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ABSTRACT 

This dissertation examines the performance of the Liberian iron ore industry 

from 1950-~985 and its viability in global markets, assuming stagnation (World 

Bank) and expansionist (Leontief et al.) expectations. It examines past trends 

in trade and investment patterns in the light of equilibrium allocations which im

ply the existence of efficient transportation links. This model assumes that given 

world sources and sinks as constrained by the supply and demand structure of the 

ore industry, each individual region acts as a basing point to maximize net social 

payoff from its ore trade. The model is validated on recent (1984) industry data 

and "explains" 91% of actual demands and 79% of actual trade flows. Price dis

crimination is evidenced in the form both of monopsony power exercised by some 

buyers in the Pacific Basin over intra-regional (e.g., Australian) and extra-regional 

(e.g., Brazilian, Liberian) producers and monopoly power permitting modest rents 

to be collected by some producers in Africa, including Liberia, from the European 

markets. In North America, rents appear for some domestic producers in some 

simulations. These results confirm quantitatively the descriptive results of others 

while postulating a much more competitive environment for producers. 

The model assumes world trade doubles through year 2000 or stagnates. 

Liberia fares poorly in either case, losing significant portions of its U.S. and of its 

EEC markets to Canada and Brazil respectively despite the maintenance of some 

resource rents globally. This analysis quantifies for the first time the claims of earlier 

studies that price discrimination exists, but indicates actual prices may be closer 

to long-run competitive prices than has generally been assumed by others. Thus, 

realistic ways for Liberia to increase its market shares require not only an expan

sion of the industrialized countries' steel industries but an aggressive willingness to 

absorb transport and other costs by foregoing rents and lowering costs. Removing 

diseconomies of small transport scale, absorbing freight, and lower U.S. exchange 
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rates combined with world steel expansion could increase Liberian annual shipments 

by as much as 50 million tonnes per year or $1 billion annually. 
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CHAPTER ONE 

INTRODUCTION 

This chapter examines the major theme of the study, reviews material on 

the development of the Liberian iron ore industry and whether trade patterns in 

the industry reflect traditional hypotheses of international trade, states the scope 

and method of analysis, reviews the relevant literature and gives an outline of the 

dissertation. 

The iron ore industry has been a major source of foreign exchange earnings 

to Liberia since its inception in the early 1950s. It has contributed more than 

half of Liberia's export earnings for the past thirty-five years. It is appropriate to 

discuss some of the theories or hypotheses of international trade that are relevant 

to the iron ore industry. The earliest theories concerning trade can be traced to 

Ricardo's Theory of Comparative Costs (Harberler, G., 1961, p. 6). The hypotheses 

of absolute and comparative advantages I'Ie advanced in this work. The hypothesis 

of absolute advantage states that one country or region has an absolute advantage 

over another in the production of some commodity if, with equal input of resources 

in each country, it can produce more of the commodity than the other country. 

Thus, the country should export the commodity it produces more efficiently and 

import that which it does not produce efficiently. The hypothesis of comparative 

advantage states that a country or region will tend to export the commodity whose 

relative cost (to the other commodity) or comparative cost of production is lower 

than it is in the other country, and will tend to import goods in which it is relatively 

less efficient. H there are no differences in relative costs of production between 

countries, it is assumed there will be no incentive to trade. 

The theory considered as that which most closely describes trade in natural 

resources is the Heckscher-Ohlin Theory. It asserts that international trade can be 

attributed largely to differences between factor endowments of different countries, 

and that a country will tend to have comparative advantages in the production of 

that commocli~y which uses more intensively the country's more abundant factor 
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(Kindleberger and Lindert, 1978, p. 31). In the case of iron ore, the major exporters 

are usually those countries with large, high grade deposits that are economical to 

mine due to price/cost, technological and locational conditions. 

Normally, one would expect trade patterns in most industries to follow that 

which is predicted by traditional trade theories. However, in their studies of trade 

flows Tinbergen (1962) and Linneman (1966) note that impediments exist to free 

trade which they termed resistance variables. These include artificial barriers, such 

as preferential arrangements among countries of the same political bloc, and natural 

barriers, such as distance. Tilton (1966) in a study on trade in alumina, bauxite, 

copper, manganese, tin and zinc, hypothesized that the choice of trade partners is 

strongly influenced by international ownership ties, political blocs, government reg

ulation and participation, established buyer-seller ties and the heterogenous nature 

of ores and metals. Ownership ties and buyer-seller ties were similarly postulated 

by Margueron (1969) to be the major factors determining trade flows in the iron 

ore industry. These studies describe a trading world influenced by forces supplant

ing comparative advantage or supply and demand as predicted by traditional trade 

theory. 

1.1 Statement of the problem 

This dissertation is an analytical study of the performance of the Liberian 

iron ore industry and of its viability in a competitive world market. It examines (1) 

Liberian endowment and resource development; (2) trends in trade patterns, sup

plies and demands, and, (3) prospects for Liberian iron ores considering continued 

shifting of trade patterns in the world iron ore industry. 

hon ore production began in Liberia in 1951 at the Bomi Hills, Liberia Min

ing Company's (LMC) mine; a company owned by Liberian and American citizens 

with a share of 14.6%, Republic Steel Corporation of the United States with 59.2%, 

the Christie Estate of the U.S. with 9.2%, and William H. Muller & Company, a 

Dutch group controlling the remaining 17%. Initial investment in the project was 

$37 million. Republic Steel was the sales agent in the U.S. while William H. Muller 

& Company was the sales agent outside the U.S. market. This event marked the 
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emergence of an industry that later became the major source of foreign exchange 

earnings, and tn c leading export of Liberia by 1961, surpassing natural rubber which 

had been the leading export up to that time. 

The second iron ore concession was the National hon Ore Company (NIOC) 

which began shipments in 1961. NIOC was owned by a group of Liberian and 

American investors whose share was 35%, the government of Liberia's share was 50% 

and the Liberian Mining Company controlled the remaining 15%. Estimated initial 

investment for NIOC was $30 million (Carlsson, J. 1977, p. 13). The sales agent 

for NIOC up to 1972 Was William H. Muller & Company, afterwards, Campanhia 

Auxiliar de Empresas de Mineracao (CAEMI) became the sales agent (Kraaij, 1983, 

p. 198). 

The Liberian-American-Swedish Minerals Company and Bethlehem Steel 

Corporation formed the LAMCO Joint Venture in 1960 to develop iron ores in the 

Nimba Mountains of Liberia. LAMCO Joint Venture was owned 75% by LAMCO 

and 25% by Bethlehem Steel Corporation. LAMCO in tum was owned in equal 

shares by the Liberian Government and Liberia Iron Ore Ltd (L.lO), a Canadian 

registered holding company. Ownership of Liberia Iron Ore Ltd was 74.8% by the 

Swedish LAMCO Syndicate while the remaining 25.2% was owned by the Inter

national African American Corporation (lA.A.C.). Grangesberg of Sweden owned 

controlling interest in the Swedish Syndicate and was the sales agent for the 75% 

of the total Nimba production accruing to LAMCO. It was the only shipper of 

LAMCO's portion of the ore output until October 1, 1962, when a shipping agree

ment entitled the government of Liberia to ship 50% of all ores sold by LAMCO 

on a c.i.f. basis (Kraaij, 1983, pp. 216-19). Total investment in the LAMCO Joint 

Venture up to the end of 1976 was about $360 million. LAMCO thus became the 

third mining concession involved in the exploitation of iron ores in Liberia. Ship

ments from Nimba began in July 1963 ~d it became the largest iron ore producer 

in 1964. 

The fourth mining venture is Bong Mining Company which is owned in equal 

shares by the Liberian Government and the Duetsch-Liberian Mining Company 

(Delimco). Delimco, a German company formerly called Gewerkschaft Exploration, 
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a subsidiary of Barbara Erzbergbau A.G., was granted exclusive exploration and. 

exploitation rights for all kinds of ore minerals, except gold and diamonds in the 

Bong Range in 1958. Delimco was owned by Gewerkschaft Exploration 67.5% and 

the Italian steel producers of the Finsider Group 32.5%. Gewerkschaft Exploration 

was owned by four German steel producers: August Thyssen Hutte 50%, Hoesch 

A. G. Huttenwerke 34%, Rheinstabl Huttenwerke A.G. 8% and Friedrich Krupp 

Huttenwerke A.G. 8%. Bong Mines made its first shipment in 1965, most of its 

shipment being destined for steel plants in West Germany and Italy. Estimated 

investment in Bong Mines was $246.5 million by the end of 1976. The LMC mine 

at Bomi Hills was closed in 1977. The NIOe mine at Mano River was finally closed 

in 1985 due to operating problems. Thus, Bong Mining Co. and LAMCO are the 

only iron ore mining operations in Liberia at the present time. 

Liberia ranked sixth among the major exporters of iron ore in 1985, and has 

been a major exporter since the mid-1960s. There is an abundance of iron ore in 

Liberia so it is not surprising that Liberia has become a major supplier to the world 

market, indicating it may have a comparative advantage in ore production thereby 

giving some credence to the Hechscher-Ohlin Theory. Ore projects are undertaken 

on the basis of trade advantages which reflect grade, quality and transport effi

ciencies, thus the various investments in Liberia over the period under review may 

indicate Liberian ores were at least 'comparable in terms of grade and quality with 

the other ores traded on the world market. 

Liberia has considerable amounts of iron ore resources. The identified iron 

ore resources of Liberia are approximately 4,580 million tonnes of crude ore with an 

implied grade of 45% iron. This translates to about 2,060 million tonnes of contained 

iron as identified resources. Known reserves are estimated at 1600 million tonnes 

containing 45% iron. World identified resources are estimated to be 250,000 million 

tonnes with an implied grade of 43.0%; equal to 110,000 million tonnes of contained 

iron. Among major producers in Mrica, Liberia ranks second to South Africa in 

ore produced and also in reserves. The estimated resources of Liberia includes 

iron ore from the Nimba, Bong, Wologisi and Bea Ranges. The Wologisi and Bea 

Ranges of Liberia are not being mined at this time, but may become economic for 
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the production of sinter fines at a total cost range of $0.30 to $0.79 per iron unit 

f.o.b. port assuming a DCFROR of 15% (U.S. Bur. Mines, 1987, p .46). The cost 

of iron ore is quoted here on a value per tonne-unit or value per tonne basis. One 

iron unit represents 1% of contained iron per tonne. Thus, a cost of $0.30 per iron 

unit for ore containing 64% iron equals $19.20 per tonne. These two ranges contain 

about 1200 million tonnes of crude ore grading 35 to 45 percent. 

The industry's performance in the Liberian economy can be illustrated by 

observing the contribution of the iron ore sector to gross domestic product at con

stant factor cost (1984 US$). The Liberian dollar is the official currency, is at par 

with the U.S. dollar which is also legal tender, and is used in conjunction with the 

Liberian dollar. The contribution of iron ore was $166.9 million or 24% of GDP in 

1964, it was $315.1 million or 40.2% of GOP in 1975, the largest share of GOP it 

has contributed thus far. Its contribution to GOP has steadily declined since 1975, 

and was $104.8 million or 14.4% of GDP in 1985 (see Figure 1.1). The industry's 

contribution to export earnings was $0.5 million or 0.9% of export earnings in 1951 

and reached an all time high of $328.7 million or 71.9% in 1976. Iron ore export 

earnings were valued at $294.4 million or 64.2% of total export earnings in 1985 

(see Figure 1.2). Government revenues from the export sector was $2.0 million in 

1953, and grew to an all time high of $28.3 million in 1976. Revenue from this 

sector has since declined and was down to $5.6 million in 1981, the last year for 

which complete revenue data are available (see Figure 1.3). 

The viability of the Liberian iron ore industry depends on how iron and steel 

d.emands shift. Iron ore demand, like most other mineral demand, is derived from 

the use of materials in the production of other goods. The demand for iron ore 

is derived from that of iron and steel, thus, shifts in iron and steel demand have 

a profound impact on what obtains in the world iron ore industry. In order to 

determine what the demand for Liberian iron ores and/or world iron ore demand 

will be in the future, one has to understand the forces that have altered supply and 

demand patterns in the world industry over the past three decades. 
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Iron ore production in 1950 was 250 million tonnes. By 1985, global pro

duction had reached 896 million tonnes, an increase of 3.5 times or a growth rate 

of 3.6%. The major producers in the Western World in 1950 were all in the indus

trialized countries and included the U.S.A, EEC, Sweden and Canada. By 1985, 

the majority of the major producers were from developing or newly industrialized 

countries, among which were Brazil, Australia, the U.S.A., India, Canada, South 

Africa, Sweden, EEC, Liberia and Venezuela. The situation with trade in iron ore 

was even more dramatic. Exports of iron ore in 1950 was 45 million tonnes, by 

1985, exports had reached 380 million tonnes, reflecting an increase of 8.4 times 

or a growth rate of 6.1%. The major exporters in 1950 were mostly industrialized 

countries, consisting of Sweden, France, Chile, U.S.A. and Canada. In 1985, the 

leading exporters in the Western World included Brazil, Australia, Canada, India, 

Sweden, Liberia, South Africa, Mauritania and Venezuela; each exporting more 

than 9 million tonnes. Again, it is clear that ore production/supply is shifting from 

the industrialized countries to the developing or newly industrialized countries (see 

Figure 1.4). 

To facilitate a comprehensive analysis of issues involved in the shifting pat

terns of iron ore supply and demand, a brief review of some of the views concerning 

steel demand shifts are included. There are conventional views of iron and steel 

demand shifts and metal stagnation in developed countries which have been ex

pressed in the literature conceniing intensity of metal use (UNECE, 1959; Malen

baum 1975, 1978). These conventional views suggest that steel demands are declin

ing in industrialized countries because these countries require less metal-intensive 

products as their development process is advanced. The developing countries are 

purported to require relatively steel-intensive investments in infrastructure (roads, 

bridges, railroads, port facilities, power stations, etc.) since they are still in the 

early stages of their development process. This view supports the notion that steel 

demand is shifting to the developing countries (Pacific Basin, Africa and Middle 

East, and Latin America) and that the developing countries are assuming the role 

of steel production. 
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A brief observation of the data on steel demand indicates that views on shifts 

of steel demand to Pacific Basin and developing countries are based on major mis

conceptions which ignore the importance of trade. These views ignore the fact that 

apparent consumption measures neglect the movement in international markets of 

intermediate and final goods beyond the ores and primary metals. Thus compar

isons of growth rates in steel demand must be made on the basis of real consumption 

including indirect (embodied steel in products) as well as direct (primary) goods, 

not just apparent consumption of only the latter. When the trade of intermediate 

and final goods embodying steel are factored in, furthermore, it becomes apparent 

that the growth in steel demands in the industrialized U.S. and in the developing 

countries has been significantly understated, while that of'Europe and the Pacific 

Basin have been correspondingly overstated. By 1980, Africa, the Middle East and 

Latin America were consuming twice the steel in actual measures than reported in 

apparent measures. Examination of growth rates in steel consumption for develop

ing counries from 1970-80 showed an annuai growth rate of 9.3%. However, from 

1980-85, there has been stagnation and reduced steel demand in these markets. 

Growth rate per annum in apparent steel consumption for developing countries for 

1980-85 was 0.9%. 

The above observation warrants an alternative view which suggests that when 

steel demands are adjusted for indirect shipments, they are growing at about the 

same rate in developing countries as in the USA, Western Europe and Japan. The 

appearance of technical change shifts given by a decline in trade of the U.S. is 

due largely to increased imports and loss of export markets. Steel demands are 

still associated with growth in industrial production and ultimately durable goods 

demands. When these slake, 1975-85, steel consumption stagnates. This implies 

that if industrial growth resumes, iron ore demand supplied by developing countries 

becomes a function of location economics. Thus the future of Liberian iron ore is 

tied to the shifts in steel demands in countries with which it trades. 

The trends in supply and demand suggest that apparent consumption of steel 

is shifting to the Pacific Basin. But this may simply correspond to the fact that 

steel product exports fioQd North America, leaving the Pacific Basin favored as a 
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region for increased steel demand. The trends, however, show that iron ore supply 

has shifted to the developing and newly industrialized countries and away from the 

industrialized countries of the Western World. Various factors influence the shift 

in iron ore supply to developing and newly industrialized countries, among these: 

(1) depletion of high grade ores in the traditional mining districts of industrialized 

countries of the Western World; (2) new process technologies of sintering and pel

letization;(3) changing technologies of iron and steel production; (4) access to trade, 

and (5) scale economies in production and in bulk ocean transport. 

The method of 'this study is to examine Liberian past ore shipments and 

prospects in the light of global competition for resources and mill production. The 

'state of the art' hypothesis is that flow patterns are a function of 'corporate ties' 

primarily, which puts efficiency and trade theory in a secondary, if not insignificant, 

role. This is consistent with the studies of Tilton (1966) and Margueron (1969) 

implying tha.t vertical integration or ownership ties are the dominant factor shaping 

trade in metals and ores. An alternative popular hypothesis is that the flow patterns 

are based on comparative advantages in trade due to the abundance of certain 

factors or resources in producing countries. 

In an open market such as exists in the world iron ore industry, a supplier 

like Liberia has to provide iron ore at a competitive price to keep its market share, 

or to increase it. To examine whether Liberian iron ores are competitive in the var

ious markets it serves, an evaluation of netbacks, i.e. c.i.f. prices minus transport 

costs of major suppliers to the European market is done for selected years. The 

netback prices obtained can be compared with quoted f.o.b. prices on this market 

to determine whether suppliers are discriminating to penetrate specific markets. 

Due to the lack of actual c.i.f. prices for the Japanese and the U.S. East Coast 

markets, f.o. b. prices plus transport cost were combined to estimate c.i.f. prices in 

these regions. Such estimates of c.i.f. prices in a demand region from various sources 

indicate the potential competitiveness of a given source for iron ore delivered to that 

particular market. The case for discrimination on the Japanese markets is made by 

comparing quoted f.o.b. prices from various sources on this market with the quoted 

f.o.b. prices on the European markets from the same sources. It is shown that the 
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quoted f.o.b prices from the same sources are different on both the European and 

Japanese markets. There are examples, say in the European Market, where the 

claims of Drewry (1986, p. 13) and others appear substantiated by some suppliers 

who have reduced their quoted f.o.b. prices so they can be competitive with lower 

cost producers on a c.i.f. basis. This posture by producers may also be interpreted 

as reflecting the trading of a nonhomogenous product whose delivered price incor

portates ore type and quality differences, the type of contract negotiated, market 

conditions, the geographic location of the buyers and sellers, in addition to the need 

to secure a market for their products in a rather competitive environment. The iron 

ore industry may be described as a microcosm of many competing producers vy

ing for market access and a smaller number of oligopsonis'tic consumers trying to 

maintain prices at or near competitive levels. 

These comparisons suggest a model to test whether Liberian ores are indeed 

competitive on these markets. The model incorporates the salient factors which 

dictate trade patterns in the international market for iron ore. The claims of Tilton 

and others that flows are tied by factors other than competitive advantage are 

accepted. This infers prices are administered. H so, how efficient are these flows? H 

the prices are set or negotiated close to full recovery of long run average costs, then a 

trade pattern based on a single non-discriminating f.o.b. price in each supply region 

would be more efficient than discriminating prices to the extent it minimizes total 

delivered resource costs. One way to test the level of Dl8..Tket efficiencies is to develop 

such a non-discriminating supply and demand model and compare "efficient" flows 

and prices with actual. To judge Liberian prospects, then future levels of demand 

can be employed in the model and Liberia's prospective trade share growth in 

competition with rival regions assessed. 

1.2 Objective, methodology and scope 

The object is to determine whether Liberian iron ores are competitive in the 

three major markets in which iron ore is traded, namely, in Europe, North America, 

and the Pacific Basin. Specifically, the analysis tries to answer the following related 

questions: (1) What is ~iberia's share in the U.S., Western European, and the 
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Pacific Basin markets? (2) How can Liberia's share be increased? (3) What are the 

bases for comparative advantages for Liberia over rival sources of iron ore? and (4) 

What will the pattern of iron ore trade be in year 2000? This last question has now 

been addressed in part by Leontief et al. (1983) and the World Bank (1986) in their 

iron ore demand forecasts. This study assesses and compares these forecasts. In 

this assessment the study aims to identify the effects of the shift in supply I demand 

on future trade patterns. Finally it draws out the implications of these trends on 

future developments in the Liberian iron ore industry. 

To achieve the above objective, a quantitative method is utilized, and in

volves development of an international trade model for iron ore. The trade-How 

model is a spatial equilibrium model which solves the Coumot-Enke classical trans

portation problem by employing a quadratic programming optimization framework. 

It adopts Samuelson's (1952) concept of net social payoff. This model examines spa

tial or interregional efficiency in production, distribution and utilization, and has 

the advantage of recognizing transport costs and market constraints in the formula

tion of an equilibrium system (Takayama and Judge, 1971, p. 129). The quadratic 

programming (QP) model includes the following components: (1) a system of equa

tions describing the aggregate demand for the commodity in each of the markets 

as well as the aggregate supply of the commodity in each of the markets; (2) the 

distribution activities over space; and (3) the equilibrium conditions. 

The system of demand and supply equations necessary to transform the 

linear to a quadratic programming model is given below. The equations are written 

in linear form to help specify the quadratic objective function necessary for the 

solution. Identifying variables are assumed to be computationally embodied in the 

constant terms. The following is the model as formulated by Takayama and Judge 

(1971, pp. 129-132). 

The formulation of the quadratic programming model begins with the des

ignation of the n production regions, i = 1, ... , n, and Ie consumption regions 

j = 1, ... , Ie. Transportation costs per physical unit are independent of volume 

and subject to: 

tij > 0 for all i and j (1.1) 
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For each region the demand and supply quantities are given 88 linear functions of 

price: 

Y - - Q- - a_p _ - for allJ· ,- , fJ" (1.2) 

where Yj is quantity demanded in the it" region and Pj is the demand price in the 

it" region and Qj > 0 and Pj > O. 

Zi = (Ji + 'YiPi for all i (1.3) 

where Zi is the quantity supplied in the it" region and Pi is the supply price in 

the it" region and 'Yi > O. The above equations are expressed in their inverse form 

below. 

Pj = :Aj - WjYj for all j 

Pi = Vi + f/iZi for all i 

where :Aj > 0, Wj > 0, Vi > 0 and f/i > 0 over all observations. 

(1.4) 

(1.5) 

For each demand region, assume that the quantity actually consumed, Yj, 

is less than or at most equal to the quantity shipped into the region from all the 

supply regions: 
R 

Yj :::; LZij for all j (1.6) 
j=l 

where the quantity shipped from the it" region to the P" region is Zij > 0 for all 

i and i. The actual supply quantity, Zi, is assumed to be greater than or at least 

equal to the effective supply from region i to all demand regions: 

k 

z- > "z-- for all i 1 - L- I, 
j=l 

where Zij ~ o. Total transport cost for all possible flows is represented as: 

R k 

L L tijZij for all i and j 
i=l j=l 

(1.7) 

(1.8) 

Transport cost must be less than or equal to price in the consuming region 

minus producer's costs plus rent: 
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pj - Pi ~ tij for all i and j (1.9) 

Given prices (pi, Pj) and transport costs (tij), the quadratic program simu

lates Samuelson's spatial equilibrium model in which the test of efficiency is that the 

sum of consumers' and producers' surplus be maximized (Newcomb and Fan, 1980, 

p. A-I). This is defined as the difference between demand and supply functions 

termed Net Social Payoff (NSP) by Samuelson which is represented as: 

(1.10) 

The objective function for the present model can be represented as: 

Ie nIle 1 n 

max(NSP)-~~·y·- ~v·x·-- ~w·y~-- ~TJ·x~--L..JJJ L..JII 2L...iJJ 2L..J" 
j=1 i=1 j=1 i=1 

n Ie 

~LtijXij. (1.11) 
i=l j=1 

where Yj ~ 0 and Xi ~ O. 

The quadratic programming model consists of maximizing the NSP equation 

(1.11) subject to equations (1.4), (1.5), (1.6), (1.7) and (1.9). This welfare function 

is assumed to be additive over all regions. The cost of shipment is considered a 

negative benefit to society and has been subtracted. 

Applications of quadratic programming are believed to possess the advantage 

of simultaneous interaction between prices and quantities, an adjustment not nor

mally possible in linear programming. It has been noted that the use of nonlinear 

objective function also prevents the erratic changes in spatial flows that sometimes 

occur in LP model adjustments. 

This study considers trade patterns for 1950-85, for selected years, and deals 

with patterns among major exporters and importers. The major markets for which 

this analysis is performed are Western Europe, the U.S. East Coast and the Pacific 
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Basin. The major exporters considered include Australia, Brazil, Canada, Chile, 

India, Liberia, Mauritania, Peru, South Africa, Sweden and Venezuela. The Eastern 

Bloc countries are excluded from this model because of inadequate data from these 

areas. Only trade in iron ore is examined in this study since its objective is to 

evaluate the competitive conditions Liberian producers face in the world market. 

1.3 Literature survey 

This section reviews the literature on the Liberian iron ore industry, and 

some of the relevant studies on international trade in iron ore since 1950. The 

survey deals with the major studies on the significance of the iron ore sector in the 

Liberian economy and research performed on the supply and demand patterns of 

iron ore during the period covered by the study. 

1.3.1 Literature on Liberian iron ore industry 

In the past thirty-five years, there have been few studies of the iron ore 

industry of Liberia and its contribution to the Liberian economy. This part of the 

literature review describes those studies relevant to analyzing the iron ore industry's 

performance in the Liberian economy. 

The first attempt made to study the impact of the iron ore industry on 

the Liberian economy was by Hance (1967). He describes the direct effects on the 

economy that are physically observable like effects on infrastructure development -

roads, railroads, ports and ocean shipping, and power. The impact on employment, 

industrialization and trade were also assessed. He observes that the development of 

iron ore was the major impetus for sparking the Liberian economy after 1951. 

Clower et at. (1966) made an economic survey of Liberia in which they docu

mented the revenues generated from the iron ore industry, its effects on employment 

and export trade, and growth in the economy in general. They measured growth in 

various sectors of the economy from 1950 to 1963. 

Mulligan (1973) in a dissertation on government functions in Liberia gave 

a brief history of the iron ore industry and highlighted its effects on the Liberian 

economy. This analysis ~ also descriptive. Jones (1976) was perhaps the first 
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to use quantitative methods in analyzing the impact of the foreign sector on the 

Liberian economy. He demonstrates that the foreign sector has served as the basic 

growth-generating force in Liberia. He analyses the impact of instability of export 

earnings on the Liberian economy. He notes that the high concentration of export 

production is associated with a relatively high index of export instability. This is an 

important observation since export earnings from iron ore are approximately 64% 

of total export earnings in Liberia. 

Carlsson (1977) in a study of transnational companies in Liberia provides 

data on production anQ economic results on the iron ore industry from 1951 to 

1970. He also assesses the contribution of the mining companies to the Liberian 

economy. 

Kraaij (1983) provides a detailed review of the iron ore industry in Liberia. 

He covers the background of Liberia's emergence as Africa's most important pro

ducer from the late 1950's to the late 1970's; he presents economic results for the 

various mining operations from 1951 to 1977. 

All the studies reviewed thus far were very helpful in providing data from 

the various mining concerns and also for their analysis of the contribution of the 

iron ore industry to the economy. 

1.3.2 Literature on trade models for iron ore 

There is a sizable amount of literature on supply/demand patterns in the 

world iron ore industry. However, only a few deal with trade models for iron ore. 

Due to the importance of shifting patterns of supply and demand in world iron ore 

trade, some of the major studies on supply and demand of iron ore are also reviewed 

here. 

Among the studies reviewed here is that undertaken by the United Nations 

(1968) which covers the world market for iron ore. It examines supply/demand 

patterns in iron ore, quality of exported ores, and future trade patterns of iron ore 

to 1975. The analysis also includes production and transport cost data upon which 

the trade patterns were developed. 
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Margueron (1969) in a dissertation on supply-demand patterns in iron-ore 

and future possibilities for Brazil, developed a transportation and an econometric 

model for iron ore. He identifies major factors affecting Brazilian iron ore trade 

ties and presents optimum strategies to Brazilian policy-makers for planning future 

iron ore production and sales programs. Margueron attempts to demonstrate that 

trade patterns in the iron ore industry are mainly determined by ownership ties. 

Margueron's econometric model was influenced by one developed by Tilton (1966). 

Tilton investigates trade in alumina, bauxite, copper, manganese, tin and zinc for 

the period 1960-62. He concludes that the choice of trade partners is strongly in

ftuenced by international ownership ties, political blocs, government regulation and 

participation in trade, established buyer-seller ties, and the heterogeneous nature 

of ores and metals. 

Margueron formulates a transportation model for iron ore which determines 

the optimum pattern of shipments based on the least possible production and deliv

ery costs consistent with specified conditions. The number of tonnes to be shipped 

by each producer to each consumer is also determined. Constraints imposed on the 

model are that shipments from each producer must not exceed its capacity, while 

shipments to each consumer must equal its requirements. The model as formulated 

by Margueron to indicate trade patterns that minimize production and delivery 

costs for iron ore, (commodity Z), given Xi and Mj follows: 

subject to 

(1) 

(2) 

min L: L: Oijtij 
i j 

(1.12) 



(3) 

where 

t·· >0 ., -

Xi = total exports of country i; 

Mj = total imports of country j; 
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tij = trade in iron ore (commodity Z) between producer i and consumer j; 

Oij = variable representing the per unit production and transportation costs 

from producer i to consumer j; 

Constraints (1) and (2) imply that trade between country i and country j 

is equal to the exports of country i, and the imports of country j. Constraint (3) 

states that trade cannot be negative. Margueron notes that supply was greater than 

demand in the case of iron ore. To deal with this problem, a dummy customer with 

suitable iron ore demand was created. This situation was dealt with by making the 

production and transportation costs to the dummy customer from each producer 

equal to zero. Thus, a shipment to the dummy customer meant leaving the excess 

supply unused. 

The optimization of iron ore trade flows predicted for 1975 by Margueron's 

transportation model is described as follows. He predicts that Canada seems to 

have promising outlets in the U.S. and Western Europe; Venezuela should find its 

outlet in the U.S. and Western Europe; Brazil should find its natural outlets in 

Western Europe, and a smaller outlet to the U.S.; Peru and Chile should find fa

vorable outlets in the U.S., with the Japanese markets as another outlet for their 

ores replacing Western Europe; Liberia and Mauritania should export their ores 

to Western Europe which appears to be their favorable outlet, with less favorable 

prospects in the U.S., Eastern Europe and Japan; South Africa seems to have favor

able outlets only in Japan; India, Malaysia and the Philippines should direct their 

exports toward the Japanese markets; Australia should have a favorable position in 

the Japanese markets, with less favorable prospects in the Western European or the 

U.S. markets; and Sweden should find favorable outlets in the Western European 

markets, as well as the Eastern European markets. 
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Margueron (1969) also develops an econometric model for iron ore trade. The 

description of Margueron's model relies on that given by Santos (1976) 80 that both 

models can be easily compared. Margueron liypothesizes that the flow of trade, 7ij, 
from the exporting country i to the importing country j depends linearly on the 

following relationship: 

where 

(1.13) 

Tij = the volume of trade between country i and country j, in thousand 

tonnes contained iron; 

Xi = the potential for export of country i, proxied by the total export of i, 

in thousand tonnes contained iron; 

Mj = the import potential of country j, proxied by total imports of j, in 

thousand tonnes of contained iron; 

TC ij = transport cost per tonne of contained iron from country i to country 

j, in U.S. dollars; 

PCi = per tonne cost of iron ore export in U.S. dollars; 

BF i = cost of smelting the ore in terms of additional coke and limestone 

related to the chemical properties of the ore; 

OWN ij = foreign ownership ties, proxied by the actual export of country i to 

country j from firms controlled by country j; 

EFTAij , BCWij, EECij = dummy variables which take the value one if 

the trading countries are both members of the same political bloc 

(European Free 'Irade Association, EFTA, British Commonwealth, 

BCW, and European Community, EEe) and zero otherwise. 

Margueron's estimates of the parameters show that the coefficients of 

OWNij, BFi and TCij are, respectively, significant at the 99,94 and 86 per cent 

levels. He also shows that coefficients of Xi, Mj, PCi, EFTAij, EECij and BCWij 

are not significant at the 86 per cent level. The signs of the coefficients are as ex

pected, except those of P~i and EECij. Based on the above results, he concludes 
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that the most important determinants of trade, in order of decreasing importance, 

are OWNij, BFi, and TOij. 

Manners (1971) in a study of the changing world market for iron ore details 

the shift in supply and demand from 1950 through 1970. He documents that the 

sources of iron ore supply during that time period had been shifting from the devel

oped countries to the newly developed and developing countries. The trends in iron 

production and consumption were shown, while the effects of technological change 

on the bulk shipping industry were analyzed. Forecasts of iron ore demand were 

made based on the rati~ of ore consumption to pig iron production as well as that 

of ore consumption to steel production. 

Santos (1976) in a study on "International Trade in Iron Ore" discusses 

Margueron's econometric trade model and comments on its shortcommings. Santos 

made the following observations: 

(1) Margueron interpreted statistical significance as a measure of the rela

tive importance of the explanatory variable which led to a misleading 

conclusion. Santos notes that on the basis of the size of the beta 

coefficients, the ranking of the significant variables in descending im

portance are TCij, OWNij and BFi. 

(2) He further points out that at the 95 per cent level of significance only 

OWN ij is significant '8.Ild at the 90 per cent level only 0 WN ij and 

BFi are significant. 

(3) Xi, Mj, itPCi, EFTAij, BCWij , EEOij are not significant, sug

gesting that potential supply, potential demand, production costs and 

membership to political blocs are not significant in explaining trade 

Hows, contrary to what traditional trade theories imply. 

(4) He further notes that since Xi depends on POi and BFi, inclusion 

of the latter two variables in the model introduces multicollinearity 

which may bias the results. 

(5) It is noted that Xi and Mj depend on Tij , since Xi equals the vector 

that results when Tij is summed over all j, and Mj equals the resulting 



43 

vector when Tij is summed over all i. Thus, there is a two way cau

sation and simultaneous equation estimation techniques should have 

been used to estimate the model's parameters. Even though Mar

gueron's study has some flaws, he is credited. with being the first to 

apply econometric techniques to the study of international trade in 

iron ore. 

Santos (1976) also developed an econometric model for international trade 

in iron ore similar to that formulated by Tinbergen (1962) and Linemann (1966). 

Linnemann (1966, pp. 8, 34) states that the trade Bow from country i to country j 

for a particular commodity is determined by three groups of variables: 

(1) the potential demand or import potential of Country j, MP j; 

(2) potential supply or export potential of country i, XP i; 

(3) resistance to trade Bow between the two countries, RT ij. Santos 

follows the same convention and describes trade Bow from country i 

to country j as: 

(1.14) 

where Tij is defined as trade Bows, XP i as export potential, MP j as 

import potential, and the resistance variable, RT ij as: 

(1.15) 

Where EDi;, LNij, OWNij and LTCij are, respectively, the economic dis

tance, neighbor relations, ownership ties and long term contracts, as defined. above. 

After substituting RTij in equation (1.14) and combining the explanatory variables 

in a simple linear form, Santos formulated the following equation for iron ore trade: 

Tij =to + t1XP i + t2MP j + t3 EDij+ 
t ... LN ij + ts OWN ij + t6 LTC ij + e~j. (1.16) 

where: 

Tij = the volume !>f trade from country i to country j, in million tonnes; 
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XP i = export potential of country i, in million tonnes of iron, measured by 

the difference between the production capacity in contained iron and 

pig iron capacity; 

MP j ~ import potential of country j, in million tonnes of iron, measured by 

the difference between the pig iron capacity and the mine production 

capacity in contained iron; 

EDij = economic distance, in thousand kilometers, measured by the sum of 

the distance from the mines of country i to the port of country j; a 

proxy for'the costs of bringing the ore from i to j; 

LN ij = neighbor ties or the propensity of neighbors to trade, measured by the 

limit to trade between country i and country j, in million tonnes iron; 

it takes either the value of mine production capacity of country i or 

or the pig iron capacity of country j, whichever is smaller, if i and j 

are neighbors; and zero otherwise. 

OWN ij = foreign ownership ties, measured by the amount of production in coun

try i controlled by country j, in million tonnes of iron; a proxy for 

access to foreign capital; 

LTC ij = long term contracts, measured by the tonnage in country i stipulated 

for delivery to country j every year, for at least five years inclusive, 

in million tonnes of iron; a proxy for access to foreign market due to 

long term contracts; 

e~· = the error term', IJ 

to, tl , •.. , t6 = parameters of the model. 

The above model pertains to major importers and exporters in the Western 

World, and does not include the trade of communist bloc countries. The importing 

countries considered were the U.S., the United Kingdom, the Netherlands, Belgium, 

Luxemburg, West Germany, Italy and Japan; while, the exporting countries chosen 

for any given year were the top 15 exporters or those that exported at least half a 

million tonnes, whichever was larger. 
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The trade model represented by equations (1.14) and (1.16) states that the 

flow of iron ore between country i and country j is determined by the export poten

tial of country i and the import potential ot country j, subject to the influence of 

the resistance variables. Santos expects the coefficients (except to) to be positive. 

He further notes that the coefficient of each variable measures the change in the 

predicted trade flow due to a unit change in the variable, ceteris paribus. He states 

that the changes in the coefficients of the variables over time mark the evolution if 

its impact on trade. The error term e:; represents the departure of the predicted 

trade flow from actual trade. The parameters were estimated for data based on the 

following years: 1950, 1955, 1960, 1965, 1970 and 1975. 

Santos' results suggest that about 90 per cent of variation in trade between 

countries can be explained by the trade model. Export potential, import potential, 

long term contracts, foreign ownership ties and neighbor ties enhance trade between 

two countries, while distance between countries diminishes it. About 20 per cent 

of trade variation can be explained by export and import potential, 10 per cent by 

economic distance and 60 per cent by long term contracts, foreign ownership and 

neighbor ties. The equations that explain production indicate that reserves, grade 

of reserves and geographic location are the most important determinants of compar

ative advantage. Other factors not considered in the model include social, political 

and legal environment, and technological innovations. It was shown that the deter

minants of comparative advantage change in importance over time. For example, 

among the determinants considered, ownership ties were the most important up to 

1965, by 1973, they had become the least important. Santos' trade model there

fore provided a more detailed representation of trade in iron ore than Margueron'sj 

however, the model could be improved by incorporating linear demand and supply 

relations along with transport costs to the spatially separated markets. This added 

dimension would illustrate the significance of location economics and market forces 

in the trade of iron ore, and provide optimum prices and quantities corresponding 

to the trade flows that can be determined in the quadratic programming model. 

The trade model used in this dissertation is a spatial equilibrium model 

described in equations (1:1) through (1.11). This model is patterned after that 
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developed by Takayama and Judge (1971), and later applied by Newcomb and Fan 

(1980), and others, in modeling trade in Appalachian steam. coal. The quadratic 

programming model is used here because, as stated earlier, it possesses the advan

tage of simultaneous interaction between prices and quantities, an adjustment not 

normally possible in linear programming. It is hoped that this model will demon

strate the importance of location economics as well as that of supply and demand 

in international trade in iron ore. 

1.4 Organization 

This chapter outlines the structure of the dissertation. It defines the problem, 

states the objective, methodology and scope; reviews related literature, and gives 

the general plan of the study. 

Chapter 2 briefly reviews the competitive status of the Liberian iron ore 

industry. It examines the Liberian endowment, resource development and the con

tribution of the iron ore sector to the economy. 

Chapter 3 reviews observed patterns of supply and demand in the world iron 

ore industry from 1950-85. It examines trends in demand and supply of iron ore 

and steel, trends in ocean transport, and the organization of the world iron ore 

industry. 

Chapter 4 develops the trade model, its supply and demand sides, as well as 

production and transport cost aspects of it. It presents and interprets the results 

of the model, and discusses its implications and limitations. 

Chapter 5 identifies trade patterns based on the results of the spatial equi

librium model which utilizes Leontief et al. (1983) and the World Bank (1986) 

demand forecast for 2000 and discusses what would Liberian market share be under 

free trade assumptions. Finally, chapter 6 presents the summary and conclusions 

of the research and considers their implications for Liberian producers. 
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CHAPTER TWO 

THE LIBERIAN IRON .ORE INDUSTRY 

2.1 Introduction 

This chapter covers the Liberian iron ore industry, reviews the history and 

performance of the industry, examines its resources and endowment and compares 

its competitiveness with some of the major iron ore producers in the Western World. 

The Republic of Liberia became an independent and sovereign state on July 

26, 1847 and is Africa's oldest republic. Liberia lies north of the equator at the 

southwest corner of Africa's western bulge and covers 43,0~0 square miles. It has a 

coastline that extends 370 miles along the Atlantic Ocean between Sierra Leone on 

the northwest and Ivory Coast on the southeast. Guinea and Ivory Coast form an 

irregular border with Liberia on the north and northeast respectively (See Figure 

2.1). 

The rest of this chapter discusses the history of the four major iron ore 

developments in Liberia, their contribution to the country in terms of revenue and 

export earnings, and what factors determine how competitive the industry is in the 

world market. 

2.2 History of the Liberian iron ore industry 

The emergence of the Liberian iron ore industry is directly related to the 

growth in iron ore demand in the United States and other industrialized countries 

of the Western World following the Second World War. In the U.S., due to the 

huge amounts of iron and steel used during the war, the high grade ore deposits 

of the Mesabi began to be depleted; thus, the steel producers began to look for 

alternative sources of iron ore outside the U.S. The U.S. steel firms began their 

search for alternative sources of iron ore in Latin America. Republic Steel Cor

poration started development of the iron ore reserves in Mexico, Bethlehem Steel 

Corporation extended its ore developments in Chile, while U.S. Steel and Bethle

hem Steel got involved in iron ore developments in Venezuela. American interest 

in Liberian iron ore can. be traced to the mapping of the Bomi Hills deposit by 
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the U.S. Geological Survey in cooperation with the Liberian government in 1944, 

after which Lansdell Christie became interested in the deposit (Hance, W. A. 1967, 

p. 56; Kraaij, vol. 1, 1983, p. 167). Later, the European steel producers expressed 

interest in the Liberian iron ore deposits as is documented by the opening of the 

LAMCO and Bong Mining operations. A discussion of the development of the four 

iron ore projects in Liberia follows. 

