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ABSTRACT

Use of U.S. coking coal in the Japanese iron and steel 
industry severely declined over the years 1970 to 1985.
Also apparent in the trade pattern are large annual 
fluctuations in U.S. market share and tonnage. Linear 
regression analysis reveals that traditional economic 
factors, such as the price of U.S. coking coal, have not 
overwhelmingly Influenced annual imports of U.S. coal, on 
either a nominal price basis or relative to the price of 
competing coal. In fact, U.S. coking coal price, relative 
to Australian, Canadian, and South African coal price, 
improved some 50 percent over the study period. Linear 
regression suggests that annual levels of U.S. coal can 
best be explained by the role of the United States as 
marginal supplier to Japan. Japanese concerns over 
security of supply in the 1970s stimulated a country 
diversification policy. Initial high dependency on U.S. 
coal, as well as a high U.S. price, induced Japanese steel 
makers to reduce the use of U.S. coal except when 
necessitated by a surge in demand. The ability of the 
United States to increase exports on short notice 
reinforced its position as swing capacity.

New technological developments in the 1970s served as

ill
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a basis for steel mills to diversify away from premium 
grade U.S. coal in the blast furnace, and consequently 
widened the range of coal available for use. Inferior 
quality coking coal and steam coal are now used to make 
coke. Japanese efforts to support development of new 
overseas coking coal projects, by way of long-term 
contracts and minor equity positions, also stimulated 
previously unavailable supplies. In addition, collusive 
buying practices by the steel industry have resulted in 
more favorable prices for the Japanese since the mid 1980s. 
Overall, Japanese policies and practices ultimately 
produced excess world supplies and lower prices, but these 
practices can be viewed as an effective strategy to ensure 
against the problems and concerns of the 1970s.

The future of U.S. coking coal in Japan appears dismal 
as slow world economic growth has curtailed Japanese steel 
production, and a currently strong yen is accelerating the 
secular decline in the industry. With U.S. coal 20 percent 
more expensive than competing coals, and a recent emphasis 
on efficient price levels, it is doubtful that U.S. coal 
will improve market share or tonnage in the near future.

iv
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Chapter 1 
INTRODUCTION

Without the availability of foreign coking coal, the 
Japanese steel industry could not have developed to its 
full potential, since Japan has little resources of its 
own. Imports typically account for greater than 95 percent 
of total coking coal consumed in Japan. Traditionally, the 
United States has served as a major source of coking coal 
for Japan. From the 1950s to about 1970, the United States 
satisfied a dominant portion of Japan's coking coal needs, 
figuring at least 40 percent in the import profile. In the 
1970s, the Japanese began to diversify coking coal 
purchases away from the United States. By 1985, U.S. 
market share had declined to 18 percent of total Japanese 
coking coal imports.

In view of the decline of U.S. coking coal in the 
Japanese market, the objectives of the thesis are 
threefold : 1) to explore forces driving market share of
U.S. coking coal in Japan over the 1970 to 1985 period, 2) 
to discuss strategies employed by the Japanese to reduce 
use of U.S. coal, and 3) to suggest the most likely future 
scenario U.S. producers can expect in the Japanese market. 
An understanding of these issues is of general interest for
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several reasons.
U.S. exports most directly affect the profit status of 

U.S. coking- coal producers and the local economies of 
coal—producing regions. Through the mid 1970s, exports to 
Japan accounted for from 40 to more than 50 percent of 
total U.S. coking coal exports; by 1985 this figure was 
reduced to 23 percent (International Coal 1986). Although 
the importance of Japan has diminished, it still remains as 
the largest single market for U.S. producers.

U.S. coal exports to Japan are also considered at a 
politically sensitive time in U.S.—Japanese trade 
relations. Japan's 1986 trade surplus of $51.5 billion 
with the United States, and the 1986 U.S. current account 
deficit of $140.5 billion are of concern for many people 
(WSJ 1987a). U.S. coking coal exports to Japan for 1985, 
while not a significant product compared to items such as 
electronics, were worth $1 billion when valued at 150 yen = 
$1.00 (Japan Tariff Association 1986).

In addition to these specific points, the thesis can 
be considered a case study of factors that motivate trade 
patterns, with Japan's imports of coking coal as the focus. 
Both economic and noneconomic forces are examined in 
formulating a rationale to explain the historical pattern 
of imports for U.S. coking coal in Japan.
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1.1 Approach

In order to make a sound statement about the future of 
U.S. coking coal in Japan, an examination of historical 
trends and motivations underlying the trade pattern is 
conducted. The analysis considers Japanese imports of U.S. 
coking coal from two different rationales: the trade
pattern as influenced by price factors, and as influenced 
by nonprice factors. To determine which factors are most 
important. Chapter 2 tests two hypotheses through linear 
regression models.

Hypothesis I: Price is mainly responsible for
determining U.S. market share of coking coal in Japan.

Hypothesis II: Diversification away from U.S. coal is
the most important factor driving U.S. market share; hence, 
the United States has served as the marginal supplier.

In the linear regression analysis, a decision 
criterion at the 90 percent probability level is establish
ed to decide whether results are statistically significant. 
Hypothesis I is tested for the years 1970 to 1984 (1985 
data were unavailable), and Hypothesis II for 1970 to 1985. 
In testing Hypothesis I, only the prices of coal from major 
exporting countries to Japan are considered along with the 
United States— Australia, Canada, and South Africa.
Besides satisfying 92 percent of Japan's coking coal needs.
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these countries represent the free market economies 
compared with the USSR, the People's Republic of China 
(PRC), and Poland which are not considered in the 
regression analysis.

Two sources supplied the majority of data for the 
various regression analyses. The Coal Manual. the "bible" 
of Japanese coal statistics, published on an annual basis 
by the Tex Report, provided comprehensive data on coal 
consumption by the Japanese iron and steel industry. This 
source is also exploited heavily by the large trading 
companies in Japan. Chapter 4 uses official import data 
that classifies coal according to quality type and country 
of origin in Japan imports and exports; Commodity bv 
country.

The first hypothesis argues that trade can largely be 
explained in terms of a competitive market model controlled 
by traditional economic forces such as price. If price is 
the motivating factor, Japan will import the lowest cost 
coal and minimize the total cost of imports. As the cost 
of U.S. coal increases relative to competing coals, the 
Japanese will import less U.S. coal and more coal from 
other countries. Likewise, if U.S. coal declines in 
relative price, use of U.S. coal will increase in Japan 
relative to competing coal.

Several assumptions should be noted for Hypothesis I.
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U.S. coal and competing coals are close but not perfect 
substitutes ; U.S. coal is superior in quality because of 
lower ash and sulfur and higher coking potential. Second, 
price fluctuations may not lead to immediate changes in the 
Japanese import pattern because of long-term contracts, 
short—run supply inelasticity, and uncertainty as to the 
lasting effects of price movements.

Studies on coking coal trade are fairly sparse in the 
economic literature. One study (Reddy 1976) measured price 
elasticities for U.S. market share in the Japanese coking 
coal market as a function of U.S. price relative to 
Australian coal price over 1956 to 1973. Short and long 
run elasticities of U.S. market share were calculated for 
that time range at —0.04 and —1.29, respectively, 
suggesting that a 10 percent increase in the price of U.S. 
coal, relative Australia, would cause U.S. market share to 
decline by 12.9 percent in the long run.

The second hypothesis asserts that Japanese imports of 
U.S. coking coal have been controlled largely by nonprice 
factors such as security and diversity of supply. Japan's 
deficiency of natural resources has triggered concern over 
supply security and vulnerability. Japan, one of the 
industrial giants of the world, has almost no mineral or 
fuel commodities of its own, and therefore "Judges the 
security of its economy by the stability of its mineral
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supplies”* (Kolenda 1985). Different kinds of risk are 
inherent in Japan's situation: supply interruption from
physical shortages or political instability, price 
instability or uncertainty, and loss of consumer bargaining 
power from a high degree of dependency on one supplier 
(McMahon and Harris 1983).

The 1970s represent an era that aggravated concerns 
over security of supply. President Nixon's decision to 
embargo soybeans to Japan in the early 1970s injured the 
reputation of the United States as a reliable supplier in 
the eyes of Japan. In a more related instance, the OPEC 
oil pricing policies of the 1970s, and the coinciding 
increase in coal prices, painfully reminded the Japanese of 
their complete dependence on foreign energy sources.

Economic literature has stressed the importance of 
nonprice factors in explaining international trade patterns 
for mineral commodities. Dernier and Tilton (1980) 
specifically noted the prevailing influence of ownership 
ties, political blocs, long-term contracts, the neighboring 
—country phenomeon, product differentiation, and finally, 
distance. While factors such as ownership ties and 
long-term contracts may be a primary determinant of trade 
patterns, they may also be applied as leverage to help 
establish or increase the momentum of trade in a desired 
direction. However, an examination of the direct influence
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of these factors is beyond the scope of this study.
After considering the two hypotheses, the thesis 

discusses strategies used by Japan in public and industrial 
policy and in technology to diversify coal imports away 
from the United States. Measures include overseas 
development of coal resources by the way of long-term 
financing and contractual arrangements as discussed in 
Chapter 3. The institutional arrangement between 
government and the industrial sector is also examined. 
Besides promoting development of a foreign coking coal base 
in the 1970s, Japanese steel mills embarked on a national 
R&D effort concentrated to 1) decrease the amount of high 
quality U.S. coal necessary in a coking coal blend and 2) 
increase the quality range of coals acceptable in the 
coking process. As a result, technical developments cut 
input costs and allowed pursuit of a country diversifica
tion scheme. Chapter 4 is devoted to a survey of trends in 
coal quality and technical advances.

Upon completing the analysis of factors influencing 
U.S. market share in Japan and the review of contributions 
from Japanese policy and technology, the future of U.S. 
coking coal in Japan is addressed in the concluding 
chapter. Questions persist as to whether U.S. market share 
will remain at the present low level, or whether it will 
continue to erode over time. Yet, factors such as the



T—3386 8

political attention given to the ever—widening trade 
imbalance between the United States and Japan, and the 
continual slide of the U.S. dollar against major world 
currencies raise optimism in U.S. producers for recapturing 
some portion of the Japanese import market.

1.2 Historical Trends in Demand

The economic factors influencing Japanese demand for 
U.S. coal are the quantity of pig iron produced, the price 
of U.S. coal, and the price of competing substitute coals. 
Overwhelmingly, Japanese demand for coking coal is derived 
from the demand for coke in blast furnace steel production. 
In 1984, about 98 percent of imported coking coal was 
consumed by blast furnace and coke making activities as 
pointed out in Table 1.1. Owing to the almost exclusive 
consumption of coking coal by the iron—producing sector, 
this study ignores other consumers, analyzing use with 
respect to Japanese steel mills only. Also, it is the 
steel mills that control crucial decisions on contract 
terms such as source, price, and delivery (Yoehino and 
Lifson 1986).

Historically, the quantity of imported coking coal has 
strongly paralleled pig iron production for two reasons :
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Table 1.1 Coking coal consumption in Japan by industry

CT 1984
thousands of metric tonnes Domestic Imported Total

Blast Furnace Steelmaker 2687 (66 X) 62241 (92 X) 64928 (91 X)

Cokemaking Industry 914 (23 X) 4023 (6 X) 4937 (7 X)
Briquet Industry 1 1 2
Other Steelmakers 1 236 237
Gas Industry 413 780 1193
Other Mfg. Industry 15 39 54
Chemical Industry - 7 7

Ceramics/Earthenware Industry 2 - 2
Others 8 - 8
Exports 5 - 5

Total Industry 4046 67327 71373

Source: Coal Manual. 1985. Tokyo: The Tex Report.
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1) coke, made through carbonization of coking coal, le an 
integral ingredient in the blast furnace and 2) Japan has 
little domestic coal resources of its own. The relation
ship between imports of coking coal and production of blast 
furnace pig iron over a twenty—year period is delineated in 
Figure 1.1. On occasion, pre—1970 data are incorporated 
into the thesis to give a broader view of the trend within 
the principal study period, 1970—85.

Rapid expansion of the Japanese steel industry, up to 
1974, was fueled by a matching level of new imports. At 
its peak in 1973, the industry produced 90 million tonnes 
of blast furnace pig iron and 120 million tonnes of total 
crude steel. Likewise, coking coal imports reached a peak 
for the decade at 62.5 million tonnes in 1974 as 
illustrated in Figure 1.1.

With the first OPEC oil shock of 1974 and the ensuing 
global recession, growth in the Japanese economy was 
severely restrained by high dependence on imported oil and 
reliance on exports of steel abroad. Steel activity, 
concurrent with coal imports, slowly declined through 1979, 
with a particularly bad year in 1978. Just as the industry 
appeared to regain ground, the second OPEC price increase 
of 1979 again induced world recession causing Japanese 
crude steel output to tumble. By 1983, blast furnace pig 
iron reached a ten—year low, and total crude steel dipped
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below the 100 million tonne mark.
In spite of the downturn in the iron and steel 

industry, imports of cokin* coal experienced vigorous 
renewal after the second OPEC episode. By 1984, imported 
coal reached a record of nearly 70 million tonnes. A 
national campaign by steel makers eliminated consumption of 
costly heavy oil In the integrated steel plant, and 
increased the use of coke in the blast furnace, as well as 
coke gas in downstream activities. In Figure 1.1 this 
practice is reflected by the movement of the two curves 
together, with a narrowing of the gap between tonnes of pig 
iron produced and tonnes of coal imported. A similar size 
gap exists for the pre—1970 period, although no data can be 
found to substantiate the claim that fuel oil was used less 
intensively than in the 1970s.

Since the switch away from fuel oil in the blast 
furnace was completed by 1982, no further Increase in the 
intensity of coking coal use can be expected. Coking coal 
consumption is predicted to experience slow growth or to 
remain basically flat for the remainder of the century as 
Japanese crude steel production hovers around the 100 
million tonne level (Gordon 1984). General low levels of 
world economic growth in the 1980s, combined with the rise 
of new steel industries in developing countries— Brazil, 
South Korea, Mexico, Taiwan— continue to reinforce the
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secular decline of basic steel production in Japan. Figure
1.1 clearly shows a trend towards lower production of blast
furnace pig iron.

