 59.12 6127 53.51 5694 67.24
coking coal utilization abound, I have 1981 83.85 67.03 65.83 67.48 63.76 66.66 67.68 72.93
chosen to focus primarily on the work 1982 84.71 68.71 73.41 70.91 — 6793 67.33 74.50
of Calarco. This decision is based on 1983 76.24 60.84 69.07 56.12 — 54.61 53.28 65.40
two important factors: his estimates ap-
pear to be generally consistent with Source:
those of many other forecasts;® and he Coal Manual 1985 (Tokyo: Tex Report, 1985), p 28.
has published estimates based on a con-
sistent set of underlying assumptions
i:zsevery stage of the steel-making pro- Table 7

Let us start at the end of the process, Average price paid by Japanese steel mills for coking coal imports
the production of crude steel, and work 1969—1983
back to the derived demand for metal- (CIF, constant 1983 USD/t)*
lurgical coal. It can be seen from Table 8,

that Calarco expects raw steel produc- Fiscal South

tion to increase only modestly over the  year USA Australia Canada USSR Poland Africa China Average
1985—2000 period; although regional 1969 5287  36.86 4260 3924 4303 —  — 4523
variations exist, the global estimate is 1970 §722  39.47 4250 4032 4332 —  — 5458
only 0.7 per cent per annum. Note that 1971 6730  39.37 49.10 4501 5412 — 2881  52.33
Japanese production is expected 0 1979 6845 4138 49.94 4626 57.88 4095 — 52,07
decline, as is output in Europe and the 1973 7452 47.90 51.02 47.48 57.85 4306 —  57.8
USA. On the other hand, substantial 1974 14964  66.07 7075 79.37 901 8134 —  102.49
growth is predicted for the newly in- 1975 17999 8099 99.41 99.12 11115 8250 — 10333
dustriglized countries (NICs), namely 1976 12251 9032 10541 9660 10720 7318 —  102.82
Korea, Taiwan, and several Latin Ame- 1977 11369  88.66 9643 90.10 10035 7007 —  96.85
rican nations. 1978 11L11  86.80 87.22 8386 9096 6735 7548  91.00
_ After adjusting for expected changes 1979 1481 7745 80.41 7387 8040 6576 7021 8427
in the coke rate® and the mini- 1980 9769  72.89 7486 7095 7352 6421 6833  80.69
mills/BOF ratio, Calarco forecasts that 1981 9140  73.06 7175 73.55  69.50 72.66 73.77  79.49
the global demand for coking coalim- 1985 8725  70.77 7561 73.04 — 6997 6935 76.74

portscanalsobeexpectedtogrow by 0.7 1983 7624  60.84 69.07 56.12 — 5461 5328  65.40
per cent per year over the next 15 years.

Furthermore, his country and region-
specific estimates closely parallel those

Notes:

2Converted to constant dollars using the US CPI. See OECD, Main Economic Indicators:

for raw steel production. In particular, o, ical Siatistics 1964—1983 (Paris: OECD, 1984).
note that Japanese requirements are ex-

pected to decline marginally over the in-  gource:

terval, while those in Korea, Taiwan and  Derived from Table 6.
Latin America are anticipated to exhibit
rapid growth. !
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Table 8

World raw steel production: 1983—2000

(in Mt)

1983
CPE®: Europe 211.2
Western Europe 143.6
Japan 97.2
CPE®: Asia 45.7
United States 76.8
Latin America 28.9
Other Asia 29.8
Africa/Middle East 12.2
Canada 12.7
Other Asia/New Zealand 5.8
World Total 663.9
Notes:

Forecast
1985 1990
213.5 213.1
151.0 146.2
104.4 104.4

48.9 62.4

81.9 79.9

33.6 43.2

33.6 42.7

14.9 20.5

14.5 14.2

6.8 7.4
703.1 734.0

1995

207.8
141.6
101.8
78.9
77.8
52.0
50.9
24.1
13.4
7.5

755.8

# Annual compound growth rate over the period 1985—2000.

b Centrally planned economies.