2.2.1 The Liberia Mining Company (LMC) 

The Liberian iron ore industry got its start on August 27, 1945, when 

the Liberian government granted a mining concession to Lansdell Christie, former 

Colonel of the U.S. Army stationed in Liberia, to develop. the Bomi Hills iron ore 

deposit. The Liberia Mining Company was later formed by Lansdell K. Christie, 

William Muller of the Netherlands and the Liberia Company. The agreement gave 

Christie an eighty-year concession with exclusive exploration rights in an area cov

ering three million acres to mine all minerals except gold, diamonds, and platinum. 

The agreement stipulated that the government of Liberia would be paid an explo

ration tax of $100.00 per month or $250.00 per month during any extension of the 

three and a half year exploration period, a surface tax of five cents per year intially 

that would gradually increase to twenty-five cents, and a royalty of five cents for 

each ton of iron ore exported (Kraaij, 1983, p. 166). There were some changes 

made to the agreement following a general income tax legislation in 1951, and in a 

collatoral agreement to the mining agreement in March of 1952. LMC agreed to pay 

a corporate income tax after it repaid its $4 million loan from the Export-Import 

Bank of Washington. LMC also agreed to pay an extra royalty of $1.50 on each 

ton of ore shipped after April 1, 1952 until the income tax took effect. The income 

tax, which took effect in 1955, stipulated that the company would pay income tax 

at a rate of 25% of net profits during the first five years, then for the next ten years 

at a 35% income tax rate, and a 50% income tax during the remaining life of the 

project (Kraaij, 1983, p. 171). 

Due to insufficient capital, Christie invited the Export-Import Bank of Wash

ington and the Republic Steel Corporation to participate in the Bomi Hills project at 
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a conference convened in Liberia. It was at this conference that the Export-Import 

Bank agreed to loan $4 million to LMC; Republic Steel also agreed to participate 

in the project and bought most of the shares belonging to William H. Muller & 

Company and some of Christie's shares. Republic Steel thus became the major 

shareholder controlling 59.2% of the shares, William H. Muller & Co. 17%, Christie 

9.2% and the Liberia Company the remaining 14.6%. 

The Bomi Hills mine is located about 42 miles north of Monrovia (See Figure 

2.2). The Free Port of Monrovia was opened in July 1948 and was to be used for 

shipping the ore; a bridge was also built over the St. Paul lliver by the government 

to connect the Bomi Hills project with the port. With this infrastructure in place, 

the major investment required of LMC included mine development and a railroad 

from Bomi Hills to the Port of Monrovia which cost $10 million dollars. The railroad 

was completed in April 1951 and the first shipment from the mine was made to the 

U.S. during this year. 

The iron ore reserve at Bomi Hills was estimated to be 200 million long tons, 

one fourth consisting of hematite and magnetite containing 66% Fe; the remaining 

150 million long tons being itabirite averaging 43% Fe (Clower et al., 1966, p. 200). 

The open pit method of mining was practiced at this mine. A beneficiating plant 

with 1.2 million ton capacity was built in 1958 at an estimated cost of $11 million 

to process the lower grade ores. The initial ore product sold by LMC was lump 

ores; later, blast furnace ores were included in 1962. After 1963, only blast furnace 

ores, fines and concentrates were produced. The mix of ores exported by LMC from 

1951-1977 is shown in Table 2.1. 

According to the iron ore sales agreement signed between LMC and Republic 

Steel in 1949, Republic was allowed to purchase a maximum of 450,000 long tons 

per year of lump ore containing 65% Fe or higher for open hearth use at half the 

price charged to other steel producers .. Republic Steel stopped buying LMC ore 

at reduced prices after 1968. By the time the mine was closed on March 31, 1977 

due to exhaustion, it had sold 24.7 million long tons of blast furnace, 14.4 million 

long tons of fines and 17.4 million long tons of concentrates. Carlsson (1977, p. 12) 
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Table 2.1 Iron ore products exported by L.M.C., 1951-77. 
(million tonnes) 

======================================================= 

YEAR 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

BLAST FURNACE 
ORES 

0.7 
0.9 
1.3 
1.1 
1.3 
1.4 
1.4 
1.2 
1.4 
1.6 
1.5 
1.4 
1.2 
0.9 
0.8 
0.9 
0.9 
1.0 
0.9 
1.1 
0.7 
1.2 
0.8 
0.9 
0.6 
0.8 

FINES 

0.1 
0.6 
0.6 
0.8 
0.4 
0.4 
0.4 
0.4 
0.3 
0.5 
0.9 
0.6 
0.8 
1.0 
0.8 
0.9 
0.9 
0.9 
0.8 
0.9 
0.6 
0.4 
0.6 
0.1 

CONCENTRATES TOTAL 

0.7 
0.9 
1.3 
1.2 
1.9 
2.0 
2.2 

0.5 2.1 
1.0 2.8 
1.1 3.1 
1.2 3.1 
1.4 3.1 
1.1 2.8 
1.1 2.9 
1.2 2.6· 
1.1 2.8 
0.9 2.8 
0.9 2.7 
1.1 2.9 
0.8 2.8 
0.9 2.5 
0.7 2.7 
0.9 2.6 
0.6 2.1 
0.5 1.5 
0.6 2.0 
0.2 0.3 

======================================================= 

Source: Modified after Kraaij (1983, p. 175). 
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estimates total investment of LMC at the time the mine was closed to be $37 million 

dollars. 

2.2.2 The National Iron Ore Company (NIOC) 

LMC was granted a licnese to explore the Bea Mountains on April 11, 1957. 

The Mano rover deposit was later discovered by LMC geologists. This deposit was 

45-50 miles north-west of Bomi Hills, and 75 miles north of Monrovia (See Figure 

2.2). It was reported to have had reserves of 75-165 million long tons containing 

54% Fe, which improved to 57-58% after washing. This was considered the least 

uniform deposit under development in Liberia at the time. The deposit consists of 

aluminous limonite, hematite and earthy iron; like the Bomi Hills deposit, it was 

extracted by the open pit method (Hance, W. 1967, p. 59). 

Although LMC had mining claims to the Mano rover deposits, the Liberian 

government did not want to give it a concession since it already was developing the 

Bomi Hills deposit. The government contended that LMC already had the maxi

mum 25,000 acres of exploitation lots allowed under the 1945 concession agreement. 

The government also wanted a 50% equity interest in this operation. A compromise 

was reached between the Liberian government and LMC in which LMC agreed to 

give up claims to the Mano River deposit in exchange for a 15% interest in the 

company that would eventually get the concession. Furthermore, all LMC income 

from it's 15% interest in the new company would be tax exempt. On March 13, 

1958, National Iron Ore Company (NIOC) signed a concession agreement with the 

Liberian government to develop the Mano rover iron ore deposit. The agreement 

was similar to that entered into between LMC and the Liberian government with 

minor differences. Some of these differences refer to the duration of the exploration 

period between 3! to 5 years, the 50,000 acre size of the exploration and mining 

area, and the amount of surface tax fixed at 6 cents per acre for the first ten years, 10 

cents per acre during the next ten years, and 20 cents per acre during the remaining 

life of the project (Kraaij, 1983, p. 195). 

The Mano rover operation was managed by Mine Management Associates 

Ltd. (M.M.A.L.) and assisted by Associated Mines Services (A.M.S.), both of these 
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being 100% owned by Lansdell Christie or the Christie Estate. The ownership 

structure of NIOC was Liberian government 50% interest, Liberian Enterprises 

Ltd. (a group of private investors) 35% and LMC 15%. NIOC and LMC signed a 

track agreement for the use of LMC's railroad and other facilities. An ore purchase 

agreement was also reached between the two companies so that NIOC could buy the 

higher grade ore from LMC and blend it with its own lower grade ore. The blending 

of Mano River ore with Bomi Hills ores created a saleable product of NIOC ores. 

Total investment at NIOC up to 1977 was reported to be $30 million of 

which $1.5 million came from LMC, $3.5 million from Liberian Enterprises Ltd., $5 

million from the government of Liberia and the remaining $20 million was from loans 

obtained in the United States. Initial investment outlay for the project is shown in 

Table 2.2. The cost of constructing the railroad from Mano River to Bomi Hills was 

$10 million. Due to the low grade of the ore, additional beneficiation facilities were 

added at a cost of $7 million during expansion phase Mano I. A second phase of 

investment, Mano II, was initiated in 1968 at a cost of $5.3 million to upgrade the 

Mano River ores since LMC was supposed to close in the late 1970's. In the early 

1980s, NIOC embarked on another expansion project to upgrade facilities including 

both mining and the rail system. An objective of this expansion program was to 

increase production from the concentrator to 3.25 million tons a year. The proposed 

expansion was estimated to require an investment of $67.1 million (U.S. Bur. Mine, 

vo. III, 1981, p. 615). NIOC was reported to have obtained loans for the expansion 

from the World Bank in the amount of $20 million, and the rest from the African 

Development Bank, the Netherland Finance Company for Developing Countries, 

the OPEC Fund and a consortium of commercial banks (U.S. Bur. Mines, vol. III, 

p. 585 & vol. I, p. 438, 1982). This investment was to increase production to 5 

million tons of fines per year, however actual production was about 2.4 million long 

tons of fines and a small quantity of sili,ceous fines and blast furnace ores; this low 

production was due to design problems. 



Table 2.2 Initial investment in N.I.O.C. 

, (million $) 

==================================================== 

OUTLAY AMOUNT 

==================================================== 

Railroad 

Rolling stock 

Port facilities at Monrovia 

Building, transport & 
service facilities 

TOTAL 

10.0 

2.0 

4.0 

9.0 

29.0 

==================================================== 

Source: Modified after Kraaij (1983, p. 199). 
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Even though the Mano River ore had a low Fe content and a high moisture 

content, it had fairly good market opportunities up to the late 1970s. Its relatively 

high aluminum content made it a desirable product for some steel plants in Europe, 

and its proximity to the European market compared to Australian and Indian ores 

with similar characteristics gave it a transport cost advantage over these ores in 

this market. However, due to the technical problems associated with the mine 

design, NIOC was unable to meet production commitments under the long-term 

sales contract negotiated by its sales agent since 1972, CAEML The former sales 

agent up to 1972 had been William H. Muller & Company (Kraaij, 1983, p. 202). 

NIOC was plagued by production problems which resulted in huge losses in 

the late 1970s to early 1980s. The mine was finally closed on April 1, 1985 due to 

the difficulty in selling its low grade ore; a direct result of the design problems that 

rendered the mine incapable of supplying contracted quantities (U.S. Bur. Mines, 

vol. III, p. 546, 1985). 

2.2.3 The Liberian-American-Swedish Minerals Co. (LAMCO) 

A concession was signed between the United African American Corporation 

(U.A.A.C.) and the government of Liberia to mine iron ore deposits in the Putu 

Range located about 70 miles from the coast in the eastern part of Liberia. This 

deposit was discovered during a U 7S. sponsored program of airborne photogram

metric and magnetometer surveys in 1952 and 1953. The concession agreement, 

which was signed November 18, 1953, granted a 70-year concession to the company 

to explore and exploit iron ore, manganese, bauxite and oil in an area not to exceed 

500 square miles (Kraaij, 1983, p. 204). 

The company's name was changed to the International African American 

Corporation (I.A.A.C.) on February 17, 1954, later, to the Liberian-American

Swedish Minerals Company (LAMCO) on March 31, 1955. LAMCO was comprised 

of six Swedish companies, called the Swedish Syndicate, which acquired 50 percent 

of the B shares while LA.A.C. held the r~maining 50 percent of the shares; the 

Liberian government owned all the A shares. Grangesbergbolaget, an iron ore 
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mining and transportation company and, at the time, the largest iron ore exporter 

joined the Swedish Syndicate and later became its most important member. 

LAMCO started to explore the Nimba Mountains in 1955 after doubts de

veloped about the commercial exploitation of the Putu deposit. On December 24, 

1955, a Scottish geologist named Clarke discovered the Nimba iron ore deposit. Af

ter this discovery, LAMCO suspended all work on the Putu Range and concentrated 

on the Nimba iron ore deposit. 

The Nimba iron ore deposit is located 180 miles northeast of Monrovia near 

the Guinea-Ivory Coast border (See Figure 2.2). The deposit was estimated to have 

reserves of 400-500 million long tons of fine-grained Lake Superior-type hematite

limonite ore containing 66% Fe with low phosphorus and silica content; the deposit 

also has several hundred million long tons of itabirite averaging 40-45% Fe. The 

ore bodies are covered by a thin overburden, thus the open pit mining method was 

used (Clower, R.W. 1966, p. 215; Hance, W. 1967, p. 59; U.S. Steel, 1970, p. 205). 

The ore contains a high amount of fines (about 70%) after mining and thus requires 

screening. 

The location of the deposit is about 165 miles from the coast, thus it re

quired a huge investment for a railroad and port construction since none existed in 

the region. Because of the large sums required to carry out this project, LAMCO 

contacted Bethlehem Steel of the U ;S. to discuss participation in the project. Beth

lehem steel agreed to join the LAMCO Joint Venture. It decided however to finance 

25% of the project from its own funds, thereby leaving the other members of the joint 

venture to finance the remaining 75%. The new ownership structure of LAMCO 

Joint Venture thus became, 25% interest accruing to Bethlehem Steel, and the re

maining 75% divided equally between the Liberian government and a new company 

called Liberian Iron Ore Ltd. (L.1.0.), which was registered in Canada. All of the B 

shares previously held by LAMCO were transferred to L.1.0. which was controlled 

60% by the Swedish Syndicate and 40% by I.A.A.C. 

Estimated initial investment for the Nimba project was $200 million in 1959, 

therefore, L.1.0. had to find funds to come up with its share in the venture. The 

Swedish Syndicate was able to get a group of thirteen German steel mills to enter 
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into long-term contracts with LAMCO for buying iron ores. With the help of these 

German steel mills, LAMCO was able to secure a loan of $50 million dollars from 

the German financial institution, Kreditanstalt fiir Wiederaufbau. Other financing 

obtained for the Joint Venture include $38 million from the Swedish Syndicate, $30 

million from the Export-Import Bank, $50 million from Bethlehem Steel and $5.7 

million from the First National Bank of New York (See Table 2.3). 

An estimate of investment outlay for the LAMCO project in 1961 based on an 

investment of $202 million is given in Table 2.4. This table shows that about $60.9 

was spend on railroad construction and related activities, with pre-development and 

mine construction taking the next largest share. This outlay does not include the 

cost of pellet and sinter feed plants which were later added. 

LAMCD planned a $140 million expansion at the Tokadeh operations, the 

western extension of the Nimba Range in 1975. LAMCO's ore shipments were lower 

in 1975 than in 1974, however, the company's earnings were higher due to the price 

increases negotiated during the latter part of 1974 (U.S. Bur. Mines, vol. III, 1975, 

p. 653). In 1980, $7.5 million was also invested in the Tokadeh extension. The ore 

from this area requires beneficiation since its average grade is about 54% Fe. This 

deposit and those in the surrounding mountains contain about 500 million long 

tons of ore as of 1977 and are expected to replace the Nimba main ore body when 

it becomes exhausted in the early 1990s (U.S. Bur. Mines, vol. III, 1977, p. 601; 

1980, p. 620). By late 1977, LAMCO's total investment in the Nimba project had 

exceeded $360 million (Kraaij, 1983, p. 249). 

In regard to the sale of LAMCO ores, the members of the joint venture di

vided the ore according to their share in the venture. LAMCO operating company 

controlled 75% of the ores while Bethlehem Steel controlled the remaining 25%. 

Bethlehem supplies its steel plants in the u.S. with its share while LAMCO's share 

is sold on the world market by its sales agent, Granges. Granges is paid a commis

sion of 2% on the f.o.b. value (Port of Buchanan) on the first 5 million tonnes sold 

and 1% commission on all ores in excess of 5 million tonnes (Kraaij, 1983, p. 219). 

Fifty percent of the shipments of LAMCO ore sold on a c.i.f. basis before 1974 was 

shipped in Granges-owned ships, while the remainder was shipped by Providence 



Table 2.3 Estimated funds used to finance LAMCO Joint 
Venture (million u.s. $), 1960. 

======================================================= 

SOURCE AMOUNT 
(million $) 

L.I.O. (LAMCO's Class B Shares) 1.00 

L.I.O. contribution to LAMCO 10.25 

Swedish Syndicate loan to LAMCO 38.00 
(25 year subordinated debentures at 6.25%) 

LAMCO's contribution through ore sales, 10.59 
1963-1964. 

Bethlehem Steel's entrance fee 4.50 

Bethlehem Steel's share of initial 6.90 
investment. 

Bethlehem Steel's remaining share 43.82 

Kreditanstalt fur Wiederaufbau loan to (LAMCO) 52.11 
(20 year first lien collateral bonds at 6.75%) 

Export-Import Bank loan to LAMCO 30.00 
(20 year first lien collateral bond at 5.75%) 

First National City Bank of New York loan 5.70 
(secured notes at 6%, due 1967) 

Total Funds 202.87 

======================================================== 

Source: Modified after Clower, R.W. et ale (1966, p.212); 
Kraaij (1983, p.223). 
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Table 2.4 Investment outlays for the LAMCO Project, 
mine capacity 7.5 million tonnes, 1961. 

(million u.s. $) 

======================================================== 

OUTLAYS COSTS 

======================================================== 

Exploration, construction 
and administrative expenses 

Mine development and construction 

Railroad construction 

Harbor and power station construction 

Ore stocks, material stores, cash 

Township development and construction 

Miscellaneous items, etc. 

Total 

36.5 

28.4 

60.9 

38.6 

10.1 

20.3 

8.1 

202.9 

======================================================== 

Source: Modified from Manners (1971, p.154); Clower, R.W. 
et a1. (1966, p.215-16); and Table 2.3. 
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Shipping Co. or ships designated by the Liberian government. An ammendment 

to the shipping agreement in 1974 transferred all shipping rights to the Providence 

Shipping Company, a joint venture between the government of Liberia and Granges. 

The result of this change in the shipping agreement may not have resulted in signif

icant deviations from previous flows since there was only one vessel owned by the 

shipping company. 

The LAMCO operation together with the Bong Mines are the only iron ore 

operations doing business in Liberia today. The main ore body at Mount Nimba 

will be exhausted by the early 1990s. However, other ore bodies on the Nimba 

Range including Tokadeh, Grangra and Yuelliton contain over 300 million tonnes 

of reserves averaging about 54% Fe. 

2.2.4 Bong Mining Company (B.M.C.) 

The fourth mining operation to be opened in Liberia was the Bong Mining 

Company (B.M.C.), whose mine is located on the Bong Range in the Salala District 

of Bong County (See Figure 2.2). The Bong Range iron ore deposit was discovered 

by the Holland Syndicate during 1934-35. The Dutch did not express any interest 

in the deposit since they were already partners in the LMC project through William 

H. Muller & Co. It was the German steel producers through their representative, 

Gewerkschaft Exploration, who expressed interest in the deposit to the Liberian 

government in 1957. This deposit is located 50 miles northeast of Monrovia and 

was estimated to have reserves of 400 million tonnes of itabirite, a fine-grained 

banded iron formation containing 38-42% Fe (Hance, W., 1967, p. 60; U.S. Steel, 

1970, p. 205; Kraaij, 1983, p. 235). 

Gewerkschaft Exploration obtained exploration and exploitation rights to 

mine all minerals in the region, including oil and natural gas, but excluding gold 

and diamonds within an area of 300 square miles. A concession agreement was 

signed on September 16, 1958 between the Liberian government and Gewerkschaft 

Exploration. This concession was later assigned to the Deutsch-Liberian Mining 

Company (DELIMCO) which was formed on November 25, 1958. The shares of 

DELIMCO were equally owned by the government of Liberia - all class A shares 
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and Gewerkschaft Exploration - all class B shares. The management of the mining 

operations was turned over to the Bong Mining Company in 1962 with the two 

partners still having equal shares. Bong Mining Company was composed of the 

Liberian government and DELIMCO. DELIMCO was later joined by the Italian 

steel producer, the Finsider Group; thus, Gewerkschaft owned 67.5% of the shares 

in DELIMCO and the Finsider Group the remaining 37.5%. 

The concession agreement with B.M.C. stipulated that the Liberian govern

ment was to receive 50% of net profits as a corporate income tax, but would not 

receive dividends. The government also waived royalty payments and exempted the 

company from import and export duties, excise taxes or any other tax or duty. 

Due to the low grade of the Bong iron ores, beneficiation would be required 

to upgrade the ore to a concentrate of 64% Fe before it could be shipped to steel 

producers abroad. Relative to other iron ore deposits being worked in Liberia at the 

time, the Bong ores had a low value and high production cost. Thus, a concentrator 

for the ore would have to be built as well as a railroad which would be used to 

transport the ore to the port of Monrovia. The ore was to be mined by the open 

pit method like the other deposits in Liberia. The estimated investment required 

for the project was $100 million. Financing for the project was later obtained by 

loans from a German financial institution, Kreditanstalt fiir Wiederaufbau and the 

Italian Finsider Group. 

Total initial investment in the project was $76.1 million. Mine construction 

began in 1962 and was completed in 1965. Major components of the initial invest

ment were spent on construction of a concentrator, $22 million, and the railroad 

system, $18.3 million (Kraaij, 1983, p. 238). In 1971, BMC started up its first pellet 

plant of 2 million tonnes capacity, whose construction began in 1969 at an estimated 

investment of $45 million (U.S. Bur. Mines, vol. III, p. 551, 1971). A second pellet 

plant with 2.4 million tonnes capacity was opened on November 28, 1977, and was 

part of a $120 million investment began in 1975 to expand production. This expan

sion included two new grinding mills and an eleventh concentrator line, a flotation 

circuit in the pellet plant, a concentrate blending bed, expansion of power plants, 

and expansion of housing areas, warehousing, and related infrastructure (White, L., 
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1985, p. 26; U.S. Bur. Mines, vol. III, p. 600, 1977). Total investment in the Bong 

operation up to November 30, 1976 was estimated to be $246.5 million; however, 

with the addition of a new pellet plant and expansion of the concentrating plant, 

this should have been around $300 million by the end of 1977 (Kraaij, 1983, p. 249). 

With regard to selling Bong Mine's ores, the operation is considered captive 

production since all of its output is shipped to shareholders of DELIMCO, in pro

portion to their share. Thus German steel producers who comprise Gewerkschaft 

received about 75% of the ores while the Italian Finsider Group received the re

maining 25%. This contrasts with the other Liberian producers who sell their ores 

on the world market, except for the 25% of LAMCO's production which goes to 

Bethlehem Steel. 

The Bong Mining Operation is the other iron ore mine that is still functioning 

in Liberia today, the other one being LAMCO. B.M.C. is reported to have reserves 

of over 340 million tonnes averaging about 37% Fe. 

2.3 Performance of the Liberian iron ore industry 

The performance of the iron ore industry may be evaluated by examining its 

contribution to gross domestic product, trade and export earnings since its emer

gence in 1951. The Liberian economy like those of many developing countries that 

export primary commodities is largely dependent on the level of economic activ

ities in the industrialized countries of the Western World. The iron ore industry 

in particular is an example since the demand for iron and steel in these countries 

affects the export of iron ore, and thus the export earnings of producing countries 

like Liberia. 

To fully understand the contribution of the iron ore industry to Liberia, the 

contribution of this sector to gross domestic product (GDP) is examined from 1964 

to 1985 (See Table 2.5). 'The values in the table are given both in current and in 

real 1984 U.S. dollars; however, the values that are cited in this section are those in 

real terms. In 1964, iron ore's share of GDP was $166.9 million or 24%. By 1975, 

its share had increased to 40.2% of GDP or $315.1 million, indicating a compound 
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Table 2.5 Contribution of the Liberian iron ore sector to 
gross domestic product (million u.s. $), 1964-85, 
current and constant factor cost (1984=100). 

============================================================ 
Iron ore 

YEAR GDP current GDP constant Iron ore Iron ore share 
factor cost factor cost current constant (%) 

============================================================ 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

294.3 
316.0 
340.8 
361.0 
378.5 
396.6 
416.1 
436.9 
382.2 
375.2 
459.7 
559.1 
568.6 
633.2 
670.0 
750.0 
800.8 
764.8 
771.3 
727.6 
732.4 
715.2 

695.7 
731.0 
796.3 
791. 7 
830.0 
891.2 
958.8 
995.2 
830.9 
781. 7 
812.2 
784.2 
813.4 
806.6 
838.5 
857.1 
834.2 
796.5 
780.7 
754.8 
732.4 
725.4 

70.6 
83.2 
82.9 
84.4 
92.2 
98.5 

104.7 
113.7 
129.7 
110.9 
147.5 
224.7 
176.3 
145.5 
117.6 
110.0 
133.0 
155.9 
111.5 
105.1 
105.8 
103.3 

166.9 
192.6 
193.7 
185.1 
202.2 
221.3 
241.2 
259.0 
282.0 
231.0 
260.6 
315.1 
252.2 
185.4 
147.2 
125.7 
138.5 
120.7 
112.9 
109.0 
105.8 
104.8 

24.0 
26.3 
24.3 
23.4 
24.4 
24.8 
25.2 
26.0 
33.9 
29.6 
32.1 
40.2 
31.0 
23.0 
17.7 
14.7 
16.6 
15.2 
14.5 
14.4 
14.4 
14.4 

============================================================= 

Source: Economic Survey of Liberia (various issues), Ministry 
of Planning and Economic Affairs; Economic Recovery 
Plan 1986, Ministry of Planning and Economic Affairs. 
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annual growth rate of 10.1% from 1964. This was the largest contribution to GDP 

for the period under review. Since 1975, iron ore's share of GDP has been on the 

decline, except for 1980 when it showed an increase from the previous year. It's 

share in 1985 was $104.8 million or 14.4%, and represents a negative growth rate of 

-9% per annum. 

Another barometer used to determine the contribution of the iron ore indus

try is its share of export of earnings (See Table 2.6). Export earnings are given 

both in current and constant 1984 U.S. dollars, deflated by the World Bank's Man

ufacturing Unit Value Index. In real terms, iron ore export earnings grew from $1.9 

million in 1951 to an all time high of $475.7 million in 1976, reflecting a growth 

rate per annum of 23.7%. It's share of export earnings was 0.9% in 1951, the first 

year during which iron ore was exported, and grew to 71.9% by 1976; however, it's 

largest share of export earnings was attained in 1975 when it contributed 74.4%. 

It's share of export earnings has since been on the decline, dropping to $293.2 mil

lion or 51.7% in 1980. It increased to $320.7 million or 61.5% in 1981 and has since 

declined to $258.7 million in 1985 or 64.2% of export earnings. There has been a 

decline in the growth rate of iron ore export earnings of -6.5% from 1976 to 1985. 

Iron ore is the dominant export of Liberia, but is one of several shown in 

Table 2.7. Among these are natural rubber, diamonds, logs, coffee and cocoa. 

Rubber is the second major export and contributed about 27.6% of export earnings 

in 1985. Their contributions to export earnings are represented in millions of current 

dollars. Examination of export unit values of major exports appears in Table 2.8. 

All these commodities have experienced fluctuations in their unit values since 1980, 

and this reflects the instability of the export sector. Jones (1976, p. 26) suggests that 

because Liberia has a highly concentrated export structure, it will also have a high 

index of export instability. Jones showed that the fluctuations in export earnings 

would cause national income to change more than proportionally in Liberia, this is 

substantiated by the foreign trade multiplier of 1.4 obtmned in his study (Jones, 

1976, p. 97). The general trend in these unit values has been one of decline, and 

illustrates the depressed world market for most of these commodities. The market 



Table 2.6 Contribution of Liberian iron ore industry to 
export earnings, 1951-85 (million u.s. $). 

========================================================= 
YEAR TOTAL 

EXPORTS 
IRON ORE 
EXPORTS 

IRON ORE'S 
SHARE (%) 

========================================================= 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

52.1 
37.2 
31.0 
26.4 
42.8 
44.5 
40.4 
53.8 
66.9 
82.6 
61. 9 
67.6 
81.1 

125.7 
135.4 
150.5 
158.8 
169.0 
232.9 
235.9 
246.6 
269.8 
324.0 
400.2 
394.4 
457.1 
447.2 
486.4 
536.6 
600.4 
529.2 
477.4 
427.6 
452.1 
435.1 

0.5 
3.0 
5.9 
4.5 
6.8 
8.0 
8.5 

10.8 
28.1 
34.6 
29.3 
33.1 
45.0 
86.8 
96.0 

106.3 
115.1 
118.3 
137.1 
150.7 
160.6 
182.1 
196.7 
262.2 
293.6 
328.7 
273.5 
274.4 
290.0 
310.2 
325.2 
311.1 
267.1 
279.0 
279.4 

0.9 
8.1 

19.0 
17.0 
15.9 
18.0 
21.0 
20.1 
42.0 
41. 9 
47.3 
49.0 
55.5 
69.1 
70.9 
70.6 
72.5 
70.0 
58.9 
63.9 
65.1 
67.5 
60.7 
65.5 
74.4 
71.9 
61.2 
56.4 
54.0 
51.7 
61.5 
65.2 
62.5 
61.7 
64.2 

======================================================== 

Source: Economic Survey of Liberia (Various issues); 
Carlsson, J. (1977, p.41); Kraaij (1983, vol.1, 
and vol. 2); International Monetary Funds, 
World Tables (1986, pp.446-7). 
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Table 2.7 Export earnings by major export commodities, 
1980-85 (million u.s. $) • 

========================================================= 

MAJOR 
EXPORTS 1980 1981 1982 1983 1984 1985 

------------------------------------------------------------------------------------------------------------------

Iron Ore 310.2 325.4 311.1 267.3 279.0 279.4 

Rubber 102.2 86.7 53.4 73.1 91.3 77.1 

Diamonds 33.5 23.4 26.3 17.2 10.9 4.7 

Logs 65.3 36.8 29.2 22.2 22.6 23.0 

Coffee 33.0 19.4 22.8 18.2 13.7 27.3 

Cocoa 10.5 13.8 8.8 11.5 15.3 11.2 

Total Major 554.7 505.5 451.6 409.5 432.8 422.7 
Exports 

Other 45.7 23.7 25.8 18.1 19.3 12.9 

Total 600.4 529.2 477.4 427.6 452.7 435.6 

========================================================== 

Source: Ministry of Planning and Economics Affairs, Economic 
Survey of Liberia, 1981, and Economic Recovery 
Program, September 1986. 



Table 2.8 Unit prices of major exports, 1980-85 
(in current u.s. $ per unit) . 

68 

========================================================== 

MAJOR 
EXPORT 1980 1981 1982 1983 1984 1985 

========================================================== 
Iron Ore 17.83 15.66 18.97 17.03 16.51 17.24 
(tonne) 

Rubber 1.33 1.14 0.89 0.99 1.03 0.88 
(kilogram) 

Diamonds 112.40 69.60 60.70 52.10 46.00 34.15 
('000 carat) 

Logs 167.40 166.60 153.60 141.70 123.20 121. 80 
('000 cubic meter) 

Coffee 2.60 2.34 2.28 2.46 2.80 1.46 
(kilogram) 

Cocoa 2.84 2.06 1. 91 2.02 2.51 2.24 
(kilogram) 
========================================================== 

Source: Ministry of Planning and Economic Affairs, Economic 
Survey of Liberia, and Economic Recovery Program, 
September, 1986. 
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for iron ore seems to have picked up a bit in 1985, if one considers the increase in the 

unit value of iron ore as a good indicator of market conditions. Observation of the 

quantity of major exports 1980-1985 shows that iron ore export were 20.8 million 

tonnes in 1981, decreased steadily to 15.7 million tonnes in 1983, and then increased 

to 16.8 million tonnes in 1984. By 1985, it had decreased to 16.2 million tonnes (See 

Table 2.9). The exports of iron ore, and thus iron ore export earnings can be said 

to be dependent on the demand of iron ore in the major markets served by Liberia 

and on the change in the composition of the exported ores. The relative values per 

unit of each may also serve as an explanatory variable. The excess capacity of iron 

ore in the world, together with the declining growth in steel demand in the major 

markets for Liberian ore are factors responsible for decline'in export earnings. 

The iron ore industry of Liberia has shipped most of its exports to the 

European Economic Community (EEC). Since 1976, and for selected years up to 

1985, the major buyers of Liberian iron ores have been the EEC, the U.S. and 

Japan (See Table 2.10). In 1976, about 76% of Liberian ore exports went to the 

EEC, with West Germany taking the highest share or 30%, Italy was second with 

17% and the Netherlands was third with 13%. Other countries in the EEC had 

smaller shares. By 1984, EEC's share of total exports had reached 79% with West 

Germany receiving 36%, Italy 21%, France and Belgium each with 11% and the 

Netherlands with 4%. ,. 
Observation of the mix of iron ores exported from Liberia for selected years, 

between 1970 and 1985, demonstrates that the mix of ores sold has changed (See 

Table 2.11). In 1970, concentrates, fines and lump ores had almost equal shares of 

exports, 32.6%, 32.6% and 25.9% respectively. By 1975, fines made up the largest 

share of products exported with 38.1%, followed by concentrates with 26.8%, and 

pellets and lump ores had equal shares of 18%. Even though LAMCO's pellet 

plant was shutdown in 1977, the company still had some pellets in its stockpile, 

furthermore, Bong Mines had two pellet plants so that by 1980, pellet's share had 

become second to fines. The high price of oil after 1974 was responsible for the 



Table 2.9 Volume of major Liberian exports, 1980-85. 

========================================================= 

MAJOR 
EXPORTS 1980 1981 1982 1983 1984 1985 

========================================================= 
Iron Ore 17.4 20.8 16.4 15.7 16.8 16.2 
(m. tonnes) 

Rubber 76.6 75.8 60.1 73.6 87.9 87.2 
(m. kilogram) 

Diamonds 298.0 336.0 433.0 330.0 236.7 137.6 
('000 carat) 

Logs 390.1 220.9 190.1 156.1 183.5 188.9 
('000 cubic meters) 

Coffee 12.7 8.3 10.0 7.4 4.9 11.1 
(m. kilogram) 

Cocoa 3.7 6.7 4.6 5.7 6.1 5.0 
(m. kilogram) 

========================================================= 
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Source: Ministry of Planning and Economic Affairs, Economic 
Survey of Liberia, 1981, and Economic Recovery 
Program, September 1986. 



Table 2.10 Major buyers of Liberian iron ore, 1976-85, 
selected years (million tonnes) . 
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========================================================== 

COUNTRY 1976 1980 1982 1984 1985 

========================================================== 

Belgium 1.2 1.2 0.8 1.4 1.4 
France 1.4 2.2 1.8 1.5 1.0 
West Germany 5.8 5.0 5.5 6.1 6.5 
Italy 3.2 3.2 3.5 3.6 3.6 
Netherlands 2.4 2.1 1.0 0.7 0.1 
United Kingdom 0.6 0.2 

Total EEC 14.6 13.9 12.6 13.3 12.6 

Spain 0.7 0.6 0.7 0.4 0.6 
Sweden 0.2 

Total W. Europe 15.5 14.5 13.3 13.7 13.2 

U. S. A. 1.9 1.5 1.8 1.3 2.0 
Canada 0.4 0.2 0.1 
Eastern Europe 0.3 1.0 0.5 0.1 
Japan 0.7 0.4 0.2 0.3 0.2 
Other 0.3 0.8 0.9 0.6 

Total 19.1 17.4 16.3 16.8 16.1 

========================================================== 

Source: Ministry of Lands, Mines and Energy (Liberia), 
Annual Report (various years); U.s. Bureau of 
Mines Minerals Yearbook (various years); Mining 
Annual Review (various issues); 



Table 2.11 Types of iron ore products exported by Liberia, 
selected years, 1970-85 (million tonnes) . 
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=========================================================== 

PRODUCT 1970 1975 1980 1982 1984 1985 

=========================================================== 

Concentrates 6.3 

Fines 

Lump Ores 

Pellets 

Total 

6.3 

5.0 

1.7 

19.3 

5.2 

7.4 

3.3 

3.5 

19.4 

2.3 

10.9 

1.7 

4.2 

17.4 

5.0 

7.8 

0.9 

2.6 

16.3 

12.5 

1.4 

2.9 

16.8 

12.1 

1.0 

3.3 

16.1 

=========================================================== 

Source: Subah, P. (1981, p. 207); U.S. Bureau of Mines 
Minerals Yearbook (1982, 1984, 1985). 
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closing of the LAMCO pellet plant, as well as the removal from service of one of 

Bong Mine's plants during the early 1980s. By 1984, fines were convincingly the 

leading product exported from Liberia, witli a share of 74.4%, followed by pellets 

with 17.3% and the remaining 8.3% accruing to lump ores. Most of Liberian iron 

ores is shipped to Western Europe where sinter is the major feed for the steel plants. 

Pellets are also shipped to Western Europe while some fines and concentrates are 

shipped to Japan. 

Another indicator of the contribution of the iron ore sector to the Liberian 

economy is in the government revenue generated from this sector (See Table 2.12). 

This table shows total revenue and iron ore's share from 1953-1981. Iron ore's share 

of revenue increased from $2 million or 17.9% in 1953 to an all time high of $28.3 

million or 18.9% in 1976. This represents an annual growth rate of 11.7%, however, 

there has been a decline in the growth rate since that time. In 1981, the last year 

for which data are available on government revenue from iron ore, it shows a drop 

to $5.6 million or 2.3% of total revenue, which translates to a decline in growth 

rate of -23.7%. This reduction in government revenue is related to the economic 

problems faced by the three mines in operation during that period, each of which 

was operating at a loss in 1981. 

There are other contributions of the iron ore industry that cannot be quan

tified at this time due the emphasis of this research, which centers around the 

prospects of the Liberian industry in a competitive world market. These include 

contributions to general wages, fringe benefits accruing to employees of these com

panies, and the spillover effects of the mining ventures in terms of related jobs, 

training, port utilization for other commodities, and infrastructure development. 

2.4 Basis for comparative advantages for Liberia over rival sources in iron ore 

This section examines comparative cost of producing iron ore in Liberia, 

Australia, Brazil, Canada, India, South Africa, Sweden and Venezuela. Most of the 

estimates are aggregated due to insufficient data from individual mines. Resources 

and reserves are also discussed, in addition to comparisons of factors of production 

in the leading export regions in the Western World. 



Table 2.12 Contribution of Liberian iron ore industry to 
total government revenues, 1953-81 (million $) . 

========================================================= 

YEAR TOTAL 
REVENUE 

IRON ORE 
REVENUE 

PERCENTAGE 
(%) 

========================================================= 

1953 11.2 2.0 17.9 
1954 12.0 1.9 15.8 
1955 15.2 2.0 13.2 
1956 17.9 2.8 15.6 
1957 19.4 3.0 15.5 
1958 18.1 2.3 12.7 
1959 24.6 3.2 13.0 
1960 32.4 6.4 19.8 
1961 32.4 5.7 17.6 
1962 35.6 5.1 14.3 
1963 37.3 5.0 13.4 
1964 40.1 7.9 19.7 
1965 42.2 10.3 24.4 
1966 46.7 10.3 22.1 
1967 48.1 10.1 21.0 
1968 51.8 9.9 19.1 
1969 61.8 11.8 19.1 
1970 66.5 13.9 20.9 
1971 69.5 13.9 20.0 
1972 78.1 13.4 17.2 
1973 90.0 12.2 13.6 
1974 108.6 15.0 13.8 
1975 125.3 26.6 21.2 
1976 149.8 28.3 18.9 
1977 172.7 19.5 11.3 
1978 190.6 11.2 5.9 
1979 204.1 10.4 5.1 
1980 190.1 8.3 4.4 
1981 217.0 5.6 2.3 

========================================================= 

Source: Jones, J.M. (1976, p. 104); Carlsson, 
J. (1977, p. 41); MPEA Economic Survey of 
Liberia (various issues). 
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2.4.1 Resource and reserve endowment 

To compare iron ore resources of Liber;ia with those of its major competitors, 

some general definition of these terms is warranted. This study adopts the definition 

or classification system used by the U.S. Bureau of Mines and the U.S. Geological 

Survey (U.S. Geological Survey, Cir.831, 1980). 

Iron ore resources can be defined as the geological endowment of iron-bearing 

minerals in the earth's crust in such concentration that commercial extraction is ei

ther presently or potentially feasible. Identified resources are those resources whose 

location, grade, quality and quantity have been estimated through geologic analysis. 

They include economic, marginally economic, and sub economic components, and to 

reflect varying degrees of geologic certainty these economic divisions can be subdi

vided into measured, indicated and inferred. Measured reserves are those tonnages 

computed from the geometry of outcrops, trenches, workings, and drill holes whose 

grade is determined from results of detailed sample anlysis. Indicated reserves are 

those tonnage and grade computed partly from actual measurements of the sites 

and partly from projections since the sample sites and measurements are farther 

apart than in the case of measured reserves. Inferred reserves are those tonnage 

estimates based on broad knowledge of the geology which assumes continuity of 

ore bodies and/or similar geologic environment for which there are few samples or 

measurements. 

The discussion of resources in this study deals mainly with identified re

sources (See Table 2.13). World identified resources are estimated to be 254,000 

million tonnes, and in rank of resources, the region with the largest share is the 

Eastern Bloc with 27.5%, followed by North America 19.9%, Pacific Basin 17.6%, 

Latin America 15.6%, Africa with 14.5% and Western Europe with 4.3%. Among 

countries in the Western World, the largest reserves are in Brazil 18.8%, Australia 

18.2%, Canada 13.8%, the United States 13.7%, South Africa 5.1%, India 3.9%, 

Sweden 2.5% and Liberia 2.5%. 