Furthermore, the steep appreciation of the Japanese
yen against the American dollar, by more than 55 percent
between September 1985 and March 1987, has seriously
impacted the profitability of major export industries such
as steel and automobiles. Recently, a major restructuring
of the Japanese economy was initiated by business leaders,
inevitably to produce fundamental changes. The Wall Street
Journal (1987a) reports

The clearest signal came when Nippon Steel 
announced the closing of five major blast 
furnaces and the elimination of 19,000 jobs 
over four years. To cope with losses that 
may reach $700 million . . .

Nippon, the world's largest steel concern, eventually plans
to reduce its steel sector to 50 percent from the current
80 percent. Likewise, Kawaski Steel, the third largest in
Japan, plans to reduce capacity by 30 percent (WSJ 1987b).
In September 1985, blast furnace capacity stood at 128
million tonnes, a reduction of 6 percent from the previous
year (Coal Manual 1986). Dismantling of additional
capacity appears imminent and may cause coking coal imports
to dip below the current view of future flat consumption.



T—3386 14

1.3 Importe by Country Source

Imports of U.S. coking coal to Japan can be considered 
In either of two ways, by relative market share or by 
absolute quantity. Figure 1.2 presents both of these 
viewpoints for the United States over a twenty—year period. 
U.S. coal has traditionally served as a major feedstock for 
the Japanese steel industry. From 1967 to 1971, and again 
in 1974, the United States ranked as number one exporter to 
Japan. At these times, annual market share fluctuated 
between 41 and 52 percent, in the range of 10 to 25 million 
tonnes. Figure 1.2 shows two obvious trends in U.S. 
exports to Japan during the study periods 1) U.S. market 
share has experienced a noticeable decline, and 2) large 
fluctuations occur on a short—run basis.

Simple linear regression analysis was used to test the 
significance of the long-run trends in U.S. coal over 
1970—85. Both the quantity of U.S. exports to Japan 
(USQUAHT) and U.S. market share (USHARE) were individually 
regressed against a time variable (YEAR). The results show 
that USHARE is statistically significant with YEAR in a 
negative manner at the 99.5 percent probability level, 
indicating strong deterioration of U.S. market share over 
the study period. The second test verifies, at the 
decision criterion of 90 percent, that quantity of U.S.
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exports (USQUANT) has also declined over time.
From the regression analysis and Figure 1.2, it can be 

concluded that annual U.S. market share has fluctuated 
about a strongly declining long-run trend, and U.S. export 
quantity has fluctuated around a less steeply declining 
long-run trend. The difference between the two trends can 
be partly explained by growth in total Japanese imports 
that was satisfied by U.S. competitors of coal.

USHAREt = 26 - 0.0132 TEAR^
std. deviation 0.0037 
t—ratio — 3 .55
R2 0.474

0.0684
USQUAHTt = 722872 - 356 YEARt
std. deviation 249
t—ratio 1.43
R2 0.128
8 4583
Critical t—ratio = 1.35
at 90 percent probability and 14 d.f.

Table 1.2 expands the analysis and specifies Japanese 
imports by country of origin. The United States, 
Australia, and Canada together accounted for 85 percent of
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Table 1.2 Japanese imports of coking coal, customs—cleared 
by country source

Calendar South
Tear Australia Canada USA Africa USSR PIC Poland Other Total

By thousands of metric tonnes

1965 6620 751 6904 - 1149 475 - 5 15904
1966 6053 838 7068 - 1477 657 - 128 18221
1967 8983 815 10117 - 2220 891 - 1004 24030
1968 11985 993 14229 - 2667 66 - 1027 30967
1969 15543 929 19064 40 3057 - - 1229 39862
1970 16471 3216 25240 20 2801 - 893 126 48767
1971 16595 6614 18480 - 2449 - - 1201 45339
1972 20560 7674 16542 18 2501 - - 1225 48520
1973 24914 10321 16539 80 2724 - 1221 24 55823
1974 22800 9569 25400 122 3194 4 1206 157 62452
1975 22787 10665 22419 153 3123 - 1078 481 60706
1976 26040 10297 1 7455 754 3035 17 970 555 59123
1977 26013 10763 15179 2326 2872 6 786 527 58472
1978 24492 10871 8869 2373 2304 272 564 356 50101
1979 26039 10464 13512 2244 2200 749 553 357 56118
1980 25782 10581 19234 2883 1883 988 388 77 61816
1981 29128 9554 21571 2962 1133 1161 65 183 65757
1982 25407 9536 23910 3307 1107 1367 - 236 64870
1983 28175 10261 14717 2986 1480 1891 - 324 59834
1984 29830 15423 15319 4571 1667 2007 - 523 69340
1985 30349 16824 12793 4475 2927 2067 - 708 70143

By Bartet Share (X)

1965 41.6 43.4 - 3.0 - -

1966 44.2 38.8 - 3.6 - 0.7
1967 37.4 42.1 - 3.7 - 4.2
1968 38.7 45.9 - 0.2 - 3.3
1969 39.0 47.8 0.1 - - 3.1
1970 33.8 51.8 - - 1.8 0.3
1971 36.6 40.8 - - - 2.6
1972 42.4 34.1 - - - 2.5
1973 44.6 29.6 0.1 - 2.2 -

1974 36.5 40.7 0.2 - 1.9 0.3
1975 37.5 36.9 0.3 - 1.8 0.8
1976 44.0 29.5 1.3 - 1.6 0.9
1977 44.5 26.0 4.0 - 1.3 0.9
1978 48.9 17.7 4.7 0.5 1.1 0.7
1979 46.4 24.1 4.0 1.3 1.0 0.6
1980 41.7 31.1 4.7 1.6 0.6 0.1
1981 44.3 32.8 4.5 1.8 0.1 0.3
1982 39.2 36.9 5.1 2.1 - 0.4
1983 47.1 24.6 5.0 3.2 - 0.5
1984 43.0 22.1 6.6 2.9 - 0.8
1985 43.3 18.2 6.4 2.9 1.0

Source : Japan Tariff Association. Japan exports and
imports : Commodity bv country. Tokyo: various 
issues.
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Japan's Imports in 1985, with four additional minor 
suppliers— South Africa, USSR, PRC, Poland.

Australian coal has experienced slow and steady growth 
in the Japanese market, permanently overtaking the number 
one position of U.S. coal in 1975. Also, Canada, South 
Africa, and PRC have increased their respective market 
shares at the expense of the United States. The year 1985 
marked the first time that Canada exported more coal to 
Japan than did the United States.

The U.S. coal industry, characterized by private 
ownership and a large number of producers, is highly 
competitive. No one firm controls more than 15 percent of 
any market (Gordon 1984). Barriers to entry are low as 
evidenced by the ability of hundreds of small and medium 
size mines to renew production upon a large increase in the 
coal price. In 1985, U.S. coking coal exports to Japan 
originated from approximately 37 coal companies, consisted 
of about 68 different brands, and were handled through 31 
different shippers.

Intense competition and fragmentation of U.S. 
suppliers tends to reinforce a current world trend of a 
buyer's market in the U.S.—Japan relationship. Coal 
contracts tend to favor the coal buyer relative to the 
seller in light of the current world oversupply. Short
term contracts and spot market sales of U.S. coal to Japan
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have been the general rule, although several long-term 
contracts were negotiated with Japan In the 1980s.

Unlike the United States, the Australian coal Industry 
has been developed primarily as export capacity. Over 50 
percent of total coal produced is shipped abroad, equal to 
12 percent of Australian export revenue. Needless to say, 
coal exports are considered paramount to Australia's 
economic well-being.

The coal industry of Australia is highly concentrated, 
dominated by large transnational mining and oil companies. 
As a result, a large percentage of investment capital is 
foreign—derived. Japanese trading companies often hold 
equity in coal projects, typically up to 20 percent.

The international orientation of the Australian 
industry has helped to establish its role as principal 
supplier to the Pacific rim countries. Moreover, 
individual projects are increasingly tied to long-term 
export contracts, securing the necessary market commitments 
prior to development. Consequently, Australian exports 
enjoy greater stability, a competitive advantage in view of 
current world oversupply of coking coal.

Australia is not without its problems. While the 
number of owners and operators in the coal industry is 
small, the opposite is true about the organization of 
labor. Thirty—three unions exist in the chain from coal pit
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to ship. Labor unrest has been a marked feature of many 
Australian industries, and is viewed as potentially 
damaging to Australia's reliability as a coal supplier.

Another controversial issue facing Australia is 
excessive government interference in the coal industry. 
Government, at both state and federal levels, has succeeded 
in acquiring a large share of the rents accruing to 
minerals projects. Multiple government taxes and levies 
have dramatically increased the cost of exporting coal. 
Lastly, government—imposed export controls have sometimes 
created chaos and complications in the shipping of coking 
coal to Japanese steel mills.

Canada's coal industry is much less concentrated than 
those of Australia or South Africa. Nine major firms 
account for 95 percent of all coal produced in western 
Canada (Patching 1980). All coking coal exported to Japan 
comes from British Columbia and Alberta. The industry is 
clearly divided between export and domestic producers, but 
a high degree of local autonomy is retained over coal 
operations. In the 1980s, Japanese equity in coal projects 
has grown rapidly, along with participation from multi
national resource companies.

Similar to Australia, the South African coal industry 
is highly concentrated by large mining companies, and 
organized by way of trade associations. Large scale export
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of coal Is relatively new In South Africa, although 
concentration Is on steam coal. Coking coal exports remain 
relatively small and are not expected to increase. Coal Is 
viewed as a strategic Industry; production and export of 
coal are strongly controlled by the South African 
government. Only low quality blending coal Is available 
for export to Japan as exports of high quality coking coal 
are in short supply and thus prohibited by law. Fiscally, 
the South African government favors coal development ; no 
royalty payments exist and taxes are minimal. The Japanese 
government has discouraged equity participation by its 
domestic companies In South Africa (TBS 1984).

Other minor suppliers of coking coal to Japan— USSR, 
PRC, Poland— have enormous potential to export, yet severe 
constraints withhold each country from becoming a major 
exporter to Japan for at least the next twenty years. For 
the USSR and PRC, internal consumption and lack of 
appropriate infrastructure restrict export amounts.
Poland, on the other hand, has been plagued with political 
problems and labor unrest which have ultimately blocked 
exports of its competitively priced coal to Japan. Hard 
currency earnings are the main enticement for all of these 
countries to export coal to Japan.

Although Japan has imported coal from a wide variety 
of countries, the United States, Australia, and Canada
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remain the most Important sources. The analysis In the 
next chapter considers these countries, along with South 
Africa, In testing the significance of price and diversity 
of supply for Japanese Imports of U.S. coking coal.
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Chapter 2 
PRESENTATION OF HYPOTHESES

The two hypotheses tested through linear regression 
analysis as an effort to explain the forces driving 
Japanese imports of U.S. coking coal are

Hypothesis I: Price is the dominant factor influenc
ing U.S. coal in Japan.

Hypothesis II: Diversity of supply is the major
consideration in Japanese imports of U.S. coal.
Following testing of Hypothesis I, an appraisal of the 
relative cost structure for the major exporting countries 
is made— United States, Australia, Canada. After testing 
Hypothesis II, an explanation for the role of the United 
States as the marginal supplier to Japan is given, along 
with a historical account of events.

2.1 Coking Coal Price

Price is often noted as an important factor in the 
purchasing decisions of Japanese steel mills for imported 
coking coal. Trends in international coking coal price 
have generally coincided with trends in world oil price.
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but without good statistical correlation (UN 1985). Japan, 
as the world's largest importer of coal, was particularly 
hard hit by high prices of the 1970s (Figure 2.1).

The oil crisis precipitated by OPEC in 1973 under
scored Japan's vulnerability to price fluctuations in the 
fuel minerals. Oil prices skyrocketed, and, in response, 
world demand for coal soared as a less expensive substitute 
for oil. In Japan, the situation was further aggravated by 
peak levels of domestic steel production requiring record 
high imports of foreign coking coal. Coking coal prices 
pushed upwards as an indirect result of the OPEC restric
tions, along with supply instabilities and interruptions in 
Australia and later in Poland. The 1974 yearly average CIF 
price of all imported coking coal in Japan increased 188 
percent over the previous year, while U.S. coal increased 
209 percent and Australian coal increased 151 percent (ISIJ 
1985).

Imported coking coal price again surged some 20 
percent from 1977 to 1982 in Japan as a result of the 
second OPEC shock and other political tensions in the 
Middle East. Since its 1982 peak, nominal price has 
continually declined, most likely due to world oversupply 
and the resultant buyers market conditions. In real terms, 
the average price paid by Japanese steel mills has declined 
by about 40 percent since 1977 (Anderson 1987).
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Figure 2.1 Annual average price of coking coal CIF Japan 
Source: Coal Manual. 1985. Tokyo : The Tex Report.
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2.1.1 Hypothesis I - Price

The question examined is, to what extent can changes 
in U.S. exports of coking coal to Japan over time be 
explained by fluctuations in the price of U.S. coking coal? 
In other words, how important are changes in annual price 
in the decisions of steel mills to purchase U.S. coal?

Both U.S. market share and export quantities are seen 
to experience strong volatility on a short—run basis in the 
Japanese market, but exhibit different long-run trends (see 
Figure 1.2). U.S. market share has declined significantly 
over time, while the quantity of U.S. coal has fluctuated 
around a less steeply dipping trend. Because of this 
difference, models were constructed to test the effect of 
price on each variable.

Price was represented in one of two ways, nominal 
U.S. price (USPRICE) or U.S. price relative to major 
competitors (RELPRICE), as found in Table 2.1. Generally, 
U.S. price was expected to correlate in a negative 
direction with the level of U.S. coal on the basis that 
Japanese steel mills would decrease the proportion of U.S. 
coal in a coke blend if U.S. price increased relative to 
competing coals.