Sources:

Derived from Vincent Calarco Jr, World Coal Outlook: A Reassessment, Chase Manhattan,

April 1985, p 94.

World seaborne coking coal exports: 1983—2000

Table 9
(in Mt)

1983
Australia 42.1
United States 39.0
Canada 14.5
Poland/USSR 7.6
PRC 19
South Africa 3.0
Others 3.9
Colombia 0.0
Total 112.0
Source:

Derived from Vincent Calarco Jr, World Coal Outlook: A Reassessment Chase Manhattan,

April 1985, p 115.

1985

45.4
40.8
22.0
11.4
24
4.6
23
0.3

129.2

Forecast

1990 1995
49.9 52.8
43.6 46.7
24.8 25.0
12.3 10.9
3.6 4.2
49 4.8
1.8 1.6
0.5 0.7
1415 1469

2000 per year %*

199.0
135.2
99.3
97.6
76.0
61.6
59.0
28.1
12.4
7.5

775.7

2000

52.4
46.3
25.9
12.3
5.0
4.6
1.6
1.0

149.1

growth rate

—0.5
—0.7
—0.3
4.7
—0.5
4.1
3.8
4.3
—1.0
0.3

0.7

1985—2000
compound
growth rates
% /year

1.0
0.8
1.1
0.5
5.0
0.0
—24
8.4

1.0
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Country specific forecasts of sea-
borne exports should be treated with
caution; indeed, it is in this area that the
available data shows the most varia-
tion.”? In particular, the future per-
formance of US and Australian ex-
porters appears to generate widely dif-
fering estimates. Despite this note of
caution, I shall continue to restrict the
discussion to Calarco’s forecast as
reported in Table 9. Note that he expects
sea-borne trade to increase at an average
rate of 1 per cent per annum. Further-
more, he anticipates virtually no change
in market shares among the major ex-
porters. Indeed, Colombia is foreseen as
the only new entrant, and its output is
more than offset by a decline in off-
shore sales by the existing fringe pro-
ducers.

In summary, the estimate presented
above are based on one source only —
the work of Calarco. However, with the
exception of country-specific export
projections, his estimates are quite
similar to these generated by a number
of other respected forecasters. Never-
theless, it must be admitted that safety
of numbers does not guarantee accura-
cy. Indeed, a world-wide economic re-
covery would render these consensus
estimates too low; alternatively, possi-
ble implementation of new technologies
would result in a radical reduction in
future coking coal demand. It is towards
an examination of the latter possibility
that I now turn my attention; first, how-
ever, I must digress and briefly discuss
selected coal quality issues.

Coal quality

The most commonly employed classifi-
cation system “ranks” coal in descend-
ing order of desirability from anthracite
to lignite. This scheme focusses on two
characteristics: fixed carbon content
(FC) and heat value. However, for pur-
poses of steel-making the coal must also
possess special characteristics called
coking properties, that will allow the
coal to be converted into a coke suitable
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The world’s largest coke oven battery
was handed over by Krupp Koppers
GmbH to Mannesmannréhrenwerken
AG in October 1985. It will cover an im-
portant part of West Germany’s con-
sumption of coking coal.

for use in modern large blast furnaces.
Only bituminous coal possesses suffi-
cient carbon content and the other
properties necessary to form coke.
Among the latter properties are: volatile
matter (VOL), moisture (MOIST),
sulphur (SUL), ash (ASH), which is the
inert material contained in the coal, and
the coking properties (CK)."

The price of coking coal is said to be
negatively related to the presence of
moisture, sulphur and ash. Alternative-
ly, it is positively related to a coal’s fixed
carbon content; this follows from the
fact that the higher the proportion of
FC in a unit of coal, the lower the quan-
tity of coal required to produce a unit of
coke, and to the crucible swell number
(CSN) and to the fluidity, which are in-
dicators of the coal’s coking ability."
At this point, it should be noted that the
steel industry normally broadly classi-
fies coal on the basis of its volatile mat-
ter rather than its fixed carbon content.
Although this may be confusing to
those outside the industry, the terms
can, with limited qualifications, be used
interchangeably to reflect the carbon
content of a coal; throughout this study,

I shall follow this convention. Hence, a
low volatile coal, denoted /vb (low
volatile bituminous), is a ”’good” coal
because it contains a high percentage of
fixed carbon. Furthermore, mvb and
hvb represent medium and high volatile
bituminous coals, respectively.