Table 2.13 Identified world iron ore resources. 
(million tonnes) 
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========================================================== 
COUNTRY/REGION CRUDE ORE IRON CONTENT IMPLIED 

GRADE (%) 
========================================================== 
NORTH AMERICA 

U.S. 
Canada 

LATIN AMERICA 
Brazil 
Chile 
Mexico 
Peru 
Venezuela 
Other 

WESTERN EUROPE 
France 
Sweden 
Other 

PACIFIC BASIN 
Australia 
India 
Other 

AFRICA 
Algeria 
Angola 
Guinea 
Liberia 
Libya 
Mauritania 
South Africa 
Other 

Unallocated 
WESTERN WORLD 

EASTERN BLOC 
USSR 
China 
Other 

WORLD TOTAL 

50,600 
25,200 
25,400 

39,730 
34,550 

300 
500 
750 

2,030 
1,600 

11,010 
2,240 
4,670 
4,100 

44,840 
33,530 
7,210 
4,100 

36,780 
3,750 
3,290 
2,210 
4,580 
5,910 
1,590 
9,450 
6,000 

1,150 
184,110 

69,990 
59,950 

9,140 
900 

254,100 

14,240 
5,350 
8,890 

21,870 
19,600 

180 
170 
390 

1,090 
830 

4,500 
820 

2,180 
1,500 

24,180 
18,330 

4,350 
1,500 

18,230 
1,800 
1,220 
1,390 
2,060 
2,510 

580 
5,990 
2,680 

450 
83,470 

26,150 
22,680 

3,200 
270 

109,620 

28.1 
20.2 
35.0 

55.0 
56.7 
60.0 
34.0 
52.0 
53.7 
51.9 

40.9 
36.6 
46.7 
36.6 

53.9 
54.7 
60.3 
36.6 

49.6 
48.0 
37.1 
62.9 
45.0 
42.5 
36.5 
63.4 
44.7 

39.1 
45~3 

37.4 
37.8 
35.0 
30.0 

43.1 
========================================================== 

Source: United Nations Economic Commision for Africa (1981, 
p. 175-94); Crowson, P. (1982, p. 88); U.S. Bureau 
of Mines Mineral Commodity Data Summaries 1987; 
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Known iron ore reserves of Liberia has been quoted as 1.6 billion tonnes 

(U.S. Bur. Mines, 1987, p. 47). A review of the literature on known reserves shows 

that this figure may well be around 2.9 billion tonnes of crude ore averaging 36-54% 

Fe (See Table 2.14). These estimates do not include reserves from the Putu and 

Bassa Ranges. Of these reserves, the Bea Mountain and Wologisi Range seem to 

provide the best possibilities for development if market and cost conditions become 

favorable. These deposits were included among nonproducers in Liberia by the 

U.S. Bur. Mines study (1987, p. 46) and it is suggested that they could become 

available for sinter fine production at a 15% DCFROR within a total cost range of 

$0.30 to $0.79 per iron unit f.o.b. port. The majority of the Liberian reserves are 

suitable for sinter fines production if price/cost conditions become favorable in the 

future. 

2.4.2 Factors of production - labor, energy, capital, materials, transportation 

The Liberian iron ore producers trade in a highly competitive world market 

which includes the low cost producers, Australia and Brazil. It is instructive to 

examine comparative costs of production in Liberia and some of the major exporting 

countries. The data discussed here are derived from several sources and the cost 

estimates used are based on these sources (Barnett, D.F. 1982; Barnett, D.F. and 

Schorsch, L. 1983, p. 302; U.S. Bur. Mines, 1987, pp.17-54; World Bank, 1986, 

p. 181; Liberian Ministry of Lands, Mines & Energy, 1987). 

Since 1974, the world iron ore industry has had major problems associated 

with high energy costs, excess production capacity and recession in most of the in

dustrialized countries during 1981-1983, which dampened iron ore demand. These 

conditions have had a significant impact on production costs in the industry so that 

several pellet plants have been closed mainly due to the exorbitant oil prices during 

the mid to late 1970s, among plants closed were Hamersley Iron and Robe River 

(Australia), Iron Ore Company of Canada (Sept-nes, Canada), LAMCO (Liberia), 

Biera Peru (Peru), and two pellet plants in Goa (India) (U.S. Bur. Mines, 1987, 

p. 11). The discussion of costs however, centers around sinter feed (fines and concen

trates) production. Capacity utilization in the major iron ore producing countries 



Table 2.14 Iron ore reserves of Liberia, 1985. 
(million tonnes) . 

==================================================== 

DEPOSIT CRUDE ORE GRADE 
(%) 

==================================================== 

Bea Mountain 121.0 41.8 

Bomi Hills 65.0 45.3 

Bong Range 340.0 36.5 

Mano River 15.0 47.0 

Nimba 360.0 54.0 

Main Orebody 23.0 62.0 

Tokadeh Extension 24.0 62.0 

Tokadeh 107.0 50.0 

Gangra 107.0 54.0 

Yuelliton 99.0 53.0 

Wologisi 1,285.0 45.0 

Kitoma 750.0 40-60 

TOTAL 2,936.0 36-62 

======================================================= 

Source: Modified from UNECA (1981, p. 182); Hance, 
w. (1967, p. 14); Engineering and Mining 
Journal, (Oct. 1985, p. 27; Dec. 1985, p. 25). 
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of the Western World is shown in Table 2.15. The weighted average capacity utiliza

tion for these countries is 74%, which also illustrates the notion that excess capacity 

exists in the industry and therefore lower prices. The table shows that some of the 

marginal producers are the ones losing capacity, while the low cost producers like 

Brazil and Australia appear to be gaining. 

Eight of the major exporters of iron ore on the world market together with 

their estimated comparative production costs are shown in Table 2.16. As stated 

earlier, Australia and Brazil are the lowest cost producers as documented by Barnett 

(1982) and the U.S. Bur. Mines (1987). Examination of the factors of production 

for 1984 in the table reveals that Brazil has the lowest labor cost while Canada has 

the highest. Among the developing countries, Venezuela has the highest labor cost 

and is closely followed by Liberia. These labor costs are based on the total wage bill 

of these producers and thus includes workers in the mines as well as those employed 

in other activities associated with the mining projects, including construction and 

service related activities. 

Even though the data presented does not show that labor is the largest 

portion of Liberian production costs, labor productivity should also be examined in 

the industry. Labor productivity will thus be examined in some of these producing 

countries even though such data is scare in developing countries. For productivity 

analysis in Liberia, data from the Bong Mines is used. In 1980, sinter feed and pellets 

shipped per man-shift was 6 tonnes, this increased to 9 tonnes in 1984. There were 

gains in concentrator productivity during the same period as it increased from 40 

tonnes per man-shift in 1980 to more than 50 tonnes per man-shift in 1984. Rail 

and port workers move 90 tonnes of product per man-shift in 1980 and 140 tonnes 

per man-shift in 1984. There was however a decrease in pellet productivity, from 

35 tonnes per man-shift in 1980 to about 24 tonnes per man-shift in 1983 (White, 

L. 1985, p. 25). 



Table 2.15 Capacity utilization of the major iron ore 
producing countries in the Western World, 1984. 

(million tonnes and percent) 
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========================================================== 

COUNTRY CAPACITY 
(tonnes) 

PRODUCTION 
(tonnes) 

UTILIZATION 
(%) 

========================================================== 

Australia 119.3 98.0 82.1 

Brazil 119.5 112.1 93.8 

Canada 56.0 41.1 73.4 

Chile 7.8 5.6 71.8 

France 27.5 15.0 54.5 

India 64.6 40.8 63.2 

Liberia 21.5 16.1 74.9 

Mauritania 10.8 9.0 83.3 

Peru 8.0 4.2 52.5 

South Africa 34.2 24.6 71.7 

Sweden 22.4 18.1 80.8 

U. s. 88.6 52.1 58.8 

Venezuela 26.3 13.1 49.8 

TOTAL OR 606.6 449.8 74.2 
WEIGHTED AV. 

========================================================== 

Source: World Bank (1986, p. 174); U.S. Bureau of Mines 
Minerals Yearbook (various issues); U.S. Bureau 
of Mines I.C. 9158 (1987, p. 3); APEF (1987, 
p. 64-66). 



Table 2.16 Estimated representative sinter feed production costs, 1984 
(64% Fe, $/tonne and Cents/Fe unit) . 

=============================================================================== 

LIBERIA AUSTRALIA BRAZIL CANADA INDIA SOUTH SWEDEN VENEZUELA 
AFRICA 

=============================================================================== 

Labor 2.84 

Energy 2.00 

Raw material 4.82 
& supplies 

Transport & 3.00 
handling 

Total opera- 12.66 
ting costs 

Capital costs 1.93 

Royalty & 2.01 
management fee 

Taxes 0.36 

Total cost 16.96 
f.o.b. port 

Cents/Fe unit 26.5 

Total Revenue 17.30 

Cents/Fe unit 26.6 

2.47 

0.54 

3.67 

3.49 

10.17 

1.54 

1.42 

0.95 

14.08 

22.0 

16.80 

26.25 

0.82 

1.20 

3.70 

4.21 

9.93 

2.81 

0.84 

0.56 

14.14 

22.1 

16.60 

26.0 

4.34 1.01 

1.72 1.48 

4.79 4.50 

2.95 5.21 

13.80 12.21 

1.72 1.04 

1.63 4.03 

17.15 17.28 

26.8 27.0 

17.20 17.30 

26.8 27.0 

1.36 

1.18 

4.58 

3.53 

10.65 

3.59 

0.56 

0.56 

15.36 

24.0 

15.50 

24.2 

4.00 

3.25 

4.91 

2.40 

14.56 

2.40 

0.64 

0.96 

18.56 

29.0 

19.20 

30.0 

2.86 

0.62 

4.39 

3.35 

11.22 

1.00 

2.82 

15.04 

23.5 

15.40 

24.0 

=============================================================================== 

Source: U.S. Bureau of Mines I.C. 9128 (1987, p. 17); World Bank (1986, p. 181); 
Barnett, D.F. and Schorsch, L. (1983, p. 302); Ministry of Lands, Mines 
and Energy, Liberia (1987); 

00 .... 
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Labor productivity has been measured in the U.S., Canada, Brazil and 

Venezuela for 1981 and the results show that on a product per man-hour basis, 

Brazil had the highest productivity of 5.15, Canada 2.99, Venezuela 2.28 and the 

U.S. 2.13 (Congressional Research Service, 1986, p. 85). Labor productivity for sev

eral sinter feed producers in 1986 shows that Australia has the highest on a product 

per man-hour basis which was 5.95, Brazil was next with 4.45, Sweden 3.0, South 

Africa 2.55, and Liberia 1.30; Canada had a productivity of 3.9 for concentrate 

production (Paine Webber, 1987, p. 5-3). 

It should be noted that higher productivity is related to the high grade of 

ore processed in most of these countries. In the example cited for Liberia, Bong 

Mine ores were used since this was the only mining operation for which data was 

available. Earlier discussion on Liberian ore deposits mentioned that Bong Mine 

ores are of lower grade and quality than Nimba ores, therefore, one may infer that 

Nimba productivity is a lot higher than those at Bong for sinter feed production. 

Energy cost is lowest in Australia and highest in Sweden, while that for 

Liberia is the second highest. It should be noted that there are other producers 

that were not included in this table who may have higher costs. The category 

of materials and other supplies includes repair and maintenance, and shows that 

Sweden has the highest cost in this category. Rail transport and handling costs are 

highest for India which has to transport its products considerable distance to the 

ports. Brazil seems to have the next highest transport and handling cost, while 

Sweden has the lowest. Based on the data estimated in this table, total operating 

costs are lowest for Australia and then Brazil, while they are highest for Sweden 

and Canada. Capital costs appear to be highest in South Africa, which may be 

explained by the high depreciation rate. Venezuela has the lowest capital cost 

based on this estimate. When the categories of royalty, management fee and taxes 

are combined, India seems to have the highest amount, while South Africa seems 

to have the lowest. 

While Liberia may not be the lowest cost producer, it has relatively com

petitive production cost with regard to most of the producers on the world market. 

Comparison of sinter feed ~roduction costs in 1986 for several producers shows 
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that their production costs per tonne are, Australia (Mt. Newman) $11.70, Brazil 

(CVRD) $11.70, South Africa (lscor) ~12.4~, Liberia (Bong) $13.40 and Sweden 

(Kiruna) $17.40 (Paine Webber, 1987, p. 4-2). Efforts have been made in the past 

few years to cut labor cost by reducing the work force, which is one of the major 

costs incurred by Liberian producers. The other major cost component for Liberian 

producers includes energy and material costs which are related to the quality of the 

ores. This aspect of quality and depletion of high grade Liberia ores will be ad

dressed in the following section. 

2.4.3 Influence of technical and quality differences on trade 

In the previous section, it was shown that most of 'the iron ore shipped or 

exported from Liberia goes to Western Europe, while smaller quantities go to the 

U.S. and Japan. This brings up the question of what are some of the factors steel 

producers look at when contracting for iron ore for their steel mills. In essence, why 

does a particular steel mill decide to buy ore from Liberia rather than from another 

producer? It can be asserted that a steel producer's decision to buy a particular iron 

ore is significantly affected by technical as well as quality aspects of the ores and 

the steelmaking practice utilized at his mill. Observation of comparative production 

costs among major exporters on the world market suggests that steel mills do not 

necessarily buy from the lowest cost producer nor do they buy the ore with the 

highest Fe content. The steel producers look for the ore which will give the most 

value per dollar during the steelmaking process. It can be said that steel producers 

select ores based on the price-quality relationship. Integral parts of this price

quality relationship include the delivered price of the ore at the mill, the presence 

or absence of impurities in the ores, the ratio of acid to basic gangue constituents, 

the size consists and physical structure of the ore particles and the ease with which 

the ore can be reduced. 

There are three major steelmaking processes in the world today; they are the 

open hearth, basic oxygen and the electric arc furnace. The open hearth process 

was replaced as the leading process in the industrialized countries of the Western 

World by the late 1960s when the EEC, Japan, and the U.S. had turned decisively 
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toward producing the majority of their steel by the basic oxygen process. By 1982, 

the basic oxygen process was the leading steelmaking process in the U.S. with 61% 

share, EEC with 73.5%, and Japan with 73.4%; the open hearth process share was 

13.9% in the U.S., 0.5% in the EEC and 0% in Japan. Electric arc share was 25.1% 

in the U.S., 25.9% in the EEC and 26.6% in Japan (lISI, 1983, p. 5.26; Metal 

Bulletin Handbook 1983, vol. 2). 

The open hearth process is the most flexible, being able to take burdens from 

all iron to all scrap. By 1970, U.S. practice required as high as 30% direct shipment 

ore may be used in the open hearth. The rest would be pig iron, pellet or scrap, 

indicating the open hearths remained supplement to BOF furnaces or alternative 

to new electric furnaces. The basic oxygen process cannot employ more than 30% 

scrap. In the 1970s U.S. BOF practice employed roughly 70% iron from high grade 

ores and agglomerates with the remaining burden consisting of scrap. The electric 

arc furnace is most efficient with a burden made up of 100% scrap, and cannot use 

pig iron so efficiently. However it could use 100% sponge iron in areas where scrap 

was absent. Thus exported iron ores are oriented to blast furnaces and then toward 

open hearth and the basic oxygen steelmaking processes. The first set of iron ores 

shipped from the Liberia were lump ores destined for the blast furnaces and open 

hearth furnaces of Republic Steel. During the 1960s most of the ores exported 

from Liberia were blast furnace ores which consisted of concentrates and fines. The 

proportion of lump ores exported from Liberia has steadily declined since so that in 

1984, only 1.4 million tonnes of lump ore were exported from Liberia. The largest 

share of Liberian exports consists of sinter feed or fines, followed by concentrates 

and then pellets. These products are the ones required by the modem blast furnaces 

due to their high grade and quality which translates in improved efficiency for the 

furnaces. The fines and concentrates are used in the manufacture of sinter which 

makes up about 80% of the iron-bearing burden in the blast furnaces of Western 

Europe and Japan. 

The general trend in quality of ores used to make pig iron at steel mills world 

wide has been the consumption of higher grade ores and agglomerates, coupled with 

demands for lower gangue content, low contents of impurities such as metalloids, 
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a.kaline oxides and other deleterious elements. As a result of this demand for higher 

quality products, the average Fe content of ores has increased from 48% in 1955 to 

59% in 1985 (UNCTAD, 1986b, p. 5). IrOIi ore exports consists mostly of sinter 

feed which makes up 60%, lump ores comprise 25%, pellets 10% and the remaining 

5% consists of pellet feed, directly reduced iron (DRl) and sinter (UNCTAD, 1986a, 

p. 16). The average grade of exported ores has also increased from around 50% in 

the early 1950s to 62% in the 1984. The use of agglomerated ores has drastically 

improved the productivity of the blast furnace and the trend appears to be continued 

use of these ores in the future. The characteristics of ores used in blast furnace 

burdens together with their physico-chemical properties are discussed in chapter 3, 

section 3.2.2. 

In the case of Liberia, most of the high grade ores have been depleted, thereby 

leaving medium to low grade ores. These ores will require beneficiation and agglom

eration if the Liberia industry is to continue to compete on the world market. With 

beneficiation and agglomeration comes increased cost of production which may ren

der Liberian ores less competitive when compared with the large reserves of high 

grade ores that exist in Brazil and Australia. Continued exploration for high grade 

ores in Liberia may be a key to the industry's viability in the year 2000 and beyond 

since large areas of the country have not been explored in detail. Furthermore, 

technological advances in ore preparation may lead to some of the identified re

sources mentioned earlier becoming reserves and this may contribute to revival of 

the industry which seems to be on the decline due to depletion of high grade ores. 



CHAPTER THREE 

OBSERVED PATTERNS OF SUPPLY AND DEMAND IN THE 

WORLD IRON ORE INDUSTRY, 1950-85 
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The iron ore industry has undergone tremendous shifts in supply and to a 

lesser degree in demand patterns since 1950. The aim of this chapter is to assess 

these trends and provide some rationale for this phenomenon, while at the same 

providing some insights into future trends as forecast by some of the leading author

ities on this and the related steel industry. Observation of supply patterns in the 

iron ore industry over the period analyzed in this study has shown a shift from the 

traditional ore supply regions of the United States (the Lake Superior and Birm

ingham districts), and districts in Europe (the Lorraine of France, and the Ruhr 

in Germany), to the newly industrialized and developing regions of Latin America, 

Africa and the Pacific Basin. Depletion of high grade ores in the traditional ore sup

ply regions led to exploration and development of high grade ore deposits in Africa, 

Latin America and the Pacific Basin. With supply shifting to these new regions, 

there were accompanying shifts in trade patterns which some believed were due to 

the new ownership ties developed by steel producers in the industrialized countries 

with the new ore suppliers through investments in these projects. This hypothesis 

can run counter to traditional trade theory which postulates that trade patterns 

are mostly due to comparative advantage and factor endowment hypotheses, which 

in essence are linked with the forces of supply and demand in markets. It should be 

noted that shifts in trade patterns depend on ore qualities and characteristics and 

on furnaces designed for them over time. 

The demand of iron ore in any region is tied to the performance of the steel 

industry, thus suppliers of iron ore are concerned when stagnation occurs in the steel 

industry since it affects how much ore steel mills will purchase from them in the 

longrun. The demand of iron ore has shown a tendency to decline in industrialized 

countries of the Western World since the early 1980s and this is mainly due to 

the sluggishness of the steel industry in these regions. The demand of iron ore 
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in the developing and newly industrialized regions has increased at a higher rate 

up to 1980, but is now increasing at a slower rate. This chapter examines trends 

in ore supply, demand, and ocean transport; discusses market organization and 

price formation in the industry. The observations made in this chapter serve as 

guide in analyzing past, present and future trade flows in the ore industry and their 

ramification for ore producers. 

3.1 Trends in demand for iron ore, world wide 

The world demand for iron ore is essentially derived from the world demand 

for steel, considering that about 95 percent of world production of iron ore is con

sumed in steel production. In order to identify fully trends in demand for iron ore, 

it is imperative that salient elements of iron ore demand be reviewed. Among the 

factors which influence the demand for iron ore are changes in demands for types of 

iron ores and therefore its suppliers, material substitution and the state of technol

ogy used in iron and steel production. Technical change affects iron demand largely 

through material substitution on the supply side. Technological change influences 

the amount of iron ore required to produce a unit of steel, and also the scrap ratios 

and qualitative requirements for the ore. This section briefly reviews the compo

nents and important determinants of change in iron and steel consumption, trends 

in iron and steel production, and the shifting pattern of iron ore consumption from 

1950 to 1985. 

3.1.1 Determinants of iron and steel consumption 

Major determinants of iron and steel demand discussed here include the stage 

of economic development, structure of the economy and of industry, cyclical factors 

marking the current state of activity in the industry, technological change and 

material substitution, and, because of the importance of trade in primary materials 

and metal products, global trends in iron and steel consumption. 

It is generally worth noting that during the early period of economic de

velopment, insignificant quantities of steel are consumed. This is due to the fact 

that sectors which do no~ consume large amounts of steel as a material input play 
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the most important roles in the national economy (i.e. agriculture, food processing, 

textile, etc.). The next period in economic development is the one during which 

infrastructure and the basic foundations of industrialization are created. This re

quires larger quantities of steel. There is usually a major emphasis on construction 

activity during this period. The final stage is that of maturity, and at this point 

the economy becomes industrialized and various metal-transforming industries and 

construction consume significant quantities of steel. With this increase in steel 

consumption, comes growing demand for iron. 

In addition to the impact of development and structure of the economy on 

steel consumption, it is important to note that technological change also affects the 

amount of steel consumed. Firstly, improvements in design and progress in indus

trial processes applied by the principal steel-using sectors tend to lower specific steel 

use per unit of final product, and secondly, technical progress in steel-making, rolling 

and finishing of steel products helps to increase the efficiency of the transforming 

industries and, therefore, to rationalize the use of steel in a country (UNECE, 1979, 

p.105). 

Substitution of steel by other materials (plastics, glass, aluminum, etc.) has 

lowered the amount of steel consumed in certain applications, and this has also 

had a profound impact on steel consumption in the transportation industry as well 

as others. In addition to structural changes in the economy, it is evident that 

technological changes as well as substitution have had a major influence on the· 

level of steel consumption. 

Apparent primary steel and scrap consumption is invariably used to express 

demand for steel within countries, and in international trade. One of the purposes 

of this study is to question whether this is an appropriate term to use in any anal

ysis of steel consumption within a region or economy. The measure is defined as 

production plus imports minus exports, expressed in crude steel equivalents. It is 

always noted that changes in stocks held by merchants and consumers cause differ

ences between apparent and actual steel consumption, but conventional measures 

neglect the imports and exports of steel intensive intermediate and final products. 

Actual steel consumption is defined as production plus net exports only of primary 
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metal, plus the net change in stocks. Thus it includes as domestic consumption 

that portion which is eventually exported in steel intensive goods, expressed in 

terms of crude steel equivalents. Similarly, it excludes from domestic consumption 

all steel in imported final or investment goods, adjusted where possible to reflect 

these anomalies. 

Malenbaum (1975, 1978) has propounded a law governing intensity of mate

rials use. When applied to steel this law is credited by some as being the most gen

eral relationship to define trends in steel consumption. The intensity of use concept 

which he applied to minerals was defined as the apparent per capita consumption 

(production plus net imports of primary metals which misses metal embodied in 

products) divided by per capita gross national product. It should be observed that 

the GNP of various countries do not reflect the same market baskets. He found 

this apparent intensity of use function exhibits an inverted "U" shape, and as per 

capita GNP increases, consumption per unit for a mineral would increase, reach a 

maximum and then decline. Malenbaum notes that national consumption of iron 

and steel is thus influenced by the country's level of income, the standard of living 

of its people, and the structure of the economy. 

When apparent consumption of steel is analyzed by considering the intensity 

of use concept, steel use in the United States and other industrialized countries 

demonstrate the inverted "U" shaped pattern (See Figure 3.1). Declines in steel 

intensity can be explained by the fact that industrialized countries come to require 

relatively less steel-intensive investments in infrastructure (roads, bridges, railroads, 

port facilities, power stations, etc.) as their industrialization process is advanced. 

Second, declines may also be attributed to technological change which reduce the 

amount of steel per unit of final output, and to the substitutions of other materials 

for steel in applications where steel used to be the preferred material. The apparent 

intensity of use pattern for ~on ore and for other minerals in many developing 

countries is on the rising portion of the curve (See Figure 3.2) hecause they are at 

the early stage of their industrialization process and are increasing their use of iron 

ore or other minerals. Figure 3.2 shows intensity of use of iron ore in developing 

and developed countries. This rise in the actual use patterns is undoubtedly faster. 
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This suggests that the developing countries represent an area for increased growth 

in demand for steel. It should be noted, therefore,· that developing countries which 

have reached the peak on the apparent intensity of use curve for some minerals may 

now be on the declining portion of their real intensity of use. Indeed, their real 

intensity of use patterns are directly related to the growth of final demands given 

the level of technology the particular country possesses and its rate of change. The 

demand for steel, and likewise, that for iron ore, is undoubtedly growing faster in the 

developing countries than the developed countries. As more developing countries 

become industrialized, the infrastructure development required contributes to their 

increased demand for primary steels as well as imported final goods intensive in steel. 

The latter increases apparent steel consumption in developed countries who export 

machinery and equipment. Furthermore, it is important to note that the growth 

of trade in industrialized countries also leads to plant additions and replacement of 

infrastructure in their economies and this increase demands for ores and primary 

steels in the future. 

In order to identify the trends in steel demand, it is customary to assess 

the wide range of steel types in a variety of semi-finished forms. The product 

forms considered include billets - bars, wires, seamless pipes and tubes; blooms 

- structural shapes, rails and bars; and slabs - sheet and strip, plate, and pipes 

and tubes. These semi-finished fonDs are important in determining the direction of 

changes in steel demand structure in industrialized countries. 

A breakdown of semi-finished forms as a percentage of total steel production 

for a typical industrial country of Western Europe is given in Table 3.1. The table 

shows that the largest percentage of semi-finished form produced is for flat rolled 

products which account for almost fifty percent of production, next are the reinforc

ing bars, rails, etc. which account for twenty-five percent of production. Most of the 

semi-finished forms are produced from low carbon or 'mild steel'. The higher carbon 

grades and the various types of alloyed steels are estimated to account for less than 

fifteen percent of world production (Wilshire, B. et ale 1983, p. 10). The demand 

for flat-rolled products tends to increase as industrial development proceeds and 



Table 3.1 Various semi-finished forms production as a 
percentage of world steel production (typical 
industrial country of Western World), 1970s. 

93 

========================================================== 

PRODUCT PERCENTAGE 
(%) 

========================================================== 

Flat rolled products 

(plate, sheet, strip) 

Wire and rod 

Sections 

(heavy and light) 

Tubes 

Other forms 

(reinforcing bars, rails, etc.) 

45-55 

10 

10-20 

10 

25 

========~=================================================== 

Source: Wilshire, B. et ale (1983, p. 10). 
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does account for the greater share of steel demand by product form. Special grades 

of steel and some particular product form, such as concrete reinforcing bars, tend 

to have a small share of the steel market. 

The problem with this conventional measure is that it does not estimate con

sumption of steel in final product forms above the semi-finished categories described 

above. Steel is an intermediate product whose demand is derived from the demand 

of the final output of the steel consuming industries; therefore, changes in imports 

and exports as well as the requirements of all steel-using sectors of the economy 

open to trade will greatly influence actual steel consumption. 

As world trade has increased since 1950 significant differences between ac

tual and apparent steel consumption have developed in the measured levels of actual 

demand and consumption of steel in individual countries. Trade today, therefore, 

includes steel in the exports and imports of all sorts of goods which are far more 

important than the net changes in domestic steel use rates, scrap, direct trade and 

stocks. Apparent steel consumption is a function of trade far beyond the degree of 

development of individual branches of the processing industry and the general level 

of economic development within a country. To fully analyze the demand for steel in 

markets of individual countries, an analysis is required of indirect as well as direct 

imports and exports of steel, not only as products of the metal processing industry, 

including contained steels through trade in machinery, transport equipment and 

other products, but of user industries far beyond the materials processing indus

tries themselves. Tables 3.2 and 3.3 show the product composition of direct only 

world trade in tonnes and percentages, respectively. It should be noted that direct 

international trade in steel has shown a tendency towards more highly finished steel 

products, particularly Hat-rolled products and higher quality steels. These tables 

illustrate that a major part of direct steel trade involved heavy and light sections 

during the early 1950s, while .plates and sheets became a major share through the 

mid 1980s. Tables 3.4 and 3.5 give the composition by commodity trading group 

of total indirect steel trade for the industrialized countries of the Western World 



Table 3.2 Finished and semi-finished steel products in direct steel trade. 
(million tonnes) 

=============================================================================== 

1950 1955 1960 1965 1970 1975 1981 1985 

=============================================================================== 

Ingots 1.3 3.1 5.7 8.9 15.1 21. 9 21.7 23.0 

Railway track 1.3 1.5 1.6 1.6 1.6 2.3 1.7 1.6 
materia:l 

Heavy & light 5.1 7.6 10.0 15.0 18.5 24.1 25.5 25.9 
sections 

Wire rods 0.7 0.9 1.9 3.6 5.2 6.2 6.3 8.8 

Strip 0.8 1.2 2.0 2.2 3.2 3.5 3.9 5.1 

Plates & sheets 3.5 6.8 11.7 19.0 31.8 34.5 35.7 38.4 

Tube & fittings 1.8 2.4 3.8 5.9 9.5 16.2 20.7 19.3 

Wire 0.5 0.7 1.2 1.4 1.9 1.8 2.2 2.8 

Tinplates 0.8 1.5 1.8 1.8 2.8 3.2 3.1 2.9 

Wheel-tyres 0.2 0.2 0.2 0.3 0.4 0.3 0.2 0.7 
axles 

TOTAL 16.0 26.0 40.1 60.0 90.0 114.0 121.0 128.5 

=============================================================================== 

Source: United Nations (1968b); Wilshire, B. et ale (1983); UNECE Statistics ~ 
of World Trade in Steel, various issues. 



Table 3.3 Share of finished and semi-finished steel products in direct 
steel trade (percentages). 

=============================================================================== 

1950 1955 1960 1965 1970 1975 1981 1985 

=============================================================================== 

Ingots 

Railway track 
material 

Heavy &"light 
sections 

Wire rods 

Strip 

8.4 

8.2 

31.7 

4.1 

4.7 

Plates & sheets 21.7 

Tube & fittings 11.1 

Wire 

Tinplates 

Wheel-tyres 
axles 

3.4 

5.3 

1.4 

TOTAL 16.0 
(million tonnes) 

12.0 

5.7 

29.3 

3.4 

4.6 

26.3 

9.4 

2.8 

5.6 

0.9 

26.0 

14.2 

3.9 

25.0 

4.7 

5.1 

29.3 

9.6 

3.0 

4.6 

0.6 

40.1 

14.9 

2.6 

25.1 

6.1 

3.7 

31.7 

9.9 

2.4 

3.1 

0.5 

60.0 

16.8 

1.8 

20.6 

5.8 

3.5 

35.3 

10.6 

2.1 

3.1 

0.4 

90.0 

19.2 

2.0 

21.1 

5.4 

3.1 

30.3 

14.2 

1.6 

2.8 

0.3 

114.0 

17.9 

1.4 

21.1 

5.2 

3.2 

29.5 

17.1 

1.8 

2.6 

0.2 

121.0 

18.0 

1.3 

20.2 

6.9 

3.9 

29.9 

15.0 

2.1 

2.2 

0.5 

128.5 

=============================================================================== 

Source: United Nations (1968b); Wilshire, B. et ale (1983); UNECE Statistics 
of World Trade in Steel, various issues. 

(0 
Q) 
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Table 3.4 Commodity pattern of indirect steel trade for 
major industrialized countries of the Western 
World, selected years, 1962-79 (million tonnes) . 

========================================================== 

COMMODITY GROUP 1962 1970 1979 

========================================================== 

Intermediate goods 1.1 2.0 2.6 

Non-electrical 3.6 7.1 11. 7 
machinery 

Electrical machi- 0.7 1.4 2.6 
nery & equipment 

Agricultural 0.8 1.1 2.0 
machinery, etc. 

Rolling stock 0.7 0.6 1.0 

Passenger cars 2.5 5.4 9.7 

Commercial 1.1 2.2 5.6 
vehicles 

Motor vehicle parts 0.5 2.2 5.1 

Domestic appliances 0.4 0.8 1.0 

Other manufactured 2.3 5.4 9.7 
goods 

Total tonnage 13.7 28.2 51.0 

Shipbuilding ton- 2.8 6.7 3.9 
nage 

Total estimated 16.5 34.9 54.9 
steel tonnage 
(indirect trade) 

========================================================= 

Source: International Iron & Steel Institute (1974, 1976, 

1981). 
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Table 3.5 Commodity pattern of indirect steel trade for 
major industrialized countries of the Western 
World, selected years, 1962-79 (% of total trade) . 

=========================================================== 

COMMODITY GROUP 1962 1970 1979 

=========================================================== 

Intermediate goods 8 7 5 

Non-electrical 26 25 23 
machinery 

Electrical machi- 5 5 5 
nery & equipment 

Agricultural 6 4 4 
machinery, etc. 

Rolling stock 5 2 2 

Passenger cars 18 19 19 

Commercial 8 8 11 
vehicles 

Motor vehicle parts 4 8 10 

Domestic appliances 3 3 2 

Other manufactured 17 19 19 
goods 

Total tonnage 13.7 28.2 51.0 
(million tonnes) 

Shipbuilding ton- 2.8 6.7 3.9 
nage (million tonnes) 

Total estimated 16.5 34.9 54.9 
steel tonnage 
(indirect trade, million tonnes) 

========================================================= 

Source: International Iron & Steel Institute (1974, 1976, 

1981) . 
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in tonnes and percentages for selected years, 1962-1979, respectively. These were 

the years for which data was available. Examination of these tables reveal that a 

substantial part of indirect steel trade can be attributed to the automobile industry. 

In 1979, the automobile industry accounted for about forty percent of indirect steel 

trade if one combines passenger cars, commercial vehicles, and automobile parts. 

The next major category which contributes about twenty-three percent to indirect 

steel trade in 1979 is non-electrical machinery. 

To further demonstrate the discrepancy that exists between apparent con

sumption and final apparent consumption (or final steel demand), Tables 3.6, 3.7 

and 3.8 were constructed. Final apparent consumption or final steel demand is 

defined as apparent consumption less indirect exports plus indirect imports (Gold

berg, W.H. 1986, p. 93). These tables show indirect exports, indirect imports and 

final steel demand respectively. In terms of ranking, Japan's share of indirect steel 

exports in 1979 is the largest, followed by West Germany's. With regards to indirect 

steel imports, West Germany had the largest share in 1979, while Japan had the 

smallest .. From these tables, one can infer that Japan's apparent steel consump

tion values overestimate steel demand by a considerable amount above that of West 

Germany's. The comparison of apparent consumption and final steel demand is 

given in Table 3.8. It can be inferred from these observations that countries with 

large quantities of indirect steel exports and small quantities of indirect steel im

ports have overestimates of their apparent consumption of steel; whereas, countries 

with large amounts of indirect imports and small amounts of indirect exports have 

underestimates of their consumption of steel. Due to the emphasis of this research, 

and the scarcity of data on indirect steel trade of some regions, it was not possible 

to analyze its effect on actual consumption in all regions. This would be an area 

that could be explored by studies that concentrate on trade in steel products which 

is outside the realm of the present study. Some data is available on several countries 

of Western Europe and Japan, and estimates are give for some developing regions 

and North America. These are examined later in this section. 
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Table 3.6 Estimates of indirect steel exports of selected 
industrialized countries, selected years, 1965-79. 

(million tonnes of steel ingot equivalents) 

=========================================================== 

COUNTRY 1965 1970 1976 1979 

=========================================================== 

West Germany 6.5 9.2 12.4 12.3 

France 2.8 4.8 7.1 7.6 

Great Britian 5.3 6.0 6.8 6.4 

Italy 2.4 3.9 6.7 6.5 

Japan 5.2 10.8 18.2 15.3 

TOTAL 22.2 34.7 51.2 48.1 

=========================================================== 

Source: Goldberg W.H. (1986, pp. 82-83). 
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Table 3.7 Estimates of indirect. steel imports of selected 
industrialized countries, selected years, 1965-79. 

(million tonnes of steel ingot equivalents) . 

============================================================ 

COUNTRY 1965 1970 1976 1979 

============================================================ 

West Germany 1.5 2.4 4.2 13.9 

France 1.2 1.5 3.8 4.2 

Great Britan 0.6 1.0 2.3 3.4 

Italy 0.5 1.6 1.7 2.0 

Japan 0.2 0.2 0.3 0.3 

TOTAL 4.0 6.7 12.3 23.7 

============================================================ 

Source: Goldberg W.H. (1986, pp. 82-83). 



Table 3.8 Apparent consumption and final steel demand in selected 
industrialized countries, selected years, 1965-79 

(million tonnes of steel ingot equivalents) . 

=============================================================================== 

COUNTRY 1965 
APPARENT FINAL 
CONS. DEMAND 

1970 
APPARENT FINAL 
CONS. DEMAND 

1976 
APPARENT FINAL 
CONS. DEMAND 

1979 
APPARENT FINAL 
CONS. DEMAND 

=============================================================================== 

West Germany 32.0 27.0 40.3 33.5 37.3 29.1 39.1 40.6 

France 16.3 14.7 22.3 19.0 23.5 20.2 21.1 17.7 

Great Britan 23.4 18.7 24.5 19.5 21.3 16.8 20.4 17.4 

Italy 11.7 9.8 20.7 18.4 22.7 17.7 25.8 21.3 

Japan 28.8 23.8 70.0 59.4 60.2 42.3 73.2 64.8 

============================================================================== 

Source: Calculated from Table 3.6 and 3.7 .. 

~ 

S 
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It has been observed in all industrialized countries that the volume of steel 

required per unit of final output shows a long-term tendency to decrease. This is 

attributed to the increased utilization of steel products of improved quality and is 

emphasized by the increasing use of high-value products in the consuming industries. 

The slow rate of growth of demand is a result of substitution of imports or exclusion 

of exports as well as just displacement by other materials, primarily, aluminum and 

plastics in the consuming industries of a region. The use of plastics and other 

materials as substitutes for steel and the reduction in the amount of steel used per 

final output, illustrate how substitution and technical change respectively altered 

the demand pattern of steel. 

Trends in direct steel demand can be observed by· noting the deliveries of 

steel products to consuming industries. Table 3.9 gives percentages of apparent steel 

consumption in major end uses of steel in the U.S. for selected years over the period 

1950 to 1982. The observation of trends in various sectors of an economy would give 

an indication of changes in the relative importance of each sector, and structural 

changes that may have occurred. The construction and automobile industries have 

been the largest consumers of steel products in the U.S. for the period reviewed, 

and the major changes of domestic use as well as imports of final goods in these 

sectors will have a major impact on demand for steel products. 

The automobile industry provides a good example of the influence of struc

tural change in an economy on domestic steel consumption. The automobile indus

try has grown rapidly on a world scale and has become a major component of total 

industrial production of western countries like the U.S., Japan, and the countries of 

Western Europe. During 1979 to 1980, it is reported that North America, th~ EEC 

and Japan accounted for 85% of world automobile production. It is estimated that 

the automobile industry now consumes in excess of 15% of world steel production, 

and this figure may rise from 22% to 23% of national steel consumption in the indus

trialized countries of the western world (Wilshire, et ale 1983, p. 43). It is important 

to note that any change in the pattern of steel-use in the automobile industry may 

have significant implications for both the level and form of steel consumption in 



104 

Table 3.9 Apparent consumption of steel products by end 
use in the U.S., selected years, 1950-82. 

(percentages) 

========================================================= 

END USE 1950 1960 1970 1980 1982 

========================================================= 

Construction 15.0 

Automobile Indus. 19.1 

Railway 7.5 

Mechanical & elec- 11.9 
trical engrg. 

Container Indus. 

Oil & gas Indus. 

Other 

10.3 

9.3 

26.9 

16.5 

24.9 

4.3 

12.0 

11.0 

6.3 

25.0 

25.4 

21. 6 

3.8 

12.8 

10.3 

1.6 

24.5 

22.2 

17.0 

3.9 

13.7 

7.9 

4.8 

30.5 

21.1 

15.2 

4.3 

12.1 

7.3 

4.5 

34.5 

======================================================== 

Source: Hogan, W.T. (1971, vol. 4); Old, B.S. et al. 
(1985, p. 86). 
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these countries, as well as the shifts among countries. 

For instance, the automobile industry is characterized by a continual process 

of internal technical change which stresses improved steel quality, material substitu

tion, and product design changes. These are thought to reduce the weight in steel of 

the final products generally. Clearly, in the U.S. and Japan, moreover, more direct 

relationship will exist between domestic apparent steel consumption and automo

bile production. In less industrialized market economies international trade in the 

automobile industry will have even more profound effect on real steel use, because 

steel product forms, e.g. flat-rolled sheet, the exports of finished goods in addition 

will have a greater impact on the country's actual steel consumption. This trend is 

evident in Africa and Latin America where imports of the automobile and machin

ery industry have been a major factor in the increase in actual steel consumption 

beyond that noted by authorities. When estimates of indirect steel trade are added 

to apparent consumption, dramatic growth trends are observed in these regions and 

this is demonstrated later. 

The focus now turns to observation of trends in apparent steel consumption 

on a regional basis and the implied growth rates exhibited by each country or 

region. Table 3.10 documents apparent steel ingot consumption form 1950 to 1985. 

It reveals that steel consumption was mostly concentrated in the industrialized 

countries of Western Europe and the United States during the 1950s through the 

mid-1970s. From the mid-1970s through the mid-1980s, the developing countries of 

Africa, Asia, Latin America, and the Middle East emerged as important consumers 

of steel. Increase steel demand in developing countries during the period can be 

attributed in part to the infrastructure development and growth in the general level 

of economic activities in some of these countries. Figure 3.3 shows trends in steel 

consumption for the different regions of the world. 

Growth rates of steel consumption for selected countries and regions is shown 

in Table 3.11. World steel consumption grew about 4% between 1950 and 1985. 

However, the growth rate in steel trade is far greater, and was approximately 6% 

for the same period. World steel demand grew about 6.2% from 1950-60, 5.7% 



Table 3.10 World apparent steel consumption (million tonnes) . 