One—year lagged versions of the price variables were 
also tested in the models. Because price and quantity
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Table 2.1 Average Import prices of coking coal CIF Japan
<U.S.$ per tonne)

FT O.S.
Relative

U.S. Australia Canada USSR Poland
South

Africa PRC AVERAGE

1970 26.26 1.74 15.42 16.60 15.75 16.92 21.32
1971 27.47 1.61 16.07 20.04 18.37 22.09 - 11.76 21.36
1972 28.88 1.58 17.46 21.07 19.52 24.42 17.28 - 21.97
1973 33.42 1.53 21.48 22.88 21.29 25.94 19.31 - 25.64
1974 74.45 2.22 32.87 35.20 39.49 44.83 40.47 - 50.99
1975 70.22 1.50 44.02 54.03 53.87 60.41 44.89 - 56.16
1976 70.41 1.31 51.91 60.58 55.52 61.61 42.06 - 59.09
1977 72.37 1.33 54.06 58.80 54.94 61.19 42.73 - 59.06
1978 73.10 1.30 57.11 57.38 55.17 59.84 44.31 49.66 59.87
1979 76.51 1.35 56.53 58.69 53.92 58.69 48.00 51.25 61.51
1980 81.41 1.34 60.74 62.39 59.12 61.27 53.51 56.94 67.24
1981 83.85 1.26 67.03 65.83 67.48 63.76 66.66 67.68 72.93
1982 84.71 1.21 68.71 73.41 70.91 - 67.93 67.33 74.50
1983 76.24 1.23 60.84 69.07 56.12 - 54.61 53.28 65.40
1984 70.57 1.17 58.26 69.38 52.00 - 49.99 51.53 62.56

Source : Coal Manual. 1986. Tokyo : Tex Report.
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specifications are negotiated annually by Japanese steel 
mills, last year's prices may influence decisions on this 
year's contract quantities. The coordinated coal 
purchasing system of steel mills, along with the shrewd 
negotiating techniques of trading companies, are noted for 
their ability to obtain favorable coal contracts by placing 
strong emphasis on the previous year's terms (Szabo 1985). 
Under these circumstances, it is realistic to test the 
influence of lagged independent variables on the level of 
U.S coal. Also, any simultaneity or identification 
problems are eliminated in the regression model by the 
use of lagged variables.

First, a set of models was developed to view the 
impact of price on U.S. market share (USHARE). Because 
price was believed to be an important factor in purchasing 
decisions, a number of variations on the price theme was 
attempted. A second set of models utilized the same 
independent variables as the first set, but substituted 
U.S. quantity of exports (USQUANT) as the dependent 
variable.

Before presenting each model and its results, further 
explanation of the variables is given. All models are 
based on observations for the years 1971—84. At 13 degrees 
of freedom and a 90 percent probability level, a critical 
t—ratio of 1.35 was used in significance testing.
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Annual price data were represented as average U.S. 
dollars per tonne CIF Japan as recorded by the 1986 Coal 
Manual. the standard Japanese reference for coal 
statistics. Nominal U.S. price is denoted as USPRICE. 
Australia, Canada, and South Africa were considered in the 
regression models since these countries, along with the 
United States, account for 92 percent of Japan's imports of 
coking coal.

Relative U.S. price (RELPRICE) was calculated as a 
weighted average vis à vis Australian, Canadian, and South 
African price using the nominal price data found in Table 
2.1. Weights for each of the three relative prices were 
assigned according to a country's share of total Austra
lian, Canadian, and South African coal each year and 
calculated from tonnage data in Table 1.2. The equation 
below measures the annual price of U.S coking coal consumed 
by Japanese steel mills as a percentage of the price paid 
for competing coal. For instance, relative U.S. price for 
1974, listed in Table 2.1, indicates that U.S. coal was 122 
percent more expensive than imports of total Australian, 
Canadian, and South African coal.

3
RELPRICE = l ( Pus / Pi ) ( V1 )

1=1

where
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Pyg = average U.S. $/tonne GIF Japan from the United States
PjL = average U.S. $/tonne CIF Japan from country 1

= annual share of Japanese imports from country i of
total Australian, Canadian, and South African coal 

i = country 1,2,3 (Australia, Canada, South Africa)
A second independent variable, EXPOTENTIAL, represent

ing coking coal export potential by U.S. competitors, was 
adopted in some of the models. This variable was used to 
counteract any influence that might result from the fact 
that foreign coal, other than from the United States, might 
not be available to the Japanese. The potential to export 
was represented by combining annual Australian and Canadian 
exports of coking coal to all of their trading partners. 
Data for South Africa were unavailable. Other variables, 
such as annual capacity or production also would have 
sufficed, but these data are not available for the entire 
time period under consideration.

2.1.2 The Models and Results

Twelve different models divided into two sets, by 
USHARE and USQUANT, were tested as an attempt to find any 
significant relationship between price and U.S. exports. 
Both sets of models fall to reveal any significant
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relationship between Japanese imports of U.S. coal and U.S. 
price, and suggest that price is not the major determinant 
in patterns of U.S. exports to Japan. Formally, the null 
hypothesis can be stated: regresssion coefficients are
statistically equal to zero; and the alternative 
hypothesis: regression coefficients are NOT statistically
equal to zero. Hypothesis I is rejected as none of the 
price coefficients in the models tested are statistically 
significant, or different from zero, with the correct sign 
at a probability level of 90 percent. Furthermore, no 
consistent pattern of results is revealed upon examination 
of the models presented in Table 2.2, nor do lagged 
variables produce consistently better or worse results.

The most surprising result occurs for the model 
involving relative U.S. price and relative U.S. share 
(Equations I.1 and 1.2). A substantially high t—ratio was 
calculated but the sign of the coefficient is opposite of 
that expected. Ironically, the test shows that as relative 
U.S. coking coal price declined so did competitive market 
share in Japan. This relationship was believed to be 
unrealistic, therefore the EXPOTENTIAL variable was added 
to the model to account for the possibility that as new 
export capacity was developed abroad, U.S. market share in 
Japan decreased accordingly. This model, presented in 
Equations 1.5 and 1.6, fails to explain the historical
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Table 2.2 Résulta of linear regression modela for 
Hypothesis I

EQUATION (EGRESSION MODEL
2

STD. DEVIATION T-IATIO I  STD.ERROR

(1.1) OSBARE
t S 0.0741 + 0.1630 RELPRICE

t
(1.2) OSBARE

t
OSBARE

t

= 0.1120 4 0.1280 RELPRICE
(1.3) = 0.3680 - 0.0010 OSPRICE

t
(1.4) OSBARE

t
0.3690 0.0011 USPRICE

L-l
(1.5) OSBARE

t
- 0.2460 4 0.1120 RELPRICE - 

t
(1.6) OSBARE

t
0.1740 4 0.1130 RELPRICE - 

l-l

0.5766 2.83 0.40 0.0567
0.0624 2.06 0.28 0.0589
0.0010 -0.99 0.08 0.0738
0.0009 -1.23 0.12 0.0650

t
L
l-l

(1.7) USQUANT = 15538 4 34 USPRICE 63 0.54 0.02 4573
(1.8) USQUANT = 19180 - 22 USPRICE

l-l
RELPRICE

I
RELPRICE

66 -0.33 0.01 4806
(1.9) USQUANT = 6868 4 7716 4146 1.86 0.22 4078

(1.10) USQUANT = 8535 4 6409 4739 1.35 0.14 4473

(1.11) USQUANT = 20628 4 117 USPRICE
I

USPRICE 4 
l-l

230 EIP0TENTIAL 86/168 .36/-1.37 0.17 4416

(1.12) USQUANT = 18570 - 
t

32 28 EIP0TEHTIAL
t-1

134/335-0.23/0.08 0.01 5039

90%
95%
97.5%
99.5%

13 degrees of freedom 
13 degrees of freedom 
13 degrees of freedom 
13 degrees of freedom

t = 1 
t = 1 
t = 2 
t = 3

35
77
16
11
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pattern in USHARE as a result of RELPRICE and EXPOTENTIAL 
at the designated probability level, although EXPOTENTIAL 
is significant at the 85 percent level. There is a similar 
finding for USQUANT in Equation I.11 with EXPOTENTIALt 
significant at the 90 percent level.

Originally it was believed that relative market share
would be most affected by relative price (Equations I.1 and
1.2); likewise, nominal quantity of coal would be most
affected by nominal price (Equations 1.7 and 1.8). This
idea is not supported in the models. The best results,
with the correct sign, occur between U.S. market share and
nominal price (Equations 1.3 and 1.4), although the t—ratio

2is still below conventional probability levels and R is 
low. One would suspect nominal price movements to have 
little affect on relative market share since world coking 
coal prices tend to move together in unison, thereby 
negating effects on market shares (see Table 2.1). A 
possible explanation for the result in Equations 1.3 and 1.4 
is that as coking coal price increased for each country, 
and the total cost of imports increased, the Japanese 
decreased their use of the most expensive input, U.S. coal.

From the results of the 12 linear regression models. 
Hypothesis I can be rejected, and it can be concluded that 
price changes have not overwhelmingly influenced changes in 
U.S. competitiveness in the Japanese coking coal market.
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A further examination of relative U.S. price, 
RELPRICE, reveals an interesting trend. A steady decline 
(1974 excepted) occurred in the price of U.S. coking coal 
relative to coal of major competitors— Australia, Canada, 
and South Africa. The price differential between U.S. and 
competing coal has narrowed tremendously, by 50 percent on 
average, since 1970 as indicated in Table 2.1. Neverthe
less, U.S. coal was still some 20 percent more expensive 
than other imports in 1984. The combination of a large 
improvement in the competitiveness of U.S. coal coinciding 
with persistent loss of U.S. market share over the study 
period, indicates conscious determination on the part of 
Japanese steel mills to exclude U.S. coal from their 
purchases. Certainly the high price of U.S. coal in the 
early 1970s was an excellent motivational factor to reduce 
use of this costly raw material. The decline in the price 
margin of U.S. coal over the study period is probably best 
explained by 1) higher capital costs incurred by new 
Australian and Canadian mines in the 1970s and 1980s from 
rapid expansion of their export industries, and 2) 
increased world capacity stimulated greater competition in 
the international coking coal market.
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2.1.3 Comparative Country Costs

A comparison of coal costs for the United States, 
Australia, and Canada Is presented to uncover some of the 
reasons for the price differential between U.S. and 
competing coals. South Africa, excluded from this 
comparison, is the world's lowest cost coal producer, 
although only soft coking coal is available for export ; 
hence, it is Inappropriate to compare South Africa with the 
hard coal exporters. Specific cost data were unavailable 
for PRC, USSR, and Poland.

Table 2.3 presents disaggregated breakeven cost 
estimates as developed by Barnett (1984/85) through 
hypothetical models for the typical export mine in each 
country. All figures are given in late 1983 U.S.8/tonne 
with the following prevailing exchange rates: A$1.00 =
U.S.$0.88 and Can$l.00 = U.S.$0.81. Five components listed 
in the table are 1) operating cost free on rail (FOR) 
including royalties and taxes, 2) capital cost at 10 
percent real R0R, 15—year mine life, and full capacity 
production, 3) domestic rail charge mine to port, 4) port 
loading and handling charge, and 5) ocean freight to Japan 
via 60,000 or 10,0000 DVT vessel. Some of the underlying 
trends represented by the figures in Table 2.3, as 
summarized by Anderson (1987), are discussed below.
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Table 2.3 Representative cost of coking coal CIF Japan
(late 1983 U.S.$/tonne)

legion line Size 
('000 T)

Opcost 
(S/T FOR)

Capital
(S/T)

Rail
(S/T)

Port
(S/T)

FOB Cost 
(S/T)

Ocean
Freight

CIF Japan 
(S/T)

AUSTRALIA
ISO, 0C, lew, steam/soft 3000 18.8 8.0 7.9 4.2 38.9 6.5 45.4
OSLO, OC, Old 4500 21.9 3.0 6.5 1.8 33.2 6.0 39.2
OSLO. 0C, lew 3000 20.9 13.0 9.6 3.9 47.4 6.0 53.4

CANADA
SE BC, OC, Old 5500 29.8 3.0 15.2 2.2 50.2 5.5 55.7
SE BC, OC, lew 3000 31.8 10.9 17.0 3.2 62.9 5.5 68.4
IE BC, OC, lew 4000 35.8 14.3 17.7 3.1 70.9 5.5 76.4

OIITED STATES
Private, OC or 06, Old 200 25.0 2.0 17.0 1.0 45.0 13.0 58.0
Public, Longwall 1500 32.5 9.6 17.0 1.0 60.1 10.0 70.1

OC indicates opencot. 06 indicates underground.
Ocean freight rates for ISO and Applachian private are for 60000 DOT vessels. 
All other rates are for 100000 size vessels.

Sources Barnett D.li. 1984/85. Rail freight and the cost of 
Australian and North American export coal. Journal 
of Business Administration 15 (1,2).
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Australia's preeminence as the lowest cost producer of 
hard coking coal on an FOR and FOB basis is due mainly to 
its low operating costs and rail/port charges. The low 
production costs result from large mines with thick single 
seams that are flat or shallowly dipping, making them easy 
and cost efficient to mine. All mines are located between 
100 and 300 km from the ocean. The short distance gives 
the rail component an advantage over Canada and the United 
States. Nonetheless Australian unit rail costs are 
actually much higher because state governments have 
succeeded in securing high rents and profits from the coal 
industry. This suggests that Australia's real internation
al cost advantage is larger than Table 2.3 reveals.

The higher operating cost charge for Canadian mines 
reflects the general existence of steeply dipping beds and 
multiple seam operations. Also, mines are located 1,000 km 
on average from port. On a FOB basis, little difference 
exists between Canadian and U.S. costs. Canada's real 
advantage over the United States arises from a shorter 
oceanic haul to the Japanese market.

U.S. mines of the Central Appalachian region are 
typically small to medium sized. They are competitive with 
western Canadian mines, on a FOR and FOB basis, due to 
comparable operating costs and similar inland transport 
distance (800 km).
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More specifically, characteristics of each mine listed 
in Table 2.3 are noted. The Mew South Wales (NSW) new 
opencut mine, typical of Hunter Valley in Australia, is the 
only project found in Table 2.3 that does not produce hard 
cokin* coal but rather a combination of soft cokin* and 
steam coal. Operating and capital cost charges, lower than 
the new Queensland mine, reflect this quality difference. 
The two Queensland mines are representative of hard coking 
mines in Bowen Basin— one from the 1970s and one from the 
1980s. The age of the projects is reflected in large 
capital cost differences. New mines are now required to 
pay for the towns!te facility which has also been upgraded 
in required living standards by the government, and all 
transportation development costs, even though the railroads 
and ports are owned and operated by the state government. 
The rail/port charges for the old mine are lower and 
representative of an efficient facility in the hands of a 
private coal company.

The three Canadian opencut mines are located in 
British Columbia. Barnett (1984/85) points out that these 
mines produce similar quality coal, also comparable to 
Queensland coal, yet have substantially different cost 
structures which is again reflected in their different 
selling prices. The old opencut in southeastern British 
Columbia represents the lowest cost Canadian mine, mainly
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due to the low capital charge. Operating cost represents 
the average of two extreme types of producing conditions—  
single versus multiple seam operation. The newer mine in 
the southeast reveals higher capital charges, as well as 
rail/port charges, in the same fashion as the Queensland 
mines. The data for the northeastern mine are based on two 
recent projects developed especially for export to Japan, 
the Bullmoose and Quinette mines. The first has operated 
as expected, while the second has experienced problems ; 
the figure is a compromise between the two.