A coal possessing “good” coking
properties also yields a premium price,
everything else being equal. The term
coking properties, actually covers a
number of desirable attributes. Among
the more important are the two men-
tioned above, namely the coal’s fluidity
and swelling characteristics. The former
is an important element in producing a
”strong” coke since it facilitates the
bonding of carbon particles. It should
be noted that steel producers require a
strong coke in order to support the blast
furnace charge. The ”swelling” attri-
bute refers to the steel-makers desire to
produce a coke which maintains its bulk

42

density when heated at high tempera-
tures. This follows from the fact that ex-
cessive expansion may damage the blast
furnance walls; alternatively, excessive
shrinkage results in reduction of the
quality and quantity of output. It
should be noted, for future reference,
that important indices of fluidity and
swelling are the DDM and CSN or FSI
(free swell index) tests, respectively.”

In summary, it is apparent that an
ideal coking coal is one that possesses: a
low level of volatiles (Ivb), good coking
properties (hck), and limited quantities
of moisture, sulphur and ash. As might
be expected, the earth’s crust is not
heavily endowed with such coals; hence,
where they do exist, primarily in the
USA, they attract a premium price.
Therefore, in order to minimize produc-
tion costs, steel-makers resort to blend-
ing techniques and the Japanese are par-
ticularly skilled at this procedure. Thus
coals of various qualities are combined

to yield an acceptable coke. Although
most steel-mills blend 4 to 8 coals, the
Japanese reportedly combine 14 to 18
different products on a regular basis.

Indeed, it is by way of “blending”
techniques that the JSM has reduced its
dependence on high cost, low vola-
tile/high quality coking coals from the
US. It has done so by combining Ivb/Ick
coals from Western Canada, Australia
and the USSR, with hvb/hck coals, fre-
quently denoted as soft-coking/high
fluidity coals, from the USA, NSW,
South Africa, China, and domestic
sources. Although the primary purpose
of blending is to reduce utilization of
otherwise high cost coal, it also allows
Japan to reduce its dependency on any
single supplier to acceptable levels. Not
only does this contribute towards its
security of supply objective, but it may
also reduce prices by increasing com-
petition. Now, however, let us turn our
attention to another important issue —
technological change.

Raw Materials Report Vol 4 No 3



Technology

In this section, I shall first briefly
describe recent changes in steelmaking
technology and then shift to a cursory
examination of those aspects of future
technological change which could ma-
terially affect the utilization of coking
coal. As previously noted, the primary
method of making steel is the basic ox-
ygen furnace (BOF) process. It utilizes
coke to support the charge and to pro-
vide the heat and gases necessary for
pig-iron production. Its major compet-
itor is the electric arc furnace (EAF)
which utilizes either scrap metal or pel-
letized iron ore as its basic feedstock and
natural gas as its primary energy source.

For purposes of this study, the dis-
tinguishing feature of the EAF process
is that it does not utilize coke; thus, it
precludes the need for coking coal. In
this regard, it is important to note that
the proportion of steel production de-
rived from the EAF process has increas-
ed significantly in recent years; it climb-
ed from 17 to 23 per cent between 1975
and 1982." In Japan, the correspon-
ding figures are 16 and 17 per cent."
The EAF process possesses a number of
attractive attributes: low capital costs
per tonne of capacity; the availability of
small scale, yet efficient designs; and the
ability for many countries to utilize
domestic energy sources — primarily
natural gas.'® These observations are
supported by Goodman:

”Lower capital costs and greater
flexibility in scale-up options will
continue to favour the develop-
ment of scrap-based and direct
reduction-based electric steel-
making in many developing coun-
tries. Current costs for emplace-
ment of electric furnace — direct
reduction plants are about
450—650 USD on annual tonne
of crude steel production. Scrap-
based, electric arc furnace plants
are lower, with annual tonne
crude steel costs of 200—300