REGION/COUNTRY 

NORTH AMERICA 
U.S. 
Canada 

LATIN AMERICA 
Argentina 
Brazil 
Chile 
Mexico 
Venezuela 
Other 

WESTERN EUROPE 
EEC 
Other 

PACIFIC BASIN 
Australia 
India 
Japan 
Other 

1950 

89.8 
86.0 
3.8 

3.8 
1.0 
1.0 
0.2 
0.7 
0.5 
0.4 

45.9 
38.4 
7.5 

10.0 
2.3 
1.8 
4.2 
1.7 

AFRICA & MIDDLE EAST 3.7 
Middle East 1.2 
South Africa 1.3 
Other Africa 1.2 

Unallocated 

WESTERN WORLD 

EASTERN BLOC 
USSR 
Eastern Europe 
China & N. Korea 

WORLD TOTAL 

153.2 

37.2 
27.8 
8.4 
1.0 

190.4 

1960 

96.0 
90.5 
5.5 

8.7 
1.6 
2.7 
0.4 
1.7 
0.5 
1.8 

96.4 
81.5 
14.9 

31.5 
4.1 
4.6 

19.5 
3.3 

6.7 
2.3 
2.2 
2.2 

239.3 

106.8 
63.0 
24.6 
19.2 

346.1 

1970 

138.5 
127.3 

11.2 

18.6' 
2.5 
5.4 
0.8 
3.9 
1.4 
4.6 

159.0 
126.0 

33.0 

92.6 
6.6 
6.4 

71.5 
8.1 

14.0 
4.8 
4.9 
4.3 

422.7 

177.0 
110.8 

41.9 
24.3 

599.7 

1980 

131.9 
118.0 
13.9 

38.9 
4.0 

15.1 
0.8 

10.7 
3.2 
5.1 

149.1 
112.6 

36.5 

130.4 
6.4 

11.4 
85.9 
26.7 

35.6 
18.4 
7.9 
9.3 

485.9 

262.3 
153.3 

60.0 
49.0 

748.2 

1982 

98.0 
88.2 

9.8 

31.0 
3.0 

11.4 
0.8 
8.9 
3.1 
3.8 

132.7 
97.2 
35.4 

127.5 
6.0 

13.5 
78.7 
29.3 

36.8 
21.6 

6.7 
8.5 

2.0 

428.0 

256.0 
153.8 
55.3 
46.9 

684.0 

1984 

133.4 
119.2 

14.2 

30.2 

138.8 
106.4 

32.8 

137.1 
7.3 

11.0 
86.0 
32.8 

36.0 
21.4 

6.7 
7.9 

0.4 

475.9 

284.0 
163.2 
57.3 
63.5 

759.9 

1985 

128.1 
114.3 
13.8 

31.7 

106 

136.8 
102.5 
34.3 

140.8 
7.1 

12.0 
86.8 
34.9 

36.8 
22.0 

6.7 
8.1 

474.2 

292.6 
165.6 
59.0 
68.0 

766.8 
=========================================================================== 

Source: OECD, The Steel Market, various issues. 
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Table 3.11 Growth in apparent steel'consumption (compound 
annual percentage rates, 1950-85). 

============================================================ 

COUNTRY/REGION 1950-85 1950-60 1960-70 1970-80 1980-85 

============================================================ 

u. S. 0.8 0.5 3.5 - 0.8 - 0.6 

Japan 9.0 16.6 13.9 1.9 0.2 

EEC 2.8 7.8 4.5 - 1.1 - 1.9 

Latin America 6.2 8.6 7.9 7.7 - 4.0 

Other Pacific Basin 9.0 6.9 9.4 12.7 5.6 

Africa & Middle East 6.8 6.1 7.6 9.7 0.6 

India 5.6 9.8 3.4 5.9 1.0 

LDCs 7.1 8.1 7.3 9.3 0.9 

Eastern Bloc 6.1 11.1 5.2 4.0. 1.1 

USSR 5.2 8.5 5.8 3.2 1.6 

Eastern Europe 21.5 11.3 5.5 3.7 - 0.3 

China & N. Korea 52.5 34.4 2.5 7.2 6.8 

WORLD 4.1 6.2 5.7 2.2 0.5 

============================================================ 

Source: Calculated from Table 3.10. 
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from 1960-70, 2.2% from 1970-80, and 0.5% from 1980-85; world steel trade on 

the other hand grew 9.6% from 1950-60, 8.4% from 1960-70, 3.0% from 1970-81, 

and 1.5% from 1981-85. The growth rates ~ world steel trade is calculated from 

data in Table 3.2. The growth in steel demand seems to have began to slowdown 

during the mid-1970s. The stagnation in the growth of steel demand outside the 

U.S. is generally attributed to the recession in the world and is perhaps related to 

the rise in energy prices which altered industrial efficiencies and reduced demand 

for energy intensive products. However, asymmetric barriers to trade seems to warp 

these trends markedly. 

When the growth rates in steel demand are evaluated for the industrialized 

countries, it is shown that for the period 1950 to 1985, the U.S., Japan and the EEC 

had growth rates of 0.8%, 9.0%, and 2.8% respectively. The growth rates of steel 

demand for 1980-85 for the U.S., Japan, and the EEC were -0.6%, 0.2% and -1.9% 

respectively. This shows a general trend of decline in steel consumption in these 

countries. However, when total steel demand is adjusted for trade it is evident 

that the growing demands for steel are directly related to the rate of economic 

growth in all countries, and not to differing propensities to consume steel. Thus 

asymmetric trade and lower GDP growth rates due to whatever cause and to a 

limited extent, the levelling off in the metal intensiveness of advanced economy 

consumption, may be related with different growth rates in the apparent demand 

for steel. The annual real growth rate in steel demand is not declining in the U.S. as 

a function of GNP. Why then is steel demand growth in the world declining from 

5.7% (1960-70) to 2.2% (1970-80) and 0.5% (1980-85)1 The growth in demand 

in industrialized market economies is declining because of world depression and 

slowing trade. 

To show the effect steel embodied in finished product trade may have on 

actual consumption, estimates of steel in indirect trade are added to apparent con

sumption for some regions and the results are given in Table 3.12. The growth rates 

for these estimates are compared with those for apparent consumption in selected 

regions. Conventional wisdom and its measures (differential intensity of use data 
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Table 3.12 Estimates of direct and indirect steel consumption 
in the Western World for selected years, 1950-85. 
(million tonnes of crude steel equivalents) • 

============================================================ 

COUNTRY/REGION 1950 1980 1983 1985 

============================================================ 

NORTH AMERICA 78.0 163.9 163.0 170.1 

U.S. 74.2 150.0 151.2 156.3 

Canada 3.8 13.9 11.8 13.8 

LATIN AMERICA 3.8 48.9 25.9 41.7 

WESTERN EUROPE 55.9 127.1 102.7 114.8 

EEC 48.4 90.6 67.6 80.5 

Other 7.5 36.5 35.1 34.3 

PACIFIC BASIN 12.0 100.4 91.4 100.8 

Australia 2.3 6.4 5.0 7.1 

India 1.8 11.4 11.9 12.0 

Japan 4.2 60.9 62.4 61.8 

Other 3.7 21.7 12.1 19.9 

AFRICA & MIDDLE E. 3.7 45.6 46.4 46.8 

WESTERN WORLD 153.4 485.9 429.4 474.2 

============================================================ 

Source: Derived from Tables 3.2, 3.6, 3.7, and 3.10. 
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by country and apparent consumption statistics, 1950-1980) imply that steel and 

ore demands in the Pacific Basin and LDC's generally have grown 6 to 9 times as 

fast as those in the U.S. Where the U.S. has grown at a fourth of the world rate, 

the LDC's have grown at twice the world rate. This led (through 1980) to a gen

eral hypothesis that absolute declines in steel production and use in the industrial 

countries is to be expected as the LDC assume this role of metals production. The 

latter have added some 45 million tonnes. This leaves experts at a loss to explain 

the sudden stagnation and loss of steel demand growth in these countries since 1980. 

A brief look at the data indicates that this is based on major misconceptions 

which ignore the importance of trade and the fact that apparent consumption mea

sures neglect the movement in international markets of intermediate and final goods 

beyond the ores and primary metals. Thus comparisons of growth rates in demand 

must be made on the basis of real consumption including indirect (embodied steel 

in products) as well as direct (primary) goods and not just apparent consumption 

of the latter only. 

When this modification is made, the U.S. real steel demands have doubled 

from 80 to 150 million tonnes from 1950 to 1980, growing at a rate of .02 annually, 

no different from Europe which grew from 55 to 115 million tonnes or about the 

same rate. Japan's growth rate, mutatis mutandis, is significantly reduced. The 

difference of .02 between this developed countries rate of .03 and the world growth 

of .05, can be reallocated, therefore, into two, rougbly equal components: the Pacific 

Basin growth in home demands of about 90 million tonnes and a like increase in 

tonnage to the LDC's. 

When the trade of intermediate and final goods embodying steel are factored 

in, furthermore, it becomes apparent that the growth in steel demands in the highly 

industrialized U.S and in the LDC's has been significantly understated, while that 

of Europe and the Pacific Basin have been correspondingly overstated. Africa and 

the Middle East and Latin America by 1980 were consuming 1.3 times the steel in 

actual measures than reported in apparent measures. This additional demand of 

some 20 million tonnes is suprisingly large in relation to world capacity. 
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This makes more alarming the stagnation of growth outside the United States 

since 1980 in which absolute tonnages in OECD countries excluding U.S have de

clined by 10 million tonnes and in the LDC by 20 million tonnes. This stagnation 

is largely reflected in significant declines in trade involving these countries. Had the 

U.S. not increased its trade deficit in manufactures and metal intensive products, 

the decline in production outside the U.S. would have been very dramatic. 

The forecast of apparent steel consumption for the year 2000 is given in Table 

3.13. These figures are based on trends in historical steel demand, and are modified 

after the World Bank (1986, p. 147). World steel demand is expected to grow at an 

annual of 0.8% from 1985-2000. The U.S., Japan and the EEC are expected to show 

growth rates in steel demand of -0.8%, -1.0%, and 0.3%, respectively, during this 

period. The developing countries are expected to show growth rates in steel demand 

of 2.6%, while the industrialized countries are expected to exhibit a growth rate of 

-0.5%. The growth in steel demand in the Eastern Bloc is expected to be 1.2%, 

with the USSR, other Eastern Europe, China, and North Korea showing growth 

rates of -0.1%, 0.1%, 3.7% and 4.2% respectively. These forecasts infer declining 

growth in steel demand for Japan and the U.S., and stagnant to declining growth 

in Western Europe and other industrialized countries. In the developing countries, 

steel consumption is expected to grow somewhat less than the historical rates; these 

growth rates reflect the correlation between steel consumption and industrial growth 

in the developing countries. Latin America will exhibit an increase in steel demand 

at a rate of 3.3% per annum, while developing countries of the Pacific Basin will 

show a slower growth rate per annum of 2.1 %. Africa and the Middle East should 

experience a growth rate of 3.3%. The growth rates are lower than that experienced 

in these regions from 1950-1985. 

3.1.2 Trends in iron and steel production 

The trends in iron and steel production from 1950 to 1985 are given in Tables 

3.14 and 3.15, and Figures 3.4 and 3.5. From the data in these tables, growth rates 

are calculated for world steel production. World steel production grew at an annual 

rate of 4.4% from 1950 to 1980. Since 1980, the growth rate has been near zero, 
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Table 3.13 Forecast of world steel consumption by country 
group (million tonnes crude steel equivalents) • 

=========================================================== 

COUNTRY/REGION 1985 2000 GROWTH RATES 
1985-2000 

(%) 

=========================================================== 

NORTH AMERICA 121.1 107.2 - 0.8 
u.S. 108.0 95.6 - 0.8 
Canada 13.1 11.6 - 0.8 

EEC 99.4 104.5 0.3 

Japan 73.0 62.9 - 1.0 

Other Industrialized 18.8 15.6 - 1.2 
Countries a 

INDUSTRIAL 312.3 290.2 - 0.5 

LATIN AMERICA 26.7 43.2 3.3 
Brazil 10.0 15.9 3.3 
Other 16.7 27.3 3.3 

PACIFIC BASIN 72.2 98.2 2.1 
India 15.0 23.7 3.1 
Other 57.2 74.5 1.8 

AFRICA & MIDDLE EAST 19.2 31.4 3.3 

DEVELOPING 118.1 172.8 2.6 

WESTERN WORLD 430.4 463.0 0.5 

EASTERN BLOC 289.3 346.2 1.2 
USSR 155.4 153.0 - 0.1 
Eastern Europe 55.2 55.7 0.1 
China 68.0 117.6 3.7 
North Korea 10.7 19.9 4.2 

WORLD 719.7 809.2 0.8 

======================================================= 

Source: Modified from World Bank (1986, p. 165). 

a - includes other Western European countries, South 
Africa, Australia and New Zealand. 



Table 3.14 World crude steel production, selected years, 1950-85 
(million tonnes) • 

=========== __ = ______ = __ m __ = __ =_===_=======_a============================= 
REGION/COUNTRY 1950 1960 1970 1980 1982 1984 1985 
===========~=================================~=========================== 
NORTH AMERICA 

U.S. 
Canada 

LATIN ANERICA 
Argentina 
Brazil 
Chile 
Mexico 
Venezuela 
Other 

WESTERN EUROPE 
EEC 
Other 

PACIFIC BASIN 
Australia 
India 
Japan 
South Korea 
Taiwan 
Other 

90.9 
87.8 
3.1 

1.3 
0.1 
0.8 
0.1 
0.3 

52.2 
48.4 

3.8 

7.6 
1.3 
1.5 
4.8 

AFRICA' MIDDLE EAST 0.9 
Middle East 
South Africa 0.9 
Other Africa 

Unallocated 

WESTERN WORLD 

EASTERN BLOC 
USSR 
Eastern Europe 
China' N. Korea 

WORLD TOTAL 

152.9 

34.9 
27.3 
7.0 
7.6 

187.8 

95.4 
90.1 
5.3 

4.9 
0.3 
2.3 
0.5 
1.5 
0.1 
0.3 

109.4 
97.9 
11.5 

29.5 
3.8 
3.3 

22.1 
0.1 
0.2 

2.4 
0.2 
2.1 
0.1 

241.6 

105.8 
65.3 
21.2 
19.3 

346.4 

130.5 
119.3 
11.2 

12.6 
1.8 
5.4 
0.6 
3.9 
0.9 

162.0 
137.6 

24.4 

107.2 
6.8 
6.3 

93.3 
0.5 
0.3 

5.9 
0.5 
4.8 
0.6 

2.1 

420.3 

175.6 
116.0 

40.1 
19.5 

595.9 

117.3 
101.4 
15.9 

28.7 
. 2.7 
15.3 

0.7 
7.1 
2.0 
0.9 

161.5 
127.8 

33.7 

140.5 
8.6 
7.6 

111.5 
8.6 
4.2 

15.1 
3.0 
9.1 
3.0 

0.8 

463.9 

252.0 
147.9 

61.2 
42.9 

715.9 

79.5 
67.6 
11.9 

26.4 
2.9 

13.0 
0.5 
7.1 
2.2 
0.7 

144.6 
110.1 

34.5 

132.9 
6.4 

11.0 
99.5 
11.8 
4.2 

13.6 
2.9 
8.2 
2.5 

2.0 

399.0 

246.5 
147.2 
56.3 
43.0 

645.5 

99.2 
84.5 
14.7 

33.2 
2.6 

18.4 
0.5 
7.5 
2.7 
1.5 

156.8 
118.5 
38.3 

142.7 
6.2 

10.5 
105.6 
13.0 
5.0 
2.4 

12.5 
3.0 
7.8 
1.7 

0.1 

444.4 

264.2 
155.0 
59.0 
50.2 

708.6 

95.1 
80.4 
14.7 

36.1 
2.9 

20.5 
0.5 
7.3 
3.0 
1.9 

158.7 
118.8 

39.9 

141. 7 
6.4 

11.1 
105.2 
13.5 
5.1 
0.4 

14.2 
3.8 
8.6 
1.8 

445.8 

270.4 
155.2 

60.0 
54.9 

716.2 

114 

==a=E================.====~=========m====================================== 

Source: United Nations Economic Commission for Europe (ECE), The Steel 
Market (various issues); Mining Annual Review (various issues): 
Wilshire, B. et ala (1983); Metal Bulletin Handbook (various 
issues); Acs, Z.J. (1984). 



Table 3.15 World pig iron production, selected years, 1950-85 
(million tonnes) • 

REGION/COUNTRY 1950 1960 1970 1980 1982 1984 

115 

1985 
========================================================================= 
NORTH AMERICA 

U.S. 
Canada 

LATIN AMERICA 
Argentina 
Brazil 
Chile 
Mexico 
Venezuela 
Other 

WESTERN EUROPE 
EEC 
Other 

PACIFIC BASIN 
Australia 
India 
Japan 
South Korea 
Taiwan 

62.5 
60.2 
2.3 

1.1 

0.7 
0.1 
0.3 

40.4 
34.5 
5.9 

5.3 
1.3 
1.7 
2.3 

AFRICA & MIDDLE EAST 0.7 
Middle East 
South Africa 0.7 
Other Africa 

Unallocated 

WESTERN WORLD 

EASTERN BLOC 
USSR 
Eastern Europe 
China 
North Korea 

WORLD TOTAL 

1.7 

111. 7 

25.3 
19.5 

4.8 
1.0 

137.0 

66.0 
62.2 
3.8 

3.9 
0.2 
1.8 
0.3 
0.7 

0.9 

79.6 
70.7 
8.9 

19.5 
2.9 
4.3 

12.3 

2.2 

2.0 
0.2 

171.2 

75.1 
46.8 
13.9 
13.5 
0.9 

246.3 

91.5 
83.3 
8.2 

8.0 
0.8 
4.2 
0.5 
1.7 
0.5 
0.3 

113.3 
98.1 
15.2 

81.3 
6.2 
7.0 

68.1 

4.6 

4.0 
0.6 

298.7 

128.7 
85.9 
23.8 
16.5 
2.5 

427.4 

73.2 
62.3 
10.9 

23.1 
1.8 

12.7 
0.7 
5.2 
2.1 
0.6 

109.3 
89.3 
19.9 

109.B 
7.0 
8.5 

87.0 
5.6 
1.7 

9.1 
0.2 
7.2 
1.7 

324.5 

187.6 
107.8 

3B.4 
38.0 
3.4 

512.1 

47.5 
39.3 

8.2 

19.7 
1.9 

10.8 
0.5 
3.8 
2.2 
0.5 

95.1 
76.2 
18.9 

104.4 
6.0 
9.6 

77.7 
8.4 
2.7 

8.5 
0.2 
6.8 
1.5 

0.6 

273.8 

179.7 
106.7 

33.9 
35.6 
3.5 

453.5 

56.7 
47.1 
9.6 

23.2 
1.8 

13.5 
0.6 
5.3 
2.5 
0.5 

102.8 
82.7 
20.1 

107.3 
5.4 
9.4 

80.4 
8.8 
3.3 

8.7 
0.3 
5.5 
2.9 

0.7 

299.4 

191.0 
110.7 

34.6 
40.0 
5.7 

490.4 

55.0 
45.3 

9.7 

30.4 
2.3 

19.0 
0.6 
5.0 
3.0 
0.5 

106.0 
85.0 
21.0 

10B.1 
5.6 
9.8 

80.5 
8.8 
3.4 

8.3 
0.3 
5.0 
3.0 

0.7 

309.2 

194.2 
111.0 
34.5 
41.0 
7.7 

503.4 
========================================================================== 

Source: Metal Bulletin Handbook (various issues; Metal Statistics (various 
issues); U.S. Bureau of Mines Minerals Yearbook (various issues); 
United Nations (1968). 
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Figure 3.4. Growth in raw steel production: selected countries and 
regions, 1950-85 (million tonnes). 
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indicating stagnation and decline. Growth rates for steel production on a regional 

basis are shown in Table 3.16. The highest recorded production up to the early 

1970s was 710 million tonnes recorded in 1974, after which there was a reduction 

in steel output, and 1979, when an all time high was reached at 748 million tonnes. 

The secular expansion in the steel industry came to an end as the full impact of the 

quadrupling of oil price by OPEC began to be felt around the world. 

In the 1950s and early 1960s the United States was the leading producer 

of steel in the world. In 1950, the U.S. steel industry produced about half of the 

world's steel output, Europe a fourth, USSR a fifth and rest of world the remaining 

5%. Table 3.17 shows the percentage of total world steel produced by selected 

countries or regions. This table shows that the share of steel produced by the 

U.S. and countries of Western Europe declined by half in 1960 and the share to 

14% in 1980. The Western World declined by one fourth through 1985. The share 

of Japan increased from about 3% to 16% through 1970 and has declined since. The 

share of the Eastern Bloc doubled to 35% in 1980, and the share of the developing 

countries increased from about 3% to 16% during the same period. Since 1980 only 

the LDC, increasing to 20% and the Soviet Bloc have grown. 

The trends exhibited by the growth in share of steel production is further 

demonstrated by the growth rates in various regions and countries. Annual growth 

rates of steel production for the period 1950-85 show that the U.S. registered a 

-0.3% growth rate, while the Pacific Basin grew and the developing countries had 

growth rates approximating 10%. The growth rate for the EEC during the same 

period was 2.9%. In conjunction with demand data, these trends confirm growing 

uses of steel in the developing countries at twice the rates of developed countries. 

The developing countries share of world steel production grew from 3.0% in 

1950, to 16.0% in 1980, but has been growing more slowly since. The five largest 

producers among developing countries outside the Eastern Bloc are in Latin America 

(Brazil and Mexico) and in the Pacific Basin (India, South Korea and Taiwan) (See 

Table 3.18). As we have seen above, trade is essential to growth and these are 

countries with large and rapidly growing export trade. During the 1950s, these 



Table 3.16 Growth in raw steel production (compound annual percentage 
growth rates, selected years, 1950-85). 

=========================================================================== 

COUNTRY/REGION 1950-80 1950-85 1950-60 1960-70 1970-80 1980-85 

=========================================================================== 

U. S. 

Japan 

EEC 

Latin America 

Other Pacific Basin 

0.9 

11.1 

3.3 

10.9 

20.6 

. Africa & Middle East 9. 9 

India 5.6 

LDes 10.7 

Eastern Bloc 6.8 

USSR 5.8 

Eastern Europe 7.5 

China 14.7 

North Korea 

WORLD 4.6 

- 0.3 

9.2 

2.6 

10.0 

17.9 a 

8.2 

5.9 

9.9 

6.0 

5.1 

6.3 

13.2 

7.8 b 

3.9 

0.3 

16.5 

7.3 

14.2 

2.8 

15.5 

3.5 

9.9 

10.3 

10.3 9.4 

8.2 6.7 

11.8 9.0 

11.7 5.2 

9.1 5.9 

11.7 6.6 

41.0 - 0.5 

11.0 

6.3 5.6 

- 1.6 

1.8 

- 0.7 

8.6 

32.0 

- 4.5 

- 1.2 

- 1.4 

4.7 

7.8 

9.9 - 1.2 

1.9 7.9 

10.2 5.6 

3.7 1.3 

2.5 1.0 

4.3 - 0.4 

7.6 4.6 

13.1 

1.9 

7.7 

============================================================================== 

Source: Derived from Table 3.15. 
a - Other Pacific Basin for 1960-85. 
b - North Korea for 1960-85. 

.... .... co 



Table 3.17 Share of raw steel production by selected 
countries/regions (percent of total) • 

======================================================= 
REGION/COUNTRY 1950 1960 1970 1980 1985 
=======================================================-
NORTH AMERICA 

U.S. 
Canada 

LATIN AMERICA 

WESTERN EUROPE 
EEC 
Other 

PACIFIC BASIN 
Australia 
India 
Japan 
Other 

48.8 
46.8 
1.6 

0.7 

27.8 
25.7 
2.1 

4.0 
0.6 
0.8 
2.6 

AFRICA & MIDDLE E. 0.5 
Middle East 
South Africa 0.5 
Other Africa 

Developing Regions 2.1 

WESTERN WORLD 81.4 

EASTERN BLOC 18.6 
USSR 14.5 
Eastern Europe 3.7 
China & N. Korea 0.4 

WORLD TOTAL (%) 100.0 

27.5 
26.0 
1.5 

1.4 

31.6 
28.3 

3.3 

8.5 
1.1 
1.0 
6.4 

0.7 
0.1 
0.6 

2.5 

69.0 

31.0 
18.9 

6.1 
6.0 

100.0 

21.9 
20.0 
1.9 

2.1 

27.2 
23.1 
4.1 

18.0 
1.1 
1.1 

15.7 
0.1 

1.0 
0.1 
0.8 
0.1 

3.5 

70.5 

29.5 
19.5 

6.7 
3.3 

100.0 

16.4 
14.2 
2.2 

4.0 

22.6 
17.9 

4.7 

19.6 
1.2 
1.1 

15.6 
1.7 

2.1 
0.4 
1.3 
0.4 

7.6 

64.8 

35.2 
20.7 

8.5 
6.0 

100.0 

13.3 
11.2 
2.1 

5.0 

22.2 
16.6 
5.6 

19.8 
0.9 
1.5 

14.7 
2.8 

2.0 
0.5 
1.2 
0.3 

10.1 

62.2 

37.8 
21.7 

8.4 
7.7 

100.0 
======================================================= 

Source: Derived from table 3.14. 
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Table 3.18 Crude steel production in developing countries, 
selected years, 1950-85 (million tonnes) . 

==========~============================================================== 

REGION/COUNTRY 1950 1960 1970 1980 1982 1984 1985 
========================================================================= 
LATIN AMERICA 1.3 4.9 i2.6 28.7- 26.4 33.2 36.1 

Argentina 0.1 0.3 1.8 2.7 2.9 2.6 2.9 
Brazil 0.8 2.3 5.4 15.3 13.0 18.4 20.5 
Chile 0.1 0.5 0.6 0.7 0.5 0.5 0.5 
Mexico 0.3 1.5 3.9 7.1 7.1 7.5 7.3 
Venezuela 0.1 0.9 2.0 2.2 2.7 3.0 
Other 0.3 0.9 0.7 1.5 1.9 

PACIFIC BASIN 1.5 3.6 7.1 20.4" 27.0 30.9 30.1 
India 1.5 3.3 6.3 7.6 11.0 10.5 11.1 
South Korea 0.1 0.5 8.6 11.8 13.0 13.5 
Taiwan 0.2 0.3 4.2 4.2 5.0 5.1 
Other 2.4 0.4 

AFRICA & MIDDLE EAST 0.3 1.1 4.9 5.4 5.2 4.7 5.6 
Middle East 0.2 0.5 3.0 2.9 3.0 3.8 
South Africa 0.9 2.1 4.8 9.1 8.2 7.8 8.6 
Other Africa 0.1 0.6 3.0 2.5 1.7 1.8 

Unallocated 0.8 0.1" 

WESTERN WORLD 2.6 8.8 20.8 54.8 58.8 68.9 71.8 

EASTERN BLOC 0.6 1.7 5.8 5.8 6.5 8.4 
North Korea 0.6 1.7 5.8 5.8 6.5 8.4 

TOTAL DEVELOPING 2.6 9.4 22.5 60.6 64.6 75.4 80.5 
=========================================================================== 

Source: Derived from Table 3.14. 
.... 
t.:) .... 
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countries hardly played any role as steel producers, but some of them were importers 

of steel. From the mid-1960s onwards, they have increasingly become sellers on the 

world market. They first started by supplying their home markets, then penetrated 

nearby markets and those in other developing countries. To the extent that countries 

like Brazil, South Korea and Taiwan are managing their trade with tariffs to produce 

large export surpluses, they are trying to gather larger shares of foreign markets 

than optimal trade policy would dictate. This will understate their domestic steel 

demands. Brazil has been rather active in exporting to some European countries, 

while South Korea and Taiwan have to some extent been entering the Japanese 

home market (approximately 6% in 1982) and the U.S. Depending on exchange 

rates which fluctuate these countries can at times produce steel at lower cost than 

U.S. or European mills. As yen values rise they can sell cheaper steel than the 

Japanese mills. Quality-wise, they are increasingly competitive in rather narrow 

segments. 

The other regions in the developing world where steel is produced are the 

Middle East and Africa (excluding South Africa). One can note from Table 3.18 

that these regions produced no steel in 1950, but have exprienced much growth 

since. In 1985, Africa and the Middle East produced 5.6 million tonnes of steel 

which accounts for 2 percent of world steel production. 

H estimates of indirect steel trade are correct, the developing countries do 

not produce enough steel to meet domestic consumption. The advent of the mini

mill technology, which requires approximately one-tenth of the investment capital 

needed for integrated capacity, has made it easier for both the U.S, with very cheap 

scrap, and the developing countries to add facilities to produce steel. It should be 

pointed out that the developing countries will remain marginal markets for direct 

output of special steels and for special carbon steel because of the stage in industrial 

development, these being used in intermediate and final goods exported to them. 

Thus the key to growth in steel as in other markets lies in specialization and trade. 

The advent of cheap oxygen and upsized top BOF blown Bessemer furnaces 

permitted newly established mills to shift to the oxygen and electric processes durnig 
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the period 1950 to 1982. The conversion of existing open hearth also occurred in 

old mills but it took a long time without expansion. Table 3.19 shows the three 

processes of steel production in the world during this period. Thus in the U.S., 

where established steel production had shifted from Bessemer (80% in 1890) to 

89.1% open hearth in 1950. It took almost thirty years to convert to BOF. By 1982, 

the share of open hearth had dropped to 13.9%, basic oxygen furnace had increased 

to 61.0%, and electric furnace share had grown to 25.1%. In contrast, Japan which 

added almost all this capacity after 1960, BOF reached 79% in 1970. In connection 

with balance and cost reduction, the U.S. scrap proportion has always been high, 

and BOF use of scrap limited as open hearth were shutdown. Steel production 

emphasis in the scrap-based sector shifted to the electric furnace process. This 

trend is observable when one notes that between 1975 and 1980, the electric furnace 

, share of U.S. steel production increased from 19.4% to 27.2% as the open hearth, 

which can also take unlimited scrap, declined from 19.0% to 11.6%. 

The growth of new capacity in developing countries permitted more rapid 

spread of the cheap oxygen processes. In Latin America in 1970 the basic oxygen 

share was 15.5% of 12 million tonne capacity, open hearth 56.3%, electric furnace 

25.5%, with other processes share accounting for the remaining 2.2%. In 1982, of 

26 million tonne capacity basic oxygen share was 49.3%, open hearth was 11.9%, 

electric furnace was 38.6%, with the remaining 0.2% for other processes. 

Estimates of raw steel production capacity in various regions of the world 

are shown in Table 3.20. Future sustainable capacity is defined as the amount of 

production that can be achieved on average over an entire year under operating 

conditions (Old, B.S. 1985, p. 79) assuming no change in trade trends. These es

timates should be considered with caution since they neglect the effects on trade 

trade of exchange rate and price fluctuations, technical innovations, and unforeseen 

exogenous influences. As LDC growth adds capacity the market share of the in

dustrialized countries naturally declines from 62% to about 52% over the period to 

1990. That of the developing countries increased from 7.5% to 12.9%. 



Table 3.19. CNIe steel productim by process: selected aDltries (percentages). 

0Cygen q,en Hearth Electric 

1950 1960 1970 19'15 1980 19821 1950 1960 1970 1915 1980 1982 1950 1960 1970 19'15 1980 1982· 

North Jlllerica 
USA 3.4 48.2 61.6 61.2 61.0 89.1·87.0 36.5 19.0 11.6 13.9 1.7 8.4 15.3 19.4 27.2 25.1 
Canada - 57.8 55.2 60.8 89.2 86.6 23.6 20.5 8.2 10.8 13.4 18.6 24.4 31.0 

latin JIIIerlca - 15.5 27.7 50.8 49.3 56.3 40.6 13.8 11.9 25.5 30.1 35.0 38.6 

Western 9IrqJe 
m: 2.2 43.6 64.5 73.0 73.5 36.1 37.7 25.8 12.4 3.0 .5 6.2 10.7 13.4 18.0 23.8 25.9 
other 26.5 43.0 52.9 54.6 32.0 25.6 15.6 9.5 35.0 30.5 31.5 35.9 36.1 

Pacific Basin 
Iuatralia - 43.6 67.8 76.9 NA 52.6 27.8 21.9 3.8 4.4 1.3 1.7 
IDdia - 12.8 16.4 20.4 23.5 83.4 71.7 57.9 53.5 3.8 11.9 20.0 21.6 
Japan 11.9 79.4 82.5 15.5 73.4 80.4 67.9 4.3 1.2 - 15.6 20.2 16.3 16.3 24.5 26.6 
S. IfDrea 29 8 69.2 74.8 8.3 1.2 29.7 25.2 
Taiwan • 48.8 63.9 9.2 51.2 36.3 
other 

Africa , Mlcme East 
Mlcme East 27.8 38.6 26.8 29.8 21.7 
S. Africa 37.7 58.8 64.6 73.2 37.1 16.8 7.5 25.2 24.4 25.6 26.8 
other Africa 84.1 88.0 15.9 12.0 

Veatem world 50.3 63.8 66.3 66.4 27.1 14.9 7.4 5.2 15.3 19.1 26.2 28.4 

EiIsteni Bloc 
USSR 3.8 17.9 25.5 28.5 29.5 87.0 84.4 72.3 63.8 60.2 59.5 8.2 8.9 8.7 9.9 10.7 10.9 
other E. D1r. 17.4 26.2 34.4 n.1 61.4 47.1 10.5 12.0 12.4 12.6 12.4 18.5 
adna 'N. Iforea 14.7 14.7 66.3 66.3 9.5 9.5 

World 'nJtal NA 4.1 40.7 50.4 55.3 55.0 NA 71.8 43.0 31.4 22.4 21.0 NA 11.0 13.5 16.2 22.1 24.0 

Source: om: (1968B); USI (1983, p. 5.26); Metal Bllietin IIaMbook (1983, v. 2); om:E (1979, p. 31).; DtewIy ShiwinIJ 
IDIsultIDts (1986, p. 35). 

*NA refers to DOt available. 
81982 MI1'ld figums are tlme 00tained frca Drewry am are for 1983. .-

~ 



Table 3.20 Estimates of sustainable raw steel production capacity 
(million tonnes) • 

============================================================================== 

1978 1980 1985 1990 
WSDa Muellerb WSD Mueller WSD Mueller WSD Mueller 

=============================================================================== 

United States 132 136 128 131 124 126 122 124 

Japan 137 137 138 136 137 136 139 138 

EEC 166 173 164 170 151 158 141 145 

Other Industrial- 66 67 66 72 69 78 74 86 
ized Countries 

Developing Countries 61 55 67 66 98 88 118 102 

Centrally Planned 250 257 266 275 297 305 324 335 
Economies 

Total 812 825 829 850 876 891 918 930 

============================================================================== 

Source: UNIDO (1982) 

a - Paine-Webber Mitchell Hutchins, Inc. (1983) 
b - Mueller (1982) 

Note: WSD includes South Africa in the estimates for developing countries; 
Mueller includes South Africa in category of other industrialized 
countries. .... 

~ 
en 
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A comparison of two forecasts of crude steel production from 1985 to 2000 is 

given in Table 3.21. One is modified after the World Bank (1986, p. 165) forecast and 

the other is derived from Leontief et al. (1983, p. 226) iron ore demand forecast. The 

World Bank's forecast is the first to be discussed and is based on the assumptions 

of continued slow growth or stagnation. World steel production is projected to be 

809 million tonnes by 2000 which implies an annual growth rate of only 0.8%. This 

forecast suggests that the region or country group with the highest projected growth 

rate will be the developing countries, in which steel production is expected to grow 

at a rate of 2.9% per aDnum. The Eastern Bloc countries as a group are expected 

to show a growth rate of 1.3% per annum. The industrial countries of the Western 

World provide much of the product demand but to shift supply to the developing 

countries are expected to show a declining -0.4% growth rate in steel production 

for the same period. 

Leontief (1983, p. 226) does not forecast steel demand directly, however, 

the iron ore demand forecast from his study is used to obtain steel demand in 

2000. This steel demand forecast is based on the ratio of iron ore consumption 

to steel production in world regions in 2000 which are given as: U.S. 0.808, EEC 

1.026, Japan 1.115, other industrialized countries of the Western World - Australia, 

South Africa, and other Western Europe 1.123, Latin America 1.28, Pacific Basin 

1.15, Africa and Middle East 1.18, USSR 1.31, Eastern Europe 1.01, and China 

and North Korea 1.51. Leontief's modified forecast is one of high rate of growth 

in the industrialized countries and the world in general. It forecasts 5.9% growth 

rate for North America, 2.2% for the EEC, 5.0% for Japan and 4.9% for other 

industrialized countries. It shows a lower growth rate of 1.8% for the developing 

countries, those regions with high growth include Latin America with 3.4% and 

Africa and the Middle East with 4.0%. The only region in the developing countries 

that shows a declining growth rate is the Pacific Basin. The Eastern Bloc region 

is expected to grow at a rate of 2.5%, with growth rate in USSR, Eastern Europe 

and China and North Korea being 2.5%, 3.6% and 0.7% respectively. World steel 

production is to grow at a rate of 3.7%, reaching 1241 million tonnes in year 2000. 
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Table 3.21 Comparison of steel production forecasts by country 
group for year 2000 (mi~lion tonnes). 

================================================================== 

COUNTRY/REGION 1985 WORLD BANK GROWTH 
RATES 

1985-2000 

LEONTIEF GROWTH 
RATES 
1985-2000 

================================================================== 

NORTH AMERICA 
U.S. 
Canada 

EEC 

Japan 

Other Industrial 
Countries 

INDUSTRIAL 

LATIN AMERICA 
Brazil 
Other 

PACIFIC BASIN 
India 
Other 

94.5 
80.4 
14.1 

134.3 

105.2 

17.7 

351.7 

37.2 
20.5 
16.7 

26.2 
11.1 
15.1 

AFRICA & MIDDLE E. 29.0 

DEVELOPING 

WESTERN WORLD 

EASTERN BLOC 
USSR 
E. Europe 
China 
North Korea 

WORLD 

92.4 

444.1 

275.5 
155.2 

60.3 
46.5 
13.5 

719.6 

83.5 
71.1 
12.4 

132.8 

97.9 

17.0 

331.2 

54.7 
30.1 
24.6 

47.0 
18.9 
28.1 

39.7 

141.4 

472.6 

336.6 
162.2 

61.0 
91.4 
22.0 

809.2 

- 0.8 
- 0.8 
- 0.9 

- 0.07 

- 0.5 

- 0.3 

0.4 

2.6 
2.6 
2.6 

4.0 
3.6 
4.2 

2.1 

2.9 

0.4 

1.3 
0.3 
0.08 
4.6 
3.3 

0.8 

223.5 
174.3 

49.2 

186.7 

218.1 

91.9 

720.2 

61.0 

7.8 

52.3 

121.1 

841.3 

400.2 
232.2 
101.8 

66.2 

1241.5 

5.9 
5.3 
8.7 

2.2 

5.0 

11.6 

4.9 

3.4 

- 7.8 

4.0 

1.8 

4.4 

2.5 
2.7 
3.6 
0.7 

3.7 

================================================================== 

Source: Modified after World Bank (1986, p. 185); Leontief et ale 
(1983, p. 226) based on ratio of iron ore consumption to 
steel production of: U.S 0.808, Canada 1.03, EEC 1.026, 
Japan 1.115, Other Industrial Countries 1.123, Latin 
America 1.28, Africa & Middle East 1.18, USSR 1.31, E. 
Europe 1.01, China & N. Korea 1.51. Other Industrial 
Countries include other W. Europe, Australia & S. Africa. 
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These two forecasts demonstrate differing views on steel production growth 

in the world to 2000. The modified World Bank forecast shows slow growth to 

stagnation in the industrialized countries, with the EEC to experience near zero 

growth, while the U.S., and Japan are to show declining growth rates of -0.8% and 

-0.5% respectively. The modified Leontief forecast on the other hand shows high 

growth rates in these countries, with the U.S. and Japan averaging about 5.0%, while 

the EEC shows 2.2%. The World Bank's version shows high to moderate growth in 

the developing countries, the high growth being in the Pacific Basin, while moderate 

growth is expected in Latin America and Africa and the Middle East. Leontief's 

forecast for the developing countries shows high to moderate growth in Africa and 

the Middle East and Latin America respectively, while the Pacific Basin shows a 

negative growth rate. 

In summary, trends in steel production have shown a gradual shift of growth 

in supply to the developing and newly industrialized countries of the westem world 

with the industrialized countries relying increasingly on the traded sector to account 

for the steel industry's demand growth. 

3.1.3 Shifting patterns in iron ore consumption 

A. Due to trade flows 

The world demand for iron ore, and thus, world iron ore consumption, was 

noted earlier in this section as being derived from the world demand of steel. The 

location of ore production and its movements are greatly affected by the volume 

and pattem of trade in intermediate and final steel products. To fully illustrate this 

connection, an analysis of world steel demand was presented. World iron ore con

sumption is not easily quantified. However, data for several countries and country 

groups, and estimates of iron ore consumption from various sources are compiled in 

Table 3.22 with associated trends in Figure 3.6. Once the role played by direct and 

indirect traded steel is decided, the most important determinant of iron ore demand 

becomes domestic pig iron production. This in tum, is governed by such factors as 

the level of domestic raw steel production, the type of steelmaking furnace employed 

and the consumption of secondary (or scrap) iron. This section will now show the 



Table 3.22 World iron ore consumption, selected years, 1950-85 
(million tonnes) • 
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======================================================================== 
REGION/COUNTRY 1950 1960 1970 1980 1983 1984 1985 
======================================================================== 
NORTH AMERICA 

U.S. 
Canada 

LATIN AMERICA 
Argentina 
Brazil 
Chile 
Mexico 
Venezuela 
Other 

WESTERN EUROPE 
EEC 
Other 

PACIFIC BASIN 
Australia 
India 
Japan 
Other 

111.9 
108.3 

3.6 

1.7 

0.2 

0.9 

0.6 

82.6 
73.2 

9.4 

8.7 
2.3 
2.8 
3.6 

AFRICA & MIDDLE EAST 1.2 
Middle East 
South Africa 1.2 
Other Africa 

WESTERN WORLD 

EASTERN BLOC 
USSR 
Eastern Europe 
China 
North Korea 

WORLD TOTAL 

206.1 

49.3 
42.7 
4.8 
1.8 

255.4 

117.9 
109.8 

8.1 

5.6 

2.8 
0.9 
1.2 

0.7 

172.4 
157.2 
15.2 

27.4 
4.5 
6.9 

16.0 

3.2 

2.8 
0.4 

326.5 

125.5 
81.7 
18.8 
25.0 

452.0 

159.0 
146.9 
12.1 

12.8 

5.7 
0.9 
3.0 
0.9 
0.7 

210.5 
186.9 
23.6 

131.0 
11.3 
12.7 

107.0 

8.4 

7.3 
1.1 

521.7 

217.6 
156.2 

38.6 
23.0 

739.3 

123.4 
107.6 

15.8 

35.3 
2.6 

20.0 
1.1 
8.0 
2.8 
0.8 

183.8 
147.0 

36.8 

185.8 
13.0 
15.5 

144.0 
13.3 

14.9 
0.4 

11.4 
3.1 

543.2 

334.8 
206.7 

63.4 
59.7 
5.0 

878.0 

78.3 
64.1 
14.2 

33.6 
2.8 

17.0 
0.9 
8.0 
4.0 
0.9 

145.3 
116.5 
28.8 

161.1 
7.9 

15.6 
120.0 
17.6 

17.5 
2.1 

10.7 
4.7 

435.8 

363.9 
212.9 
57.2 
86.1 
7.7 

799.7 

82.1 
67.1 
15.0 

39.7 
2.5 

23.0 
1.1 
8.0 
4.2 
0.9 

158.6 
128.0 

30.6 

164.2 
10.9 
15.0 

120.0 
18.3 

15.7 
2.0 
9.0 
4.7 

460.3 

372.8 
205.0 

59.8 
100.0 

8.0 

833.1 

79.1 
64.7 
14.4 

46.3 
3.8 

27.7 
1.0 
8.0 
4.9 
0.9 

154.1 
125.2 
28.9 

174.7 
8.0 

16.8 
132.0 

17.9 

16.7 
2.0 

10.0 
4.7 

470.9 

378.9 
203.0 

57.9 
110.0 

8.0 

849.8 
========================================================================= 

Source: United Nations (1968); UNCTAD (1977a,b); UNCTAD (1986a,b); Mining 
Annual Review (various issues); Drewry Shipping Consultants (1986). 
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Figure 3.6. Trends in estimated iron ore consumption (million tonnes). 
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trends in iron ore consumption, determinants of iron ore consumption, and changes 

which have led to a rise in the proportion of sintered ores and a decline in the use 

of pellets. 