Lastly, two extreme cases are presented for the U.S. 
central Appalachian mines, where the overwhelming majority 
of export coal is produced. The first is typical of an 
established privately owned mine. Small size, selective 
mining, and nonunion labor produce competitive operating 
and capital charges. An incredible 100 million tonnes of 
coal is produced annually from these mines, but an 
insufficient rail transportation system prevents it from 
reaching the export market. The second mine is medium 
sized and typically owned by a large corporation. The 
higher capital charge results from the use of the longwall 
mining process, and union labor boosts operating costs.
Both of the U.S. mines have extremely low port charges, 
sufficient to cover operating costs, since facilities are 
owned and operated by the rallroal companies.



T—3386 40

2.2 Honprice Factors

The Japanese pursuit of coking coal from a wide 
variety of source countries, to the point of even paying 
different prices for similar quality coal, lends support to 
Hypothesis II and rejection of Hypothesis I. Moreover, the 
pattern of Japanese imports does not appear to be that 
which minimizes the total cost of coal imports. The 
importance of nonprice factors— stability, diversification, 
security— can not be overlooked in the willingness of steel 
mills to purchase more expensive coals (DOE 1981).

2.2.1 Hypothesis II — Diversity of Supply

Hypothesis II claims that the Japanese steel mills 
have pursued a diversification policy for their imports of 
coking coal over 1970 to 1985, relying as much as possible 
on producers outside the United States. If this is the 
case, the United States would be called upon to fill any 
excess demand and also to bear cutbacks at times of low 
demand. In addition, U.S. market share would be expected 
to decline over the long run, regardless of how relative 
U.S. price moved. The previous section supports the view 
that U.S. market share has declined in spite of a continual
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Improvement In the relative price of U.S. coking coal vie à 
vie Auetralia, Canada, and South Africa.

Teeting of Hypotheeie II wae conducted in two parte. 
Firet, total Japaneee importe of coking coal (TOTIMP) were 
regreeeed over time (YEAR) to take account of the long-run 
trend in importe and to record deviatione (DEV) of the 
actual from the predicted valuee. Both variablee are 
meaeured in thoueande of annual metric tonnee. The 
reeulte, found in Equation II.1 of Table 2.4, ehow a strong 
poeitive trend in total importe over the etudy period. All 
modele were teeted at a 90 percent probability level with 
14 degreee of freedom, giving a critical t—ratio of 1.35.

The eecond half of the teet utilizes the deviations 
from the first regression, in thousands of tonnes, as an 
independent variable (DEV), together with the time variable 
(YEAR), to explain the pattern in Japanese imports of U.S. 
coking coal. Like the models of Hypothesis I, U.S. coal 
exports can be stated in terms of either U.S. market share 
(USHARE) or U.S. quantity of coal exported to Japan 
(USQUANT). For the United States to be considered the 
marginal supplier, the coefficient of DEV must be positive, 
such that any surge in Japanese demand above the long-run 
trend would be satisfied by the United States. Correspond
ingly, U.S. coal would be excluded first if demand fell 
below the long-run trend. To keep the units of variables
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Table 2.4 Results of linear regression models for 
Hypothesis II

EQUATION BEGKESSION MODEL STD. DEVIATION T-RATIO
2

R STD.ERROR

(II.1) TOTIMP = 2412804 + 1250 TEAR 251 4.98 0.64 4627
t t

(II.2) OSQOAIT = 722874 - 356 TEAR + 0.6440 DEV 196/.2088 -1.82/3.1 0.50 3615
t t t

(II.3) USHARE = 27 - 0.0133 TEAR + 0.3330 XDEV .0035/.2070 -3.78/1.6 0.56 0.0648
t t t

90* 14 degrees of freedom t = 1.35
95* 14 degreee of freedom t = 1.76
97.5* 14 degrees of freedom t = 2.15
99.5* 14 degrees of freedom t = 2.98
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aligned, USQUANT was regressed against DEV, both measured 
in thousands of tonnes, and USHARE was regressed against 
XDEV, the deviations from the first regression as a 
percentage of total Japanese imports.

The null hypothesis is once again stated: regression
coefficients are statistically equal to zero, and the 
alternative hypothesis : regression coefficients are NOT
statistically equal to zero. The results show in Table 2.4 
that the null hypothesis is rejected, and we fail to reject 
the alternative hypothesis at the 95 percent probability 
level, lending strong support to Hypothesis II.

Equation II.2 indicates that for each 1 percent 
increase in the deviation of total Japanese imports above 
the long-run trend, we can expect an increase in U.S. 
exports to Japan by 644 tonnes. The time variable, YEAR, 
is statistically significant at the 95 percent level, 
confirming that the quantity of U.S. exports has declined 
over the study period. Note that this is a stronger result 
than originally was achieved in Chapter 1 when USQUANT was 
solely regressed against YEAR.

Equation II.3 again supports acceptance of Hypothesis 
II, giving clear evidence of a significant deterioration in 
U.S. market share over the study period. The variable XDEV 
is statistically significant at 90 percent probability, the 
minimum acceptable level. There is moderate correlation in
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2each of the two models, R equals .50 and .56 respectively. 
In conclusion, regression analysis supports the premise 
that the United States has indeed acted as marginal 
supplier to Japan, and the level of U.S. coal has statisti
cally decreased over the study period.

2.2.2 United States as Marginal Supplier

The U.S. role as marginal supplier to Japan can be 
Justified for the following reasons. First, the coal 
industry of the United States dwarfs, by many times, that 
of its export competitors. In 1984, U.S. domestic 
production was 718 million tonnes; Australia produced 114 
million tonnes of black coal; Canada, 56 million tonnes, 
and South Africa, in excess of 137 million tonnes (Barnett 
1984/85). The United States is the only country in the 
position to replace lost coking coal output from any or all 
of the countries supplying Japan.

Second, of the four exporting countries, the United 
States exports the smallest percentage (10 percent) of its 
domestic production. Likewise, South Africa exports only 
20 percent. On the other hand, Australia (73 percent) and 
Canada (46 percent) rely more on external markets and 
pricing mechanisms. Australia and Canada's disadvantage is
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that export coal must be priced competitively on the 
International market, yet the price must be sufficiently 
high to cover all costs that might otherwise be charged to 
domestic consumers (Barnett 1985a).

Third, assured market positions are hindered by the 
ability of the United States to increase production and 
ship large quantities of coal on short notice. Hundreds of 
small mines are able to restart production when stimulated 
by a price incentive. The belief that the U.S. coal will 
be available when needed hurts exports in the short run, 
particularly considering present oversupply conditions.

Fourth, the United States is truly the high—cost 
supplier in the Japanese market. U.S. coal is fairly 
competitive on an FOB basis, but high land and oceanic 
transport costs handicap its international competitiveness 
in Japan.

Fifth, complete shunning of U.S. coal would only 
increase Japan's dependence on Australia, currently the 
largest supplier. The competition of these two giants 
gives the Japanese steel mills a certain bargaining power 
that allows the Japanese to play one country against the 
other when dealing with each country separately. The 
result is a lower price for Japan. For this reason, 
perhaps more than any other, U.S. coal is extremely 
important to Japan.
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2.2.3 More Historical Evidence

U.S. market share seriously deteriorated over 1970—85, 
while a decline in export quantity has not been quite as 
severe. Around these trends, the level of U.S. coal has 
fluctuated heavily due to its status as swing capacity for 
Japan. Specific occurrences of the United States as 
marginal supplier are cited below and can be discerned in 
Figure 2.2.

The years 1970—73 foreshadowed the kind of treatment 
U.S. coking coal was to receive in the Japanese market as 
the marginal supplier. Over this period, U.S. market share 
declined by 22 percentage points, and U.S. exports dropped 
by 34 percent. Ironically, total Japanese coking coal 
imports grew by 15 percent with the windfall going to 
Australia and Canada who increased export quantities by 51 
and 221 percent respectively.

The year 1974 marked the height of blast furnace pig 
iron production in Japan, accompanied by a peak in coking 
coal imports at 62.5 million tonnes. U.S. market share 
improved to 41 percent of the Japanese market with 
quantities comparable to 1970 levels. In this year, the 
United States was called upon to fill a 6.6 million tonne 
surge in demand.

After the 1974 peak, U.S. market share and export
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quantity steadily decreased through 1978. Declining levels 
of Japanese pig iron production and an explosion in world 
oil price, consequently increasing coking coal price, 
contributed to a fall in total Japanese demand. By 1978, 
total Japanese imports fell to pre—1973 levels. The United 
States was hit hardest, essentially bearing the brunt of 
Japan's entire cutback. U.S. market share dropped by half 
to 18 percent, and imports dipped below 9 million tonnes, 
the lowest quantity since 1966. The severity of the cut in 
U.S. coal again indicates the role of swing supplier. On 
the other hand, Australia sustained only minor losses, and 
Canadian exports remained constant. Also during this 
period, the first substantial, though small, shipments of 
South African coal arrived in Japan, quadrupling and 
tripling market share in 1976 and 1977.

Following the bleak year of 1978, U.S. exports climbed 
dramatically. By 1982, the United States recaptured 37 
percent of the Japanese import market, the highest share 
since 1975, almost matching Australia's 39 percent share. 
This trend is consistent with a vigorous campaign by 
Japanese steel mills to switch to oilless blast furnaces 
after the second OPEC price shock. The use of coking coal 
was revitalized in spite of a reduction in the amount of 
pig iron produced in 1981—82.

The last phase of the study period shows a plunge in
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U.S. market share. Another bad year for the Japanese steel 
industry occurred in 1983, as steel output fell to 1971 
levels. Market share dropped by 12 percentage points for 
the United States, and export quantity by 38 percent. 
Australian and Canadian market share and quantity increased 
in spite of the decline in the steel sector. No improve
ment was seen for the United States in either 1984 or 1985 
even though steel production rebounded.

2.3 Conclusion

Of the two hypotheses proposed as the main driving 
force behind Japanese imports of U.S. coking coal, linear 
regression analysis strongly supports Hypothesis II as the 
dominant explanation. This theory contends that diversi
fication of supply is of paramount importance to Japanese 
steel mills. Since U.S. coal was the dominant feedstock 
for the industry in the early 1970s, the Japanese have 
sought to increase purchases of non—U.S. coal and reduce 
their dependence on U.S. coal as much as possible. This 
fact, combined with a high delivered price and a potential 
to export large quantities in the short run, has placed the 
United States in the position of marginal, or swing, 
supplier of coking coal to Japan.
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Rejection of Hypothesis I does not preclude price to 
be important in the Japanese import strategy, but rather 
demonstrates that annual price levels were not the primary 
force driving U.S. market share and export quantity. The 
high relative price of U.S. coal may have actually served 
as one of the original stimuli for the Japanese to 
diversify away from U.S. coal.
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Chapter 3 
JAPANESE POLICIES AND PRACTICES

The 1970s and early 1980s are characterized by 
activity centered on achieving a secure, diverse overseas 
coking coal base for import to Japan. This chapter 
discusses national policies and practices, explicit and 
implicit, that promoted development of new projects in 
foreign countries as a drive towards overall economic 
security, perhaps even to the point of inducing the current 
world oversupply of coking coal. The two main policy tools 
used to expand sources of coking coal were long-term 
contracts and equity financing arrangements for new mine 
development. In addition, a collusive buying group 
composed of the major steel companies has succeeded in 
placing bargaining power in Japan's favor in the 1980s.

The organization of the Japanese economy has been a 
tremendous asset in the development of diverse supplies of 
coking coal. The Japanese government, primarily through 
the Ministry of International Trade and Industry (MITI), 
has traditionally taken a direct role in guiding the 
economy by formulating industrial policies and strategies 
to achieve them. The government's power lies in its 
control over money and credit, readily earmarked for
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foreign coal projects in the 1970s and early 1980s. MITI 
has also achieved objectives by sponsoring industry-wide 
cartels that consult on the goal—oriented policies of MITI 
and cooperate on overseas matters. The decision-making 
process is facilitated through a unique Japanese cultural 
trait, the ability to reach a socially approved national 
consensus (McMillan 1984). Moreover, the normally 
competitive companies of the steel industry have shown 
strong cohesion and the ability to work together to achieve 
goals of national priority when faced with distant, 
overseas concerns such as the development and importation 
of the raw materials vital to the steel making process.

The diversification policy inherent in the buying 
practices of Japanese steel mills has been successful in 
obtaining coking coal supplies from a variety of countries. 
Willingness to pay a premium for increased security has 
also begun to benefit the Japanese in an additional way: 
increased competition among country producers and lower 
world coking coal prices. This subject is pursued further 
in the concluding section of Chapter 3.

3.1 Collusive Buying Practices

In the 1960s with the initiative of the government,
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Japanese steel firms organized into a collusive industry 
group, known as keiretu. responsible for the purchase of 
coking coal at the producer—country level. This practice, 
which actually began with iron ore purchases, characterizes 
the Japanese steel industry as a buyer's monopoly, or 
perhaps more accurately as an oligopoly, in the coking coal 
market. A coordinating committee prevails for each 
producer country with representatives from all major steel 
firms. Two lead negotiators head the committee with the 
senior negotiator invariably from one of the most Important 
steel companies. For instance, Nippon Steel now places its 
members as head of committees for the United States and 
Australia, and Nippon Kokan KK covers Canada and South 
Africa. The buying group wields a considerable amount of 
power, determining, through consensus, decisions on new 
projects to finance, long-term contracts to enter, annual 
contract price and tonnage allotments to negotiate, and, 
finally, contract bargaining strategies to achieve price 
objectives (Anderson 1987).

The organization of the keiretu to such a high degree 
has shifted bargaining power in favor of the consumer and 
has allowed steel companies to capture economic rents. 
Producer countries have been unable or unwilling to 
organize themselves domestically or internationally to 
counteract the effects of the collusive buying of the
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Japanese. Some of the exporting countries feel that the 
United States, an important coal producer, would be 
unwilling to join collusive activities. The Australian 
Export Permit System of the 1970s was the only policy 
response on the part of a supplier government attempting to 
ensure fair prices for its coking coal producers (Anderson 
1986).