Raw Materials Report Vol 4 No 3

USD. This contrasts dramatically
with costs of integrated blast
furnace-basic oxygen steelmak-
ing complexes, where values are
1 200—1 500 USD on annual
tonne of crude steel production.
In addition, a minimum scale of
about 3 million tonnes of annual
steel plant capacity is normally
required for project optimiza-

tion?’ ¥

Hence, it is not surprising that most of
the replacement and incremental steel
capacity to be constructed over, say, the
next twenty years, is expected to employ
the EAF process.? Therefore, even if
future steel demand were to substantial-
ly exceed current expectations, the long-
term picture for coking coal will remain
bleak.

On a more positive note, the BOF pro-
cess is still anticipated to be the primary
production process for at least the next
two decades. It remains the most effici-
ent method for producing large quan-
tities of steel. Furthermore, significant
excess capacity prevails throughout the
industry and much of the current capital
stock, at least in Asia, is of relatively re-
cent vintage. This suggests that given
current demand forecasts, major new
investments in steel-making plants and
equipment cannot be justified on the
basis of traditional efficiency criteria,
for at least the next decade. The situa-
tion obviously changes thereafter as
current facilities deteriorate.

Unfortunately for coking coal pro-
ducers, a number of technical innova-
tions are being developed which suggest
that even if the BOF process remains the
dominant mode of steel-making, cok-
ing coal requirements may still decline
over time. However, before exploring
future developments, let us briefly ex-
amine other past innovations as they
have affected the demand for coking
coal.”!

The major finding is that the coking
coal market has been under attack for
decades, the effects of which have been

masked by an absolute increase in steel
production. For instance, all important
steel-making nations were able to sub-
stantially reduce their coke require-
ments per unit of crude steel over the
1963 to 1979 period. However, as a result
of the 1979 oil shock, most steel-makers
ceased using fuel oil as a supplemental
heat source, and switched to all-coal
furnaces. The result was a once and for
all increase in the use of coking coal. An
additional factor, although of lesser
importance than that described above,
has been the success of steel producers
in reducing, over time, the amount of
waste material produced in the process
of transforming crude steel into pro-
ducts. This point has been made rather
vigorously by Goodman:

”Almost unnoticed over the past
decade has been dramatic im-
provements in the yields of rolled
steel per unit of crude steel. For
example, in Japan the yield of
rolled steel from a given unit of
crude steel has improved by over 8
percentage points from 82.7 per
centin 1972 to an estimated 91 per
cent in 1982. This has been ac-
complished largely by wide scale
adoption of continuous casting
and improvements in steel rolling
techniques.”

Thus, less coking coal is required to pro-
duce a given quantity of finished steel.
Although these historically important
factors appear to be spent forces, new
developments are starting to seriously
threaten coking coal markets.

Recent activity has focused on ways
of utilizing greater quantities of non-
coking coal in the BOF process.” For
example, the JSM continues to increase
its reliance on pulverized coal injection
(PCI) techniques. This approach, which
utilizes non-coking coal, helps maintain
stability in the furnace. It has been
estimated that up to 10 to 15 per cent of
total coal requirements could be utilized
to produce pulverized coal.*

Another innovation, which has
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reached the early stages of implementa-
tion, is that of briquetting”’; this pro-
cess utilizes primarily non-coking coal
to produce coke. According to a senior
JSM official, this process could result in
non-coking coals providing up to 20 per
cent of total coal needs. Sumitomo
Metal Industries Ltd has reportedly
used this process since 1975 with some
success.”

A third innovation utilizes ”pre-
heated” coal in coke oven. Its advocates
claim that it could result in a non-
coking/coking coal utilization ratio of
approximately 30:70. However, the
future of this process is unclear; for in-
stance, Kinoshita states:

”We shall have to consider
whether this process can be im-
plemented when the coke oven is
to be replaced since the process
requires drastic reconstruction of
the coke oven in comparison with
the normal process.?