As described above the U.S. was the major consumer and producer of iron 

ore in 1950, accounting for 48% of estimated world consumption. The EEC was 

next, with 23%, but consumed largely imported ores. By 1985, the U.S. had shifted 

to imported steel and reduced exports to reduce its share of domestic iron ore 

consumption to only 22.3%. The Pacific Basin share of consumption increased 

to 20.6% in 1985. The regions of the world which had consumed relatively small 

quantities of iron ore in 1950, but have become now major regions for iron ore 

consumption are Latin America, the Pacific Basin, Africa and the Middle East, 

and the Eastern Bloc countries. The combined share of this group in iron ore 

consumption in 1950 was 23.8%. By 1985, their share had reached 72.6%. 

The world consumption of iron ore grew at an annual rate of 4.0% from 1950-

80. Growth rates for the U.S., Japan and the EEC were -0.02%, 12.6%, and 2.3% 

respectively. From 1980-1985 rates are -9.6%, -1.7% and -3.2%. Growth rates for 

the Western developing countries as a group were 9.1 % from 1950-80 and 5.3% from 

1980-85. These growth rates and those of other regions are given in Table 3.23. 

Adjusted for indirect steel trade, one observes that the Japanese domestic steel 

demands do not increase any more than those of Europe or the U.S. after 1960. 

However, ore demands in both Europe and Japan are much greater because they 

follow apparent steel consumption, neither Japan or Europe rely on domestic ores. 

When after 1975, Japanese ore demands start to decline due to restrictions on the 

trade of metal intensive goods, steel exports of South Korea, Taiwan, Mexico and 

Brazil begin to take the place of these exports. Thus there is a continued growth of 

iron ore in the ore producing countries. Pronounced growth in iron ore consumption 

occurred in the developing countries since the mid-1970s. Soviet steel use expands 

to explain growth in Eastern Europe ore consumption. Because U.S. steel relies 

on domestic ores iron ore consumption in the U.S. declined. Decline also occurs 
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Table 3.23 Growth in iron ore consumption (compound annual percentage 
growth rates, selected years, 1950-85). 

=================================================================== 

COUNTRY/REGION 1950-85 1950-60 1960-70 1970-80 1980-85 
-. 

=================================================================== 

U. S. - 1.5 0.1 3.0 - 3.1 - 9.6 

Japan 10.8 16.0 20.9 3.0 - 1.7 

EEC 1.5 7.9 1.7 - 2.4 - 3.2 

Latin America 9.9 12.7 8.6 10.7 5.6 

Other Pacific Basin 6.1 

Africa & Middle East 7.8 10.3 10.1 5.9 2.3 

India 5.3 9.4 6.3 2.0 0.8 

LDCs 8.9 11.1 7.5 9.8 5.3 

Eastern 'Bloc 6.0 9.8 5.7 4.4 1.3 

USSR 4.6 6.7 6.7 2.8 - 0.2 

Eastern Europe 7.4 14.6 7.4 5.1 - 1.8 

China 12.5 30.0 - 0.8 10.0 13.0 

North Korea 9.9 

WORLD 3.5 5.9 5.0 1.7 - 0.3 

================================================================== 

Source: Derived from Table 3.22. 
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throughout the EEC after 1980. However, direct and indirect imports of steel (in 

steel intensive products) increased markedly in the U.S., replacing both domestic 

ore and domestic steel production. These U.S. trends have different meanings from 

those in Europe which has replaced some of its ore sources but continues to enjoy 

growing export demands at least this was true until the fall in U.S. exchange rates 

after 1985. 

B. Due to technological change 

Iron ore consumption in the world has also been affected by technological 

developments since the 1960s which have shaped the present pattern of iron ore 

consumption. The first development was the shift from open-hearth production 

(using a high scrap ratio) to basic oxygen furnace production (using a low scrap 

ratio) in the 1960s. The lower scrap ratio of BOF after 1975 as the shift from open

hearth continued forced an accompanying growth in electric furnace production, 

which uses about 100% scrap. A second development was the move to higher 

grade agglomerated ores (pellets or sinter) to improve blast furnace performance 

in the 1970s. The impact of these developments, together with rapidly increasing 

steel demands, speeded iron ore consumption and production through 1980, when 

under the combined influence of the stagnation in steel demands and trade, iron ore 

consumption fell. These developments were accentuated in the U.S. by increased 

iron ore costs relative to scrap costs (Barnett, 1982) and the growth of the mini

mills. 

C. The measure of iron ore consumption 

Having established that 95 percent of world production of iron ore is con

sumed in steel production, it is essential to now examine the measurable factors 

which are crucial to determining iron ore demand based on these relationships. The 

major determinants of iron ore demand (World Bank 1984, p. 146) can be projected 

as follows: 
1 

q, = -1 -1,8(1- a). 
-q 

(3.1) 

where 

q, = ratio of iron ore consumption to crude steel production, 
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Q = ratio of steel production by electric arc furnaces (EAF) to total steel 

production, 

fJ = use of pig iron per tonne of steel produced in BOF, 

'Y = requirements of iron ore per tonne of pig iron, 

(1 = ratio of iron ore for uses other than iron-making plus wastes to total 

iron ore consumption. 

The above formulation does not include iron ore requirements for directly 

reduced iron (DRl). DRl and iron ore employed directly in the steel-making process 

account for about 5% of global iron ore consumption (World Bank, p. 146). 

The ratio (Q) is used to represent electric furnace type of steel-making in that 

the open hearth furnace (OHF) is being replaced by both the BOF and EAF. This 

ratio is important because the amount of pig iron and scrap used in steel-making 

differs significantly between EAF and BOF processes. The EAF relys mostly on 

scrap, while the scrap ratio in the BOF ranges 0.1 to 0.3 (World Bank 1984, p. 149). 

From 1950 to 1982, the percentage share ofEAF steel to total steel increased because 

the OHF process was been replaced by the EAF and BOF processes. Table 3.24 

shows the share EAF in total steel production for selected countries and regions 

from 1950-82. Due to the low price of scrap in recent years, minimills based scrap

based EAF which produce light non-fiat products such as concrete-reinforcing bars, 

merchant bars and light section, were expanded; while steel production at large

scale integrated mills which rely mostly on the BOF process, have been stagnating 

(World Bank 1984, p. 149). This has contributed to the increase in EAF steel to 

total steel production. 

The second factor in the iron ore demand measure is (fJ), the use of pig 

iron per tonne of steel produced in BOF. It is noted that in the BOF process, the 

scrap ratio changes among major regions depending on the steel-making practices 

employed and the availability of ferrous scrap. This ratio was 0.776, 0.868, and 

0.878 for the U.S., the EEe and Japan, respectively in 1970; by 1980, the ratio for 

these countries were 0.835, 0.896, and 0.998 respectively. The U.S. has the lowest 

ratio, while Japan has the highest ratio among the major steel producers of the 

Western World. 



Table 3.24 Electric furnace share of raw steel production. 

============================================================================== 

COUNTRY/REGION 1950 1960 1970 1975 1980 1982 1983 

============================================================================== 

USA .017 .084 .153 .194 .273 .251 .310 

Canada .244 .310 .261 

EEC .062 .107 .134 .180 .238 .259 .260 

Other Western Europe .305 .315 .359 .361 

India .038 .119 .200 .216 

Australia .038 .044 .013 .017 

Latin America .255 .301 .350 .386 

Other Pacific Basin .375 .281 .302 

Africa & Middle East .252 .244 .256 .268 

USSR .082 .089 .087 .099 .107 .109 .112 

Eastern Europe .105 .120 .124 .126 .124 .185 .185 

China & N. Korea .095 .095 

=============================================================================== 

Source: International Iron and Steel Institute (1983); ... 
w 
en 
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Another ratio which is closely related to (P), is the ratio of pig iron per 

tonne of crude steel produced, represented by (P'). The influence of the amount 

of scrap used in the manufacture of steel is in part a function of the stage of a 

country's economic development, and is accomodated by a in most regions. Table 

3.25 shows this ratio for various countries and regions of the world. Among the 

major industrialized countries, Japan has the highest P' ratio, because scrap is 

scarce while the U.S. has the lowest because scrap is plentiful. Among the developing 

countries, India has the highest, while Africa and the Middle East have the lowest. 

The third factor to be considered in the demand formulation is ('Y), the 

ratio of iron ore consumption to pig iron production. It depends on blast furnace 

technology, fuel use rates, iron content of ores and the efficiency of ore treatment. 

Table 3.26 shows these ratios. It was 1.80 for the U.S., 1.57 for Canada, 2.2 for 

the EEC and 1.57 for Japan in 1950. By 1985, the ratio was 1.43 for the U.S., 

1.48 for Canada, 1.47 for the EEC and 1.64 (1.49 in 1984) for Japan in 1985. For 

the developing countries, it was 1.65 for India, 1.55 for Latin America and 1.71 for 

Africa and Middle East in 1950. The ratios in 1985 were 1.71 for India, 1.52 for 

Latin America, 1.46 for South Korea and Taiwan, and 2.01 for Africa and Middle 

East. The ratio was 2.19 for the USSR in 1950, and 1.83 in 1985. The iron ore 

consumption data for some countries and regions are estimates and this may cause 

major differences in these ratios from one year to the next. Thus, these ratios, 

especially those for developing countries should be observed with caution. These 

ratios as pointed out above should reflect the grade and quality of the ores that are 

used in the blast. The lower the ratio, the higher the grade of the ore since less of 

it is required to produce a tonne of pig iron. 

Due to the increase in the production of high grade direct shipment iron 

ores in Australia and Brazil average ore grades have increased. The beneficiation 

of lower grades or fines has ~so altered average grade. Thus, overall the major 

exporting countries, have increased the average grade of shipments from 48%Fe in 

1960, to about 58%Fe in 1980. The use of agglomerated ore (sinter and pellets) also 

improves the efficiency of blast furnaces. In summary, blast furnace technology, fuel 



Table 3.25 Ratio of pig iron production to crude steel production. 

============================================================================== 

COUNTRY/REGION 1950 1960 1970 1980 1982 1984 1985 

============================================================================== 

U. S. .686 .690 .698 .703 .722 

Canada .742 .717 .732 .686 .689 

EEC .713 .722 .713 .699 .692 

Other Western Europe 1.553 .774 .623 .591 .548 

Japan .479 .557 .730 .780 .781 

India 1.133 1.303 1.111 1.118 1.263 

Australia 1.000 .773 .912 .814 .938 

Latin America .846 .796 .635 .805 .746 

Other Pacific Basin 

Africa & Middle East 

USSR 

Eastern Europe 

China & North Korea 

.778 

.714 

.686 

1.667 

.917 

.717 

.656 

.767 

.708 

.741 

.594 

.974 

.570 

.603 

.729 

.627 

.965 

.694 

.625 

.725 

.602 

.909 

.557 

.653 

.689 

.525 

.761 

.895 

.871 

.699 

.672 

.696 

.714 

.586 

.910 

.563 

.660 

.715 

.526 

.765 

.883 

.875 

.842 

.656 

.585 

.715 

.575 

.887 

============================================================================== 

Source: Derived from Tables 3.14 & 3.15. ~ 
W 
-.t 
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Table 3.26 Ratio of iron ore consumption to pig iron production. 

============================================================================ 

COUNTRY/REGION 1950 1960 1970 1980 1982 1984 1985 

============================================================================ 

u.s. 
Canada 

EEC 

Other Western Europe 

Japan 

India 

Australia 

Latin America 

Pacific Basin 

Other Pacific Basin 

Africa & Middle East 

Eastern Bloc 

USSR 

Eastern Europe 

China & North Korea 

NORLD 

1.80 

1.57 

2.10 

1.59 

1.57 

1.65 

1. 76 

1.'55 

1.64 

1.71 

1.95 

2.19 

1.85 

1.80 

1.87 

1.77 

1.70 

2.20 

1.70 

1.50 

1.60 

1.55 

1.44 

1.41 

1.45 

1.67 

1. 75 

1.35 

1.85 

1.74 

1. 76 

1.48 

1.90 

1.55 

1.57 

1.81 

1.82 

1.60 

1.61 

1.83 

1.72 

1.82 

1.62 

1.39 

1. 73 

1.72 

1.45 

1.65 

1.85 

1.66 

1.82 

1.86 

1.49 

1.69 

1.82 

1.64 

2.12 

1.92 

1.65 

1.57 

1.71 

1.42 

1.46 

1.57 

1.56 

1.45 

1.51 

1.50 

1.87 

1.50 

1.50 

1.88 

1.82 

1.94 

1.33 

1.94 

1.67 

1.42 

1.56 

1.55 

1.52 

1.49 

1.60 

1.48 

1.71 

1.63 

1.51 

1.80 

1.92 

1.85 

1. 73 

2.50 

1. 74 

1.43 

1.48 

1.47 

1.38 

1.64 

1.71 

1.42 

1.52 

1.62 

1.46 

1.80 

1.95 

1.83 

1.68 

2.70 

1.64 

============================================================================ 

Source: Derived from Tables 3.15 & 3.22; World Bank (1984, p. 150); 
Reno, H.T. and Brantley, F.E. (1973, p. 69). 
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use rates, improved ore grades, and increased use of ore beneficiation have together 

contributed significantly to the decrease in the ratio 4> for the period reviewed, 

except for Japan where it has increased. This is due to Japan's use of more ore and 

agglomerates and less use of scrap in the blast furnace. 

The fourth factor in the demand relation is (q), the ratio of iron ore for uses 

other than iron-making plus wastes, to total iron ore consumption. About 2-3% 

of total iron ore consumption is used for non-iron-making purposes, among this 

category are included uses in manufacture of cement, special high density concrete 

pigments, magnetic concentrates, wastes, loss of moisture and statistical discrepan

cies. Estimates of this ratio for the U.S., EEC and Japan in 1970 were 0.075,0.035, 

and 0.02 respectively. By 1980, the ratio for U.S., EEC and Japan were 0.075, 

0.035 and 0.02 respectively (World Bank, 1984, p. 150). The ratio is constant for 

the period indicated above. 

The dependent variable in the iron ore demand relation is (4)), the ratio of 

iron ore consumption to crude steel production (See Table 3.27). This variable has 

been postulated to be a function of the four factors previously described. The ratio 

was 1.23 for the U.S., 1.51 for the EEC, and 0.75 for Japan in 1950. By 1970, it was 

1.23 for the U.S., 1.36 for the EEC and 1.15 for Japan. In 1985, it was 0.80 for the 

U.S., 1.05 for the EEe, and 1.25 for Japan. For the developing countries, it was 1.87 

for India, 1.31 for Latin America and 1.33 for Africa and Middle East in 1950. By 

1970, it was 2.01 for India, 1.02 for Latin America and 1.42 for Africa and Middle 

East. In 1985, it was 1.51 for India, 1.28 for Latin America and 1.18 for Africa and 

Middle East. In the Eastern Bloc, it was 1.56 for the USSR in 1950, and 1.31 in 

1985. Other estimates of this ratio for the U.S. was given as 1.09 in 1953 and 0.74 

in 1982, the units used were long tons of iron ore consumed per short ton of crude 

steel (Weimer, 1984, p. 52). These ratios indicate the grade and quality of iron ores 

that are consumed in the blast furnaces. Normally, the amount of iron ore required 

to produce a tonne of steel should be less if the iron ore is of high grade and quality. 

Due to technological change in mineral processing in the industry over the years, 

it is expected that the quantity of iron ore consumed per tonne of steel produced 



Table 3.27 Ratio of iron ore consumption to crude steel production. 

============================================================================ 

COUNTRY/REGION 1950 1960 1970 1980 1982 1984 1985 

============================================================================ 

u.s. 
Canada 

EEC 

Other Western Europe 

Japan 

India 

Australia 

Latin America 

Other Pacific Basin 

Africa & Middle East 

USSR 

Eastern Europe 

China & North Korea 

1.23 

1.16 

1.51 

2.47 

.75 

1.87 

1.77 

1.31 

1.33 

1.56 

.69 

3.00 

1.22 

1.53 

1.61 

1.32 

.72 

2.09 

1.18 

1.14 

1.33 

1.25 

.89 

1.30 

1.23 

1.08 

1.36 

.97 

1.15 

2.01 

1.66 

1.02 

1.42 

1.35 

.96 

1.18 

1.06 

.99 

1.15 

1.09 

1.29 

2.04 

1.51 

1.23 

1.04 

.99 

1.40 

1.04 

1.51 

.83 

1.01 

1.09 

.86 

1.14 

1.32 

1.41 

1.52 

1.04 

1.18 

1.40 

.80 

1. 74 

.79 

1.03 

1.08 

.96 

1.14 

1.43 

1. 76 

1.20 

1.17 

1.26 

1.32 

1.01 

2.15 

.80 

.98 

1.05 

.72 

1.25 

1.51 

1.25 

1.28 

.96 

1.18 

1.31 

.97 

2.15 

============================================================================ 

Source: Derived from Tables 3.14 and 3.22. 
I-' 

~ 



141 

should decrease. These ratios thus provide some clues as to the grade and quality 

of ores used, and the type of steel production process used in the various regions. 

Regions which use a lot of scrap in the steel production process should also have a 

lower ratio of iron ore consumption to steel production. The data on apparent iron 

ore consumption are estimates and should be used with caution, especially, those 

for the developing countries. 

It is important to reiterate the significance of scrap to iron ore demand 

by considering the recycling rate. The recycling rate which is expressed as scrap 

consumed as a fraction of total metal consumed also has an impact on the demand 

for iron ore. A change in the rate of recycling is a substitution between scrap and ore 

as a basic raw material input into metal production and thus would affect demand 

of iron ore. This substitution may be a response to relative price changes, changes 

in performance criteria, or technological changes in extraction, metal production, 

recycling, materials specification and product design (Newcomb, 1969; Bower, 1977; 

Bever, 1980). The scrap ratio is thus important in iron ore demand since it differs 

from electric arc furnace to basic oxygen processes. 

The consumption of agglomerated ores in blast furnaces has increased be

cause of technological change in pig iron production which requires better prepared 

blast furnace burden. Since 1950, their development has resulted in blast furnace 

burdens averaging between 40 to 50 percent sinter in 1965, compared with 10 to 

20 percent a few years earlier. Today, about 65% of blast furnace burden world

wide is sintered, the feedstock consisting predominantly of fines (or concentrates). 

Japanese blast furnace burden in 1965 was about 55 percent sinter, compared to 

roughly 75% in 1983. Sinter consumption in the EEC steel industry has risen over 

the years and is almost the same proportion of the blast furnace burden as Japan's, 

averaging 70% of the burden. The consumption of sinter in the EEC rose from 52 

million tonnes in 1960, to a high of 118 million tonnes in 1980, and declined to 88 

million tonnes in 1983. In the U.S., sinter consumption declined from 41 million 

tonnes in 1960 to 16 million tonnes in 1983. Sinter consumption declined in the 

U.S. because most of the steel plants required increasing amounts of pellets. This 
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reflected the type of demand in the U.S. market at the time. The figures cited are 

shown in Table 3.28. The consumption of agglomerated ores has been increasing 

during the period covered by this study; however, consumption of run-of-mine ore 

or lump ore has been decreasing. 

Pellet consumption has been relatively high in the U.S., Canada and the 

USSR. These countries together accounted for three-quarters of world pellet con

sumption in 1975 (UNCTAD 1977, p. 4). It is observed that the demand for pellets 

has been extremely high in those countries producing relatively low grade ores, 

example being the U.S. and the USSR. 

Pellets use large amounts of electric energy to produce higher grade burden. 

When pellets were initially used in blast furnace burdens in the late 1950's to early 

1960s, they were found to be more economic to use in the blast furnaces than 

sintered ores. Some suggested that pellets would eventually replace sintered ores 

as the principal blast furnace burden in many countries. As energy prices fell, 

during the late 1960s and the early 1970s, there was a significant shift away from 

sinter towards pellets at a time when consumption of iron ore was growing rapidly. 

However, the reversal in energy prices of 1973 forced production costs of electrical 

power up, thereby halting the growth in pellet consumption and the trend toward 

sinter was reestablished. 

The trend in pellet consumption is also tied largely to U.S. demands for 

steel. It is shown in Table 3.28. Pellet consumption in the U.S. increased from 13 

million tonnes in 1960 to a high of 67 million tonnes in 1980; it then declined to 

50 million tonnes in 1983. The consumption of pellets in the EEC and Japan was 

always less, amounting to 11 and 13 million tonnes respectively, in 1983. Overall, 

pellets account for approximately 20% of world iron ore consumption. Over 70% 

of the blast furnace burden in North America is pellets; whereas, the proportion of 

pellets charged to blast furna,ces in Japan and Western Europe are about 11% and 

10% respectively. The Japanese and European steel producers import high grade 

iron ores. 



Table 3.28 Regional pattern of iron ore consumption, 
selected years, 1960-83 (million tonnes) • 

======================================================== 

COUNTRY/REGION 1960 1970 1980 1983 

======================================================== 

5 INTERS 

EEC 52 105 115 88 
Japan 8 71 108 87 
U. S. 41 42 28 16 
Other 70 163 250 234 
WORLD 171 381 501 425 

PELLETS 

EEC 1 8 17 11 
Japan 14 18 13 
U. s. 13 57 67 50 
Other 2 39 79 99 
WORLD 16 118 181 173 

LUMP ORES 

EEC 104 73 15 18 
Japan 8 22 18 20 
U. s. 54 48 13 6 
Other 99 97 150 158 
WORLD 265 240 196 202 

143 

=========================================================== 

Source: Modified after United Nations Economic Commission 
for Europe (1979, pp. 18-19); and Drewry Shipping 
Consultants (1986) ; 
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It should be noted that a high proportion of the world's pellet output arises 

at plants producing them for export rather than for domestic use. Most of these 

pellet producers do not have steel mills, while some have very little steel production 

capacity. The pellet exporting plants are locatedin: North America (Canada), 

Europe (Norway, Sweden), Latin America (Brazil, Chile and Peru), Africa (Liberia), 

Middle East (Kuwait), and the Pacific Basin (Australia and India). 

Due to the high energy cost in most major steel producing countries, the 

economics of ore preparation do not favor pellets over sinter in most integrated hot 

metal operations. The trend seems to be one towards greater use of sintered ore. 

The high energy cost together with recession in the U.S. steel industry, has depressed 

demand for pellets resulting in the scaling down of operations in some areas and the 

closing down of others. The trend in Liberia and most iron ore exporting countries 

is toward the production of sinter feed. These are exported to steel plants which 

use them in the production of sinters. 

Now that the four major determinants of iron ore demand are known, es

timates 9f iron ore consumption based on steel production may be derived. The 

actual demand may vary, depending on future steel production and changes in the 

four ratios. A comparison of forecasts of iron ore consumption based on historical 

trends and modified from the World Bank (1986, p. 185) and Leontief et al. (1983, 

p. 226) is shown in Table 3.29. 

World demand for iron ore according to the World Bank modification is 

expected to grow at an annual rate of 0.8% between 1985 and 2000. Demand in 

industrial countries should remain relatively stable, registering a rate of growth 

of about -0.3%. In the U.S., demand is expected to grow by -0.7%, while it is 

expected to grow by -0.4% in the EEC and in Japan. In the developing countries, 

demand is expected to grow by 2.9%. The growth rates of demand in Latin America, 

Africa and Middle East and f;leveloping countries of the Pacific Basin are expected 

to be 2.8%, 3.4%, and 4.1% respectively. The growth rate of iron ore demand for 

the Western World is expected to be 0.5%. Demand in the Eastern Bloc is expected 

to grow at a rate of 1.1%, with the USSR, China, and North Korea expected to 

exhibit growth rates of 0.2%, 3.0% and 3.0%, respectively. 



Table 3.29 Comparison of iron ore consumption forecasts by 
country group to year 2000 (million tonnes) • 
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================================================================== 

COUNTRY/REGION 1985 WORLD BANK GROWTH LEONTIEF 
RATES 

1985-2000 

GROWTH 
RATES 

1985-2000 

================================================================== 

NORTH AMERICA 79.1 70.6 - 0.8 191.5 6.1 
U. S. 64.7 58.0 - 0.7 140.8 5.3 
Canada 14.4 12.6 - 0.9 50.7 8.8 

EEC 135.0 126.6 - 0.4 191.6 2.4 

Japan U8.3 111.4 - 0.4 243.2 4.9 

Other Industrial 41".3 47.2 - 0.9 103.2 6.3 
Countries 

INDUSTRIAL 373.7 355.8 - 0.3 729.5 4.6 

LATIN AMERICA 46.3 69.3 2.8 82.3 3.9 
Brazil 27.7 42.2 2.8 
Other 18.6 27.1 2.5 

PACIFIC BASIN 34.7 63.4 4.1 9.0 - 8.6 
India 16.8 24.3 2.5 
Other 17.9 39.1 5.3 

AFRICA & MIDDLE E. 7.2 11.9 3.4 61. 7 15.4 

DEVELOPING 88.2 144.6 2.9 153.0 3.7 

WESTERN WORLD 461.9 500.4 0.5 882.5 4.4 

EASTERN BLOC 378.9 452.7 1.1 506.9 2.0 
USSR 203.0 209.1 0.2 304.2 2.7 
E. Europe 57.9 59.7 0.2 102.8 3.9 
China 110.0 171.4 3.0 99.9 - 1.1 
North Korea 8.0 12.5 3.0 

WORLD 840.8 953.1 0.8 1389.4 3.4 

=============================================================== 

Source: Modified after Leontief et al. (1983, p. 226); and 
World Bank (1986, p. 185) • 
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Leontief's iron ore demand forecast is based on an alternative view of high 

growth in the industrial countries, and the world in general. This view is demon

strated by the rates of growth for the U.S., Japan and the EEC of 5.5%,4.9% and 

2.3% respectively. The developing countries of the Western World on the other hand 

will have a slower growth rate of 3.7% when compared with the DC's. The Eastern 

Bloc shows a growth rate of 2.0%, with USSR, Eastern Europe, and China and 

North Korea showing growth rates of 2.7%, 3.9% and -1.1% respectively. World 

iron ore demand is expected to grow at a rate of 3.4%, reaching 1394 million tonnes 

in year 2000. 

To conclude this section on trends in iron ore demand, the following ob

servations are summarized. The trend in domestic iron ore consumption may be 

attributed not to changing scale steel demands in industrialized countries. These 

continue to reflect the growth in steel-using industries such as automobiles, con

struction, transportation, machinery and equipment. There was rapid world and 

trade growth in these industries between 1960 and the mid-1970s. Where export 

trade was permitted and imports denied, apparent demands changed. Thereafter 

in the U.S. there was slow or negative growth due entirely to the very large increase 

in foreign steel and steel products; and the lack of export trade in similar products. 

The demand for iron ore by conventional World Bank wisdom is expected to stag

nate or decline in North America, Europe and Japan while it is expected to grow 

at a higher rate in the Pacific Basin, Latin American and African developing and 

Eastern Bloc countries from 1985 to 2000. Leontief's forecast of ore demand shows 

higher growth in the industrial countries and moderate to declining growth in de

veloping countries. It should be remembered that world iron ore consumption will 

continue to be affected by trade trends as well as new technological developments. 

Since the 1960s these have significantly changed the pattern of iron ore consumption. 

Technical developments incluc:Je the shift from open hearth production to basic oxy

gen and electric furnaces, the shift to pellets and pre-reduced iron burdens and and 

the use of agglomerated ores to improve blast furnace efficiency during the period 

covered by this study. All the above developments have contributed significantly to 

the present pattern of global iron ore consumption. 
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This section has stressed the interdependence of the world's trading system in 

which the trading pattern of each country depends on the production and consump

tion decisions of every other country. To the extent these decisions are influenced 

by the policies of tariffs, subsidies, state trading, and monetary controls they may 

depress the production of domestic steel, and so the use of domestic or imported 

ores in some locations, and increase these in others. What is clear from the pat

tern of growth and change from 1950 to 1975 is the substantial absolute increase 

in steel use in industrial countries. In term of growth rate, faster increase in the 

developing countries but in absolute terms smaller share. On the supply side, the 

greatest increase in steel production was in the Pacific Basin and Europe among the 

industrial countries, the ftywheel of such growth being exports to the U.S. and de

veloping countries, and the developing countries themselves. The greatest increase 

in production of ores was in the developing countries with rich resources. However, 

an increasing proportion of total primary steel production was sourced by scrap, 

assisted both by the adoption of oxygen enrichment and relative energy and scrap 

prices. 

Equally clear since 1980 has been the end to world growth in both industrial 

and trade expansion outside the United States and its diminishing effect on steel 

and ore industry growth. This has forced a revision even in the most optimistic 

of forecasts by, e.g., the World Bank. The World Bank bas revised its forecasts 

of steel consumption and production to show the slowdown and stagnation which 

has occurred since 1980. The slow growth in demand in the industrial countries 

have now been changed to stagnation or negative growth, while the high growth in 

the developing countries are now moderate. Still unclear to these forecasters is the 

importance of trade policies as unacknowledged assumptions in the predictions of 

differential rates of growth among sources and consuming centers in both primary 

and final steel demands, and tJIerefore in the level of and origin of iron ore supplies. 

3.2 Trends in supply of iron ore, world wide 

The changing pattern of iron ore supply in the world over time is reviewed 

in this section. It is important to note that outside the U.S. in the years preceeding 
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1950, most of the iron ore consumed at blast furnaces came from mines very close by. 

This practice illustrates that the traditional location of smaller scale and conven

tional iron and steel industries favored the on site or nearby raw materials assembly 

of iron ore and coking coal. In the U.S. the eastern district had long depended on 

foreign ores. Moreover, some 80% of iron ore travelled significant distances from 

the Lake Superior region of the U.S. and Canada to mills in Chicago or Pittsburgh. 

In contrast, a relatively small portion of iron ore demand in Western Europe was 

met by mines outside the mill consuming districts. Japan was too small to be a 

significant factor in ore markets in the Pacific Basin in 1950 and had no competitive 

domestic ore sources. Yet 40% of its iron and steel industry needs were from do

mestic sources and scrap, and the rest from nearby sources such as the Philippines 

and Malaysia. The growth of Pacific Basin and European steel capacities based on 

long hauls from foreign sources drastically changed this pattern after World War II. 

To facilitate a systematic evaluation of the shifting pattern of iron ore sup

ply since 1950, this section will cover the following topics: supplies of iron ore 

- geology, resources and characteristics; ore preparation, technologies and burden 

characteristics; changing mill location and requirements; changing patterns of iron 

ore production and trade; and technical change in production and material use. 

3.2.1 Supplies of iron ores: geology, resources and characteristics 

Iron ore is a mixture of iron bearing minerals which contain varying quantities 

of mineral impurities. Naturally occurring forms are grouped as iron ore due to their 

common iron content and due to the economics of production given the current 

state of technology and the cost/price conditions. These ores differ in chemical and 

physical characteristics. Iron ore is described according to its predominant iron

bearing mineral or associated color - hematite (red), magnetite and geothite (black) 

or limonite and siderite (brown) (See Table 3.30). The most important iron minerals 

are the oxides - hematite and magnetite and to a lesser degree the hydrated (water

containing) oxides -limonite and goethite. Next in order of importance are the iron 

carbonates - siderite and iron sulfides - pyrite and pyrrhotite which are considered 

as ores when economic conditions make their production profitable. Iron ores can be 



Table 3.30 Major iron-bearing minerals. 

============================================================================= 

CLASS & MINERALOGICAL NAME CHEMICAL IRON SPECIFIC COLOR 
COMPOSITION CONTENT GRAVITY 

(%) 

============================================================================= 

OXIDES 
Hematite Fe 2 0 a 69.9 5.2 grey to red 
Magnetite Fe30~ 72.4 5.2 black-blue black 
Limonite (Geothite) Fe 2 0 3 H ° 62.9 4.3 yellow-blackish 

brown 
Ilmenite FeTiO g 36.8 4.3-5.5 iron black 

CARBONATES 
Siderite FeC0 3 48.2 4.0 grey-brown 

SULPHIDES 
Pyrite FeS 2 46.5 5.0 brass 
Marcasite FeS 2 46.5 4.9 light brass 

yellow 
Pyrrhotite FeS 60-63 4.5-4.6 bronze yellow 

SILICATES 
Chamosite (Mg,Fe,Al)6 33-42 3.0-3.5 green to light 

(Si,Al)~ 01 ~ (OH) 8 yellow 

=============================================================================== 

Source: United States Steel (1971, p. 178); Reno, H.T. and Brantley, F.E. 
(1973, p. 19); United Nations Economic Commission for Africa 
(UNECA) (1981, pp. 175-194). $ 



150 

differentiated by using mineral form characteristics such as specular and micaceous, 

particularly, when referring to brown ores. Silica is the most common impurity 

found in iron ores, followed by alumina, lime, titania, and minerals containing 

sulfur, phosphorus and manganese (Reno, H.T., and Brantley, F.E., 1973, p. 16). 

Iron ore deposits are bodies of iron-bearing minerals with a given iron con

tent that could be produced at a profit based on current market conditions. Iron 

ores may be categorized according to their genesis (geologic conditions under which 

they were formed, i.e. in igneous, metamorphic or sedimentary rocks, or as weather

ing products of various primary iron-bearing materials), composition and physical 

structure. There are three general types of iron ore deposits in the world: bedded, 

massive and residual (Reno and Brantley, 1973, p. 19). 

Bedded iron ore deposits are sedimentary strata that have accumulated in 

bodies of water. These ores are often composed of oolites of hematite, siderite, iron 

silicates or occasionally, limonite in a matrix of siderite, calcite or silicate. They 

have a wide geographic distribution and are associated with other sedimentary rocks. 

These ores usually have a fairly high phosphorus content and may be self-fluxing. 

They include the oolitic Clinton ores, Alabama and Minette ores, France. The 

bedded iron formations of Precambrian age (Lake Superior type) supply a major 

portion of the world's iron ore. The formations are usually 100-1000 feet (30-600 

meters) in thickness and cover areas of several thousand square miles. They contain 

between 20 to 40% iron. The major minerals are hematite, magnetite and limonite. 

These ores include sedimentary iron-ore deposits which have been metamorphosed. 

The deposits in this category include the magnetite taconites of Minnesota; Jaspers 

of Michigan; itabirites of Brazil; quartzites banded ores of Norway and Sweden; 

concentrating ores of Quebec and Labrador; banded hematite-quartzites of Africa; 

hematite jaspers of India; and the banded iron formations of Australia (U.S. Steel, 

1971). 

The second type of iron ore deposits are the massive deposits. These deposits 

include magmatic segregations, massive replacements in limestones, and contact 

metamorphic iron formations. Magmatic segregations are massive accumulations of 
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magnetite which are of igneous origin and are often found in Precambrian rocks as 

irregular or layered masses. They appear to have formed by segregation of magnetite 

crystals in the magma or as bodies which show instrusive relationship with their 

wall rock. They contain up to 60% Fe and 15% Ti. Deposits of this type include 

the ore at Kiruna (no or very little titanium) and Taberg (high titanium content), 

Sweden; Iron Mountain and Pea rudge, Missouri; and Bushveld Igneous Complex of 

South Africa. Massive replacements in limestone deposits formed by hot solutions 

which transported iron and replaced rocks of favorable chemical composition with 

iron minerals to form irregular ore bodies. This process is called hydrothermal alter

ation, and the deposits formed by it are referred to as hydrothermal deposits. The 

ore-forming mineral is usually siderite or sometimes oxides. When the siderite is 

exposed to weathering processes massive iron oxides comprising limonite (geothite) 

and hematite may form near the surface, the siderite in the zone below the water

table (reducing zone) remains unchanged. Iron oxides derived form hydrothermal 

alteration give rise to both high- and low-phosphorus iron ores. Examples of mas

sive replacement deposits are hard ores of Marquette Range, Michigan; and Iron 

Monarch ores of Middleback Range, Australia (U.S. Steel 1971, p. 180; UNECA 

1981, P. 175). 

Contact metamorphic ore deposits formed at or near the contact between 

igneous and sedimentary rocks, the latter usually limestones, are commonly com

posed of magnetite and hematite with associated carbonates and pyrites. The ore 

deposits are commonly in the sedimentary rocks and appear as irregular or tabular 

replacement bodies. These deposits may contain up to 65% Fe, depending on the 

extent of the replacement. Common accessories are garnet and other silicate min

erals. Deposits of this type include: Mount Magnitnaya, Russia; Marcona, Peru; 

and Marmora, Canada (U.S. Stee11971; UNECA 1981). 

The third type of iron, ore deposits is the residual iron ores. The residual 

iron ore deposits are commonly products of the surficial weathering of rocks but 

may include ores formed by hydrothermal oxidation and leaching. Ores of this type 

were formed extensively in Precambrian iron formations by leaching of silica, which 

constituted more than 50 percent of the rock. Oxidation changes iron carbonates, 
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silicate minerals, and magnetite to hematite or limonite. Residual ores in Africa are 

represented by lateritic ores, formed mainly under conditions of tropical weathering 

during the Tertiary period from basic rocks rich in iron. Examples of residual 

ores include: iron laterites in Conakry, Guinea; brown ores of Alabama, Georgia 

and Missouri; soft hematite and limonite Precambrian ores of the Lake Superior; 

Cerro Bolivar, Venezuela; Minas Gerais, Brazil; Quebec-Labrador, Canada; Nimba, 

Liberia and Mifergui-Nimba, Guinea. Secondary enrichment of the iron in the 

sedimentary beds by geological processes usually occur. Deposits which result from 

secondary enrichment are also referred to as residual and are usually earthy and 

porous and contain up ~o 60% iron. These replacement iron ores are usually dense 

and massive and contain 64-68% iron. Examples in Africa include Fort Gouraud in 

Mauritania and Shishen in South Africa. 

The identified iron ore resources of the world are given in Table 2.13. The 

identified resources are given both in terms of crude ore and iron content. The 

USSR has the largest resources with 20.7%, followed by Brazil with 20.0%, Australia 

16.7%, Canada 8.1%, South Africa 5.5%, U.S. 4.9% and India with 4.0%. The 

implied grade of the iron ore resources is also provided in the table. When the 

countries are grouped according to economic regions, the ranking based on iron 

content becomes from largest to smallest, Eastern Bloc 23.9%, Pacific Basin 22.1%, 

Latin America 20.0%, Africa 16.6%, North America 13.0% and Western Europe 

4.1%. 

3.2.2 Ore preparation technologies and burden characteristics 

Iron ores can also be classified for processing purposes as: direct shipment 

ores, concentrates, and agglomerated ores - pellets and sinter. Direct shipment ores, 

as their name implies, are shipped as mined, and sometimes require only washing 

and screening. Hematite and limonite are the predominant iron minerals in direct 

shipping ores and are the ores charged to the blast furnace without concentration 

or agglomeration. Direct shipment ores of magnetite are relatively unimportant 

and are less easily reducible than hematite ores. Concentrates are ores that are 

upgraded by washing, screening or fine grinding followed by magnetic, gravity or 
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even Hotation procedures for separation. The coarser concentrates may be smelted 

as is; while the fine concentrates are usually referred to as sinter feed. Agglomerated 

ores are mostly ores that are of low grades (under 50% Fe) containing fine grained 

magnetite (e.g., Mesabi taconites) or hematite (e.g., Michigan jasper ore and the 

Quebec-Labrador quartz-specularite ores) that are upgraded by beneficiation and 

concentrating techniques which include accurate burden sizing and the removal 

of fines, together with controlled blending of the iron-bearing materials so as to 

improve the natural iron contents of the ore. The most important agglomerating 

techniques are sintering and pelletizing. The agglomerated ores can be substituted 

for lump ores and can be used as charge and feed ores for blast furnaces. 

As direct shipment high grade ores have become depleted sintering has come 

to account for the major share of iron-bearing material as mentioned earlier. Ini

tially, sintering was seen as a way of utilizing ore fines and Hue dusts arising within 

a steel plant; however, the remarkably improved furnace performance associated 

with pellets led to improvements in sinter technology, led by U.S. Steel, which 

greatly increased the productivity of sinter in the blast furnace. Today, sinters are 

preferred to most direct shipping ores. Modem sinters produce a strong reducible 

charge material, decreasing volatiles and sulfur, and enables Huxes to become part 

of the aggregate. Finally sintering can produce a strong homogeneous product from 

a wide variety of ores of differing physical and chemical properties, widening the 

competitive range of sources and reducing costs. Hematite ores are associated with 

higher productivity in plants, whereas, increasing amounts of magnetite in the feed 

are associated with decreasing productivity. 

Pelletizing was developed by Davis for Reserve Mining Company in the 

U.S. where it served as a technique to up-grade economically the enormous quanti

ties of low-grade taconites on the Mesabi iron range (Gold, B. et. al.,1984, p. 309). 

Taconites are hard lean ores derived from ferrous silicates with iron content ranging 

from 25 to 35%. It was initially considered as a mine-based operation. Pelletizing 

was necessary because sintering could not process economically the fine concen

trates produced by grinding and beneficiation of taconite. However, the increased 

productivity of pellets doubled the capacity of iron furnaces. This technique is now 
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being used to process hematites and a variety of other iron-bearing fines, due to the 

increased demand for more productive iron-rich burden material. 

The requirements for economic blast furnace operation set the specifications 

for the type of burden fed to the blast furnace. These requirements differ in dif

ferent parts of the world, and also from furnace to furnace in an area depending 

on the quality of the fluxes and fuels available, and on the end use of the pig iron. 

The blast furnace operator is usually interested in the ores with the best price

quality relationship at his plant. In regards to the quality side of the relationship, 

important factors to consider include the iron content of the ore, the basicity ratio 

[ w~t~ S~~~t~2ga ], the size consists and physical structure of ore particles, and the 

presence or absence of deleterious elements. Discounts are offered for ores of low 

grade and quality, while premiums are given for high grade and quality ores. 