The formation of the keiretu was originally intended 
to minimize competition between Japanese firms in the 
procurement of iron ore and coking coal, yet the groups 
have evolved towards a focus on achieving the minimum price 
consistent with the diversification supply policy of the 
1970s and 1980s. Several of the tactics used to obtain 
favorable prices are discussed below.

Coal suppliers have accused the Japanese of resorting 
to unfair bargaining tactics in their negotiations, as well 
as in their collusive buying pratices. The keiretu also 
include a major trading company and bank in its organiza
tion. The trading company, or soxo shoeha. provides a wide 
range of essential services in the coal develop—import 
chain, including preparation of feasibility studies, 
arrangement of project financing, arrangement of logistics 
for transport of coal, and coordination between buying and 
selling parties. The trading company acts as the mediator 
representing both coal consumer and producer in annual
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contract negotiations, although allegations are made that 
the so*o shosha regard the steel companies interest as 
paramount.

Armed with superb **intelligence networks, exceptional 
training of company negotiators, and shrewd contract 
negotiation practices," the sogo shosha have pressured coal 
producers to accept prices "below or near—cost levels" 
particularly since 1983 (Szabo 1985). The so*o shosha's 
tactics are tantamount to "whipsawing," such that annual 
negotiations intentionally commence with the weakest of all 
potential suppliers in realization that the supplier will 
likely succumb to sweetened offers of large tonnage 
allotments at less than desirable prices (Szabo 1985). The 
objective price is set early in the meeting, and once 
achieved, becomes the benchmark price for all successive 
negotiations. Producers are pitted one against the other 
during bidding with the threat of lower volume sales as the 
incentive to agree on Japanese terms.

A final criticism maintained by some coal suppliers is 
that the Japanese steel mills deliberately induced current 
world oversupply conditions in coking coal. The critics 
argue that two tactics were employed: 1) an insistence by
the trading companies that suppliers designate an excess 20 
percent capacity in coal contracts in the event of higher 
demand or shortages in other producing countries and 2)
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support for new projects regardless of their actual need 
(Anderson 1987, Szabo 1985).

3.2 Lone—Term Contracts

The Japanese Joined the industrialized world community 
relatively late compared with the countries of western 
Europe and the United States. By the time of Japan's 
arrival, multinational mining companies of the developed 
countries had staked their claims in resource projects 
worldwide or enjoyed close relations with particular LDCs 
as a result of former colonial ties. In this context, the 
Japanese sought long-term contracts as a means to secure 
stable supplies of raw materials which were necessary for 
the rapid industrialization occurring in postwar Japan.
This arrangement was also successful in establishing 
meaningful producer—consumer ties. Contracts were common 
for coal, iron ore, bauxite, and copper ore.

In the 1950s and 1960s, this strategy satisfied 
industry requirements by securing a flow of raw materials 
at known prices from a chosen location. Consequently, 
long-term contracts resulted in a flourishing of "Japanese 
steel mill—assisted quasi—captive mines" (Anderson 1987). 
The commitment to purchase substantial quantities of output
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over the long-term, usually 15 years, also served as signal 
to the financial community for the creditworthiness of a 
particular project, hence lubricating the development of 
new deposits.

Under long term contracts, the host country accrued 
the benefit of retaining local ownership and control, a 
more welcomed approach than the total control demanded by 
the traditional multinational company. Also, Japan's 
refusal to partake in equity holdings in natural resource 
projects may be viewed as sensitivity to avoid association 
with imperialistic activities of the 1920s and 1930s 
(Anderson 1987).

By the 1970s, long-term contracts were no longer 
regarded as sufficient insurance for resource—poor Japan. 
Renegotiation of coal contracts in the direction of higher 
prices became the practice after the 1973 OPEC event. 
Eventually, the Japanese came to regard the contracts as a 
"second-best strategy" compared to "vertical integration 
strategy" pursued for bauxite, iron ore, and copper ore by 
European and American counterparts (Vernon 1983). This 
perception on the part of the Japanese nationals helped to 
open the door for the greater interest in equity ownership 
in the 1980s.

A review of contracts listed in the 1986 Coal Manual 
indicates that long-term contracts are still a dominant
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Japanese method of conducting business with Australia and 
Canada. Since 1982, the Japanese have benefited from 
renegotiation of contract price to lower levels, compared 
with higher contract prices renegotiated in the 1970s. 
Another interesting observation from the list of contracts 
is the currently greater number of 3— , 5— , and 8—year 
contracts for Australia as opposed to a dominance of the 
traditional 15—year contract for Canada. This trend can be 
explained by Australia's established capacity to export 
large quantities, but Canada's relatively new status as a 
major coking coal exporter, and hence, its still largely 
undeveloped capacity. The larger number of longer-term 
contracts for Canada reflects Japan's drive to promote 
Canada as a major exporter of coking coal.

3.3 Financing and Equity

A complement to the well established policy of 
promoting long-term contracts, the develop—for—import 
policy, or kaihatsu vunso. has evolved as a paragon of 
mutual exchange and trust between resource—rich developing 
nations and resource—poor industrialized Japan. Japan's 
policies in this area are characterized by "macroeconomic— 
motivated, polycentric type of investment" pursued at the



T-3386 59

national level rather than at a company level typical of 
Western countries (Kolenda 1985). This practice has been 
popular for iron ore and nonferrous metals since the 1960s.

Many developing countries have received some form of 
capital or technical assistance from the Japanese 
government in return for assured access to raw materials, 
yet Australia, Canada, and the USSR are exceptions in the 
case of coking coal. Most commonly, assistance is in the 
form of subsidized loans or export credits and may involve 
either production sharing or buyback arrangements.

Two good examples of the Japanese commitment to 
developing coking coal projects in a variety of countries 
are observed in the USSR and the PRC. Since the early 
1970s, Japan has participated in development of the Russian 
Neryungri mine in South Yakutsk, about 2,500 km from the 
port where the coal will be shipped to Japan. Provision of 
low interest rate loans for purchase of Japanese equipment, 
and capital for construction of a washing plant, was made 
in exchange for an agreement to export coal to Japan. 
Technical problems have plagued development, and plane for 
an eventual export of 5.5 million tonnes to Japan are about 
five years behind schedule (TBS 1984).

Japanese involvement in PRC's modernization of its 
economy is most pronounced in the area of coal. In 1979, 
the Export—Import Bank of Japan signed a loan agreement.
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equivalent to about U.S.$2 billion, with PRC for the 
development of seven coal mines (both coking and steam) to 
be repaid in coal exports (TBS 1984). Also, yen—credit 
programs have been proposed by the Japan—China Association 
on Economy and Trade for development of transportation 
systems to help ensure delivery of coal to Japan. Many 
constraints and problems exist in meeting target quantities 
at specified quality standards; nevertheless, Japanese 
participation illustrates government assistance in 
developing coal projects viewed as beneficial to Japan's 
economic security in the long run.

In addition to government—assisted coal development, 
private investment has increased in the 1980s as a form of 
ensuring stable supplies of coking coal. The large general 
trading companies,or sogo shosha. are the dominant group of 
Japanese equity holders for large overseas projects. 
Typically, the companies prefer minority positions, most 
often under 10 percent, but sometimes up to 30 percent of 
equity. Japanese companies did not engage in substantial 
equity positions until the 1980s. Appendix A, listing 
Australian and Canadian companies in which the Japanese 
retain equity, clearly indicates participation on a large 
scale. In both countries, the multinational mining and oil 
companies are the most important investors, followed by the 
Japanese as a group. The Australian industry remains
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fairly concentrated with a few major companies controlling 
the majority of production; the Canadian industry is less 
concentrated than the Australian (or South African). 
Japanese participation in export coal mines was first 
focused on Australia, and later in the 1970s on Canada.

The sogo shosha"b interest in developing coal projects 
at its own expense and motivation derives from their 
overall relationship with the steel firms. Steel companies 
depend on sogo shosha as the agents for their international 
business. A hand in developing a particular coal project 
often assures that particular sogo shosha to be the agent 
for the steel mills and thus it will receive commission on 
the sales. Also, the volume of business in distributing 
the mill's end products is more or less assigned according 
to the volume of raw material brought into the mill 
(Anderson 1987). While commissions for these transactions 
are not great, they help to solidify a relationship with a 
particular steel firm. The sogo shosha can then build on 
this relationship and offer many different services to the 
firm as well as to other downstream companies (Yoshino and 
Lifson 1986).

The equity position of the sogo shosha in foreign coal 
mines creates additional benefits without risk of major 
capital commitment. First, the sogo shosha obtain an 
insider's view on mining projects, and a country's
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industry, enabling them to detect subtle changes that might 
otherwise go unnoticed if positioned at an arm's length. 
Second, industry contacts are established and relationships 
fostered, giving the sosto shosha an advantage in the longer 
term. Third, bargaining power is increased on the Japanese 
side by the sogo shosha's presence on mining company 
boards, giving them direct say in a project.

3.4 Conclusion

Japanese procurement policies of the 1970s have 
focused on achieving a secure, diversified supply of coking 
coal at reasonable prices. Use of long-term contracts, a 
develop—for—import policy, and minor equity holdings are 
the policy tools most commonly employed to achieve this 
end. Government's role in this process is to decide on 
appropriate actions to best achieve national goals and to 
offer financial backing for development of overseas 
projects. Additionally, a high level of communication 
between government and industry sectors has facilitated 
achievement of national goals.

The organization of the steel industry into a 
collusive—oligopolist buying group has not only facilitated 
development of overseas coking coal deposits, but perhaps
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more Important, has enabled the Japanese to finally pursue 
a more balanced approach towards imports: diverse supply 
combined with efficient prices. Shrewd bargaining 
practices in annual negotiations have turned the tables in 
Japan's favor in the 1980s. While the Japanese practice 
has been labeled as unfair by some Suppliers, it nonethe
less represents a successful strategy to ensure against a 
repetition of the scarce supplies and high prices of the 
1970s.
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Chapter 4
TECHNOLOGY OF COKING COAL AND IRON PRODUCTION

Changes in Japanese imports of coking coal are 
attributable to recent coke and iron making innovation.
With no domestic resources of high quality coking coal, 
Japan was hit hard by a scarcity of good coking coal in the 
late 1960s and early 1970s. World steel production 
expanded at its highest rate, and the first oil crisis 
reinforced the threat to Japan's industrial development.

Concern over both security of supply and high price 
were the stimuli to reduce Japan's coking coal dependency, 
but ultimately, technology dictated the degree of relief 
obtainable. Intensive R&D programs sought to reduce 
dependency through 1)increased energy efficiency, 2) 
widening the range of coals suitable for coking, 3) 
development of substitutes for premium grade coking coal, 
and 4) overall reduction of coal costs. Technologies 
implemented to achieve these goals, with regard to coking 
coal, have had a significant effect on the grades of coking 
coal purchased by Japanese steel mills.

Figure 4.1 presents the historical pattern in imports 
with respect to different grades of coking coal. The most 
accurate and accessible data, disaggregated on the basis of
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quality, are recorded annually by the Japan Tariff 
Association in Japan imports and exports: Commodity by 
country. Data used in deriving Figures 4.1, 4.2, and 4.3 
are found in Appendix B. Apparently, this classification 
scheme is used by the national customs service and 
represents official estimates of imports into Japan. Japan 
Tariff Association classifies coking coal into four basic 
groups.
Type 1 : Heavy coking coal, ash less than 8 percent
Type 2: Heavy coking coal, ash greater than 8 percent
Type 3: Coking coal, ash less than 8 percent
Type 4: Coking coal, ash greater than 8 percent

Figures 4.1 through 4.3 are used to measure changes in 
the components of a coking coal blend over time. Because 
of the high degree of consumption of coking coal imports by 
the iron and steel industry, about 98 percent, the 
importance of other sectors is assumed negligible in the 
analysis. Trends in the four types of coking coal are 
presented below, and the remainder of the chapter discusses 
the technological innovations responsible for the changes.

The two histograms in Figure 4.2 represent heavy, or 
hard, coking coal; the upper graph represents coal of 
higher quality with a lower impurity level. Likewise, 
Figure 4.3 illustrates trends in "other" than hard coking 
coal with the upper graph again representing coal with
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fewer impurities. Over the study period, total imports 
into Japan of heavy coal, Types 1 and 2, have fallen from 
80 to 73 percent, and Types 3 and 4 have risen to 27 
percent. Additionally, coal with higher purity levels. 
Types 1 and 3, have decreased to 31 percent from 51 
percent, while use of coal with lower purities has 
increased to 70 percent from 49 percent.

Type 1 is the most expensive, premium grade coal 
available for use in the blast furnace. By 1985, use of 
Type 1 declined by one—half as a component of the typical 
Japanese coking coal blend, from 44 to 17 percent of total 
imports. Cuts were made mainly in imports of U.S. coal. 
Although the United States lost a large part of this 
market, from 80 to 50 percent, it consistently remained the 
major supplier to Japan. Interestingly, import quantities 
of Type 1 roughly parallel the trend in total U.S. coking 
coal found in Figure 1.2. Australian coal competes most 
closely with U.S. coal in this quality category, especially 
after 1982. Australia's share of Type 1 increased up to 35 
percent in 1985, but has not experienced a corresponding 
shift in absolute quantity.

Type 2 imports, heavy coking coal with ash content 
greater than 8 percent, are found in the lower graph of 
Figure 4.2. Measured against total imports, use of Type 2 
coal has remained fairly constant since 1974, after
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overcoming Type 1 as the dominant component of a blend. 
After 1974, Type 2 coal represented 43 to 54 percent of the 
total. Australia has traditionally supplied a large share, 
and Canada has slowly increased its market share up to a 
current 40 percent level, compatible with Australia.

Figure 4.3 shows imports of Coal outside of the 
"heavy" category, including soft coking and weakly coking 
coal. This coal can be viewed as typical blending coal 
which is of marginal quality if used by itself in the blast 
furnace. Type 3, the upper graph, has fewer impurities 
than Type 4. Type 3 doubled in use, from 7 to 14 percent 
of a blend, but remained the smallest component of the 
blend. South Africa is currently the biggest supplier of 
this coal, overtaking market share from the United States 
whose quantity stayed relatively level as demand increased. 
Contrariwise, supplies from Australia increased more or 
less proportionally with an increase in demand.