The final development to be considered
here is the use of ”formed” coke. Once
again, Kinoshita, the Senior Managing
Director of Sumitomo Metal Industries
Ltd reports:

”By this carbonizing process coke
is made with 100 per cent briquet-
ted coal. In the system, use of
non-coking coal amounting to
over 70—380 per cent of the total
coal feed is expected. At this stage,
the government and steel industry
are jointly proceeding with the
study of the process and a pilot
plant that has the capacity to
make 200 tonnes of coke per day
will start test operations in
19842 %

Although such developments have the
potential to virtually destroy the coking
coalindustry, it must be stressed that the
above discussion is based on technical,
not economic, feasibility. That is, the
cost savings generated by a greater
reliance on lower cost, non-coking coal
must be weighted against the increment-
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al expenditure required to convert the
coke ovens and blast furnaces to accept
the new technology. As discussed pre-
viously, the JSM is currently character-
ized by both excess capacity and rela-
tively new capital stock; hence, it is
unlikely that the current coking/non-
coking coal price ratio is sufficiently
large to trigger a major round of invest-
ment. Nevertheless, the situation will
change over the longer term as physical
deterioration of present facilities
necessitates major refurbishing activi-
ties; at this point, the incremental costs
of incorporating the new technology in-
to the BOF process should decline vis-a-
vis the current situation. Therefore,
assuming no radical change in the cok-
ing/non-coking coal price ratio, the
movement towards the use of nomn-
coking coal should be gradual but inex-
orable. The major impact of such initi-
atives should not be felt until after 1995.

In conclusion, it is apparent that it is
not the price of coking coal per se, but
its relationship to other types of coal,
that is the critical factor in determining
the rate at which non-coking coals are
substituted for the former. These same
facts can, however, be reinterpreted in
the following manner: there may exist
some room for coking coal prices to rise,
atleast over the short and medium term,
before the necessary impetus is given to
the wholesale introduction of “coking
coal-saving” technologies. Neverthe-
less, as noted above, the critical price
spread can be expected to diminish over
time as normal reinvestment decisions
are contemplated.

One further observation is warranted.
Most forecasts suggest a strong demand
for thermal coal over the next 15 to 20
years;?® indeed, one might expect the
price gap between coking and non-cok-
ing coals to narrow somewhat. If this
were to occur, the financial incentives to
the steel mills to substitute in favour of
non-coking coals could be absent. On
the other hand, thermal coal can be ac-
cessed from numerous supply points;
thus, if the JSM were concerned about

the possibility of cartelization of the
coking coal market, they might attach a
substantial “’security of supply” pre-
mium to thermal coals — enough to
warrant the capital outlays required to
implement the ”coking coal saving”
new technologies.

In conclusion, technological change
in the steel-making industry is an on-
going process. Over the past thirty
years, coking coal markets have been
steadily eroded by the increasing use of
mini-mills and improvements in the
BOF steel-making process. A brief ex-
amination of the future suggests that an
increasing share of world steel produc-
tion will be derived from electric arc fur-
naces, and that PCI technology will
become more widely employed within
BOF operations. Although the com-
mercial application of other technolo-
gies is somewhat problematical, especi-
ally if the coking/non-coking coal price
ratio does not increase, the possibility
obviously exists that new processes will
be adopted which will seriously erode
the coking coal market.

SUPPLY ISSUES

Cost comparison

Coking coal is extracted from both
underground (UG) and open-cut (OC)
mines. The former utilize long-wall and
continuous mining machines and, to a
more limited extent, hydraulic technolo-
gy; the latter rely on truck/shovel and
dragline extraction methods. In general,
the underground operations are higher
cost than the large-scale, open-cut pro-
jects. Furthermore, long-wall/UG and
open-cut mines are significantly more
capital intensive than the traditional
underground mines.

Firm-specific cost data is extremely
difficult to obtain. However, several
researchers have developed hypothetical
mine, country-specific models. Perhaps
the best known is the work of Barnett.*
He utilizes a disaggregated costing
model, set within a discounted cash-
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flow framework, to generate estimates
of the international competitiveness of
major thermal and coking coal pro-
ducers.