Blast furnace costs are generally related to the quality of the ores, thus 

the ore has to be evaluated to determine its suitability as a source of Fe units 

and its effect on plant economics (See Table 3.31). This table shows the average 

composition of exported ores. Various procedures have been developed to subject 

ores and agglomerates to test conditions similar to that in the various zones of 

the blast furnace. These tests evaluate physico-chemical properties of the burden 

materials that would facilitate efficient operation of the blast furnace. 

Ores of good quality are required to obtain more efficient and more uniform 

furnace operations such that pig iron or uniform silicon and sulfur content is pro

duced while consuming a. minimum amount of fuel. One of the most important 

factors determining fuel requirements is the slag forming materials associated with 

the iron ore. Consistent chemical analysis of burden material may be obtained by 

using proper blending techniques while agglomerating the ore fines. Variations with 

respect to major components of the iron ore should be kept in the following limits: 

Fe ±0.5%, Si02 ± 0.25%, Al20 3 ± 0.25% (Mandal, S.K. et. al. 1978, p. 14). It is 

important to blend principal ores in such a way so as to avoid wide variations in the 

amount and character of the gangue otherwise uniform blast furnace operation will 

not be feasible. Variable ore quality usually causes the furnace to be operated on 



Table 3.31 Average chemical analysis of exported iron ores (percent). 

============================================================================= 

COUNTRY PERCENTAGES (%) 

Fe Si0
2 

Al 2 0 3 CaO MgO P S H2 0 

============================================================================= 

Australia, Mt. Newman 62.0 6.8 4.2 
sinter feed 

Brazil, Rio Doce 65.0 3.6 1.9 
sinter feed 

Canada, Wabush 65.0 5.63 0.22 
Carol concentrates 

Chile 63.0 5.4 2.1 
average 

India 67.0 2.0 2.0 
Grade I 

Liberia 
LAMCO sinter feed 65.4 4.19 0.99 
Bong Mines pellets 64.4 [.6 0.25 

Mauritania, Fort Gouraud 
lump/concentrates 65.0 4.3 1.2 

Peru 
average 62.0 5.5 1.1 

South Africa, Sishen 
lump 65.6 3.04 1.54 

Sweden 
Kiruna B pellets 67.0 2;9 0.6 

U. S. Lake Ore 
Aurora pellets 64.8 5.97 0.36 

Venezuela, Sidor 
lump 62.9 1.60 1.2 

0.21 

0.5 

1.0 

0.12 

1.2 

0.45 

0.07 

0.07 

0.19 0.009 

0.14 

0.08 

0.05 
0.02 

0.03 

1.0 0.1 

0.02 0.05 

0.95 1. 5 

0.40 0.013 

0.06 

0.05 

0.006 

0.02 

0.024 

0.004 

6.0 

5.0 

3.43 

1.2 

4.0 

8.0 
4.5 

2.7 

2.0 

2.77 

6.0 

============================================================================== 

Source: Liberian Ministry of Lands, Mines & Energy (1987); U. S. Steel (1985, 
pp. 265-290); DeVany (1985, p. 20-2); Metal Bulletin (1981, 1979); 
Meyer, K. (1980, p. 51, p. 61); United Nations (1968a, p. 193). 

.... 
en 
en 
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the hot side which require large amounts of fuel consumption and results in changes 

in the ore analysis. Ore mixtures that vary widely in composition are usually send 

to the open hearth furnaces instead of the "basic oxygen furnaces (Joseph, T.L , 

1985, P. 1287). 

Some of the impurities in the iron ore may be controlled by regulating the 

amount of these elements in the ore mixture, a situation common with phosphorus. 

Manganous oxide in the ore is reduced by high temperature and this increases the 

recovery of this element in the metal. To obtain wide variations of managanese in 

the metal, the amount of the element in the ore mixture also has to be varied. Sulfur 

is removed from the metal by a chemical reaction involving the slag, iron sulfide and 

coke; the reaction being mostly due to the temperatures ~f the contiguous layers 

of iron and slag. Increased amounts of sulfur in the ore requires adjustments in 

blast furnace operation that add to the cost of producing pig iron. Operating data 

from blast furnace of Kaiser Co. Inc., Fontana Ca. show high sulfur iron ore can be 

converted into satisfactory raw material by complete crushing to i in. and sintering 

the crushed product with moderate amounts of carbon. The low amount of coke 

suggested for the sintering process is significant because it shows that excessive 

amounts of carbon must be avoided if the major portion of sulfur in the ore is to be 

eliminated. It is suggested that carbon in excess of 4% tends to protect the sulfur 

against oxidation (Joseph, T., 1985, p. 1288). 

The metallurgical value of iron ore can be determined by the additional blast 

furnace cost of producing hot metal from various iron-bearing material based on the 

amount of fluxes and coke required to neutralize the non-ferriferous component of 

the blast furnace burden. This additional cost is sometimes called penalties by steel 

producers and is based on the chemical composition of the iron-bearing material. 

The chemical analysis in Table 3.31 is used for determining additional blast furnace 

cost. Below is the formula used to calculate this cost which is based on a study by 

the United Nations (1968, pp. 193-194). The additional theoretical cost incurred 
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by the preparation of the blast furnace burden is represented as: 

A.,+, c;) (1.45i02 - caO) + c;, (1~~) ( CaO + MgO+ 

5i02+ A120. + (1.45io. - cao»)] (1~)' (3.2) 

where 

Ac = total additional cost of fluxes and coke used to neutralize non

ferriferous component of ore, $/tonne, 

Cl = cost of limestone, $ /tonne, 

Cc = cost of coke, $ /tonne, 

Si02 = % of silica contained in ore, 

C aO = % of calcium oxide contained in ore, 

M gO = % of magnesium oxide contained in ore, 

Al20 3 = % of alumina contained in ore. 

To calculate Ac, the cost of limestone in 1984 is assumed to be $11.80 per 

tonne, while the cost of coke at the furnace is taken as $49.90 per tonne (Old, 

B. et ale 1985, p. 147). The required basicity of the burden is obtained by adding 

limestone flux (CaC03); however, since only the lime content in the flux is active, 

the ratio between the atomic masses of CaO (56) must be taken into account. The 

unit coefficient of adding limeston~ is represented by [Cl (1::)] or 21.1. The unit 

coefficient of the cost of neutralizing the slag is represented by [cc (11::0)] or 7.5. 

It takes about 150 kg of coke to neutralize one tonne of slag. The additional blast 

furnace costs based on equation (3.2) is given in Table 3.32, for a standard ore of 

64% Fe. Based on these costs, Venezuela will have the least penalties, followed by 

India, Sweden, South Africa, Brazil and Liberia. Liberian sinter feed has the sixth 

lowest penalty and is within $1.16 of the Venezuelan penalty. The Liberian ore 

has no sulfur and very little phosphorus thus it is comparable in quality to ores of 

the major competitors. To these costs should be added those for removing other 

deleterious elements in the iron-bearing material, so that the actual cost of these 

ore may be accurately assessed. 



Table 3.32 Additional blast furnace cost based on chemical characteristics 
of iron ores. 

=========================================================================== 

COUNTRY GRADE OF ORE ADDITIONAL COSTS 
(% Fe) Cents/tonne Cents/Fe unit 64% Fe 

Equivalent 
($/tonne) 

RANK 

============================================================================ 

Australia 

Brazil 

Canada 

Chile 

India 

Liberia 

Mauritania 

Peru 

South Africa 

Sweden 

u. S. 

Venezuela 

62.0 

65.0 

65.0 

63.0 

67.0 

65.4 

65.0 

62.0 

65.6 

67.0 

64.8 

62.9 

355 

185 

266 

262 

110 

207 

213 

286 

142 

124 

280 

85 

5.73 

2.85 

4.09 

4.16 

1.64 

3.17 

3.28 

4.61 

2.17 

1.85 

4.32 

1.35 

3.67 

1.82 

2.62 

2.66 

1.05 

2.02 

2.10 

2.95 

1.39 

1.18 

2.76 

0.86 

12 

5 

8 

9 

2 

6 

7 

11 

4 

3 

10 

1 

=========================================================================== 

Source: Derived from chemical analysis of iron ores given in Table 3.31 and 
equation (3.1). 

... 
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One of the operating constraints of blast furnace operation is host metal con

tent of silica. It is believed that high silica ore increases the cost of pig iron because 

it generates more slag, requires more flux, decreases output per day and increases 

the amount 'of coke required per tonne of pig iron produced. The composition of 

major exported iron ores shows silica content varies from 1.6% for Venezuela to 6.8% 

for Australia (See Table 3.31). This range of silica is acceptable for majority of the 

blast furnaces in the world. Most of the steel mills in the world require varying 

amounts of Si02 , such that ores with silica content of 4-6% me considered good 

quality. Ores with this' range of silica are used in about 90% of the blast furnaces 

in the world. Most beneficiated ores average 4-5% Si02 (Coburn, J. 1988). 

Some of the physical properties considered essential to evaluating various 

iron-bearing materials (ores and agglomerates) which are used as burden materials 

for blast furnaces include the size range, compression strength, reducibility, low 

temperature disintegration, swelling characteristics and reduction under load. The 

size range of ore bearing materials is important for efficient operation of the blast 

furnace in that it has an effect on gas permeability, reducibility and decrepitation 

characteristics. Decrepitation is a measure of the breakdown which occurs after an 

ore which has been introduced into the furnace is cooled. It refers to the portion 

of -0.5 mm (-0.02 in.) and 0.5 to 5.6 mm (0.02 to 0.22.in.) material remaining 

after ore of known size is chmged into a furnace vessel that is previously heated to 

750°F (400°C) and 1110°F (600°C) in air, nitrogen or midly reducing atmosphere 

until the chmge attains the furnace temperature (Ball, D.F. et al. 1973, p. 63). 

Size distribution of iron-beaTing material in the blast furnace can afFect the 

void fraction contained in a packed bed of particles. Ranade (1984, p. 5) points 

out that fine particles tend to occupy voids between lmge pmticles, thus reducing 

the overall void fraction. The size distribution can be said to afFect blast furnace 

permeability and may have some effect. on the rate of iron oxide reduction in the 

furnace. An objective in ore prepmation is to increase the size of pmticles smaller 

than i in. because they offer high resistance to gas flow and are pa.Ttly responsible 

for the dust caTried out in the exit gas (Ball, D.F. et al. 1973, p. 52; Mandal et 

al. 1978, p. 14). Mandal et al. (1978) further note that fines adversely afFect the 
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furnace permeability by choking the interparlicular space. An increase of 1% in 

fines in blast furnace burdens reduces productivity by the same percentage, thus 

- 5 mm (-0.20 in.) fraction in the burden is restricted to 5%. The following are 

reported size ranges for various products in blast furnaces. Lump ores should fall 

in the range of 6-10 mm (0.24-0.39 in.) to 25-30 mm (0.98-1.18 in.) depending on 

reducibility, sinter 5 to 40 mm (0.20 to 1.57 in.), pellet 9 to 16 mm (0.35 to 0.63 

in.) and minus 5 mm ( -0.20 in.) in burden should not exceed 5%. 

The strength of sinters and ores is determined by the shatter test. The test 

involves dropping 44lb (20 kg) of an ore or sinter greater than 0.39 in. (10 mm) in 

size four times from a height of 6 ft (2 m). The material which results is screened 

and the shatter index is the percentage of material greater than 0.39 in. (10 mm) 

which survived the fall. Indexes of 80-83 percent are considered good values for 

sinters and indicate strong sinters (Ball, D.F. et al. 1973, p. 52). 

Another measure of strength of lump ores, sinters and pellets is the tumbler 

and abrasion test. This test consists of subjecting 25 lb (11.3 kg) of -2 in. + 1 
in. (-51 + 9.5 mm) sinter or ore, or -Ii in. + f in. (-38 + 6.3 mm) pellets to 

200 revolutions at 25 revolutions per minute in a drum 36 in. (915 mm) in diameter 

and 18 in. (45 mm) in length. The tumbler index is the percentage weight of ~ 

in. (6.3 mm) material surviving the test, while the abrasion index is the percentage 

of -30 mesh (595 I'm) material produced. Some test on tumbler and abrasion 

indices suggest that typical tumbler indexes for lump ores vary from 59.8 to 97.6%, 

sinters from 60 to 80%, and pellets from 85 to 96% (Ball, D.F. et al. 1973, p. 53; 

Mandal, et al. 1978, p. 16). Productivity of the blast furnace seems to increase as 

the tumbler index of of sinter increases. 

The compression strength in the cold state is usually used to measure the 

strength of pellets. The index measures the ability of pellets and lump ores to 

withstand handling during shipment. In this test, a sample of 0.39-0.59 in. (10-15 

mm) material is dried at 220°F (105°C) and 4.41b (2 kg) of this material is placed 

in a steel cylinder of 7.9 in. (200 mm) inner diameter which is closed with a free 

running piston and equipped with a removable base. The cylinder is then placed in 

a press and a pressure of .100 tonne is applied. The compressed sample is removed 
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and the percentage of + 0.2 in. (5 mm) surviving is considered as the compression 

index. This index value varies from 20% for very friable pellets to about 75% for 

very hard pellets (Ball, D.F. 1973, et al., p. 55). 

Reducibility refers to the ease with which oxygen can be removed from the 

burden. These values give an indiction of the fuel required in the blast furnace 

and also provide information for arriving at the optimum size range in which any 

material should be employed. High reducibility values of burden bring about high 

rate of indirect reduction in the blast furnace and result in low coke rate. Desirable 

reducibility index of bUrden materials as measured by the International Standard 

Organization (ISO) method is a reduction rate of at least 0.5% per minute. When 

applied to sinters and pellets, this index depends on their chemical composition. 

Acid pellets have values of 0.60 to 0.85% per minute minimum, while those for acid 

sinters are lower (Ranade, 1984, pp. 5-7). Basic sinter have reducibility indexes 

similar to those of pellets. Tests conducted at an Italian steel mill demonstrate 

that coke rate decreases as reducibility increases to a certain level after which the 

effect seems to be marginal (Mandal, et al. 1978, p.17). Reducibility is reported by 

Ranade (1984, p. 6) to affect utilization of the reducing potential of CO and H2 

gases in the furnace. 

Low temperature disintegration refers to the thermal and mechanical stresses 

experienced by iron ore that is charged into a blast furnace when subjected to 

reducing gas. This has a significant influence on the performance of a blast furnace. 

There are two methods for determining low temperature disintegration behavior 

in furnace burdens. In one method, the material undergoes tumbling after static 

reduction, while in the other, the dynamic method, it undergoes tumbling during 

reduction. The ISO dynamic method shows that tumbler index of + 6.3 mm fraction 

should be more than 35 for sinter and 65 for pellets. These values vary widely for 

lump ores (Mandal, et at. 1978, p. 18). 

The phenomenon of swelling is usually associated with pellets and occurs 

during transformation from hematite to magnetite. Excessive swelling of pellets in 

the blast furnace adversely affects the performance of the furnace. Some tests have 

shown that at all production rates, pellets with a degree of swelling less than 20% 
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did not cause operation problems for the blast furnace regardless of the proportion 

of pellets in the burden. When production is at moderate rates, pellets with a 

degree of swelling between 20 and 40% cowd be used without problems in any 

proportion. Even at high production rates they could be used at up to 60% of the 

iron burden, however, the operation develops problems at the 90 and 100% level. 

At high production rates, pellets that have a degree of swelling in excess of 40% 

will cause unstable operation; however, at moderate production rates, they could 

be used without creating problems as long as their proportion in the burden is less 

than 60%. Swelling also affect burden movement, gas distribution, and permeability 

(Ranade, M.G. 1984, p. 7). 

One of the properties associated with burden materials is that of poor burden 

permeability. It is reported to be caused by swelling, softening, disintegration or de

crepitation. Burghandt is known to have developed a test procedure to evaluate the 

loss of stack permeability due to these effects, particularly swelling and softening, 

in which the materials are isothermally reduced at high temperature under load. 

Results obtained from this test shows that magnetite ores usually retain good per

meability throughout the test, hematite ores show a wide range in pressure drop, 

and pellets usually give good results, though there are exceptions (Ball, D.F. et 

al. 1973, p. 72). Ranade (1984, p. 6) mentions a procedure developed by Nippon 

Steel in which a comprehensive index of softening and melting called the S-value is 

used. The S-value is determined from the differential pressure versus temperature 

curve. Improvements in blast furnace performance has been associated with a min

imum S-value (Ranade 1984, p. 9). British Steel Corporation (BSC) Laboratory 

determined in melting-softening tests that increasing sinter (ii~) ratio resulted 

in an increase in unmelted residue which was related to the furnace driving prob

lems. Sinter on its own was shown to have 100% meltdown at 1500°C with (K~) 
ratio at 1.70 or less. Sinter meltdown is believed to be substantially aided by the 

presence of pellets and direct shipment ore but very little by silica gravel (Haynes, 

D. and Hanniker, G., p. 132). 

The physico-chemical properties of iron-bearing materials discussed thus far 

were shown to affect the performance of the blast furnace. These properties also 
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affect coke rate, hot metal productivity and quality. Steel producers in North 

America, Western Europe and Japan. therefore require certain specifications for 

various iron-bearing materials for their furnaces based on these properties. These 

are the guidelines the exporters of iron ore and agglomerates must adhere to if they 

are to continue to supply iron ore products to these markets. These properties 

and specifications form the basis for trade of iron ore between the producers and 

consumers. There are no universally accepted specifications but those that are 

recommended by some North American., Japanese and British steel producers are 

used as examples (See Table 3.33). This data is derived from the literature and are 

arbitrary. These physico-chemical properties are measured in the laboratory under 

standard conditions and provide an indication of the possible behavior of materials 

in the furnace. The actual behavior of these iron-bearing materials in the furnace 

depends on the specific environment inside the furnace - temperature, pressure, 

gas composition, residence time and alkali circulation, all of which are dependent on 

blast furnace operating variables including Hame temperature, top pressure, burden 

distribution as well as coke properties. 

The use of iron-bearing material meeting specifications in Table 3.33 would 

probably produce satisfactory blast furnace operations in terms of hot metal quality, 

operating stability, and production and fuel rates. The properties of iron-bearing 

materials can be most useful for specified objectives of the blast furnace opera

tor. H the objective of the furnace operator is high hot metal production then 

emphasis could be put on low temperature disintegration characteristics; however, 

if the objective is to achieve minimum coke rate, more emphasis could be placed on 

reducibility. Specification of pellets exported from Liberia is given in Table 3.34. 

Most of the Liberian pellets go to West Germany thus this specification could be 

those required for some West German plants; or the West Germans would alter 

their furnaces or practices given an assumed source of a particular character. The 

specification thus has a bearing on the trading of iron ore on the world market. 

This specification suggests that Liberian pellets compare well with those required 

in Japan and North American. The quality of Liberian pellets thus seem to meet 



Table 3.33 Comparison of selected properties of North American acid pellets, 
Japanese acid pellets and sinter and British sinter. 

============================================================================= 

PROPERTY JAPANESE 
SINTER ACID PELLETS 

NORTH AMERICAN 
ACID PELLETS 

BRITISH STEEL 
CORP. SINTER 

============================================================================== 

ASTM Tumbler Index 60-80 85-96 95% min 67.3-73.4 
(% + 6.3 mm) 

Compression Strength NA 250-300 180-270 NA 
(daN or kg/cm ) 

Low Temperature Dis- 30-45 80-98 30-98 25.4-44.3 
integration 
(% + 6.35 mm) 

Reducibility 0.9-1.2 0.9-1.1 0.6-1.3 1. 25-1. 43 
(% min) 

Softening & Melting 3-5 10-20 10-30 NA 
S-value (kPa) 

Compression Strength NA 45 35 . 32.1-40.6 
after Reduction 
(daN or kg/cm ) 

============================================================================= 

Source: Ranade, M.G. (1984, p. 7); Haynes, D. and Hanniker, G. (1985, p. 127, 
p. 130); Ball, D.F. et a1. (1973, p. 52). 

.--
~ 



Table 3.34 Physical and metallurgical quality of pellets 
from Liberia, 1984. 

======================================================== 

PROPERTY SPECIFICATION 

======================================================== 

SIZE 
16-8 rom 
- 6.3 rom 

ISO TUMBLER INDEX 
+ 6.3 rom 

ISO ABRASION INDEX 
- 0.5 rom 

COLD COMPRESSION STRENGTH 
16-12.5 rom 
12.5-10 rom 
10-8 rom 

LOW TEMPERATURE DISINTEGRATION 
+ 6.3 rom 
- 0.5 rom 

94.0% min 
2.4% max 

95.8% min 

3.5 max 

283 daN (kg/cm 
242 daN (kg/cm 
177 daN (kg/cm 

98.1 % 
0.4 % 

165 

========================================================= 

Source: Liberian Ministry of Lands, Mines & Energy (1987). 

Note - properties measured at pellet plant ISO testing 
procedure. 
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the specifications of the Japanese, U.S. and Western European markets. The com

position and structure of Bong Mines iron ore products is shown in Table 3.35. 

These are considered high purity products. . These finished products are derived 

from an ore feed containing 36.5% Fe (White, L. 1985, p. 28). The washing plant 

at LAMCO (Buchanan) produces Nimba Washed Lump (NWL) 10% + 30mm and 

23% - 9 mm; Nimba Washed Fines (NWF) 9% + 6.7 mIn, 30% - 150 I'm, and 

15% - 75 I'm; and pellet plant feed or Nimba Concentrate (NCR) 96% - 150 I'm 

(White, L. 1985, p. 30). The chemical analysis of iron ore products from LAMCO 

is given in Table 3.36. The table shows that LAMCO products are of high quality 

and have lower silica content than those of Bong Mines. 

In addition to the price-quality relationship, the 'merchantable iron ores 

should have a maximum content of iron and a minimum content of gangue or waste 

constituents as stated above. The overall composition of the blast furnace burden 

must be chosen with the aim of producing pig iron of consistent quality. The usual 

composition of pig iron intended for steelmaking in North America according to 

Peters (1982, p. 55) based on the use of U.S. Lake ores is given below: 

Carbon 3.8 to 4.3% 

Silicon 0.6 to 1.3% 

Sulfur 0.02 to 0.08% 

Phosphorus 0.06 to 0.2% 

Manganese 0.3% to 1.5% 

Analysis of pig iron produced from Bong ores shows: carbon 4-4.2%, silicon 

0.8%, sulfur 0.03%, phosphorus 0.072% and manganese 1.8% (Margueron 1969, 

p.380). Normally, the burden should attain minimun slag volume consistent with 

effective fluxing of the gangue and should eliminate deleterious elements such as 

sulfur, phosphorus and alkalis to an optimum level. The typical analysis of slag 

from a North American blast furnace producing basic iron (hot metal intended for 

conversion to steel in based line furnaces) with a basicity of between 1.1 to 1.2 is 

reported by Peters (1982, p. 54) as: 

CaO 40-48% 
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Si02 32-40% 

Al20 a 8-15% 

MgO 2-6% 

S 1-2% 

FeO 1-3% 

Slag from the Bong Mines ores used in pig iron production mentioned earlier 

show the following constituents: CaO 33.2%, Si02 37.0%, A120a 10.1%, MgO 8.2%, 

S 3.9%, and FeO 1.3% (Margueron, C. 1969, p. 380). In areas where sinter con

stitutes a major proportion of the blast furnace burden, satisfactory performance 

could be achieved if the slag were to contain about 12% alumina, a minimum of 8% 

MgO, and a basicity of 1.05. This burden is typical of those used in Britain (Metal 

Bulletin, 1979, p. 123). Blast furnaces which consume additional Fe units in the 

form of lump ore and/or pellets set constraints on the low temperature breakdown, 

reducibility and swelling characteristics of the blast furnace charge. It is reported 

that slag volumes as low as 369.3 lb (167.5 kg) per tonne of hot metal have been 

attained with an all-pellet burden and an average pellet analysis of 64.8% Fe, 4.76% 

Si02 , and 0.36% A120 a (DeVaney 1985, p.20-2). The primary objective of the op

erator is to attain minimum fuel rates and iron output of correct quality, the latter 

being measured mainly by sulfur and silicon contents. It is further observed that 

to attain a consistent quality of iron accompanied by stable furnace operation, the 

level of slag basicity is critical in controlling sulfur. 

The quality of exported ores were shown to be dependent upon the physico

chemical properties of iron-bearing materials as well as the additional cost of fluxes 

and coke required in the burden. This analysis has shown that steel producers in 

Japan, the u.s. and Western Europe give specifications for the type of iron-bearing 

material utilized at their plants. Based on these general guidelines, it was shown 

that Liberian pellets meet these specifications. There were no detailed specifications 

obtained for Liberian sinter feed, however, review of the literature on sinter feed 

from LAMCO shows that it is of high quality and that no operation problems 

were reported due to its use in blast furnaces. The size and structure of iron ore 

products from Liberia were given and they appear to meet the standard described 
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earlier. In regards to metallurgical value of Liberian ores, sinter feed was selected 

as an example and was compared with other exported ores. The result shows that 

Liberian sinter feed ranks sixth, while VeneZuelan ore ranks first. H one looks at 

the total exports of iron ores on the world market in 1984, which amounted to 380 

million tonnes, than roughly 40% or 151 million tonnes had a higher quality than 

Liberian iron ores. Liberian iron ores on the other hand were of a higher quality 

than 56% or 212 million tonnes of the iron ores traded on the world market in 

1984. The composition of iron ore shipments on the world markets in 1984 and 

1985 consisted of approximately 60% sinter fines (sinter feed), 25% lump ores, 10% 

pellets with the remaining being pellet feed, sinter, etc.(UNCTAD, 1986a, p. 16). 

This measure of additional blast furnace cost should be used in conjunction with 

the c.i.f. costs to the various markets in order to compare total cost of the various 

ores to the blast furnace operator. The quality of the ore should also be based on 

the added cost of removing sulfur and phosphorus which are not a problem with 

Liberian ores. It may be inferred that Liberian iron ores are of comparable quality 

to the best ores traded on the world market. 

To conclude, it should be ~called that improvement in blast furnace charge 

preparation which is achieved mainly by iron ore beneficiation, agglomeration, re

placement of poor quality ores by ores with high iron content accompanied by an 

increase in the basicity of the charge, have greatly influenced the productivity of 

blast furnaces. These improvements have also contributed to increased efficiency 

in the blast furnaces in the U.S., Western Europe and Japan, in addition to other 

steel producing countries or regions. 

3.2.3 Changing mill locations 

The location of steel mills have undergone some changes since the early 1950s. 

The main factors influencing steel plants location are the presence of raw materials, 

energy sources, demand for steel and local markets; the existence of a labor force 

and wage costs; the capital outlay required; infrastructural costs, and in some cases, 

the protection of the environment (U.N. 1979, p. 153). The factors influencing plant 

location are constantly changing in importance, reflecting the increasing complexity 



Table 3.35 Composition and quality of Bong Mines' iron ore products. 

1===========================================================================1 
I CHEMICAL ANALYSIS (%) 1 
I 1 
1 Fe FeO Si02 Al203 CaO P MgO S Na20 K20 Cu 1 
I . 1 

1===========1=====1=====1======1=====1=====1====1====1====1=====1====1====== 
1 I I I I I I I I I I 1 
I Feed ore I 36.5 I I 41. 3 I 1. 2 I O. 7 I 0 .06 I 1. 4 I 0 .03 I I - I 
I I I I I I I I I ,I I 1 
ISinter feedl64.5 114.5 I 7.5 I 0.3 I 0.1 10.041 0.110.0310.09 10.0910.001 
I I I I I I I I I I I I 
IPellets 164.3 I 0.9 I 7.0 I 0.3 I 0.4 10.041 0.210.0310.09 10.0910.001 
I I 1 I I I I I I I I I I I I 1 1 1 1 __ 1 __ 1 __ 1 I 1 __ _ 

I 
I 

SIZE STRUCTURE 

ISinter feed (nun) 1+ 1.0 + 0.5 1+ 0.3151+ 0.2 1+ 0.1 1+0.0631+0.0441+0.025 
1 1 1 I I I I I 
1 (%) I 3.1 6.2 I 12.0 I 24.2 I 64.1 181.7 190.7 193.4 
I I 1 1 I I 
IPellets (nun) 1+16.0 116.0-8.018.0-6.31- 6.3 I 
I 1 1 1 I I 
I (%) I 1.5 1 90.0 1 2.5 I 5.0 I 
I I I 1 I I 
1================1======1========1=======1======1=========================== 
Source: Modified after White, L. (1985, pp. 25 & 28). 

.... 
~ 
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Table 3.36 Chemical composition of iron ore products 
from LAMCO, 1977. 

==============================~=========================== 

PRODUCT 

Fe 

CHEMICAL ANALYSIS (%) 

P Loss on 
Ignition 

=========================================================== 

Feed ore 63.3 

Nimba Washed Lump 64.7 

Nimba Washed Fines 65.5 

Nimba Concentrates 66.4 

5.7 

3.8 

3.0 

3.0 

1.4 

1.2 

1.1 

0.7 

0.061 

0.069 

0.054 

0.051 

2.2 

2.4 

1.9 

1.1 

========================================================== 

Source: Modified after Lindberg, T. (1979, p. 201). 
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of the steel industry world wide. Other factors to consider in plant location and or 

expansion include the evaluation of future technological changes and of optimum 

plant size, which will reduce the transport component of production costs. Raw 

material priCes and other specific costs are also important factors in selecting a 

plant site. The changing importance of these factors is evident when one notes 

the gradual decline in transport costs which has reduced the importance of the 

transport factor in site selection, while increasing that of others. This decline in 

freight rates does not refer to inland freight rates for suppliers and buyers. Inland 

transport rates are higher in most instances. 

In the 1950s and earlier periods, when larger quantities of raw materials 

were required for iron and steel production than today, and when transport costs 

were high, it was customary for steel plants to be located near those raw materials. 

Except for the U.S., steel plants were traditionally constructed near iron ore and 

coal deposits. However, as market access rose as an important factor and transport 

cost declined, factors such as service, skilled labor and favorable infrastructural 

conditions began assuming greater weight in plant location. 

In Japan, the Eastern U.S. and Europe, iron and steel industry has expanded 

on the basis of imported ores, or fuel, having relied on low cost ocean transport to 

keep it's import cost competitive, and easy export to consuming centers in the 

world market. The same applies "to Italy, the Netherlands and other countries 

having no ore deposits of their own, which have developed their steel industry in 

coastal areas. The traditional steel producers located in interior regions are also 

increasingly importing high grade ores to supplement their depleting ore reserves. 

Some of the developing countries with zero-cost gas resources have adopted 

the direct reduction process to produce steel rather than flare the gas and have 

subsidized plants in coastal regions. The oil producing countries of the Middle East 

are constructing coastal steelworks based on high grade ore imports and the use of 

zero-cost gas for their direct reduction or on imports of pre-reduced pellets. The 

use of direct reduction technology is too energy inefficient for developed regions, 

but has grown in some developing countries in which steel consumption is low. The 
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building of direct reduction plants in coastal areas encourages export of steel since 

these countries are not in the position to consume the output of large integrated 

plants. The trend exhibited here shows the shifting location of steel mills over the 

past thirty-five years. 

It is appropriate to note in conclusion of this section that the factors con

sidered in plant location have had varying degree of importance over the decades 

reviewed. Initially, the dominance of sites being close to raw materials were demon

strated. As technological change in transportation reduced Lake shipping and ocean 

transport costs, the location of steel mills shifted closer to market areas and to 

coastal locations with export potential. Factors such as infrastructure, la.bor costs, 

and cheap sources of energy emerged as determining factors in plant location and 

this is evident when one surveys the location of steel mills built since 1965. As the 

technology of iron and steel production changes, and as new markets for iron and 

steel develop, so will factors crucial to steel mill location change, thereby, resulting 

in new locations for steel mills. 

3.2.4 Changing mill requirements 

The quality of ore required in the blast furnaces has changed from 1950 to 

1985. Bessemer type steel vessels, especially the oxygen enriched modem furnaces, 

do not permit the access and ease of quality control given by the open hearth. As 

BOF speed and size increased, improved pig iron quality became more necessary 

to produce the steadily improving quality of steel products. These trends required 

steel producers vying in world markets to remove impurities from their products at 

the iron stage. The iron ore industry was given specifications for those grades and 

types capable of producing better and more uniform chemical compositions and in 

forms which made the blast furnaces more productive and efficient. Ores with a high 

or variable silica contents were rejected, while ores with a high phosphorus content 

were accessed penalties. Blast furnace operators in 1950 regarded direct shipment 

Lake Superior lump ores close to 60% as the world's premium, and blends of 50 

percent iron as satisfactory raw material. With the advent of high grade pellets 

and sinter blast furnace operators achieved such high productivities they came to 
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reject such ores as being too lean and soft. Increasingly they require ores of 63 

percent iron or higher with a hardness to sustain burden in the modern furnace. 

Iron ore was initially charged directly to the blast furnace in the 1950s if the 

grade was high enough. With the advent of technological. change in ore beneficiation 

and processed sinter and pellets as blast furnace feeds, each type of ore and blend 

giving a unique performance, blast furnaces came to employ the combinations that 

gave the widest and most efficient result. Iron and steel producers today are likely 

to require homogeneous high quality lump ores such as those from Australia, South 

Africa and Brazil, or superior grade pellets, and other pre-reduced iron products 

that reach 85% Fe, and sinter feed such as those from Liberia. Growth in pellets 

seem less likely since the increased energy costs under current conditions, so that 

sinters have become predominant burden material. from lower grade ores. However, 

pellets will be used in the U.S. where costs are favorable and reliance on them has 

been established. Some pellet production will increase in those areas where the ore 

deposits are only amenable to pelletizing, and in those new steel markets like the 

Middle East, Nigeria and Latin America where electric arc furnace facilities based 

on DR! are utilized. 

3.2.5 Changing pattern of iron ore production and trade 

The iron ore industry has ~xperienced a shift from traditional producing 

centers in the Western to the Eastern World, and in the West there has been an 

accelerated growth of the industry in developing countries. Major producers were 

the largest consumers in 1950, the U.S., USSR, and EEC. Together with Sweden, 

the major exporter, these countries produced 216 million tonnes of iron ore and 

concentrate, accounting for 86.4% ~f world production which was 250 million tonnes. 

Each of these regions produced ore and concentrate in excess of 10 million tonnes. 

By 1960, annual production had reached 522 million tonnes, which indicated an 

annual. growth rate of 7.6% for 1950 to 1960. In 1970, world production was 763 

million tonnes and the growth rate 3.9%, but added to the major producers were 

Australia., China., Brazil, India, Sweden, Liberia. and Venezuela. After 1975 growth 

slowed dramatically. In 1980, world production was 887 million tonnes, yielding 
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an annual growth rate for the decade of 1.5%. By 1985, annual production had 

stagnated at 896 million tonnes, with an annual growth rate of only 0.2%. Table 

3.37 shows major producers from 1950-85, wline Table 3.38 shows the annual growth 

rate for selected periods since 1950. The EEC is considered as one producer which 

includes France, West Germany, Italy, Belgium-Luxemburg, United Kingdom (UK) 

and the Netherlands. 

Global iron ore production for selected years for the period 1950-85 will 

be reviewed next. Industrialized countries of North America and Western Europe 

produced 70.8%, while the rest of the world produced 29.2% in 1950. By 1970, 

Western Europe and North America accounted for only 34.2%, and the rest of the 

world 65.8%. In 1980, North America and Western Europe share had fallen to 

18.8%, while that for the rest of the world rose to 81.2%; by 1985, the share of 

North America and Western Europe was down to 14.7%, while that for the rest of 

the world was 85.3%. The share of major producers of iron ore in 1950 were US 

39.8%, EEC 23.4%, USSR 17.6%, Sweden 5.4%, Canada 1.3%, and India 1.2%. By 

1985, the complexion of the iron ore industry was completely changed outside the 

USSR. The major producers' share were USSR 27.7%, China 14.5%, Brazil 13.4%, 

Australia 10.6%, US 5.4%, EEC 4.9%, India 4.7%, Canada 4.4%, South Africa 2.7%, 

Sweden 2.3%, Liberia 1.8%, and Venezuela 1.7%. Each of these countries produced 

more than 14 million tonnes in 1985. The trend in global iron production from 

1950-85 is shown in Figure 3.7. 

The developing countries as a group have increased their share of iron ore 

production greatly since 1950. In 1950, they produced 16.8 million tonnes of iron 

ore or 6.7% of world production; by 1985, they produced 240.6 million tonnes or 

26.8% of global production. The major producers in the developing countries since 

1950 are shown in Table 3.39. In 1985, the major producers included Brazil, India, 

Liberia, Venezuela, Mexico, and Mauritania. Eacl:J. of these countries produced 

more than 9 million tonnes of iron ore in 1985. These developing countries grew 

prominant as exporters of iron ore to the industrialized steel producing centers and 

this aspect will be discussed later. 
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Table 3.37.World iron ore production, selected years, 1950-85 (million tonnes). 

=============================================================================== 
COUNTRY/REGION 1950 1960 1970 1980 1982 1983 1984 1985 
=============================================================================== 

NORTH AMERICA 
U. S. 
Canada 

102.9 

LATIN AMERICA 
Brazil 
Chile 
Mexico 
Peru 
Venezuela 
Other 

PACIFIC BASIN 
Australia 
India 
Other 

AFRICA 
Liberia 
Mauritania 
South Africa 
Other 

WESTERN EUROPE 
EEC 
Spain 
Sweden 

UNALLOCATED 

WESTERN WORLD 

EASTERN BLOC 
USSR 
Eastern Europe 
China 
North Korea 

WORLD TOTAL 

99.6 
3.3 

5.8 
2.0 
3.0, 
0.6 

0.2 

7.6 
2.4 
3.0 
2.2 

7.0 

1.2 
5.8 

74.4 
58.5 
2.1 

13.6 

3.0 

200.5 

49.5 
44.0 
3.5 
2.0 

250.0 

108.3 
88.8 
19.5 

43.4 
9.3 
6.0 
0.9 
7.0 

19.5 
0.7 

29.9 
4.4 

10.7 
9.8 

14.3 
3.0 

3.0 
8.3 

138.5 
111.6 

5.6 
21.3 

14.2 

348.6 

173.4 
106.0 

9.3 
55.0 

3.1 

522.0 

139.6 
91.3 
48.3 

79.1 
30.0 
11.3 

4.8 
9.7 

22.0 
1.3 

90.4 
51.1 
31.4 
7.9 

49.0 
23.7 
9.1 
9.1 
7.1 

121.1 
82.2 
7.1 

31.8 

27.3 

506.5 

256.5 
195.5 
10.0 
43.0 
8.0 

763.0 

97.0 
70.7 
26.3 

154 .• 1 
114.7 

8.6 
8.1 
5.7 

16.1 
0.9 

143.9 
95.5 
40.7 
7.7 

60.0 
18.2 
8.6 

26.3 
6.9 

69.8 
32.7 
9.9 

27.2 

23.2 

548.0 

339.0 
250.0 

6.0 
75.0 
8.0 

887.0 

71.4 
36.0 
35.4 

125.2 
93.1 
5.8 
8.2 
5.8 

11.2 
1.1 

136.0 
87.8 
40.9 
7.3 

58.4 
18.3 
8.3 

24.6 
7.2 

44.9 
21.2 
7.6 

16.1 

6.7 

442.6 

337.0 
243.9 

6.1 
71.0 
8.0 

779.6 

68.5 
38.6 
29.9 

120.2 
92.1 
5.2 
7.9 
4.4 
9.5 
1.1 

118.7 
73.2 
37.6 
7.9 

46.4 
15.4 
6.6 

16.6 
7.8 

38.3 
17.3 
7.5 

13.5 

14.6 

406.7 

373.0 
245.2 

6.1 
113.7 

8.0 

779.7 

89.9 
52.1 
37.8 

146.5 
112.1 

5.6 
10.5 

4.2 
13.1 
1.0 

139.7 
91.6 
40.8 
7.3 

57.7 
16.1 

9.0 
24.6 

8.0 

42.2 
16.7 
7.4 

18.1 

13.5 

489.5 

383.5 
247.1 

6.5 
121.9 

8.0 

873.0 

87.8 
48.8 
39.0 

156.5 
120.0 

5.8 
9.5 
5.1 

14.8 
1.3 

144.8 
95.3 
42.5 
7.0 

55.8 
16.1 

9.2 
24.4 
6.1 

43.7 
16.4 

6.7 
20.6 

15.5 

504.1 

392.3 
248.0 

6.3 
130.0 

8.0 

896.4 

============================================================================~ 

Source: U. S. Bureau of Mines Minerals Yearbook (various issues); Mining 
Annual Review (various issues). 
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Table 3.38 Growth in iron ore production (compound annual 
percentage rates, 1950-85). 

=========================================================== 

COUNTRY/REGION 1950-85 1950-60 1960-70 1970-80 1980-85 

=========================================================== 

Australia 11.1 6.2 27.8 6.5 - 0.04 

Brazil 12.4 16.6 12.4 14.5 0.9 

Canada 7.6 19.4 9.5 - 5.9 8.2 

EEC - 3.5 6.7 - 3.0 -8.8 - 12.9 

India 7.9 13.6 11.4 2.6 0.9 

Liberia 13.8 35.1 23.0 - 2.6 - 2.4 

South Africa 9.0 9.6 11.7 11.2 - 1.5 

Sweden 1.2 4.6 4.1 - 1.6 - 5.4 

U. S. - 2.0 - 1.1 0.2 - 2.5 - 3.6 

Eastern Bloc 6.0 13.4 4.0 2.8 1.9 

USSR 5.1 9.2 6.3 2.5 - 0.2 

Eastern Europe 1.7 10.3 0.7 - 5.0 1.0 

China 12.7 39.3 - 2.4 5.7 11. 6 

North Korea 9.9 

============================================================ 

Source: Derived from Table 3.37. 
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Table 3.39 Iron ore production in developing countries, selected years, 
1950-85 (million tonnes) . 