The final class of coking coal. Type 4, has remained 
the most stable component, representing 13 to 17 percent of 
a blend. Australia was the major supplier, in excess of 65 
percent over the study period. Imports from South Africa 
have increased in recent years, and PRC has also supplied 
small amounts. The United States appears to act as the 
swing supplier, and imports again mimic the pattern found 
in Figure 1.2.
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Several trends emerge clearly. Type 1 coal, once the 
largest component, was cut In half to 20 percent of a 
blend, largely at the expense of U.S. producers. On the 
other hand. Type 3 coal remained the smallest component of 
a blend, but doubled in use to 14 percent to the benefit of 
South African producers. Type 2 increased by a small 
amount to become the largest component of a blend. And 
finally, use of Type 4 stayed relatively even. Of the 
changes in coal quality, U.S. coal has been displaced most 
often in the process. The main incentive for the switch is 
price. Higher grade coal is more expensive. Repeatedly, 
Japanese publications have promulgated the need to reduce 
the amount of expensive U.S. coking coal.

4.1 Use in Industry

The most common steel making process in Japan is the 
blast furnace and basic oxygen furnace (BF—BOF) favored by 
the large integrated plants. In 1982, the BF—BOF process 
accounted for more than 73 percent of Japanese steel 
production, with the remainder using electric furnace 
production (Meunier 1984).

At the conventional BF—BOF plant (Figure 4.4), coke is 
one of the basic materials used to transform iron ore into
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Iron. Coke is obtained through heating and, thus, 
carbonization, of coking coal in a coke plant. After 
transfer to the blast furnace (hereafter referred to as 
BF), coke provides three functions. As a primary energy 
source, coke supplies heat from combustion to melt the iron 
ore and iron-bearing materials. Second, coke serves as a 
reactive agent supplying carbon monoxide to remove the 
oxygen combined with the metal of the iron ore, thereby 
reducing the mass into metallic iron. Third, coke acts as 
a physical structure supporting the other ingredients in 
the furnace, iron and limestone, so that the reducing gases 
can move upward through the mass.

In Japanese steel mills, coking coal is manufactured 
into coke through the modern byproduct, or retort, process. 
In practice, coal blending to create the "right" coke is a 
complicated process. The Japanese are particularly noted 
for the many different kinds of coal used in a single 
blend. A large number, often 10 to 20, chosen from a field 
of 50 to 60 available types, are blended to produce the 
desired combination of properties (TBS 1984). The coke 
operator will have specific qualities in mind to obtain a 
blend suitable for the large capacity, high temperature BF. 
After blending, coals are crushed to form a homogeneous 
mixture. Application of scientific blending techniques 
enables the coke operator to obtain a blend of consistent
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quality each time, regardless of the different coals used. 
Quality specifications for coke manufacturing are the most 
rigid of all coal—using industries.

The byproduct process requires heating of the coking 
coal in long narrow ovens devoid of air for periods of 14 
to 19 hours. The coal is fired by combustion of coke-oven 
gas produced in another oven. Temperatures are increased 
up to 1000°C during the process. First the coal softens 
and melts, releasing noncarbon constituents such as 
volatile matter, water, and sulfur. At 350°C to 450°C the 
coal becomes plastic, forming a fused mass. Slow heating 
during the plastic stage slightly increases the hardness of 
the coke. Eventually, the coal resolidifies into a hard, 
porous substance called coke.

The production of pig iron is the next step in the 
steel making process. A charge of iron ore, processed 
iron—bearing material, limestone, and coke (and sometimes 
fuel oil) is loaded into the top of the BF in carefully 
specified amounts. A blast of high temperature air enters 
from the bottom of the furnace and partially combusts the 
coke, generating reducing gases which move upward through 
the charge. The molten material moves downward through the 
furnace and shaft where the nonmetallic slag and other 
impurities float on the molten iron. The resulting pig 
iron is more than 90 percent iron in content. After
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reduction in the BF, iron ore is further processed into 
steel in the basic oxygen converter and later finished and 
fabricated into various products.

Iron making represents the most energy intensive stage 
of the integrated BF—BOF steel plant, consuming about 
one—half of the total energy required. On a world average, 
450 to 600 kg of fuel (coke and oil) is necessary to 
produce one tonne of pig iron, not including the energy 
required to produce the hot blast that combusts with the 
coke and produces the reducing gases. The amount of fuel 
used in the BF to produce one tonne of pig iron is known as 
the coke or coking rate. The efficiency of the BF is 
controlled largely by the degree to which the carbon in the 
coal is converted to carbon dioxide. Other measures can be 
taken to improve the efficiency of the BF. The United 
Nations (1981) estimated the average amounts of ingredients 
needed to produce one ton of pig iron in the BF and the 
typical byproducts of the process.

Inputs Outputs
Iron Ore 1.7 tons Pig Iron 1.0 ton
Coke and Fuels 450—600 kg Slag 0.2—0.4 tons
Fluxes 250—295 kg BF Gas 2.5—3.5 tons
Scrap 330—340 kg Flue Dust 0.5 tons
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4.2 Physical Properties

Coal is a heterogeneous solid hydrocarbon derived from 
the partial decomposition of vegetable matter under great 
temperature and pressure. Because of varying geologic 
conditions during hydrocarbon formation, as well as 
original terrestrial conditions, coal deposits exhibit wide 
variation in quality and purity from mine to mine and, 
possibly, within a single seam.

Coal is typically classified by rank as anthracite, 
bituminous, subbituminous, or lignite. Bituminous coal is 
further classified according to volatile matter, determined 
by loss of weight when heated to 1750°F: low—volatile (14
to 22 percent), medium—volatile (22 to 31 percent), and 
high—volatile 0  31 percent). In addition, different 
countries may use other terms or classification schemes to 
differentiate among coal types.

Bituminous coal represents the most valuable class of 
coal and is thus traded on the international market.
Coking coal is distinguished from steam coal by its unique 
ability to form coke when heated. Coking coal is used by 
the iron and steel industry and in metallurgical and 
chemical processing plants. Steam coal is generally used 
for combustion to produce heat, although when in excess 
supply, coking coal may be used in the same manner as steam
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coal. On the other hand, Japanese steel makers have 
introduced steam coal into the BF as an economical 
alternative to more costly coking coal.

The basic constituents of coking coal are carbon, 
volatile matter, and impurities of ash, sulfur, and other 
trace elements. Carbon and volatile matter are inversely 
related and can be used to predict coke yield— the amount 
of coke derived from a given amount of coal. Volatile 
matter is released as gas during the coking process. A 
coal containing high amounts of fixed carbon and small 
amounts of volatile matter is described as low—volatile. 
Conversely, a high—volatile coal has less carbon and more 
volatile matter than either a low— or medium—volatile coal. 
Most coals contain 15 to 40 percent volatile matter. 
According to Holway (1975) coke yield can be calculated as 

100 — (volatile matter x 0.87).
Ash and sulfur are the undesirable components of 

coking coal. Ash is the noncombustible mineral matter in 
the coal, and unremoved sulfur increases the brittleness of 
the pig iron. The quality standards of the iron and steel 
industry are stricter than any other coal—consuming 
industry. Ash and sulfur content of the coke are directly 
related to the ash and sulfur content of the coking coal. 
Coke that is low in ash and sulfur is more efficient in the 
BF, requiring less coke to produce a tonne of pig iron.
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Greater ash content implies a lower carbon content of the 
coke, thereby generating larger volumes of slag or else 
requiring more coke to burn it off. Likewise, increases in 
the sulfur content of the coke require additional limestone 
in the charge and, hence, additional coke to produce a 
tonne of pig iron.

The coking potential or power of a coal is determined 
by 1) its rank and 2) its caking potential, the ratio of 
inerts to reactives. Generally speaking, a higher rank 
coal produces a stronger coal. Rank, the degree of 
coalification, may be indicated in two different ways. 
Modern pétrographie techniques can be used to measure the 
carbon content of a coal, expressed as the reflectance of 
vitrinite or the mean maximum reflectance. Most coals 
range from 0.6 to 1.8 percent in mean reflectance. Rank is 
also commonly measured through a dilatometer test. A 
maximum dilatation of 50 to 140 percent indicates good 
coking potential, zero percent or less indicates poor 
coking potential, and greater than 140 percent indicates 
excessive coking potential. Rank alone cannot be used to 
estimate coking potential, since coals containing the same 
amount of volatile matter are not necessarily of the same 
rank.

To derive a more accurate measure of coking potential, 
microscopic analysis is used to identify the various
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organic constituents of the coal and, hence, its caking 
ability. Different types of plant material, known as 
macérais to the petrographer, are divided into two distinct 
entities which act to fulfill different purposes, the 
"réactivés— the binders, like the cement and water in 
concrete; and the inerts— the aggregates like the sand and 
gravel" (Holway 1975).

A measure of the reactives and inerts is presently 
referred to as the Composition Balance Index (CBI) by
Japanese petrographers. Blast furnace coke should have a
CBI of about 1.0 to maintain strength, hardness, and 
stability. A CBI above the optimum ratio, and consequently 
a higher ratio of inerts, produces coke that is friable due 
to lack of sufficient binders. Also, uneven dispersion of 
inerts in the coke will produce weak spots in the BF 
charge. Typically, low—volatile coal has an excess of 
inerts, and high—volatile coal has a deficiency of inerts.

Another physical property, important in selecting a 
good quality coking coal, is the fluidity of the coal. 
Higher fluidity increases the blending potential of a coal 
and is related to the melting properties of a coal when it 
undergoes the coking process. The Gieseler Plastometer 
measures fluidity in dial divisions per minute (ddpm). In
general, high—volatile coal has high fluidity, and 
low—volatile coal has low fluidity.
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4.3 Contribution of Technology

Technological innovation and energy saving programs 
have been applied at two different stages of production in 
the integrated BF steel mill; namely, the coke making 
process and BF operation. The application of scientific 
blending techniques, employed in combination with 
technologies such as briquetting, is responsible for the 
wide range of coal types used in a coking coal blend. On 
the other hand, improvements in BF operation have increased 
the efficiency of the BF and lowered fuel consumption.

4.3.1 Coke—Blending Practices

Coal characteristics vary widely over a range of 
parameters. A premium—grade coking coal is traditionally 
defined as one with no more than 8 percent ash and 1 
percent sulfur. However, rarely does coal from a single 
mine retain all of the proper qualities required by the 
stringent standards of the coke operator. In order to 
create excellent coke for the BF, blending of different 
coking coal types is undertaken. Through this process, 
unlimited combinations of coking coal can be used to 
achieve a suitable coke. Blending brings additional
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advantages to the coke operator. Lower costs can be 
realized by substituting marginal coking coal Into the mix, 
provided that the qualities of the resultant blend are 
within the acceptable range defined by the coke operator. 
Furthermore, blending reduces a steel mill's dependency on 
any one coal supplier or coal brand.

The ideal coke is low ash, low sulfur, low pressure, 
and high strength. A coke operator may first want to test 
the expansion and contraction properties of a blend during 
the retort process. High expansion coal, i.e., low- 
volatile coal, can exert excess pressure on coke oven 
walls, damaging the oven or battery. After testing the 
safety of a coal blend, Japanese steelmakers emphasize coke 
strength over ash and sulfur content. This is partially 
due to the extraordinary number of large—capacity, 
high—temperature BFs located in Japan. As of 1985, 13 BFs 
possessed an inside volume of greater than 4000 m^ 
(including two above 5000 m^), and an additional 8 furnaces 
had greater than 3000 m^ (Coal Manual 1986).

Historically, classification of coking coal in Japan 
is according to rank (degree of coalification) and caking 
property. This scheme is also applied to coal blending as 
the parameters. At different times in Japan, various sets 
of blending parameters were used. Some of which are 
mentioned below (ISIJ 1985).
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RANK PARAMETER CAKING PROPERTY
Strength Index Composition Balance Index
Average Reflectance of Vltrlnlte Maximum Fluidity
Volatile Matter 
Volatile Matter 
Volatile Matter

Total Dilatation 
Maximum Fluidity 
Caking Index

With the introduction of an automated method of
measuring pétrographie qualities, average reflectance of
vitrinite (R > became the most common measure of rank. The o
microscopy also determines the ratio of inert and reactive
particles (TI). These two parameters are applied as an
indicator of relative strength.

In 1973, Nippon Steel produced the first automated
machine capable of measuring these pétrographie properties
and the technology spread quickly as a fast, accurate, and
consistent means of identifying coal properties. In Japan,
this development is credited as the base technology with
which advanced scientific blending and prediction
techniques became feasible (ISIJ 1985).

Figure 4.5 indicates the optimal zone of coke strength
according to the relationship between reflectance of
vitrinite (R ) and maximum fluidity. The original diagram o
was developed by Nippon Steel Corporation. A coking coal 
blend is considered to be of adequate strength when the 
blend has a mean reflectance of about 1.2 and a maximum 
fluidity in the 200 to 1000 ddpm range. Some coal brands
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typically used by Japanese steel mills are shown on Figure
4.5 and may be brought into the shaded box through blending 
with coal of opposite properties. According to Mijazu 
(1971), coals in quadrants I and IV are useful in 
maintaining high rank of the blend, while coals in 
quadrants I and II maintain high fluidity. On the other 
hand, coals in quadrant III are useful only as a source of 
carbon. Other studies have disagreed with the importance 
of fluidity in predicting coke strength and claim its value 
lies only in predicting the blending ability of coals 
(Holway 1975).

Once pétrographie measurements of Rq and TI are 
available, two additional parameters are calculated, 
strength index (SI) and composition balance index (CBI). 
These two parameters are then used to predict overall coke 
stability of a blend according to empirical isostability 
curves first developed by Schapiro and Gray in 1961 
(Leonard 1979). The Japanese have refined the original 
correlation curves to meet the specific needs of their 
large, high temperature BFs. Figure 4.6 illustrates the 
isostability curves, with typical brands used by Japanese 
steel mills. Again these curves are originally by Nippon 
Steel. Each curve has a corresponding DI measurement— 50, 
70, 80, and 92 percent— indicating increasing coke 
stability.
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4.3.2 Coke Waking Technology

Advances in Japanese coke making technology can be 
perceived as focusing on two goals : to reduce the amount
of high quality coking coal through substitution of lower 
quality coking coal, and to increase the amount of steam 
coal used in the coking process. Although application of 
scientific blending techniques has greatly lessened 
dependency on premium grade coal, the Japanese continue to 
focus attention on coke making technology because coal 
represents 90 percent of energy costs in the integrated 
steel plant (ISIJ 1985).

The briquette blending coke making process was first 
applied in Japan in 1971. The briquetting process offered 
relief from tight supplies of coking coal; up to 20 percent 
of good coking coal can be replaced by either low grade or 
noncoking coal. Hence, briquetting technology also allows 
diversification of coal supply.