According to Barnett, Australia is the
world’s lowest cost producer of hard
coking coal, on a FOR and FOBT
basis.’! The Australian mines, especial-
ly those in Queensland, are large-scale,
mine thick single seams, and are located
between 100 and 300 kilometres from a
major port. In contrast, Canadian
mines, albeit also large-scale, face dif-

ficult climatic and geological condi-
tions. Furthermore, the western Cana-
dian mines face a 1 100 kilometre rail
haul from mine site to port. The situa-
tion in the United States is somewhat
different. The export-oriented coking
coal mines are located in the Appal-
achian region at an average distance of
800 kilometres from port. The mines are
generally small to medium scale, under-
ground operations.

Comparative cost data on the Austra-
lian, Canadian and US operations are

represented in Table 10. Note that
operating costs are somewhat lower in
Australia than in the US and Canada.
The capital charge, which reflects a per
ton levy necessary to yield a 10 per cent
real rate of return on investment, varies
primarily according to vintage of capi-
tal. In other words, the estimates are
based on historical rather than replace-
ment cost accounting concepts. The ef-
fect is that old operations, e g the
Utah/BHP, Westar and Fording mines
have a 8—11 USD/t advantage over new

Cost of Australian, Canadian and United States coal delivered to Japan

Table 10
(1983 USD/t)

Mine size
Region Gt
Australia
NSW, U/G, Old-Steam 1 000
NSW, O/C, New-Steam 3 000
QSLD, Old Opencut 4500
QSLD, New Opencut 3 000
Canada
South BC New O/C 5 500
South, BC new O/C 3000
North East BC, O/C 4 000
USA—Appalachia
Private O/C or U/G 200
Public Co Longwall 1500
USA Western-Steam
Utah Underground 1500
Colorada Opencut 3000
Powder River Basin 15 000

Note:

3U/G and O/C represent underground and open-cut mines, respectively.

Source:

Operating
cost, USD/t Capital Rail Port Cost: FOB Freight  Cost: CIF
FOR cost, USD/t USD/t USD/t port to Japan Japan
21 3 12 4.1 40.1 6.5 46.6
18.8 8 7.9 4.2 389 6.5 45.4
21.9 3 6.5 1.8 332 6 39.2
20.9 13 9.6 3.9 47.4 6 534
29.8 3 15.2 2.2 50.2 5.5 55.7
31.8 10.9 17 3.2 62.9 5.5 68.4
35.8 14.3 17.7 3.1 70.9 5.5 76.4
25 2 17 1 45 13 58
32.5 9.6 17 1 60.1 10 70.1
20 T2 22.2 6.6 56 7 63
13.1 3 28.7 6.6 514 7 58.4
7.2 1.6 27 3.5 39.3 7 46.3

D W Barnett, ”Rail Freight and the Cost of Australian and North American Export Coal”, Journal of Business Administration, vol 15,

no 1—2, 1985.
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entrants. Perhaps Australia’s biggest
advantage is in the area of freight rates;
the older Queensland mines have a 10
USD/t advantage over their Canadian
and American counterparts. The spread
is slightly lower for new Queensland en-
trants, due not to locational factors, but
to the perversities of the Queensland
government’s freight rate/rent extrac-
tion scheme. Australia’s comparative
cost advantage over its international
competitors is really much larger than
these data suggest, since it is widely
acknowledged that a substantial pro-
portion of current rail charges represent
a disguised tax levy.** After adjusting
for port loading charges, which are mar-
ginally higher in Australia then in the
other nations under assessment, Bar-
nett arrives at FOBT estimates which
reinforce the earlier claim that Australia
is the low-cost, coking coal exporter.
Note however, that there is little dif-
ference between Canada and the USA.
This statement no longer holds, at least
for the Japanese market, once sea-
freight charges are incorporated into the
analysis. It is now apparent that Cana-
dian producers gain a 5 to 7 USD/t ad-
vantage over their US competitors. In
conclusion, the 1983 CIF cost for cok-
ing coal in Japan substantially favours
Australian producers. Canadian opera-
tors, in turn, possess a small advantage
over US based mines.