=============================================================================== 
COUNTRY/REGION 1950 1960 1970 1980 1982 1983 1984 1985 
=============================================================================== 

LATIN AMERICA 
Brazil 
Chile 
Mexico 
Peru 
Venezuela 
Other 

PACIFIC BASIN 
India 
Other 

AFRICA 
Liberia 
Mauritania 
Other 

UNALLOCATED 

WESTERN WORLD 

EASTERN BLOC 
North Korea 

WORLD TOTAL 

5.8 
2.0 
3.0 
0.6 

0.2 

5.2 
3.0 
2.2 

5.8 

5.8 

16.8 

16.8 

43.4 
9.3 
6.0 
0.9 
7.0 

19.5 
0.7 

20.2 
10.7 

9.5 

11.3 
3.0 

8.3 

74.9 

3.1 
3.1 

78.0 

79.1 
30.0 
11.3 
4.8 
9.7 

22.0 
1.3 

39.2 
31.4 
7.9 

39.9 
23.7 

9.1 
7.1 

154.1 
114.7 

8.6 
8.1 
5.7 

16.1 
0.9 

44.8 
40.7 
4.1 

33.7 
18.2 
8.6 
6.9 

1.0 

158.3 233.6 

8.0 
8.0 

8.0 
8.0 

166.3 241.6 

125.2 
93.1 
5.8 
8.2 
5.8 

11.2 
1.1 

45.2 
40.9 
4.3 

33.8 
18.3 
8.3 
7.2 

1.3 

120.2 
92.1 
5.2 
7.9 
4.4 
9.5 
1.1 

42.9 
37.6 
5.3 

29.8 
15.4 

6.6 
7.8 

1.3 

205.5. 194.2 

8.0 
8.0 

213.5 

8.0 
8.0 

202.2 

146.5 
112.1 

5.6 
10.5 

4.2 
13.1 
1.0 

45.8 
40.8 
5.0 

33.1 
16.1 

9.0 
8.0 

1.3 

226.7 

8.0 
8.0 

234.7 

156.5 
120.0 

5.8 
9.5 
5.1 

14.8 
1.3 

43.5 
42.5 
1.0 

31.4 
16.1 

9.2 
6.1 

1.2 

232.6 

8.0 
8.0 

240.6 

============================================================================= 

Source: U. S. Bureau of Mines Minerals Yearbook (various issues); Metal 
Bulletin Handbook (various issues); Wilshire, B. et ale (1983); 
Mining Annual Review (various issues). 
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Detailed evaluation of production data for the thirty-five year period shows 

that a major portion of the increase in production consists of higher grade ores 

originating from newly exploited reserves in Australia, Brazil, Liberia, Mauritania 

and South Africa. It is interesting to note that Australia serving the Pacific Basin 

and Brazil serving Europe now account for about 43 percent of the Western World's 

production in 1985. Both Australia and Brazil have high grade ores and are low 

cost producers. Some of the Australian ores, however, have a higher silica content 

as was shown in Table 3.32. 

The iron ore industry's rapid growth during the 1950s and 1960s continued 

at a slower pace through the 1970s and has been stagnant in the 1980s. This growth 

was mainly due to the huge investments in mines and infrastructure promoted by 

exports which gradually altered the pattern of supply in the industry. Openings of 

new mines in Latin America from 1950, Liberia from 1951, Canada from 1954 and 

Australia from 1965 were largely financed by U.S., European and Japanese steel 

companies. As production commenced at these mines, so did the shift in source of 

iron ore on the world market. 

Contributing factors to the shift in iron ore production included depletion 

and the need for better quality and higher grade burdens in the blast furnaces. 

Most of the key high grade direct shipment ore deposits in the traditional mining 

districts of the U.S., Canada, Europe and Latin America were nearing exhaustion, 

and considering the growing competition with pellets and the demand for higher 

grade pig iron as steel producers shifted to BOF processes, producers had to meet 

a large portion of demand for deposits with a large proportion of fines by importing 

higher grade sinter feed from the new mines in Latin America, West Africa, Canada 

and Australia. As Japan increased its steel production from 5 million tonnes in 

1950 to 112 million tonnes in 1980 without domestic iron ore resources, it imported 

large amounts of iron ore from other areas. As unit transport costs declined as 

a result of scale economies in bulk ocean transport, ocean front steel producers 

found their locations more economic for both input import and product export. In 

order words, with the increase in vessel size, came reduced cost of transporting ores 

and steel products on the ocean. Finally, comparative cost of iron ore production 
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indicated that Australia, Brazil, Liberia and other developing countries became low 

cost producers in comparison with the U.S., Canadian and Western European mines 

oriented to interior mill locations. A major factor in the stagnation of U.S. ocean 

front mills was the loss of competitive position for domestic markets due to poor 

location and increased imports of steel embodied products on the U.S. markets. 

To illustrate the trend in future locations, a conventional forecast of iron 

ore production to 2000 is provided in Table 3.40 based on a continuation of these 

assumptions. Two forecasts are compared in the table, one by the World Bank 

(1986) and the other by Leontief (1983). The World Bank forecast is discussed first. 

World production is modified downward to 995 million tonnes in 2000, to reflect 

lower annual growth rate of 0.7%. The growth rate for U.S., Canada and the EEC 

under these assumptions are near zero or negative and are -1.2%, 0.3% and 0.2% 

respectively. Sweden is projected to exhibit a negative growth rate of -1.3%, the 

lowest among the industrialized countries of the Western World. Assuming steel 

intensive exports continue to shift the consumption patterns outside the Pacific 

Basin, the expected growth rate for Brazil is 1.8%, while that for Australia is 

expected to be -0.2%. In Africa, Liberia and Mauritania are expected to show a 

growth rate of -3.5% each, while South Africa's growth rate is expected to be 0.1 %. 

The USSR is expected to show a growth rate of 0.1%, while China and North Korea 

should exhibit a growth rate of 1.8%. This forecast suggests that the major regions 

in which increased production is expected are in Latin America, other producers 

in the Western World, and the Eastern Bloc, with only moderate growth in Pacific 

Basin, while North America and Western Europe are expected to show a continued 

decline in iron ore and steel production. Liberia and Mauritania continue to show 

declines in iron production as a result of depletion of high grade ores. 

The other forecast given in Table 3.40 is derived from Leontief et at. (1983, 

pp. 224-225). It shows a different view of what iron ore supply would be in 2000 and 

assumes a high rate of growth in the industrialized countries of the Western World. 



Table 3.40 Comparison of iron ore production forecasts by major 
countries and economic regions to 2000 (million tonnes) • 

_=_a=========================m==================================== 

COUNTRY/REGION 1985 WORLD BANK GROWTH LEONTIEF GROWTH 
RATES RATES 

1985-2000 1985-2000 

================================================================== 

NORTH AMERICA ' 87.8 81.4 - 0.5 171.8 4.6 
U. S. 48.8 40.7 - 1.2 93.7 4.4 
Canada 14.4 12.6 - 0.9 50.7 8.8 

LATIN AMERICA 156.5 207.6 1.9 234.9 2.7 
Brazil 120.0 156.4 1.8 171.8 2.4 
Other 36.5 51.2 2.2 63.1 3.7 

WESTERN EUROI?E 43.7 39.1 - 0.7 186.0 10.1 
EEC 16.4 16.9 0.2 140.2} 9.3 
Sweden 20.6 16.9 - 1.3 } 
Other 6.7 5.3 - 1.6 45.8 13.7 

I?ACIFIC BASIN 141.3 146.2 0.2 141.1 
Australia 95.3 92.5 - 0.2 52.5 - 3.9 
India 42.5 45.8 0.5 88.6Cl 
Other 7.0 7.9 0.8 

AFRICA 55.8 43.8 - 1.6 105. ~b 4.4 
Liberia 16.1 9.4 - 3.5 65.8 
Mauritania 9.2 5.4 - 3.5 1.6 
South Africa 20.6 20.9 0.1 14.0 - 2.5 
Other 6.1 8.1 ·1.9 24.3 

UNALLOCATED 15.5 

WESTERN WORLD 504.1 517.5 0.2 839.5 3.5 

EASTERN BLOC 392.3 435.6 0.7 552.0 2.3 
USSR 248.0 251. 7 0.1 432.0 3.8 
Eastern Europe 6.3 7.1 0.8 20.1 8.0 
China & 138.0 176.8 1.7 99.9 - 2.2 

North Korea 

WORLD 896.4 953.1 0.4 1391.5 3.0 

=============================================================== 

Source: Modified after Leontief et ale (1983, pp. 224-5); and 
World Bank (1986, p. 184) • 
a - includes Other I?acific Basin. 
b - includes Other Tropical Africa. 
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To enable comparison of these forecasts, 1985 is used as a base year. Leontief's 

forecast generally shows moderate to high growth rates in most world regions. For 

the U.S., Canada and Western Europe, groWth rates are 4.4%, 4.7%, and 10.1% 

respectively. These rates are by far higher than. those shown by the World Bank for 

the same period. Among the developing regions, Africa shows the highest growth 

rate of 4.4%, followed by Latin America with 2.4%. In the Pacific Basin, Australia 

has a negative growth rate of -3.9% per annum, while the region as a whole shows 

near zero growth. In the Eastern Bloc, Eastern Europe has the highest growth rate 

of 8.0%, the USSR has a growth rate of 3.8% and China and North Korea show a 

combined growth rate of -2.2%. World ore production shows a growth rate of 3.0% 

which is very optimistic if one considers the present trend of near zero to declining 

growth in steel production in the industrialized countries. 

This section now turns to the international market for iron ore and how it 

has evolved over the past thirty-five years. The major exporters of iron ore from 

1950 to 1985, for selected years, are shown in Table 3.41. International trade in iron 

ore in 1950 was about 45 million tonnes. The major exporters at that time were 

Sweden, France, USSR, Chile, US and Canada. Each of these countries exported at 

least 2 million tonnes (See Table 3.42). By 1960, world export of iron ore was 158 

million tonnes, and there were some new exporters with more than 3 million tonnes 

(See Table 3.43). They included Brazil, India, Liberia, Peru and Venezuela. The 

volume of exports increased to 321 million tonnes by 1970 which indicated a growth 

rate of 10.5% from 1950. By this time, the world market now started to show a 

different composition (See Table 3.44). Within thirty-five years, international trade 

in iron ore had grown from 45 million tonnes in 1950 to about 380 million tonnes 

in 1985. Tables 3.45 through 3.48 show the trade matrix for iron ore for 1980, 

1982, 1984 and 1985. The 1985 iron ore trade matrix shows that in addition to 

the three major traditional markets of Western Europe, U.S. and Japan, there are 

new markets which have emerged. These include South Korea and Taiwan, Latin 

America, Africa and Middle East, and China and North Korea. The growth rate for 

international trade in iron ore for the thirty-five year period was 6.2% per annum. 
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Table 3.41 Major exporters of iron ore, selected years, 1950-B5 
(million tonnes). 

============================================================================ 
COUNTRY 1950 1960 1970 19BO 19B2 19B3 19B4 19B5 
============================================================================ 

Australia 

Brazil 

Canada 

Chile 

France 

India 

Liberia 

Mauritania 

Norway 

Peru 

Philippines 

South Africa 

0.9 

2.0 

2.6 

7.6 

0.6 

0.5 

0.6 

Sweden 12.9 

United States 2.6 

USSR 3.2 

Venezuela 

Other 

Total 

12.1 

45.1 

5.4 

17.3 

5.2 

27.2 

B.B 

3.1 

1.4 

5.1 

5.4 

0.4 

19.7 

5.2 

15.4 

19.2 

44.5 

27.9 

39.3 

10.1 

18.7 

1B.8 

22.6 

8.9 

4.9 

9.'9 

1.$ 

5'.'5 

28.3 

5.3 

34.9 

20.1 

80.4 

79.0 

39.0 

7.8 

8.7 

26.2 

17 .4 

8.9 

3.2 

5.6 

4.3 

13.8 

21.0 

5.B 

46.9 

11.8 

19.9 19.6 13.8 

158.5 321.2 393.2 

74.3 

72.5 

30.1 

6.5 

5.8 

23.9 

16.4 

7.7 

2.4 

5.0 

3.9 

11.5 

12.9 

4.0 

42.8 

8.5 

74.0 

72.0 

25.0 

4.6 

5.B 

21.0 

15.7 

7.4 

2.6 

4.1 

1.8 

7.0 

14.6 

3.8 

42.8 

6.0 

B8.7 

88.6 

30.7 

5.2 

4.7 

24.1 

16.8 

9.5 

3.2 

4.2 

4.0 

12.1 

17.9 

5.1 

45.9 

8.6 

88.3 

92.3 

32.2 

4.8 

4.6 

28.8 

16.2 

9.3 

2.6 

5.4 

3.9 

10.2 

18.2 

5.0 

45.0 

9.0 

5.7 9.3 11.1 3.0 

333.9 317.5 380.4 380.2 

============================================================================= 

Source: U. S. Bureau of Mines Mineral Yearbook (various issues); Mining Annual 
Review (various issues); Metal Bulletin Handbook (various issues); 



Table 3.42 Iron ore market trade matrix in 1950 (million tonnes). 

==================================================================================================================== 

FROM 

EEC OTHER 
W. EUR. 

USA JAPAN S. KOREA & 
TAIWAN 

TO 

AFRICA MIDDLE LATIN 
EAST AMER. 

EASTERN 
BLOC 

CHINA & 
N. KOR. 

OTHER TOTAL 
EXPORTS 

.==================================================================================================================== 

Australia 
Brazil 
Canada 
Chi Ie 
France 
India 
Liberia 
Mauritania 
Peru 
Phi I ippines 
South Africa 
Sweden 
Norway 
U.S.A. 
USSR 
Venezuela 
Other 

0.1 
0.2 

7.6 

9.0 
0.4 

5.9 

TOTAL IMPORTS 23.2 

0.2 

0.2 

0.4 

0.7 
1.8 
2.6 

2.0 

1.1 

8.2 

0.1 

0.6 

0.7 

1.4 

1.7 
0.1 

3.0 

0.1 

4.9 

0.1 

2.6 
0.2' 

4.1 

7.0 

0.9 
2.0 
7.6 
7.6 
0.1 

0.6 

12.9 
0.5 
2.6 
3.2 

12.1 

'45.1 

.==================================================================================================================== 

Source: U. S. Bur. Mines Minerals Yearbook (1951); Reno, H.T. & Brantley, F. (1973, p. 71-4); 
United Nations (1968, p.53). 
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Table 3.43 Iron ore market trade matrix in .1960 (mi 11 ion tonnes). 

========================================================================================~=======================:=== 

FROM 

EEC OTHER USA JAPAN 
W. fUR. 

TO 

S. KOREA & AFRICA MIDDLE LATIN EASTERN CHINA & 
TAIWAN EAST AMER. BLOC N. KOR. 

OTHER TOTAL 
EXPORTS 

==================;======================================================:========================================== 

Australia 
Brazil 2.4 1.5 0.4 0.3 9. 8 0.1 5.4 
Canada 5.4 10.8 1.1 17.3 
Chile 0.6 4.0 0.3 0.3 5.2 
France 27.2 27.2 
India 3.1 0.2 1.2 1.0 3.3 8.8 
Liberia 2.2 0.9 3.1 
Mauritania 
Peru 1.6 2.8 0.6 0.1 5.1 
Philippines 5.4 5.4 
South Africa 0.1 0.3 0.4 
Sweden 18.1 0.4 0.1 0.9 19.5 
Norway 1.2 0.1 0.1 1.4 
U.S.A. 0.8 4.4 5.2 
USSR 0.4 15.0 15.4 
Venezuela 4.4 14.8 19.2 
Other 12.6 0.7 0.9 5.1 0.6 19.9 

TOTAL IMPORTS 78.8 1.9 35.8 15.2 0.7 18.4 7.7 158.5 

======================================:============================================================================= 

Source: U. S. Bur. Mines Minerals Yearbook (1961); Reno, H.T. & Brantley, F. (1973, p. 71-4); United 
Nations (1968, p.53). 
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Table 3.44 Iron ore market trade matrix in 1970 (million tonnes). 

===================================================================================================================== 

FROM 

EEC OTHER 
W. EUR. 

USA JAPAN S. KOREA & 
TAIWAN 

TO 

AFRICA MIDDLE LATIN 
EAST AMER. 

EASTERN 
BLOC 

CHINA & 
N. KOR. 

OTHER TOTAL 
EXPORTS 

===================================================================================================================== 

Australia 
Brazil 
Canada 
Chile 
France 
India 
Liberia 
Mauritania 
Peru 
Philippines 
South Africa 
Sweden 
Norway 
U.S.A. 
USSR 
Venezuela 
Other 

TOTAL IMPORTS 

3.8 
12.9 
11.9 
0.5 

18.7 
0.8 

17.8 
7.3 
0.7 

0.7 
26.2 
4.9 
0.1 
2.\6 
6.7 
7.2 

122.8 

0.5 

0.5 

0.6 36.6 
2.0 6.8 

24.0 
1.6 8.0 

16.5 
1.9 2.4 
0.1 0.7 
1.4 7.8 

1.9 
4.8 

0.2 0.5 

3.3 
1.2 

13.2 0.1 
0.6 9.2 

45.6 102.1 

3.5 

1.2 

1.0 

28.0 

0.3 

34.0 

6.2 
1.1 

0.3 

0.8 

0.4 

1.9 
3.1 
0.1 
2.3. 

16.2 

44.5 
27.9 
39.3 
10.1 
18.7 
18.8 
22.6 
8.9 
9.9 
1.9 
5.5 

28.3 
4.9 
5.3 

34.9 
20.1 
19.6 

321.2 

===================================================================================================================== 

Source: U. S. Bur. Mines Minerals Yearbook (1971); Metal Bulletin Handbook (1971); Barnett, D. F. (1982); Mining 
Annual Review (1971. 1972). 

.... 
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Table 3.42 through 3.48 illustrate that during the period under review, major 

producers in 1950 such as France in Western Europe and the U.S. became major 

importers of iron ore in 1985. During this period Japan emerged as the largest 

importer of iron ore on the international market. New producing countries now 

became major exporters, among these were Australia, Brazil, India, Liberia, Mau

ritania, Peru, South Africa and Venezuela. Western Europe, Japan, the US and 

Canada now account for about 80% of pig iron production within the Western 

World and represent the major markets for internationally traded iron. In Western 

Europe, France and Spain, which were significant exporters in 1950, have become 

net importers, while other major consumers, such as United Kingdom and West 

Germany, have seen demand for iron ore outstrip domestic production, and have 

now become major importers. The U.S. is still a major producer and has become 

less dependent on imported ores in recent years. The U.S. now imports rougbly 

" 15% of its consumption requirements of iron ore, mostly from Canadian mines in 

which American steel firms own a major share. The U.S. would still buy ore from 

Canadian prodcers because of its locational advantage versus distant suppliers. 

The market for iron ores among developing countries is heavily concentrated 

in Asia (India, South Korea and Taiwan), and Latin America (Argentina, Brazil 

and Mexico) because majority of the steel capacities in the developing countries are 

in these regions. Less concentrated however, are markets in Africa (Algeria, Egypt, 

Libya and Nigeria), and the Middle East (Iran, Iraq, Bahrain, Quatar and Saudi 

Arabia). Among the newer markets in developing countries are several countries 

which do not produce domestic ores and others which produce very little, and 

thus have to rely on imported ores. Some countries which fall in this category 

are South Korea, Taiwan, Argentina, Nigeria, Bahrain, Qatar and Saudi Arabia. 

An examination of the iron ore market matrix for 1985 shows that some of the 

developing countries imported significant quantities of iron ore. Table 3.48 reveals 

that South Korea and Taiwan imported 17 million tonnes, Latin America (mostly 

Argentina) 3.0 million tonnes, Middle East (Saudi Arabia, Qatar, Bahrain, etc.) 

2.1 million tonnes and Africa (Nigeria) 0.4 million tonnes. Iron ore imports to these 

countries are expected to increase" in the future. 



Table 3.45 Iron ore market trade matrix in 1980 (million tonnes). 

========~===========================================================================================:=============== 

FROM 

I 
EEC OTHER 

W. EUR. 
USA JAPAN S. KOREA & 

TAIWAN 

TO 

AFRICA MIDDLE LATIN 
EAST AMER. 

EASTERN 
BLOC 

CHINA & 
N. KOR. 

OTHER TOTAL 
EXPORTS 

==================================================================================================================== 

Australia 
Brazil 
Canada 
Chile 
France 
India 
Liberia 
Mauritania 
Peru 
Philippines 
South Africa 
Sweden 
Norway 
U.S.A. 
USSR 
Venezuela 
Other 

TOTAL IMPORTS 

9.7 
32.3 
16.5 

8.6 
0.1 

14.0 
6.8 
1.1 

6.6 
17.2 
3.2 

1.3 
5.6 
1.7 

123.4 

0.5 

0.1 

6.9 

10.5 

2.0 
17.6 
0.3 

1.6 

0.2 

3.7 
0.1 

25.5 

58.8 4.1 
28.7 3.7 
4.0 
6.7 

16.5 2.5 
0.4 
1.0 
2.4 1.7 
4.2 
6.8 

0.1 

4.1 

133.7 12.0 

0.1 

0.1 

2.1 6.5 
0.8 
0.8 

6.9 
0.8 
1.1 

0.1 0.1 

0.5 

2.7 

2.1 

35.5 
0.4 
0.9 

55.9 

2.2 
3.6 

5.8 

5.1 
0.1 
0.1 

0.2 
0.6 

0.1 
0.4 

5.8 
10.0 

1.6. 

24.0 

80.4 
79.0 
39.0 
7.8 
8.7 

26.2 
17 .4 
8.9 
5.6 
4.3 

13.8 
21.0 
3.2 
5.8 

46.9 
11.8 
13.8 

393.2 

===================:================================================================================================ 

Source: U. S. Bur. Mines Minerals Yearbook (1981); Metal Bulletin Handbook (1981); Barnett, O. F. (1982); Minin9 
Annual Review (1981, 1982). 
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Table 3.46 Iron ore market trade matrix in 1982 (million tonnes). 

==================================================================================================================== 

FROM 

EEC OTHER 
W. EUR. 

USA JAPAN S. KOREA & 
TAIWAN 

TO 

AFRICA MIDDLE LATIN 
EAST AMER. 

EASTERN 
BLOC 

CHINA & 
N. KOR. 

.OTHER TOTAL 
EXPORTS 

==================================================================================================================== 

Australia 10.2 0.4 56.7 5.2 1.8 74.3 
8razil 27.8 3.6 1.0 27.4 5.0 0.2 1.0 2.5 ;?9 1.1 72.5 
Canada 14.4 0.5 10.0 2.9 0.3 0.1 1.9 30.1 
Chile 0.2 0.1 0.1 5.4 0.2 0.5 6.5 
France 5.5 0.3 5.8 
India 0.4 15.7 2.9 2.5 2.4 23.9 
Liberia 11. 1 0.6 2.7 0.2 0.3 0.2 0.3 16.4 
Mauritania 6.3 0.7 0.7 7.7 
Peru 2.1 1.6 1.3 5.0 
Philippines 3.9 3.9 
South Africa 5.0 6.5 11.5 
Sweden 10.0 1.0 1.9 12.9 
Norway 2.2 0.2 2.4 
U.S.A. 4.0 4.0 
USSR 32.4 10.4 42.9 
Venezuela 6.7 1.8 8.5 
Other 1.5 0.6 0.4 0.4 2.8 5.7 

TOTAL IMPORTS 99.8 8.7 16.2 121.9 15.2 0.5 1.0 2.5 39.5 1.8 26.8 333.9 

==================================================================================================================== 

Sources: Metal Bulletin Handbook (1984, vol. 2); Canadian Minerals Yearbook (1983, 1984); U.S. Bureau of Mines 
Minerals Yearbook (1983). 
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Table 3.47 Iron ore market trade matrix in 1984 (million tonnes). 

===========================================================:===:==================================================== 

TO 
FROM 

EEC OTHER USA JAPAN S. KOREA & AFRICA MIDDLE LATIN EASTERN CHINA & OTHER TOTAL 
W. EUR. TAIWAN EAST AMER. BLOC N. KOR. EXPORTS 

===========================================================:======================================================== 

Australia 
Brazi 1 
Canada 
Chile 
France 
India 
Li ber; a 
Mauritania 
Peru 
Philippines 
South Africa 
Sweden 
Norway 
U.S.A. 
USSR 
Venezuela 
Other 

14.0 
43.0 
13.7 

4.7 

13.7 
8.6 
0.4 

5.6 
14.1 
2.6 

5.7 

0.5 
3.9 
0.6 

0.3 

O. I 
1.8 
0.5 

0.7 
5.3 

TOTAL IMPORTS 125.6 13.7 

2.6 
11.4 
0.2 

1.8 

1.5 

17.5 

58.9 
28.8 
2.4 
4.6 

16.2 
0.3 
0.6 
1.4 
4.0 
5.5 

2.6 

125.4 

7.1 
4.0 

3.3 

1.7 

0.9 

17.0 

1.0 1.9 2.5 
0.4 

4.5 
0.3 1.2 

0.1 

0.9 

42.0 
0.7 

2.5 

0.3 1.0 2.7 54.0 

5.7 

5.7 

2.5 
0.9 
2.2 
0.4 

0.6 

1.1 
O. I 
5. I 
3.9. 

0.7 

18.2 

88.7 
88.6 
30.7 
5.2 
4.7 

24. I 
16.B 
9.5 
4.2 
4.0 

12.1 
17.9 
3.2 
5.1 

45.9 
8.6 

11. 1 

380.4 

==================================================================================================================== 

Sources: Canadian Minerals Yearbook (1983. 1984); U.S. Bureau of Mines Minerals Yearbook (1984, 1985); 
APEC (1987, pp. 66-71); UNCTAD, TD/B/IPC/IRON ORE/AC.I/2 (1986. P. 21). 
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Table 3.4B Iron ore market trade matrix in 19B5 (million tonnes). 

============j======================================================================================================== 

FROM 

I 
EEC OTHER 

W. EUR. 
USA JAPAN S. KOREA & 

TAIWAN 

TO 

AFRICA MIDDLE LATIN 
EAST AMER. 

EASTERN 
BLOC 

CHINA & 
N. KOR. 

OTHER TOTAL 
EXPORTS 

===================================================================================================================== 

Australia 15.5 55.6 B.4 0.1 B.5 0.2 BB.3 
Brazi 1 33.2 7.2 2.6 27.B 0.2 1.6 3.0 4.0 2.7 10.0 92.3 
Canada lB.O 2.0 9.1 3.2 0.3 32.6 
Chile 0.2 4.6 4.8 
France 4.6 4.6 
India 3.6 19.5 2.9 2.6 0.2 2B.B 
Liberia 12.4 2.2 0.2 1.3 0.1 16.2 
Mauritania 7.2 0.9 1.2 9.3 
Peru 0.1 1.5 3.7 0.1 5.4 
Philippines 3.9 3.9 
South Africa 2.7 0.9 6.6 10.2 
Sweden 16.9 0.9 0.4 lB.2 
Norway 2.6 2.6 
U.S.A. 5.1 5.1 
USSR 0.7 43.9 1.3 45.9 
Venezuela 6.2 2.1 0.7 9.0 
Other O.B 2.0 0.2 3.0 

TOTAL IMPORTS 119.3 16.2 16.3 125.4 17.0 0.4 2.1 3.0 52.0 11.5 17.0 3BO.2 

=======================================================================================:============================= 

Sources: Canadian Minerals Yearbook (19B5); U.S. Bureau of Mines Minerals Yearbook (19B5); Mining Annual 
Review (1986); APEC (1987, pp. 66-71). 

.... 
<0 .... 
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Of the approximately 716 million tonnes of raw steel produced in 1985, de

veloping countries produced about 81 million tonnes or 11.2 percent. Brazil, India, 

South Korea, Mexico and Taiwan are the largest producers among the developing 

countries as demonstrated in Table 3.18. Among the developing countries who have 

no ores, Taiwan and South Korea now export steel. Brazil and India are almost 

self-sufficient, while Mexico, Venezuela, Chile, Saudi Arabia, and Nigeria among 

others must import steel to satisfy their consumption needs. 

To conclude this section on trends in global iron ore supply, it is important to 

summarize the salient issues discussed so far. It was demonstrated that the sources 

of iron ore supply in the world since 1950 have undergone major metamorphosis 

due to the opening of large mines in developing and newly industrialized countries, 

and the concomitant exhaustion of high grade direct shipment ore deposits in most 

of the traditional mining districts of the world and especially in the industrialized 

countries. The trend that has emerged in the iron ore industry can be illustrated by 

reflecting on the major producers in 1950 and in 1985. The largest four producers 

in the Western World in 1950 were U.S., EEC, Sweden and Spain; by 1985, the four 

largest producers included Brazil, Australia, U.S. and India. Forecast of global pro

duction to 2000 by the World Bank suggests increased production in Latin America, 

moderate growth in the Eastern Bloc, slow to near zero growth in the Pacific Basin, 

and declining growth in Africa. The trend in the industrialized countries of the West

ern World is of declining growth, except for Canada where slow growth is expected. 

Leontief's forecast on the other hand shows an alternative view on developments in 

ore production, where there are high growth rates in Western Europe, North Amer

ica and Africa. Moderate growth rates are anticipated in Latin America and the 

Eastern Bloc, while no growth or stagnation is predicted for the Pacific Basin. The 

World Bank's forecast seem to follow more closely what the actual trends appear 

to be in the industry at this time. 

With regards to exports, the major exporters in 1950 were Sweden, France, 

USSR, U.S., Chile and Canada; each of these countries exported about 2 million 

tonnes. By 1985, the major exporters included Brazil, Australia, USSR, Canada, 

India, Sweden, Liberia, ~outh Africa, Mauritania and Venezuela; each of these 
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countries exported at least 9 million tonnes of iron ore. The world market for iron 

ore has also undergone tremendous change since 1950. While only 45 million tonnes 

of iron ore were involved in international trade in 1950, world trade in 1985 involved 

380 million tonnes. Japan which imported 1.4 million tonnes in 1950, imported 125 

million tonnes in 1985 and is now the largest importer of iron ore. The new growth 

markets for iron ore are in South Korea, Taiwan, Argentina, Nigeria and the Middle 

East. As always the rate of growth in the newer markets will be higher than those 

in the traditional markets. 

The quality of pig iron required of steel furnaces, and of ore burden required 

by blast furnaces has also improved over the past thirty-five years. Higher grade 

sinters have become the main feedstock to the blast furnaces of the world. Tech

nological change in ore preparation has made it possible for the processing of ores 

that were considered noneconomic, too low grade, too hard or too fine to mine in 

the early 1950s. There has been a shift in location of steel mills as well as change 

in the requirements of these mills. The mills traditionally located near the raw 

material sources have been replaced by ocean front mills favorable to trade inputs 

and outputs in world markets. Due to the decline in unit ocean transport costs 

for large bulk carriers, most mills are now located in coastal areas which are closer 

to their domestic markets and farther from their product export markets and raw 

material sources. Access to trade, volume and low operating labor and capital costs 

are becoming more important than the cost of materials assembly in selecting mill 

sites, included among them labor and energy costs. 

3.2.6 Technical change in production and material use 

The growing demand for iron ore between 1950 and 1985, together with the 

shifting pattern of supply, was accompanied by and required significant technological 

changes in almost every sector of the iron and steel industry. To fully illustrate the 

extent of technological change in the iron ore industry, the discussion in this section 

will cover the significant developments from the 1900s to the early 1980s. Most of the 

changes in iron ore mining from 1900 to 1963 were evolutionary; the scale, efficiency, 

and productivity of each phase of the operation were steadly increased (Gold, B. et 
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al., 1984, p. 291). In mining, economies of scale have been realized by using large 

drills, shovels, lifting equipment or loaders and hauling vehicles accompanied by 

increase in capacity of individual mines. 

Iron ore mining involved underground as well as in open pit mining. The use 

of underground mining which dominated U.S. practice through 1900, ceded priority 

rapidly to surface operations following the opening of the Mesabi Range in 1903. 

Underground became higbly mechanized in the early sixties and operators were 

limited to the demand for high grade lump ores which received premiums at the 

furnace. By 1940 open pit mining had become the major method of mining iron 

ore in the U.S., and was also practiced extensively in other countries. The new 

iron ore mines which were opened in developing countries dUring the 1950s through 

the 1980s, even when opened as direct shipment deposits, developed largely on 

fines. They were mostly open pit mines. All the iron ore mines in Liberia are 

open pit. The choice between open pit and underground mining has become the 

choice to process a larger amount of fines and lower grades rather than go deeper 

at higher labor cost per tonne of material mined underground for premium ores. 

Sintering and pelletizing produce burden equal to or better than the best direct 

shipment ores while removing the impurities, thus broadening the supply. The 

larger amount of material moved per tonne of iron ore recovered in open pit mining 

thus became justified (Gold, B. et al., p. 298). The main steps in open pit mining: 

stripping oft' the burden, drilling and blasting the ore to loosen it, loading it into 

some conveyance, and hauling it from the pit, have all been affected by technological 

change. 

Due to the enormous size of open pit mines, loading of huge quantities of 

material was required; therefore, technological changes in power shovels were ad

vanced which made large-scale excavation economically feasible. The use of shovels 

of 11.5 cubic meters to move ore at 72 percent of the cost of shovels with 7 cubic 

meters capacity further illustrates this view (Manners, G. 1971, p. 159). The use 

of electric shovels and draglines reduced the amount of labor employed and also 

reduced problems of frozen water lines (Gold, et al., 1984, p. 299). 
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Drilling and blasting of iron ore is an area in which improvements were also 

made. The use of drills powered by compressed air greatly reduced the manpower 

and time required for drilling. The jump drill was developed to drill soft ores like 

those of the Mesabi; while drills had to be fitted with augers to drill hard ores. The 

use of jet piercing during the early 1950s made it possible to mine taconites and 

other hard low-grade rocks cheaply, but has since been superceded. 

There were technological changes in transportation which involved the use of 

large locomotives, better equipped and more powerful trucks. The use of trucks to 

transport materials waS significant since it allowed the transport of huge amounts 

of material up steeper grades than rails could allow and permitted, the mining 

of the trenches. This demonstrates that trucks were more flexible than rails in 

transporting materials. The introduction of the belt conveyor in iron ore haulage 

was the added and very significant step. These belts are very efficient and can 

traverse steep grades. The belt conveyor was reported to have contributed to lower 

capital and labor cost in comparison with steam or electric haulage in iron ore 

mining. 

Technological change in ore preparation has been an area in iron ore indus

try that has undergone the most technological advance during the period covered in 

this study. The first stage in iron ore preparation is the crushing and grading of the 

ores. These processes have been in 'use from the early days of iron ore mining and 

produce a lumpy product of improved size for feeding into the blast furnace. The 

processes of grinding and screening were well established in the early 1950s, and to 

ensure that the product is uniform in size and not overground, mills were operated 

in closed circuit with size-grading ~quipment - screens, classifiers or hydro-cyclones 

(U.N., 1966, p. 19). The subsequent processes of blending and beneficiation have 

been subject to major technological developments and are widely used. Blending 

ensures that the ore component of the blast-furnace burden is uniform in its chem

ical composition and prevents fluctuations in the composition of ores intended for 

further concentration or agglomeration. Beneficiation, a subdivision of ore prepara

tion, includes concentration - treatment aimed at obtaining a product or products 
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considerably richer in useful constituents (i.e. increasing the iron content), and ag

glomeration - joining fine particles of the ore together (Manners, G., 1971; Gold, 

B. et al., 1984). 

The discussion of technological change in ore preparation will emphasize 

technical change in iron ore beneficiation. Beneficiation of iron ores began before 

depletion of high grade ores of the Lake Superior District in the U.S., and other 

mining districts in Western Europe. Significant efforts at beneficiation were made in 

producing areas such as New York, New Jersey, and on other ores of Lake Superior. 

The first large-scale integrated plant for beneficiating iron ores was built by the 

Negaunee Concentrating Works on the Marquette Range in Michigan. Commercial 

sucess in magnetic separation is reported to have been attained in 1901 at Mineville, 

New York; in 1913 at Mt. Hope, New Jersey; in 1917 at Scrub Oak, New Jersey; 

and in 1917 at Cornwall, Pennsylvania. Magnetite ore requiring fine grinding were 

successfully processed at a plant at Kirkene, Norway in about 1910 (Gold, B. et al., 

1984, p. 306). 

Iron ore other than magnetite are concentrated by one of the gravity methods 

or froth flotation. Methods of ore concentration are based in practice upon the 

differences in the physical and physico-chemical properties of the ore minerals. The 

properties most commonly used for iron ores are the specific weight and the magnetic 

and surface properties. The optimum concentration technique used is determined by 

the combination of all the properties of the ore, such as its mineral composition and 

distribution, grain size, hardness and other attributes as well as by the specification 

for the end product. Gravity methods currently in use include heavy media, jigging, 

and spirals. Jigging became a commercial sucess at Biwabik, Minnesota, in 1924; it 

involves the floating away of impurities in pulsating water. Heavy media separation 

involves floating away the impurities in a suspension, for example of ferrosilicon 

or magnetite in water and was used success£ully at Cooley, Minnesota, in 1939. 

Humprey's spirals have no moving parts but rely on the fact that heavy and light 

particles can be withdrawn from different ports as they descend a helical trough; 

these have been used success£ully on the Mesabi since the end of World War II 

(Gold, B. et al., 1984, p. ~07). 
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Froth flotation is a concentration technique which requires the use of reagents 

in water to produce a mass of fine air bubbles, for which finely ground iron com

pounds and waste have differential affinity. This technique has been used in the 

beneficiation of other ores throughout the twentieth century. In 1931, an attempt 

to apply it to iron ore failed, but in 1954 a plant at Humboldt, Michigan, success

fully began producing concentrate from ores containing 34% Fe (Gold, B. et al., 

1984). The conventional flotation technique allows the concentration of hematite 

and other nonmagnetic oxides, however, a large portion of the fines is usually lost 

in the slime. In an attempt to correct this problem, the U.S. Bureau of Mines and 

Cleveland-Cliffs, jointly developed a commercial variant of the flotation process in 

1975, by which very fine-grained hematite (average diameter, 10-25 microns) is re

covered in a form suitable for pelletizing. This process is definitely significant in 

that it allows for the exploitation of large nonmagnetite low-grade iron ore deposits. 

After concentration, the iron ore has to be agglomerated. This is because the 

concentrate that results from the previously mentioned processes consists of very 

fine particles which cannot be charged into the conventional blast furnace without 

producing excessive flue dust and more serious operating problems. 

The first method of agglomerating iron ores is sintering and was proposed by 

Heberlein and Huntington in 1887. This method involved provoking an exothermic 

combustion inside the layer of ore to be sintered, and then blowing air through this 

layer. In 1905, Savelberg proposed that a mixture of blast-furnace dust, oxidized ore 

fines and fuel could be sintered in a similar manner. A continuous action strand-type 

sintering machine was invented by Dwight, Lloyd and Bennett in 1906, and became 

a commercial success in 1911, at Birdsboro, Pennsylvania (U.N., 1966, p. 27). The 

sintering process as it is used at present is described as follows: "The material to 

be sintered is placed in a layer several inches thick on a continuous moving grate 

and is then ignited. Blowers move air through the layer of fine materials, generally 

in downward direction. When ignition is complete, the sinter is a porous mass, 

which is broken to the size desired for blast furnace feed". There have been several 

refinement of the sintering technique since its development and this illustrates that 

sintering is a process which is difficult to control (Gold, B. et at., 1984, p. 308). 
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Without the developing of sinters and pellets of equal or better structure than direct 

shipping ores, it would have been impractical to implement widely the tremendous 

advancements in the technique of iron production such as high top pressure, oxygen 

enrichment of the blast, high blast temperature, etc. Indeed, the spread of the BOF 

would have been curtailed if not for the fact that the sinters and pellets upgraded 

the iron to a purity and consistent quality to produce fine steels from the ores 

requiring beneficiation. Sinter is the main component of the blast furnace burden, 

and will remain the major blast furnace feed if it continues to be cost competitive 

with pellets and pre-reduced iron for which the energy component is much higher. 

The other major agglomerating technique used in processing iron ore is pel

letizing. This technique was first tried in Sweden during the early 1900s, and in the 

U.S. and Germany during the 1930s, but these experiments did not lead to success

ful industrial applications. Modem pelletizing was devised and developed in the 

U.S. after World War II when the direct shipping ores of the Mesabi Range began 

to be exhausted. This technique was adapted to beneficiate low-grade taconites 

which were too fine-grained a concentrate for normal sintering. 

The Mesabi Iron Company of Minnesota was the first to successfully use 

the technique. The Minnesota group devised a balling drum after a great deal of 

experimentation. Damp concentrate is fed into a slightly inclined rotating cylinder. 

Under the appropriate condition, pellets emerge from the other end. This is the 

basic approach in current use, although balling discs and cones, rather than drums 

are sometimes used. The control of such variables as particle size and moisture 

content is crucial and posed many practical problems. Normally, bentonite clay is 

added to the concentrate as a binder; however, bentonite is expansive and increases 

the silica content of the pellets (U.N., 1966, p. 29; Gold, B. et al., 1984, p. 310). 

Pelletization did not just make it possible to profitably use low grade ore, 

thereby expanding the supply of iron ore. It also reduced cost of pig iron in the 

blast furnace despite the higher cost of iron content delivered. The cost reductions 

attributed to pelletization were due to substantially less labor and capital required 

at the mill end because it greatly speeded the process and expanded existing fur

nace capacities. It also l~wered the energy being used in the blast furnace. Thus, 
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despite larger energy use at the mine, the shift in ore technology toward pelletiza

tion produced net energy savings of 17% at the mill. It should be noted that blast 

furnaces operated much more efficiently when pellets were used and that pelleti

zation reduced labor requirements per tonne by increasing the output of the blast 

furnace (Kakela, 1978, p. 212). Kakela also notes that a blast furnace owned by 

Armco Steel in Middleton, Ohio, which had a rated capacity of approximately 1500 

tons of molten iron per day, was able by 1960 to achieve production levels of 2700 

and 2800 tons per day when fired with 90% pellets. This demonstrates that pellets 

practically doubled the' blast furnace production. The competition between sinter 

improvement and new pellet processes became .intense. Inland and U.S. Steel per

fected sinter practice for Lake ores and this was applied successfully to blends of 

lower quality ores by the Japanese. It should be noted here that the Japanese used 

about 75% sinter in their blast larger furnaces in 1983, and their blast furnaces are 

equally as efficient as older U.S. furnaces using pellets. 

Even though pellets are very efficient when used in blast furnaces, they also 

require a lot of energy in their production. This high energy consumption during its 

production together with the high cost of energy in the past decade have resulted 

in the expansion of sinter since 1972. Furthermore, the importation of direct and 

indirect steel has forced the closing of steel capacity and so the associated pellet 

plants in the U.S. Lake Districts, which supplied Pittsburg-Youngstown and Liberia, 

which supplied Bethlehem on the East Coast. The production costs of pellets is 

generally higher than that of sinter feed if new electric power is required. This 

explains the reduction in pellet production worldwide since U.S. steel producers 

have taken the brunt of capacity reductions at the mill end. Due to the high 

energy cost outside the Middle East or major gas fields, pellets will most likely 

continue to be used only in those regions where it has fully amortized capital costs 

for example, in the U.S., Canada and the USSR. Pellets will also be produced and 

consumed in the Middle East and other oil producing areas where there is flaring 

of gas associated with oil production making pellets or direct reduction technology 

advantageous. Pre-reduced burdens are ideal for the blast furnace. 
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Another innovation in iron production can be found in the use of direct 

reduction technology. Direct reduction refers to the process of transforming iron 

oxides into sponge iron or high grade briquett"es (85-90 %Fe) which can be used as a 

blast furnace burden or as a substitute for pig iron or scrap, in steel furnace. Sponge 

iron or directly reduced iron (DRI) has become the new commodity in steelmaking 

and will have tremendous impact on steel production as the technique is refined. 