Today, Japan is the world leader in developing and 
applying briquette blending. Installations of briquetting 
facilities spread rapidly in Japan in the mid—1970s. 
Presently, 40 percent of total BF coke is furnished through 
this process. Annual capacity is about 8 million tonnes 
per year and is expected to remain at this level under 
current conditions (ISIJ 1985). One study has estimated
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that a coal price differential of U.S.$12 to $15 (at 1979 
coal prices) must exist between premium coking coal and the 
briquette material for the technology to remain profitable 
(Fordham 1979).

Briquettes are formed by the addition of pitch as a 
binder, most commonly coal tar or petroleum pitch. Up to 
30 percent of the total charge can be briquettes, with fine 
coking coal as the remainder. The briquettes are processed 
into coke in the regular coking ovens. The briquettes, 
being denser than the other coal, contribute strength and 
improve the high temperature performance of the BF.

A less promising technology than briquetting, the 
formed—coke process, has received worldwide attention since 
the 1950s. Formed—coke, the generic name for the material 
created, has not yet become a commercial reality, but 
research has progressed farthest in Japan. The latest R&D 
effort, allows a 50 to 80 percent substitution of good 
coking coal with inferior coking and subbi tuminous coals 
(Fordham 1979).

Unlike the briquette blending process, formed—coke is 
created in a special coke oven. Formed briquettes 
constitute the full charge in both the coke oven and BF. A 
200 tonne—per—day pilot test plant was built in 1983 by 
Nippon Steel. Spread of this technology is expected to be 
slow since special coke ovens are required and excess
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capacity already exists in conventional Japanese ovens.
One final development to deserve mention is the dry— 

coal charging method applied throughout Japan and the 
world. Preheating of coal to 200°C before coking allows up 
to a 25 percent substitution of inferior coking coal. Coke 
strength (4 to 6 percent) and productivity (35 percent) are 
also improved (ISIJ 1985).

4.3.3 Blast Furnace Technology

While coal blending techniques and technology 
influence the type of coal used in iron making, the 
absolute amount of coke required is influenced by blast 
furnace operations. BF operation is an energy-intensive 
process consuming about one—half of all energy required in 
the integrated plant. For this reason, efficient fuel 
ratios in the BF are of prime concern to Japanese steel 
makers. Improvement in energy efficiency, can be manifested 
as either lower coke rates or lower total fuel rates.

In the 1970s, research technologies centered on 
improving the gas utilization ratio in the BF, thereby 
reducing its fuel dependency. Table 4.1 details past 
performance of Japanese blast furnaces. By 1979, the 
average fuel rate reached a nadir of 461 kg per tonne of
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Table 4.1 Comparison of average coke rate and total fuel 
rate in the Japanese iron and steel industry

(kg per tonne of hot metal)
Year Coke Rate Fuel Rate
1970 474 518
1971 447 508
1972 438 494
1973 434 494
1974 437 495
1975 440 492
1976 427 478
1977 430 472
1978 429 466
1979 423 461
1980 450 471
1981 476 484
1982 480 489
1983 492 500
1984 487 498
Note: Figures for 1983 and 1984 are in kg per

tonne of pig iron.

Source: ISIJ. 1985. Transactions: Iron and Steel
Institute of Japan 25 (7). Tokyo.
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pig Iron. Likewise, the coking rate dropped to 423 kg per 
tonne, close to the theoretical limit (Coal Manual 1985). 
Total fuel consumed includes coke, tar, oil, and pulverized 
coal. Auxiliary fuel injection, higher temperature and 
pressure blast, control of burden properties and distribu
tion, and moisture control of the blast are specifically 
credited for the Improved efficiency.

With the advent of the second oil crisis, Japanese 
steel makers universally adopted a policy of switching to 
all—coke or oilless BF operations. By 1982, the switch was 
completed as reflected by the resurgence in fuel rates. 
Despite the higher fuel rates, total energy costs within 
the integrated plant were reduced as a result of the 
all—coke BF operation (ISIJ 1985). Excess BF gas and coke 
oven gas, generated with the increase in coke consumption, 
were substituted In other downstream processes which 
originally consumed expensive petroleum fuels. The 
movement of the two rates closer together in the 1980s 
reflects the Integrated steel mill's use of coal as the 
primary fuel in the blast furnace and other downstream 
operations.

Exclusion of petroleum fuel from the BF resulted in 
destabilization of the BF operation such that development 
of substitute fuels was quickly pursued as an alternative. 
Different companies initiated experimental injection of
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supplemental materials to control the furnace conditions 
and achieve long-term stability. The most popular of these 
substitutes is pulverized coal injection (PCI). Other 
experimental fuels include coal—oil mixture (COM), coal-tar 
mixture (TCM), and coal—water mixture (CWM).

PCI has successfully stabilized the operating 
conditions of the BF, and simultaneously increased furnace 
productivity 10 to 20 percent. The main advantage of PCI 
is the fact that steam quality coal is substituted for more 
expensive coking coal. The conversion rate is about 1.4 to
1.6 tonnes of pulverized steam coal for each tonne of coke, 
so that higher fuel rates become necessary. Ultimately, 
the price differential between coking and steam coal allows 
for cost savings with the use of PCI. In 1984, the price 
difference between coking and steam coal was about U.S.$10 
per tonne on average. As of FY 1984, two steel producers 
were particularly active in applying PCI technology. Kobe 
Steel reached a PCI rate of 34 kg per tonne, and Nippon
Steel obtained 13.8 kg per tonne.

Steam coal used in the process, referred to as 
"semisoft" coking coal by the steel industry, must possess 
specific qualities to be eligible for PCI. Ash and sulfur 
content must be low, volatile matter about 30 to 35 
percent, ash fusion temperature greater than 1500°C, and a
Hardgrove Index greater than 50. PCI is not without its
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disadvantages, particularly the high cost of installing 
injection facilities. Adoption of this technique is 
expected to spread in the near future, along with an 
increased rate of steam coal per tonne of pig iron. In 
1984, Japanese steel mills purchased abut 6.5 million 
tonnes of semisoft coking coal (Coal Manual 1986).

While technologies such as PCI and all—coke furnaces 
serve to make the integrated steel plant more energy 
efficient, a host of other BF improvements have impacted 
fuel usage and substitution, working simultaneously to 
increase BF efficiency and decrease coke consumption. Some 
of these include oxygen enrichment of the blast, higher 
wind rate and temperature blast, and prereduced burden.

4.4 Conclusion

New techniques and technologies of the 1970s have 
impacted the type of coking coal Japan imports from abroad. 
Most importantly, a wider range of coking coal can be used 
by steel makers for coke manufacture. Lower quality coal, 
with inferior coking potential and higher levels of 
impurities, has replaced some of the more expensive, higher 
quality coal in a coking coal blend. The overall effect of 
technological advances has been to lessen Japan's
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dependency on and vulnerability to any given coal producer.
Data illustrated in Figure 4.1 indicate that the steel 

industry has decreased use of hard coking coal in favor of 
soft coking coal by 7 percent, and likewise rearranged the 
components of a blend by using 20 percent more coal with 
higher impurities levels. The data in Table 4.1 imply that 
over the study period coke usage in the BF increased by 3 
percent but was offset by a corresponding 4 percent decline 
in the total fuel rate. The difference between the coke 
and fuel rates reflects the use of supplemental fuels such 
as pulverized coal, tar, and heavy oil. Savings from a 
future lower coke rate are not likely given the current 
state of technology.

A summary of the major technical accomplishments 
reveals that application of scientific blending techniques 
in coke making is the forte of the Japanese, as they are 
regarded the world's leaders in this process. After 
blending techniques, the briquette blending process is the 
most widespread technology producing 40 percent of BF coke. 
According to Japanese sources, a possible 8 percent 
displacement of good by inferior quality coal has occurred 
throughout the industry. The sharp increase in South 
African Type 3 coal since the mid 1970s may be viewed as 
evidence of this process. Pulverized coal injection 
appears as the next most promising technology, using higher
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rates of steam coal to replace more costly coking coal in 
the BF. Six furnaces were reported to be practicing PCI by 
1984 with an average rate of 9 kg of steam coal per tonne 
of pig iron produced. Supplemental fuel injection of this 
kind also allows increased use of higher ash coals in a 
coke blend, similar to the type of coal with which 
Australia is well endowed. One drawback to widespread use 
of PCI are the currently depressed coking coal prices which 
narrow the savings level possible with PCI. Last, the 
formed coke process, allowing substitution of 50 to 80 
percent inferior for good coal, is an important technology 
still under experimentation. But because of the high 
capital investment required, the process is not expected to 
expand in use until total steel production reaches the 120 
tonne level.

Although many of these technologies are available, 
they are applied only on a small or experimental scale. 
Therefore the maximum saving levels quoted as possible 
earlier in this chapter are not being realized. Neverthe
less, the existence of these technologies is a bargaining 
chip in Japan's favor which can be used as leverage to keep 
coking coal prices at reasonable levels. A threat of much 
higher prices would undoubtedly stimulate steel makers to 
step up R&D efforts on coke—saving technologies. On the 
other hand, the current lower production and capacity usage
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levels experienced by the Japanese steel industry inhibit 
investment of the capital necessary to change existing 
practices and hardwares.
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Chapter 5 
CONCLUSIONS AND RECOMMENDATIONS 

FOR FURTHER STUDY

The analyses in the previous chapters support 
Hypothesis II as a more appropriate rationale for 
explaining Japanese imports of U.S. coking coal from 1970 
to 1985. Security of supply, as pursued by a country 
diversification scheme, was the underlying motivation in 
the pattern of coking coal imports by Japan. In some 
instances, Japanese steel mills paid a 10 to 15 percent 
price premium for diversity of supply (McMahon and Harris 
1983). Undoubtedly, exact amounts the Japanese paid for 
security of supply are difficult to measure directly from 
coal trade patterns. Japan can be perceived as first 
developing Australian coal to reduce U.S. coal, then 
concentrating on Canada to reduce U.S. coal further, as 
well as to reduce some Australian coal, and more recently, 
attempting to develop resources in countries such as PRC to 
further diversify.

Pursuit of a country diversification scheme has tended 
to alter the shape of the traditional demand curve; Japan 
has purchased higher price coal when lower price coal was 
available, and probably developed higher cost coal, in the
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case of Canada, than is consistent with a price minimiza
tion policy. From a price minimization viewpoint,
Australia appears to be the least cost supplier that can 
efficiently handle Japanese needs. McMahon and Harris 
(1983) suggested that Australia can be considered as the 
"dual of Japan's constrained optimisation problem" because 
of Australia's resource wealth and Japan's deficiency as 
well as their close proximity. Throughout the study 
period, Japan retained a high degree of dependence on 
Australian coal, but perhaps at a higher level than is 
desirable by diversity of supply considerations.

Since diversity of supply was the main policy 
underlying Japanese imports during the study period, it 
should be possible to use traditional economic tools, like 
linear programming, to show the deviation of imports from 
the path consistent with a competitive (or oligopolistic) 
market model. Yet, these kinds of economic analyses ignore 
several important factors that affect coking coal trade: 
lumpiness of capital investments, long-term contracts, and 
market uncertainty. Furthermore, traditional economic 
models ignore political constraints and, hence, are 
difficult to use to "explain" coking coal trade (Banks
1985).

Regardless of the original intention of the Japanese 
diversification policy, the policy has produced increased
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competition among coal suppliers. Willingness to develop 
coal projects in a variety of countries, and giving coal 
from these projects preferential treatment in the short 
run, has paid off in the long run in the form of lower 
coking coal prices. For this reason, the diversification 
policy of Japanese steel mills is successful from two 
viewpoints: a diverse supply was secured along with lower
prices. Typically, these two goals contradict each other, 
and consumers must choose to sublimate one in favor of the 
other (Anderson 1987).

Other factors have contributed to the success of the 
country diversification policy. Steel mill R&D efforts in 
coke and iron making processes have widened the range of 
coals possible for use in the blast furnace, cut coal costs 
by using lower amounts of premium U.S. coal and higher 
amounts of inferior coals in a blend, and conserved coke in 
the blast furnace. Of equal importance are the promising 
new technologies that threaten to eliminate high grade 
coking coal and drastically reduce inferior grade coking 
coal as raw material requirements for pig iron production. 
Because of these technologies, foreign producers now 
possess an incentive to keep coking coal prices within an 
acceptable range.

Close ties between government and industry, and within 
industry, have united and strengthened Japan in pursuing
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its diversification policy. Steel companies have colluded 
on development of new projects overseas and also in annual 
contract negotiations with coking coal producers. In 
negotiations, firms agreed on collective policies to 
achieve their ends and utilized tactics to ensure 
consistently better prices in the 1980s. Moreover, some 
Japanese critics maintain that steel companies purposely 
conspired to induce a world oversupply of coking coal. 
Arguments of this kind are typically made by foreign coal 
producers who harbor resentment in view of low world prices 
and excess supplies. Japan's policies and practices are 
best viewed as competitive strategies that have ensured 
plentiful supplies of coking coal at reasonable prices.

5.1 The Future of U.S. Coking Coal

The question remains as to the future of U.S. coking 
coal in the Japanese market. The United States has acted 
as the swing supplier for Japan since the early 1970s. In 
times of expanding demand, like 1974—75 and the early 
1980s, Japan bought larger quantities of U.S. coal, and 
U.S. market share increased. Alternatively, when Japanese 
demand slumped, U.S. coal was the first to be excluded from 
a coking coal blend. A high price was the incentive to



T—3386 100

purchase U.S. coal only when necessary. Superior quality, 
because of excellent coking properties and low impurity 
levels, in part, justify the higher price, but the long 
oceanic haul for Appalachian coal tends to reduce its 
competitiveness in Japan. Steel mills purchase only 
premium quality coal from the United States in view of the 
transportation component.