The above estimates are presented in
terms of 1983 US dollars. Since that
time, the US dollar has appreciated
substantially  against both  the
Australian and, to a lesser extent, the
Canadian dollar. As reported in Table
11,%® the 1985 cost structure has swung
dramatically in favour of Australian
producers and marginally in favour of
Canadian operators vis-a-vis their
American competitors. In fact, from a
historical accounting perspective, the
new Queensland open-cut operators
possess a cost advantage over the old
Canadian mines.

It should be stressed, once again, that
Queensland and Canadian producers,
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in general, produce similar quality
coal;* thus the Australian price advant-
age reported herein is “’real”’, The situa-
tion with respect to US production is
somewhat different. US coal is generally
superior in quality to the lvb/mvb
Australian/Canadian output. Never-
theless, a strict comparison of low
volatile coals reveals that US coals are
still uncompetitive in the Japanese
market. In fact, Barnett estimates that
at current prices, the old Queensland
producers earn a profit of 23.5 USD/t
on sales to the JSM; even the new
Queensland producers earn a reason-
able profit of 6.2 USD/t. In contrast,
Canadian producers, as a group can be
described as marginal: the old pro-
ducers generate a small profit of ap-
proximately 5 USD/t, but the others
face difficult times. Although Bull-
moose and the new mines in southeast
British Columbia are deemed to gener-

ate a small profit and a neglible loss
respectively, the long-term picture is
much more severe. This is due to the fact
that the JSM is currently paying a hefty
premium for coal from these mines
which is equivalent to that produced by
the old southeast BC producers. Hence,
if the JSM continues to force the new
producers to accept price cuts in order
to bring their prices into line with world
prices, then all Canadian coking-coal
producers, save Balmer, Fording and
Luscar, will face serious financial dif-
ficulty. The data also indicate that the
situation with respect to US producers is
equally depressing.

Other supply issues

In the preceeding analysis, I focused on
the three leading coking coal exporters:
Australia, Canada and the USA. This
was done, in part, for the reason that

Table 11

Gross margin of coking coal exporters in 1985

(USD/t, FOB producer port)

Mine type Price
Queensland

Old opencut 52.0
New opencut 45.0
Canada

Old southern 50.5
New southern 57.0
Bullmoose 64.7
Quintette 67.8
USA Appalachia

Medium Volatile 55.6
Low Volatile 51.0

Breakeven Gross profit
cost (loss)
28.5 23.5
38.8 6.2
45.7 4.8
57.1 0.1)
62.6 2.1
79.4 (11.6)
63.0 (7.4)
58.0 (7.0)

Donald W Barnett, ”Export coal Costs in Australia, Canada, South Africa and the USA”,

Materials and Society, vol 9, no 4, 1985.
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The high dependency of the Japanese
market is a distinguishing feature of the
Canadian coking coal industry. Photo
shows coal port at Roberts Bank, BC,
which handles 80 % of Canada’s coal
export. The port is owned by Westar
Mining, a Canadian-Japanese joint
venlture.

they are the dominant suppliers. How-
ever, other reasons were also important,
the primary one being that this study
focuses on countries within which sales
are made by individual producers. In all
other nations, including South Africa,
coking coal exports are handled through
a collective selling agency. Furthermore,
with the exception of South Africa, cost
data is unavailable on the other impor-
tant exporters into the Pacific Rim,
namely the USSR, China, and Poland.

Future supplies of coking coal are
unlikely to be constrained by resource
limitations. First, substantial excess
capacity existed throughout the in-
dustry in 1983; the situation in 1985 is
probably one of even greater capacity
overhang due to the opening in 1984 of
major projects in Australia and
Canada. The reader should note, for
future reference, that most of the in-
dustry’s excess capacity exists in

Australia, Canada and the USA. Furth-
ermore, both Canada and Australia are
capable of adding substantial capacity
at relatively low-cost within a 3- to
5-year horizon. The expression “rela-
tively low cost” refers to the fact that the
existing infrastructure is capable of
handling significantly more tonnage. It
should also be noted that operating and
capital costs for new ventures should be
roughly equivalent to those associated
with recently constructed mines. Re-
phrased, Australia, on the basis of
rational economic decision-making,
should retain its position as the world’s
largest exporter under virtually all
plausible demand scenarios. Canada,
while higher cost, also has the potential
to expand output in the Pacific Rim and
Latin America, especially if purchases
continue to place emphasis on supply
diversification and political security.
The possibility of new entrants in the

sea-borne export coking coal trade is
obviously a concern to existing sup-
pliers. However, as discussed previously,
most market forecasts covering the
1985—2000 period, suggest otherwise.
This is probably attributable to the fact
that prices are expected to remain at cur-
rent levels, in real terms, over the
foreseeable future. Thus, unless ex-
tremely low cost reserves are discovered,
it is unlikely that new projects could be
justified, especially if projects must also
bear some infrastructure costs.

Let us now consider the situation fac-
ing traditional suppliers. The USA has
the potential, both in the short and
long-term, to be a dominant supplier.
Indeed, the US has, at times, exported
approximately 60 Mt/year; this is in
contrast to its current level of 45
Mt/year. Its problem in the short-term is
one of high operating costs and relative-
ly long distances to the Asian market. In

Raw Materials Report Vol 4 No 3
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summary, the major role of the US is as
a swing supplier.
The South African situation deserves

a brief comment. Although it is un-.

doubtedly the world’s lowest cost ther-
mal coal producer, and a major exporter
of such coal, South Africa'possesses
limited quantities of coking coal. In
fact, only soft coking coals are available
for export with quantities limited to
about 3 Mt/year. According to some
observers, limited growth potential ex-
ists. However, if the steel industry in-
creasingly moves towards the use of
non-coking coals, then South Africa
becomes a major threat to Canada and
other high cost producers.

The USSR and China, from a re-
source perspective, are capable of dra-
matically expanding their exports of
metallurgical coal. Although some ex-
pansion is currently underway in the
USSR, industry officials do not en-
visage a dramatic increase in exports by
either nation over the next decade.”
Both countries require major in-
frastructure developments before being
able to do so. Furthermore, domestic
industrialization plans, especially in
China, should preclude the release of
vast quantities of coking coals on to the
export market. Finally, for political
reasons, it is unlikely that Japan and the
market oriented NICs would tie them-
selves too closely to either the USSR or
China. Nevertheless, so little is known
about the long-run objective of these
countries that it would be foolhardy to
ignore them as potentially serious com-
petitors.

In summary, Canada, Australia and
the USA will remain the major suppliers
in hard coking coal export market over
the foreseeable future. If anything, one
might expect the former two countries
to improve their positions at the expense
of the USA. However, given the impor-
tance of supply diversification and
balance of payments objectives, it is
possible that the US might achieve
larger sales than that predicted by ra-
tional economic models.
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Conclusion

In this paper I have attempted to provide
the reader with a cursory knowledge of
the institutional factors shaping the
present and future environment of the
coking coal export market. It was shown
that the future prospects for the in-
dustry are not optimistic. For example,
both steel and coking coal demands are
expected to grow by less than 1 per cent
per annum over the next 15 years. Furth-
ermore, the Japanese market, the desti-
nation of approximately 65 to 70 per
cent of Australian and Canadian coking
coal exports, is expected to shrink,
albeit modestly. Recent exchange rate
movements have strengthened Austra-
lia’s position as the low-cost supplier to
the Pacific Rim. Although Canadian
suppliers are only marginally profitable
— if at all — they are reasonably well
situated to maintain their position in
this market. Nevertheless, if metallurg-
ical coal markets were truly competitive,
then Canada would clearly be vulner-
able to predatory pricing by Australia.
However, the Japanese procurement
strategy clearly takes many factors, in
addition to current selling price, into its
decision-making claculus.
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