Ultimately, the competitiveness of U.S. coking coal 
rests on the vitality of the Japanese steel industry. A 
high probability of diminished steel production in Japan, 
and consequently lower imports of coking coal, will apply 
downward pressure on the quantity of U.S. coal imported. A 
secular decline in basic steel production has been accepted 
as inevitable for some time, but it appears that this trend 
will be accelerated by the exceptionally strong yen in 
1987. The yen recently appreciated to a post WW II high, 
140 yen = U.S.$1.00, which will tend to make Japanese 
export goods less attractive to foreign buyers. As a 
result, lower production rates of export steel and 
automobiles will most likely be achieved over the next few 
years. The Japanese steel industry already possesses an 
excess 50 million tonnes of capacity, and with recent 
developments, the logical strategy will be to cut costs, 
which means reducing use of expensive U.S. coal to the 
minimum level possible.
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The trend in coking coal imports will also be 
influenced by the transfer of Japanese basic steel 
production to more competitive offshore locations and by 
the amount of steel produced by electric furnace. Also of 
importance in considering use of U.S. coal are the 
long-term gains made by steel mills in balancing diversity 
of supply with efficient price levels. It is unlikely that 
firms will be willing to purchase U.S. coal if it 
consistently remains more expensive than quality differ
ences merit.

The trend of declining U.S. price, relative to 
competitors, greatly enhances the competitiveness of U.S. 
coal in Japan; the price differential between U.S. and 
competing coals was 17 percent in 1984. Gordon (1984) 
suggested that U.S. producers could make considerable 
progress in the Japanese market in the 1990s if the 
relative price margin narrowed to 10—15 percent. In this 
sense, prospects are good for U.S. coal. Barnett (1985c) 
predicts no real cost increase for U.S. coal in the 1980s 
and only a small operating cost increase of 1.5 percent 
annually in the 1990s. Excess U.S. capacity should keep 
capital costs constant.

One possible strategy for U.S. producers is to target 
a market niche in Japan. At present, the United States 
appears to be the main source for two kinds of coking coal :
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high volatility, low ash, high fluidity coal and medium 
volatility, low ash, high fluidity coal (TBS 1984). Steel 
mills favor the property of high fluidity in their blends, 
and this market may be dominated by U.S. coal as it is 
difficult to find substitutes. Also encouraging is the 
fact that Japanese domestic production of this kind of coal 
is scheduled to be reduced because of prohibitively high 
cost levels, typically U.S.$91 per tonne higher than 
foreign coal of similar quality (Coal Outlook 1986, WSJ
1986).

The last remaining hope for stimulating U.S. coal in 
Japan is the overwhelming political attention currently 
given to Japan's large trade surplus with the United 
States. Any purchases resulting from political pressure 
are unlikely to change the long-run fate of U.S. coal in 
Japan. Also, even if purchases are increased, the impact 
on the overall trade balance will be minimal. Yet new 
purchases may result as a token gesture of Japan's 
willingness to accommodate U.S. interests.

5.2 Suggestions for Further Study

In view of the decline in imports of U.S. coking coal 
in Japan, an ensuing investigation into the past perfor—
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mance of U.S. coal in other markets, such as Brazil or the 
European Community, would supply additional data on the 
international competitiveness of U.S. coking coal. It may 
be that the closer proximity to these areas allows U.S. 
coal to compete more effectively.

A second study could shed additional light on the 
future of U.S. coal in Japan by addressing technical 
blending issues. The study could determine whether 
Japanese steel mills can exclude U.S. coal entirely from 
their coking coal blends or whether there is some minimum 
level of U.S. coal necessary over the long run.

Finally, a comment on regression modeling for 
Hypothesis I. Perhaps use of a longer time frame, 
extending further into the past, would show a significantly 
negative relationship between U.S. price and levels of U.S. 
coking coals in Japan.
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APPENDIX A
JAPANESE EQUITY IN AUSTRALIAN AND CANADIAN COAL MINES

AUSTRALIA
Japanese Company
MITSUI GROUP 

Mitsui & Co.
(Australia) Pty. 
Ltd.

Mitsui Mining 
Australia Ltd.

Mitsui Coal Devel
opment Pty. Ltd.

Mitsui Mining Over
seas Development Co.

MITSUBISHI GROUP
Mitsubishi Develop— Warkworth Mining Ltd. 11

ment Pty. Ltd. Central Queensland Coal Associates 12
Ulan Coal Mines Ltd. 40
Hay Point Services 12

Mitsubishi Chemical Austen and Butta Ltd. 2.6
Gross Valley Colliery Ltd. 4.6
East Lithgow Joint Venture 2.6

Mitsuibishi Mining Warkworth Mining Ltd. 4
and Cement

MARUBENI GROUP
Marubeni Corp. Marubeni Coal Pty. Ltd. 100

Austen and Butta 4.6
Hail Creek Joint Venture 4
Gross Valley Colliery Pty. Ltd. 4.6
East Lithgow Joint Venture 2.6
Muswellbrook Coal Co. Pty. Ltd. 14
Forestwood Australia Ltd. 15
Wellamaine Coal Joint Venture 2.5

SUMITOMO GROUP
Sumitomo Corp. Wallerawang Collieries Ltd. 5

Lithgow Valley Collieries Ltd. 10
Sumisho Coal Development Pty. Ltd. 100 
Hail Creek Joint Venture 2

Coal Interests X Equity

Thiess Dampier Mitsui Coal Pty. 20
Curragh Coal Joint Venture 10
M t . Arthur South Joint Venture 2.5
Birds Rock Joint Venture 7.5
Drayton Coal Joint Venture 36

Drayton Coal Joint Venture 2
Milmerran Joint Venture 12
Redbank Plains Resources Pty. Ltd. 25

Source: TBS. 1984. Pacific rim coal market analysis.
In—house publication. Lexington, Mass : Temple,
Barker & Sloane.
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Sumitomo Metal Wallerawang Collieries Ltd. 15
Industries

Sumitomo Coal Mining Lithgow Valley Collieries Pty. 5
DAI—ICHI KANGYO BANK GROUP

C . Itoh and Co. Birds Rock Coal Joint Venture 7.5
Shows Oil Co. Redbank Plains Resources Pty. 24

NICHIHEN CORP. Mt. Sugarloaf Collieries Pty. Ltd 12.5
JAPAN COAL DEVELOP- Blair Athol Coal Pty. Ltd. 3

MENT Birds Rock Coal Joint Venture 14
Kooragang Coal Loader Ltd. 7

TAIHEIYO COAL DEVELOP- Birds Rock Coal Joint Venture 34
MENT CO. LTD.

IDEMITSU KOSAN Idemitsu Queensland 100
Ensham Coal Project 22
Lake Vermont Coal Project

ELECTRIC POWER EPDC Overseas Coal 55
DEVELOPMENT CO. M t . Arthur South Joint Venture 12.5

Blair Athol Coal Pty. 7
MATSUSHIMA TANKO Mt. Sugarloaf Collieries Pty. Ltd. 12.5

CANADA
MITSUI AND CO.

Mitsui Coal Develop— Gregg River Coal Ltd. 5
ment Canada Ltd. Crows Nest Resources Ltd. 5

Mitsui Mining Quintette Coal Co. 12.5
Overseas Co. Ltd.

Mitsui Mining Co. Hosmer—Wheeler Coal Ltd. 25
SUMITOMO CORP.

Sumitomo Metal Monkman Coal Mine 20
Industries Quintette Coal Co. 5

Quintette Coal Co. 1.5
Westar Mining Ltd. 3.9
Gregg River Coal Ltd. 5.4
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MITSUBISHI CORP. Westar Mining Ltd. 13
Hosmer—Wheeler Coal Ltd. 5

Mitsubishi Chemi— Westar Mining Ltd. 0.8
cal Corp. Quintette Coal Co. 0.1

NIPPON STEEL CORP. Westar Mining Ltd. 6.4
(Nippon Steel Gregg River Coal Ltd. 14
Dev. Can. Ltd.) Quintette Coal Co. 3.8

NIPPON KOKAN KK Westar Mining Ltd. 5.9
(NKK Coal Gregg River Coal Ltd. 5.9
Canada Ltd.) Quintette Coal Co. 1.6

KAWASAKI STEEL CORP. Westar Mining Ltd. 1.6
(Kawasaki Steel Gregg River Coal Ltd. 5.4
Canada Ltd.) Quintette Coal Co. 1.5

NISSHIN STEEL CORP. Westar Mining Ltd. 0.7
(Nisshin Steel Gregg River Coal Ltd. 1.1
Canada Ltd.) Quintette Coal Co. 0.3

G0D0 STEEL C0. LTD. Westar Mining Ltd. 0.1
Quintette Coal Co. 0.1

KOBE STEEL CORP. Westar Mining Ltd. 0.8
(Kobe Steel Canada Gregg River Coal Ltd. 3.2

Ltd.) Quintette Coal Co. 0.9
NAKAYAHA Quintette Coal Co. 0.2
T0H0 GAS CO. Westar Mining Ltd. 0.1
TOKYO B0EKI LTD. Quintette Coal Co. 10.5
NISSH0—IWAI CO. Bullmoose Coal Project 10
IDEMITSU K0SAN Shaughnessy Coal Project 20

(Idemitsu Inter
national Resources 
Canada Ltd.)

TAIY0 OIL CO. Seagull Resources 4.6
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APPENDIX B 
JAPANESE IMPORTS OF CORING COAL 

BY QUALITY CLASSIFICATION

Heavy Coking Coal, Ash ( 8 %
Calendar South

Tear Australia Canada USA Africa USSR PRC Poland Other Total
1970 2370000 231000 17345000 0 1068000 0 822000 2000 21838000
1971 2422519 1195870 14649414 29 888220 0 1018227 0 20174279
1972 3962370 1619734 12836597 0 988365 0 1052314 0 20459380
1973 5737000 1486000 12938000 32000 665000 0 1144000 0 22001000
1974 3488000 1049000 11068000 40000 913000 0 1012000 53000 17623000
1975 1217000 1288000 10122000 21000 1096000 0 905000 290000 14939000
1976 3327000 1657000 10923000 63000 927000 0 890000 273000 18060000
1977 3866000 1466000 9670000 740000 1033000 0 679000 360000 17814000
1978 3796000 1156000 5613000 842000 945000 0 373000 342000 13067000
1979 4938000 819000 8734000 59000 944000 39000 380000 329000 16242000
1980 4094000 1348000 11603000 222000 812000 3000 142000 35000 18259000
1981 5669000 1457000 9810000 69000 653000 49000 65000 73000 17845000
1982 4516000 995000 12824000 342000 718000 39000 0 81000 19515000
1983 5576000 484000 7314000 127000 386000 8000 0 99000 13994000
1984 5766000 1104000 7733000 481000 226000 64000 0 138000 15512000
1985 4236000 1105000 5966000 284000 116000 27000 0 196000 11930000

Source: Japan Tariff Association. Japan exports and
Imports: Commodity by country. Tokyo : various
issues.
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Heavy Coking Coal, Ash > 81
Calendar

Tear Australiai Canada USA
South

Africa USSR PRC Poland Other Total
1970 8284000 2690000 4655000 9000 1198000 0 0 124000 16960000
1971 8270633 4515886 1972481 0 1155499 0 0 44006 15958505
1972 9907789 4954934 1005724 2280 1253386 0 0 12001 17136114
1973 11531000 7825000 1099000 0 1754000 0 0 15000 22224000
1974 12092000 8504000 9366000 22000 1874000 4000 25000 91000 31978000
1975 15045000 9344000 6907000 6000 1536000 0 0 192000 33030000
1976 14777000 8608000 2952000 0 1672000 10000 0 192000 28211000
1977 14310000 9154000 2555000 0 1092000 0 0 125000 27236000
1978 13405000 9689000 1644000 0 786000 184000 149000 0 25856000
1979 14003000 9573000 2105000 0 638000 489000 97000 13000 26918000
1980 13800000 9196000 3715000 0 593000 737000 246000 0 28286000
1981 15472000 8015000 6149000 25000 412000 890000 0 1000 30964000
1982 13819000 8541000 4325000 63000 238000 999000 0 0 27985000
1983 14479000 9630000 3872000 25000 789000 1168000 0 0 29962000
1984 14856000 14097000 4008000 0 977000 834000 0 1000 34773000
1985 15251000 14615000 3601000 56000 2250000 793000 0 0 36566000
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Coking Coal, Ash < 8%
Calendar

Tear Australia Canada USA
South

Africa USSR PRC Poland Other Total
1970 918000 0 2290000 0 133000 0 71000 0 3411000
1971 841448 0 1706552 0 160585 0 129915 5 2838505
1972 1386262 0 2515078 16063 51868 0 160407 0 4129678
1973 1390000 10000 2424000 47000 58000 0 77000 210000 4216000
1974 1164000 0 1880000 60000 89000 0 169000 14000 3376000
1975 616000 0 2628000 61000 164000 0 173000 0 3641000
1976 1035000 0 2567000 691000 158000 6000 80000 91000 4628000
1977 712000 54000 2176000 1586000 358000 6000 107000 10000 5009000
1978 1040000 0 1274000 1531000 271000 0 42000 12000 4170000
1979 1080000 0 2130000 2184000 294000 0 76000 14000 5778000
1980 1292000 0 2655000 2584000 78000 15000 0 43000 6667000
1981 1488000 59000 3440000 2809000 19000 16000 0 109000 7940000
1982 1474000 0 4837000 2702000 10000 57000 0 156000 9236000
1983 2188000 148000 2730000 2387000 37000 332000 0 223000 8045000
1984 1943000 42000 2287000 2697000 110000 653000 0 348000 8080000
1985 3105000 106000 2179000 3055000 82000 847000 0 480000 9854000
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Coking Coal, Ash > 8%
Calendar

Tear Australia Canada OSA
South

Africa ossR PRC Poland Other Total
1970 4899000 296000 951000 11000 401000 0 0 1000 6559000
1971 5059926 902069 151556 0 244341 0 0 0 6357892
1972 5303330 1098836 184573 0 207802 0 0 0 6794541
1973 6056000 1000000 78000 0 248000 0 0 0 7382000
1974 6056000 16000 3087000 0 318000 0 0 0 9476000
1975 5910000 33000 2823000 3000 327000 0 0 0 9096000
1976 6902000 32000 1013000 0 278000 0 0 0 8224000
1977 7124000 90000 777000 0 389000 0 0 33000 8413000
1978 6252000 26000 339000 0 302000 89000 0 0 7007000
1979 6018000 72000 543000 0 324000 222000 0 0 7179000
1980 6595000 37000 1261000 77000 400000 233000 0 1000 8604000
1981 6499000 23000 2173000 59000 49000 205000 0 0 9008000
1982 5597000 0 1923000 200000 140000 272000 0 2000 8134000
1983 5933000 0 802000 448000 267000 383000 0 0 7833000
1984 7266000 180000 1292000 1393000 355000 456000 0 33000 10975000
1985 7757000 998000 1047000 1080000 479000 400000 0 32000 11793000