Successful commercial direct reduction technology was developed in the U.S. in 

1957 when HYLSA started the first commercial plant which used the HYL process. 

The HYL process has demonstrated its commercial viability and has initiated a 

shift in distribution of steelmaking capacity. This process has resulted in low cost 

production of sponge iron and more improvements are being made so that DRI can 

be widely used world wide (Metal Bulletin, 1979, p. 167). A study by UNCTAD 

(1986, p. 6) reports that at the end of 1985, installed capacity of DRI facilities was 

approximately 22 million tonnes and production was around 11 million tonnes. It 

forecast production in 1990 to be around 22 million tonnes. 

Another process which shows some potential is steelmaking is the "New hon 

Ore Smelting Reduction Process" or (SRP). Astier (1985, p. 4) notes that smelting 

reduction processes refer to the fact that these processes "are starting from iron 

ores, and they are producing a liquid primary metal that is a kind of pig iron, i.e. a 

carburized hot metal but, sometimes, a low carbon metal or, even crude steel". 

Astier further notes that "nearly all the smelting reduction processes have a first 

step devoted to some reduction of iron ores, a prereduction or partial reduction. This 

operation can be made principally in two kinds of technologies. Reactors using fines 

of iron ores and avoiding the usual agglomeration step in ironmaking are either flash 

units or circulating and fluid bed processes". The major differences between the 

SRP are in the melting methods. The technology utilized to complete reduction 

and melt the prereduced iron ores can be divided in three main classes: oxygen 

reactors (Krupp's coin process, KS process or eIG method); Plasma furnaces

which are more or less a link between the oxygen reactors and the electric furnace 

(i.e. Plasmasmelt process and other methods developed by the SKF group); and 
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Electric furnaces which include the Elred process, Uddacon process and the Inred 

process (Astier, 1985, p. 5). 

There are several advantages of the new smelting reduction processes. First, 

they have some definite advantages to produce metal with low metalloid contents 

such as phosphorus, sulfur and also carbon and low nonferrous metals content. 

Second, these processes have a definite advantage over the direct reduction route 

to eliminate the gangue materials in a liquid slag when they produce the primary 

metal. They can also use ordinary ores, the standard or low grade iron ores used in 

the blast furnaces and do not require superconcentrates or higher ores as the direct 

reduction processes. Third, the use of fine iron ores without agglomeration in the 

smelting reduction processes could be as efficient as the blast furnace and could 

result in savings of about $50 per tonne of Fe per year in investment, and savings 

of $15 to $40 per tonne of Fe in operating cost. The fourth advantage is that the 

smelting reduction processes utilize various energy sources i.e, fossil fuel, coal and 

electric energy (Astier, 1985). 

To conclude this section on technological change in production and material 

use, it should be reiterated that technical change has resulted in increased produc

tivity in iron ore mining, efficient transport of ore from mine to processing sites, 

increased quality of ore produced, and improved performance in the blast furnace. 

The use of pelletizing and sinteringhave made ores considered noneconomic at one 

time to be mined by improving iron quality. It also favored the diffusion of fast au

togenous furnaces for steel making viz., the basic oxygen processes, over the slower 

open hearth where quality control and access to scrap was much easier. Pellets 

and sinter have thus become the major feedstock in the blast furnaces and are the 

major reason for their increased efficiency thus far. The loss of scrap demand as 

open hearths declined led to low prices and favored the electric furnaces associated 

with integrated mills or in mini-mills where economics provided eliminating hot 

metal shops and producing from a 100% scrap burden. The use of direct reduc

tion technology provides developing countries without access to cheap scrap with a 

means to produce steel via the electric furnace which avoids the capital intensive 

blast furnace route in the integrated steel plant. Those developing countries with 
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abundant supplies of cheap gas that would otherwise be flared me the ones to ben

efit most from DR! technologies. The new smelter reduction processes also seem to 

show some potential since they produce metals with low amounts of phosphorus, 

sulfur, Cat'bon and nonferrous metals. This process does not require agglomeration, 

and when fine ores me used, they are equally as efficient as agglomerated ores in 

blast furnaces. There is still the need for further resemch on the new smelter re

duction processes 80 that they could be used on a commercial scale in the future. 

Technological change in material production in the iron ore industry appears to 

be directed toward developing new techniques for processing low- to medium-grade 

deposits which are not amenable to present concentrating methods. 

3.3 Trends in ocean transport of iron ore 

This section of the study covers advances made during the 1950-85 period as 

it relates to the techniques of transporting iron ore, the types and sizes of carriers 

involved, port sizes utilized, the various routes and quantity of iron ore transported, 

and the resultant changes in transport costs. During this period, a significant trend 

in ocean transport of iron ore emerged in vessel size, in tonnes of ore entering trade 

and in the tonne-mile cost of ores moved. 

3.3.1 Types and sizes of carriers employed 

In 1950 a quarter of the 200 million tonnes of iron ore produced in the 

Western World entered worlcJ trade. It has been estimated that almost half the 50 

million tonnes of iron ore transported in Western international trade in 1950 or 24 

million tonnes was shipped by sea (See Table 3.49). The major traffic at the time 

was from Sweden to the United States and Europe and between Japan and her 

suppliers in the Far East. The lmgest ore and ore-oil Cat'riers at the time did not 

exceed 30,000 deadweight tonnes (dwt) (Manners, G. 1971, p. 185). By 1960, this 

traffic had expanded to 101 million tonnes. By 1970 trade had grown to 321 million 

tonnes or 60% of Western output of 550 million tonnes. or this 80% or 247 million 

tonnes was shipped by sea. The amount of trade in 1985 was 380 of 500 million 

tonnes. Of this, seaborne Westein trade in iron ore in 1985 was approximately 
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315 million tonnes, which is by far larger than that of any other nonfuel mineral 

commodity tonnage. The average size of vessels transporting iron ore by 1983 was 

over 100,000 dwt as is shown by Table 3.50. The trend in iron ore transport suggests 

that the most common vessel used since 1950 has been getting bigger. In 1950, 100% 

of the vessels used to transport iron ore were less than 60,000 dwt; by 1975, vessels 

less than 60,000 dwt and those greater than 100,000 dwt each transported about 

37% of the seaborne iron ore traffic. In 1978 48% of seaborne trade in iron ore was 

carried by vessels greater than 100,000 dwt; by 1983, 66% of the ore was transported 

by vessels in excess of 100,000 dwt, while only 14% was carried by vessels less than 

60,000 dwt. A reason for this development was the increased export of iron ore 

from remote countries like Brazil and Australia to markets in Western Europe and 

Japan. 

Manners (1971) notes that this extraordinary expansion of ocean ore move

ments was not only a function of all the factors making for change in the geogra

phy of ore supplies, but more particularly, it was a response to the very low and 

falling tonne-mile rates offered by ocean vessels which transport ore. The structure 

of seaborne trade in iron ore had undergone considerable transformation by mid-

1970s. The Australia to Japan route which did not exist in 1964, represented over 

50 million tonnes in 1978 or over 16% of the transoceanic market. This route now 

represents over 55 million tonnes or 17.7% of seaborne trade in 1985. Furthermore, 

South American exports were now over 111 million tonnes or 35.4% of the total 

long distance traffic in iron ore in 1985. Large amounts of iron ore are shipped from 

South Africa to Western Europe and Japan, the total amount in 1985 was 10.2 mil

lion tonnes. Liberia, which became a major exporter of iron ore in the mid-1960s, 

exports nearly all of its production to Western Europe and the U.S. In 1985, Liberia 

exported around 16 million tonnes, 12 million tonnes were destined for the EEC, 

while 2 million tonnes were shipped to the U.S.; the remaining tonnage was shipped 

to Eastern Bloc countries and Nigeria. Other exporters of iron ore in West Africa 

(Mauritania) and South America (Venezuela, Peru, Chile) also rely on markets far 

away as the U.S., Western Europe and Japan, thus, further emphasizing the im-



Table 3.49 Seaborne iron ore in international trade, 
selected years, 1950-85 (million tonnes) • 
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============================================================= 

1950 1960 1970 1980 1982 1984 1985 

============================================================= 

World Trade 

Seaborne Trade 

Percent Traded 
by Sea 

45 

24 

50 

159 

101 

64 

321 

247 

77 

393 

323 

82 

334 

277 

83 

381 

313 

82 

380 

315 

83 

============================================================= 

Source: u.S. Bur. Mines Minerals Yearbook, various issues; 
Manners (1971); Drewry Shipping Consultants (1986); 
Mining Annual Review (1985, 1986). 



Table 3.50 Sizes of ships transporting iron ore, selected years, 1950-83 
(% of total seaborne trade) • 

============================================================================ 

SHIP SIZE 1950 1965 1970 1975 1977 1980 1983 

============================================================================ 

Under 60,000 DWT 100 97 72 37 27 18 14 

60-100,000 DWT 3 22 26 25 20 20 

Over 100,000 DWT 6 37 48 62 66 

Total 100 100 100 100 100 100 100 

============================================================================ 

Source: Metal Bulletin (1979, p. 92); Manners (1971, p. 185); Drewry Shipping 
Consultants (1986, p. 87). 

~ 
C 
Q1 
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portance of seaborne trade in iron ore. Generally, producing countries which are 

close to major consuming markets have a competitive advantage over more distant 

producers in that their delivered costs are lower. Ocean transport cost are so low, 

however, it means little that producing countries are very far from the consuming 

centers; therefore, internal transport costs to and from the port for outputs and 

inputs often determine whether given distant producers and suppliers can trade on 

the international market. 

hon ore was ranked as the number one commodity in terms of volume in 

dry bulk transport in 1983, accounting for about 31% of total tonnage shipped 

(Drewry, 1985, p. 4). Seabome transport of iron ore involves a variety of ship types 

and includes both large and small ships; these distinct ship types are: ore carriers, 

bulk carriers and combined carriers (i.e., ore-oil, ore-bulk-oil). The ore carriers were 

constructed to carry only ore, while the bulk carriers were constructed to carry ore 

and other bulk commodities. The ore carriers have sel£-unloaders. The combined 

carriers as their name implies were constructed to carry ore, oil and other bulk 

commodities. 

In order to discem trends in how these distinct types of carriers participate 

in seaborne trade, Table 3.51 is constructed to show the tonnage shipment, tonne

miles (i.e., tonnage shipment x transport distance) and the share attributed to 

each sector, so that the importance of each sector of the ore-carrying Heet may 

be determined. Ore and bulk carriers had a much larger share of iron ore tonnage 

shipped (90% in 1973) and tonne-miles or traffic (82% in 1973), but they lost ground 

to combined carriers between 1973 and 1980. The ore and bulk carriers share of 

tonnage declined to 53% in 1980, a peak trade year and ore carriers rose to 73% 

in 1983. Since the collapse of the ore market combined carrier share has fallen to 

35%. They accounted for 82% of the traffic (i.e., tonne-miles) in 1973. That share 

declined to 46% in 1980, and moved up to 65% in 1983. The picture with respect to 

combined carriers is, of course the inverse of that obtained by ore and bulk carriers 

for the period under review. Combined carriers share of tonnage shipped was only 

10% in 1973, by 1980 reached 47%. Subsequently this trend had been reversed so 
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Table 3.51. Participation of the main types of carriers in iron ore 
trade, selected years, 1973-1983. 

1973 1975 1977 1980 1981 1982 1983 

Tonnage Shipments (million DWCT) 

Ore & Bulk Carriers 270 211 187 166 165 176 183 
Combined Carriers 30 81 88 148 138 97 74 
Total 300 292 275 314 303 273 257 

Percentage of Trade ('Is) 

Ore & Bulk Carriers 90 82 18 53 54 64 71 
Combined Carriers 10 18 22 47 46 36 29 
Total 100 100 100 100 100 100 100 

Tonne-Miles ('000 million) 

Ore & Bulk Carriers 1,162 919 818 139 616 792 853 
Combined Carriers 255 552 568 874 832 651 467 
Total 1,417 1,471 1,386 1,613 1,508 1,443 1,320 

Traffic Share ('Is of tonne-miles) 

Ore & Bulk Carriers 82 62 59 46 45 55 65 
Combined Carriers 18 38 41 54 55 45 35 
Total 100 100 100 100 100 100 100 

Source: Metal Bulletin (1979, pp. 91-92); Drewry (1986, p. 164). 
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that combined carriers transported only 29% of tonnage shipped in 1983. In terms 

of traffic (tonne-miles), combined carriers share was 18% in 1973, 54% in 1980 and 

by 1983, its share was down to 35%. The combined carrier share of traftic reached 

an all time high of 55% in 1981. 

The increase in combined carrier share of tonnage shipped and tonne-miles 

moved which began around 1974 can be attributed to the switch from oil trade 

to dry trades due to the demand inelasticity of oil. Following the oil crisis and 

price rises of 1973 oil trade fell by half from the Middle East, releasing tonnage for 

other trade. Many ore producing countries are oil importers thus, combined ore-oil 

carriers captured a large share of seaborne iron ore trade. This was quickly because 

of their large size. As oil trade revives, the bulk ore carriers are regaining ground 

lost to combined carriers during the mid to late-1970s. This is attributable to the 

contraction of ore trade as well as the switch back of combined carriers to the oil 

market alone. It should be noted that on a tonne-mile basis, the trend in both 

classes remains towards greater utilization of the larger vessels thereby, confirming 

shipping economics favoring their employment on longer hauls. 

3.3.2 Iron ore freights 

Ocean freight is a negotiated charge on a ship's services and is influenced 

by the way in which the shipping capacity is secured, the distance the ore is to be 

shipped, the size and type of ship employed, the ports of origin and destination, 

and the prevailing situation in the shipping market. Other factors that can affect 

ore freights include currency changes (i.e. changes in US dollar rates), rises in ship 

costs and sharp increases in the price of marine fuels ( or bunkers) (Drewry, 1985, 

p.21). 

To trace the trend in iron ore freights, one must be careful to distinquish 

between average rates, and th~se being paid in the 'spot' market for single shipments 

because they are not the same. It should be noted that average freight costs will rise 

and fall slowly due to the preference for long-term shipping arrangements, changes 

usually lagging behind the much larger fluctuations which take place in the open 

market (Drewry, 1985, p. 21). 
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The :fluctuations which occur in the spot market have been extreme, and this 

re:flects the volatility and speed with which the short-term. market can react to the 

forces of supply and demand. In some instances, rate movements may be set in 

motion by rather localized factors and out of phase with the bulk shipping market 

as a whole. In order to show how iron ore freights have evolved, representative 

rates on several routes are given in Tables 3.52-3.54. The values used are the 

yearly averages of spot rates weighted by ship sizes and tonnage carried on selected 

routes. Table 3.52 shows the freight rates from the various exporters to Continent 

(Antwerp-Rotterdam-Amsterdam) in Western Europe. These rates show that in 

1984, Sweden had the lowest freight rates because of shorter distances, followed by 

Mauritania, Canada and Liberia. The Liberia rates are a bit higher than the three 

producers mentioned because Liberia has smaller port sizes and shallower depths, 

and it is a longer distance from Europe than these producers. Figure 3.8 shows 

changes in key rates on the route from three major exporters to Continent for the 

period 1975-84. The freight rates are in constant 1984 U.S. dollars. The figure 

shows that the high on the Liberia-Continent route for 60-80,000 shiploads was 

around $7.60 in 1980, whereas, it was as low as $3.80 in 1975. The Brazil-Continent 

rates for 80-100,000 tonne shiploads was as low as $4.90 in 1975, but recovered 

strongly to peak at almost $9.20 per tonne in 1979. The Australia-Continent route 

appears to have the highest rates during this period even though 120-140,000 tonne 

shiploads were carried. The lowest rate was around $6.00 in 1975, while the highest 

was around $11.70 in 1979. Brazil and Australia are worse off in 1984 than in 1975 

in terms of freight rates because marine diesel oil price was $100 per tonne in 1975, 

but increased to $240 per tonne in 1984; that of fuel oil increased from· $60 per 

tonne in 1975 to $180 per tonne in 1984. Marine diesel oil price reached a peak of 

$320 per tonne during 1979-80, while fuel oil reached a peak of $220 per tonne in 

1980 (Drewry Shipping Consultants, 1985, p. 54). The :fluctuation in freight rates 

during the period shown in the figures is due to the reasons given ~bove ~or these 

routes. The same explanation may be justified for the trends observed on the other 

routes that are reviewed here. 



Table 3.52. Freight rates for iron ore in the spot, single-voyage market froa producers to Western 
Europe (continent), 1975-84. 

Origin 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

E. Canada (110-140,000 FlO) 
CUrrent US S 2.0 2.3 . 2.2 2.8 5.6 8.0 4.7 3.4 3.3 4.6 
1984 Constanta $ 2.9 3.3 2.9 3.2 5.7 7.~ 4.6 3.4 3.4 4.6 
1984 Constant Marks 10.6 10.5 7.8 7.3 11.9 17. 11.4 8.5 9.5 14.5 

Liberia (60-80,000 FlO) 
CUrrent US $ 2.6 2.7 3.1 3.7 7.3 8.0 5.9 5.1 4.2 4.9 
1984 Constant S 3.8 3.9 4.1 4.2 7.5 7.6 5.8 5.1 4.3 4.9 
1984 Constant Marks 14.0 12.4 11.2 9.7 15.6 17.0 14.4 12.7 11.6 15.4 

Brazil (~0-100,000 FlO) 
CUrrent US S 3.3 4.1 3.7 4.3 9.0 9.6 8.4 5.4 5.1 6.5 
1984 Constant S 4.9 5.9 5.0 4.9 9.2 9.1 8.3 5.4 5.3 6.5 
1984 Constant Marks 17.9 18.7 13.6 11.2 19.0 20.3 20.5 13.5 14.7 20.5 

I. Australia (120-140,000 FlO) 
Current US S 4.1 5.4 5.4 7.2 11.4 10.9 9.8 6.4 7.6 8.8 
1984 Constant S 6.0 7.8 7.2 8.2 11.7 10.3 9.7 6.4 7.9 8.8 
1984 Constant Marks 21.9 24.8 19.7 18.7 24.3 23.1 24.0 16.0 21.9 27.7 

Mauritania (80-100,000 FlO) .. 
Current US S 2.2 2.~ 2.6 3.1 6.2 7.2 4.1 3.5 2.9 3.4 
1984 Constant $ 3.2 4.1 . 3.5. 3.5 6.3 6.8 4.0 3.5 3.0 3.4 
1984 Constant Marks 11.7 ~~~!·1 9.6 8.0 13.1 15.2 9.9 8.7 8.4 10.7 

Venezuela (40-60,000 FlO) 
Current US S 4.0 5.5 6.2 7.0 7.9 11.8 9.0 5.5 6.6 6.2 
1984 Constant S 5.9 8.0 8.3 8.0 8.1 11.2 8.9 5.5 6.8 6.2 
1984 Constant Marks 21.6 25.4 22.7 18.2 16.8 25.0 22.1 13.8 18.8 19.5 

Sweden (100-130,000 FlO) 
CUrrent US S 1.4 2.3 1.8 2.0 2.2 3.2 3.3 1.9 2.0 2.0 
1984 Constant S 2.1 3.2 2.4 2.3 2.3 3.0 3.3 1.9 2.1 2.0 
1984 Constant Marks 7.1 10.2 6.1 5.2 4.8 6.7 8.1 4.7 5.8 6.3 

Source: Drewry Shipping Consultants (1985, pp. 61-62): Maritiae Research Institute Inc. (1984): 
Rogan, I. T. (1983, p. 37): Mining Annual Review (1981): Radetzki, M. (1985, p. 101): 
Moody's Int'l Manual (1982, pp. 260-61: 1985, pp. 256-57: 1986, pp. 251-52); Barnett, 
D. F. (1982). 

aDeflated by aanufacturing unit value index. l'-' .... 
0 
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Figure 3.8. Iron ore freight rates on Western European (Continent) 
routes for selected producers, 1975-84 (constant 1984 $). 
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It is important to note that these freight rates are not directly comparable 

since different ship sizes were involved. However, they show the real trend in freight 

rates during that time period. Table 3.53 shows freight rates to Japan from some 

suppliers. In 1982, the last year for which there was complete data, Australia had 

the lowest freight rates. Freight rates for Australia and Brazil are compared in 

Figure 3.9 for the Japanese route, and it is clear that Australia had the lower rates 

during this period. The next cheapest rates on the route to Japan from suppliers 

appears to be for Mauritania, then Brazil, Canada and India. The rates from major 

exporters to U.S. Northern Harbors is given in Table 3.M. It shows that in 1982, 

Canada had the lowest freight rates, followed by Liberia, Brazil and Venezuela (See 

Figure 3.10). The Venezuela rates up to 1982 are implied, they were obtained by 

subtracting quoted f.o.b. prices from c.i.f. prices on the U.S. North Harbor routes. 

The trend in Venezuelan rates may therefore be due to the terms of the shipping 

contract, and may not necessarily reflect the actual freight rates to the U.S. North 

Harbors. It should be noted that the freight rates charged on iron ore on these 

routes not only reflect lot sizes and shipping distance, but also such factors as port 

procedures, turnaround times and the terms of freighting arrangement. 

3.3.3 Iron ore transport costs 

Transport cost is the actual cost of providing a shipping service on a partic

ular route, and it is a reflection of the underlying cost structure of ocean shipping. 

Normally, one attempts to compare and categorize costs of shipping simply on the 

basis of freight rates, but this does not fully illustrate the actual cost of ore trans

port because majority of iron ore trade is conducted under freight contracts or 

other long-term arrangements whose rates are established by negotiation between 

buyers and sellers. A more satisfactory method in comparing shipping costs would 

then be to quantify and compare fixed and variable costs associated with the op

eration of representative sizes of carriers on different routes, thereby, determining 

unit transport costs. 



Table 3.53. Freight rates for iron ore in too spot, single-voyage market fran selected producers to Japanese market, 1975-84. 

Origin 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

Brazil (90-110,000 FlO) 
Otrrent US $ 3.8 4.1 3.9 4.4 10.4 11.7 10.3 8.0 8.2 9.1 
1984 OonstantB $ 5.6 5.9 5.2 5.0 10.6 11.1 10.2 8.0 8.5 9.1 
1984 Oonstant Yen 2331.2 2197.8 1501.8 1117.1 2832.6 2417.7 2331.6 1920.3 1999.7 2285.0 

Australia (140-180,000 FlO) 
rurrent US $ 3.2 2.9 2.9 3.1 9.0 10.4 9.8 4.4 5.6 4.6 
1984 Oonstant $ 4.7 4.2 3.9 3.5 9.2 9.8 9.7 4.4 5.8 4.6 
1984 Oonstant Yen 1956.6 1564.6 1126 782.0 2458.4 2134.5 2211.3 1056.2 1364.5 1155.1 

India (40-60,000 FlO) 
QJrrent US $ 6.2 5.6 NA NA NA NA 9.0 9.0 5.8 7.1 
1984 Oonstant $ 9.1 B.1 8.9 9.0 6.0 7.1 
1984 Oonstant Yen 3788.4 3017.4 2034.4 2160.4 1411.6 1782.8 

SOOth Africa (140-180,000 FlO) 
CUrrent US $ NA 13.5 NA NA 10.0 11.1 7.7 8.0 7.2 6.3 
1984 Oonstant S 19.5 10.2 10.5 7.6 8.0 7.5 6.3 
1984 Coostant Yen 7264.1 2725.6 2287.0 1737.2 1920.3 1164.4 1581.9 

E. canada (140-180,000 FlO) 
Otrrent US $ 4.2 4.2 NA NA 11.3 12.5 NA 10.0 NA 9.2 
1984 ODltant $ 6.2 6.1 11.6 11.8 10.0 9.2 
1984 Coostant Yen 2581.0 2272.4 3100.0 2570.2 2400.4 2310.1 

Soorce: Drewry Shipping Omsu1.tants (1985, pp. 61-62); Mining Magazine July (1983, pp. 51-53); Maritine Research Institute 
Inc. (1976, 1982, 1984); Barnett, D. F. (1982): Moody's Int'l Manual (1982, 1985, 1986). 

aDeflated by manufacturing mit value index. 
NA = not available. 
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Figure 3.9. Iron ore freight rates on Japanese routes for selected 
producers, 1975-84 (constant 1984 $). 



Table 3.54. Freight rates for iron ore in the spot, single-voyage market U.S. North Harbor routes, 
1975-84 ($ per tonne). 

Origin 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

Liberia (60-80,000 FlO) 
Current US $ 3.1 2'.9 2.8 3.6 6.5 7.6 7.3 4.1 4.0 4.9 
1984 Constanta $ 4.6 4.2 3.7 4.1 6.7 7.8 7.2 4.1 4.1 4.9 

E. Canada (60-80,000 FlO) 
Current US $ 1.6 1.7 1.5 2.0 3.8 3.9 3.4 2.1 2.0 2.1 
1984 Constant $ 2.4 2.5 2.0 2.3 3.9 4.0 3.4 2.1 2.1 2.1 

Brazil (40-60,000 FlO) 
Current US $ 3.5 4.0 3.7 4.4 8.6 9.8 8.4 6.0 6.0 6.7 
1984 Constant $ 5.2 5.8 5.0 5.0 8.8 10.0 8.3 6.0 6.2 6.7 

Venezuela (40-60,000 FlO) 
Current US $ 3.9 4.2 4.4 4.4 5.2 6.6 7.7 8.4 8.4 8.7 
1984 Constant $ 5.6 6.1 5.9 5.0 5.3 6.8 7.6 8.4 8.7 8.7 

Australia (60-80,000 FlO) 
Current US $ 6.2 10.0 7.2 7.7 8.9 10.7 NA NA NA 12.78 
1984 Constant S 9.1 14.5 9.6 8.8 9.1 11.0 12.78 

Source: Barnett, D. F. (1982); Maritime Research Institute (1976, 1982, 1984); Radetzki, M. (1985, 
p. 101). 

BDeflated by manufacturing unit value index. 
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for selected producers, 1975-84 (constant 1984 $). 
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To calculate transport costs, one has to consider the capital charges associ

ated with the purchase of the ship, the cost of operating it, and the expenses incurred 

on the voyage which includes the amount spent on fuel, wages, maintainence costs 

and insurance fees. These costs are then applied to specified trade routes in order 

to estimate the actual costs which the ship owner would incur. 

In a study done by Drewry Shipping Consultants (1985), unit transport costs 

were calculated for several iron ore trade routes based on 1984 costs. The study ex

amines unit cost for representative sizes of ships employed on the routes from major 

exporters, Australia, Brazil, Canada and Liberia to Rotterdam in 1984. To arrive 

at the unit transport costs derived in the above mentioned study, estimates were ob

tained for total voyage costs, capital and operating costs so that total trading costs 

could be calculated. Total trading costs was then divided by average cargo tonnes 

to arrive at the unit transport cost. The cost per tonne-mile is then calculated by 

dividing unit transport costs by total miles traveled on a particular route. 

Table 3.55 shows the unit transport costs on the Rotterdam routes for 40,000 

dwt carriers. The cheapest unit transport cost on the Rotterdam routes is from 

Canada, then Liberia, Brazil and Australia. In Table 3.56, unit transport costs 

are given for 65,000 dwt carriers on the Rotterdam routes, while Table 3.57 gives 

unit costs for 120,000 tonners. The transport costs for 120,000 dwt carriers is 

useful only for those suppliers with large port capacities, but not for Liberia whose 

ports can accommodate ships of about 85,000 dwt. It should be noted that even 

though the route differentials are derived from ship costs, they are matched in 

percentages by market rates (Drewry, 1985). In 1984, freight from Canada for 

120,000 dwt vessels was approximately 35% less than from Brazil whose rate was 

a similar percentage below the comparable rate from Australia. Examination of 

the shipping cost structure demonstrates that average per mile transport cost is a 

decreasing function of distance the ore is shipped, the size of the shipment, and the 

scale of transport infrastructure. Total transport cost increases with distance and 

unit cost decreases with increasing vessel size, thereby making larger ore carriers 

relatively cheap for longer hauls than smaller carriers for long hauls. The example 
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Table 3.55. Estimated iron ore shipping costs: Rotterdam routes 
('000 1984 u.s. $). 

To Rotterdam From: Seven Is. Monrovia Tubarao Dampier 
Canada Liberia Brazil Australia 

Ship Size (DWT) ±40,000 

Distance (sea miles) 2,915 3,375 5,030 11, 390c 

Total Days per Voyage (a) 17.2 19.5 30.0 44.0 
Of Which: in Ballast (b) 8.5 9.5 15.0 10.1 

Port Charges (average) 33.0 34.0 38.0 51.0 

Bunkers (fuel oil + MDO) 108.0 123.0 184.0 293.0 

Total Voyage Costs 141.0 157.0 222.0 344.0 

Capital and Operating Costs 193.0 220.0 311.0 453.0 

Total Trading Costs 334.0 371.0 533.0 797.0 

Av~rage Cargo (tonnes) 36,000 

Unit Costs (per tonne) (c) 9.3 10.5 14.8 23.1 

Unit Cost per tonne-mile .00319 .00311 .00294 .00203 

(a) Assumes average speed of 14 knots. 
(b) Assumes ship loading in Australia ballasts away from Japan, others 

from continent (Europe). 
(c) Cape of Good Hope route. 

Source: Drewry Shipping Consultants (1985, pp. 56-59: 1986, 
pp.205-211). 
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Table 3.56. Estimated iron ore shipping costs: Rotterdam routes 
('000 1984 u.s. $). 

To Rotterdam From: Seven Is. Monrovia Tubarao Dampier 
Canada Liberia Brazil Australia 

Ship Size (DWT) ±65,000 

Distance (sea miles) 2,915 3,375 5,030 11, 390c 

Total Days per Voyage (a) 17.2 19.5 30.0 44.0 
Of Which: in Ballast (b) 8.5 9.5 15.0 10.1 

Port Charges (average) 43.0 47.0 51.0 68.0 

Bunkers (fuel oil + MDO) 136.0 155.0 228.0 360.0 

Total Voyage Costs 179.0 202.0 279.0 428.0 

Capital and Operating Costs 248.0 287.0 387.0 558.0 

Total Trading Costs 427.0 489.0 666.0 986.0 

Average Cargo (tonnes) 58,500 

Unit Costs (per tonne) (c) 7.3 8.4 11.4 16.9 

Unit Cost per tonne-mile .00250 .00249 .00227 .00148 

(a) Assumes average speed of 14 knots. 
(b) Assumes ship loading in Australia ballasts away from Japan, others 

from continent (Europe). 
(c) Cape of Good Hope route. 

Source: Drewry Shipping Consultants (1985, pp. 56-59; 1986, 
pp. 205-211). 
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Table 3.57. Estimated iron ore shipping costs: Rotterdam routes 
('000 1984 u.s. $). 

To Rotterdam From: Seven Is. Monrovia Tubarao Dampier , 
Canada Liberia Brazil Australia 

Ship Size (DWT) ±120,OOO 

Distance (sea miles) 2,915 3,375 5,030 11,390c 

Total Days per Voyage (a) 17.2 19.5 30.0 44.0 
Of Which: in Ballast (b) 8.5 9.5 15.0 10.1 

Port Charges (average) 65.0 69.0 70.0 93.0 

Bunkers (fuel oil + MDO) 181.0 212.0 303.0 479.0 

Total Voyage Costs 246.0 281.0 373.0 572.0 

Capital and Operating Costs 336.0 412.0 519.0 747.0 

Total Trading Costs 582.0 693.0 892.0 1,319.0 

Average Cargo (tonnes) 108,000 

Unit Costs (per tonne) (c) 5.4 6.4 8.3 12.2 

Unit Cost per tonne-mile .00185 .00190 .00165 .00107 

(a) Assumes average speed of 14 knots. 
(b) Assumes ship loading in Australia ballasts away from Japan, others 

from continent (Europe). 
(c) Cape of Good Hope route. 

Source: Drewry Shipping Consultants (1985, pp. 56-59; 1986, 
pp. 205-211). 
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of the Australia-Rotterdam route clearly illustrates this point when one compares 

the unit transport cost of the 40,000 dwt vessel with that of the 120,000 dwt carrier. 

With the 40,000 vessel it costs $23.10, whereas, it costs only $12.20 with the 120,000 

dwt carrier. The cost per tonne transported decreases with increasing vessel size due 

to economies of scale in the bulk shipping industry. The unit cost per tonne-mile also 

decreases with increasing vessel size and with the distance traveled. The Australia 

to Rotterdam route has the lowest unit cost per tonne-mile on the Rotterdam 

routes when the 120,000 dwt carriers are employed. In essence, the extra expense 

incurred by increased size is small relative to the resulting extra cargo capacity and 

furthermore, the size of the crew is independent of the vessel size (Nilsson 1980, 

p. 12). 

Table 3.58 shows that Australia's proximity to Japan gives it a major advan

tage over more distant suppliers (i.e. India, Brazil and Liberia) in this market. An 

estimate of shipping cost in 1984 for the four suppliers is given in this table. It has 

been assumed that the Indian and Liberian shippers would employ a 65,000 dwt 

vessel, the Australian shipper a 120,000 dwt tonner, and the Brazilian a 170,000 

dwt carrier. A $4.00 and $5.00 a tonne differential exists between Australian unit 

transport cost and those of India and Brazil respectively; while a $10.00 per tonne 

differential exists between those for Australia and Liberia. The Liberian unit trans

port costs are estimated from Australian unit costs for 65,000 dwt vessels on the 

Rotterdam route. It is noted that these costs reflect practices in these trades at 

that time (Drewry 1986, p. 212). 

3.3.4 Ports utilized in iron ore trade 

Most of seaborne trade in iron ore is in large carriers as was demonstrated 

in Table 3.50 on size of ships transporting iron ore. Two-thirds of ore entering 

seaborne trade is carried in ships over 100,000 dwt, whereas, only 40% were carried 

in these vessels ten years ago. Over the past decades most iron ore exporting 

countries have developed harbors which can accept full or part-laden vessels over 

100,000 dwt (See Table 3.59). This table shows that the Indian port of Mormugao 

has the smallest capacity of 80,000 dwt, however, ships of up to 150,000 dwt can 



222 

Table 3.58. Estimated iron ore shipping costs: Japanese routes 
('000 1984 u.s. $). 

To Fukuyama From: 

Ship Size (DWT) 

Distance (sea miles) 

Total Days per Voyage (a) 
Of Which: in Ballast (b) 

Port Charges (average) 

Bunkers (fuel oil + MDO) 

Total Voyage Costs 

Capital Costs 

Operating Costs 

Total Trading Costs 

Average Cargo (tonnes) 

Unit Costs (per tonne) (c) 

Unit Cost per tonne-mile 

Visak Buchanan Dampier Tubarao 
India Liberia Australia Brazil 

±65,000 ±65,000 ±120,000 ±170,000 

4,234 11,360 3,580 11,180 

31.0 43.9 25.5 53.0 
12.6 10.1 10.1 15.0 

68.0 67.8 99.0 101.0 

198.0 359.0 211.0 631.0 

266.0 426.8 310.0 732.0 

224.0 259.0 706.0 
556.5 

136.0 130.0 321.0 

626.0 983.3 699.0 1,759.0 

58,500 58,500 108,000 153,000 

10.7 16.8 6.5 11.5 

.00253 .00148 .00182 .00103 

(a) Assumes average speed of 14 knots. 
(b) Assumes ship loading in Brazil ballasts away from the continent, 

others from Japan. 
(e) 90% load factor assumed. 

Source: Drewry Shipping Consultants (1985, pp. 56-59; 1986, 
pp. 205-211). 
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be loaded in deepwaters near the port. Part loading vessels in deepwaters involves 

loading small vessels in shallow waters and than transferring the cargo to larger· 

vessels in deepwaters. This is very expensive and cannot be considered an efficient 

means of transport ores. The trend is toward larger carriers and export ports that 

can accommodate them. 

There are now many loading ports in exporting countries of South America, 

Australia, South and West Africa, India and Scandinavia which can fully load ships 

over 80,000 dwt (See Table 3.59). Most of these loading ports have been upgraded 

as producers sought to defend their position in the competitive iron ore market by 

opening them to large camers. At present, most of these ports can receive and 

partly load ships over 100,000 dwt, while quite a few can accommodate ships of 

2~0-350,000 dwt. There are large shiploaders in South America, Australia, South 

and West Africa, India and Scandinavia which are capable ofloading 7,000 to 16,000 

tonnes per hour. Figure 3.11 shows the major routes of seaborne iron ore trade in 

1984. The draft for typical ore carners are given as 10.7 ft (35 m), 43 ft (13.1 m), 

54 ft (16.5 m), 58 ft (17.7 m), and 60 ft (18.3 m) for 40, 65, 120, 170, and 200 

thousand tonne camers respectively (Drewry, 1985, p. 119). 

The two main loading ports in Liberia are profiled in Table 3.60. The port 

of M()nrovia can full load up to 80,000 tonnes, while that at Buchanan can full 

load 65,000 tonnes. The port of Buchanan has berthed ships up to 130,000 tonnes 

dwt, and the largest ore cargo loaded into a ship thus far is 95,440 tonnes (Mining 

Magazine, Sept. 1979, p.195). Ports limited by draft to 80,000 dwt carriers as is the 

case in Liberia can 'shortload' ships up to 150,000 dwt, thereby, saving freight costs 

without having to dredge the approach channel. An alternative way of overcoming 

draft constraints is to 'top oft" the ship to its full load draft either outside the 

loading port or during the voyage to the destination port at additional costs. A more 

common practice noted by Drewry (1986) is that of two-port loading employed by 

the Japanese. For example, the Japanese would put a large carrier into a restricted 

draft port like Buchanan and then top-oft' to the full load draft at Saldanha Bay in 

South Africa. 
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Table 3.59. Capacities of some principal iron ore exporting 
ports, 1984 (Deadweight Tonnes). 

=========================================================== 

COUNTRY AND PORT CAPACITY 
(DWT) 

=========================================================== 

Australia, Port Hedland 

Brazil, Tubarao 

Canada, Sept-lIes 

Chile, Huasco 

India, Mormugao 

Liberia, Buchanan 

Mauritania, Nouadhibou 

Peru, San Nicolas 

South Africa, Saldanha Bay 

Sweden/Norway, Narvik 

Venezuela, Puerto Ordaz 

85,000 

300,000 

250,000 

160,000 

80,000 

85,000 

120,000 

170,000 

300,000 

350,000 

100,000 

========================================================== 

Source: U.S. Bureau of Mines (1987, p.6); Drewry Shipping 
Consultants (1986, pp. 216-218). 
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Figure 3.11. Trade patterns in iron ore, 1984. 

Source: Modified after McCarl, N. H. and Waters, G. (1985, p. 59). 
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Table 3.60. Liberian iron ore ports. 

========================================================= 
PORT 

MONROVIA BUCHANAN 

TERMINALS: BONG LAMCO 
======================================================== 

Commissioned 

Channel depth (m) 

Number of berths 

Berth depth 

Berth length 

'Number of shiploaders 

Travel (m) 

Outreach 

Loading Rate: 
per hour (max) 
per day (average) 

Stockyard capacity 
(million tonnes) 

Maximum draft (m) 

Maximum length (m) 

Maximum size of ships: 
Full load: 
Part load 

Largest shipload 
(deadweight tonnes) 

1965 

13.0 

1 

13.7 

270 

1 

270 

23 

4,000 
80,000 

1.1 

13.7 

270 

80,000 
120,000 

1963 

13.5 

14.0 

14.0 

257 

1 

21.5 

6,000 
100,000 

2.1 

12.9 

290 

65,000 
100,000 

95,400 

============================================================ 

Source: Drewry Shipping Consultants (1986); Mining Magazine, 
September (1979, p.195). 
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Due to the large quantities of iron ore that is shipped, one has to also consider 

the ports at the receiving end. The larger of the receiving ports are Continent 

(Antwerp, Rotterdam, Amsterdam), all major ports in Japan, France, Italy, Spain 

and the United Kingdom (See Table 3.61). Rotterdam is one of the few ports in 

Europe that can accommodate caniers of 150-260,000 dwt. In order for larger 

caniers to unload at smaller terminals, they have to first stop at the bigger ports 

like Rotterdam, where lightening is practiced. This practice was earlier noted to be 

rather expensive. At Rotterdam, part of the cargo is off-loaded before the carrier can 

proceed to shallower ports to complete delivery of the remaining cargo. Lightening 

is also practiced at deep-draft centers like Oita and Ogishima before unloading at 

other ports in Japan (Drewry, 1986). 

The receiving ports of concern in the U.S. are those on the eastern seaboard. 

These are collectively referred to as U.S. Northern Harbors, and includes the ports at 

Philadelphia and Baltimore. These ports because of their approach channels, have 

not been developed to accept very large ore carriers. In fact, none of the U.S. eastern 

ports can berth ships of more than 80,000 dwt fully laden (See Table 3.61). Carriers 

with ores from Liberia are normally destined for unloading at Bethlehem Steel's 

terminal at Baltimore. The rate of unloading at the receiving ports averages between 

1,500 to 7,5000 tonnes per hour, but is still low when compared with the exporting 

countries. It should be pointed out that some ore carriers are self-unloading while 

the bulk carrier are not. The employment of the large carriers demand high capacity 

unloaders to speed up discharging and the turnaround time. 

It is important to acknowledge these major changes in the transportation of 

iron ores in the past thirty-five years. The trend seems to be toward larger vessels 

and distances of transport in thousands of miles, so as to counter the rise in real 

transport costs, and thereby utilize the economies of scale that has been developed 

in the bulk shipping industry. The need exists for additional investment to upgrade 

port facilities if 250-300,000 tonners are to transport iron ores as appears to be the 

trend. This suggests that larger vessels need deeper harbors with higher shiploading 
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Table 3.61. Some of the principal iron ore unloading ports 
and their capacities (tonnes). 

======================================================== 

PORT AND 'COUNTRY CAPACITY 
DEADWEIGHT TONNES 

======================================================== 

Italy, Taranto 240,000 

Japan, Oita 300,000 

Netherlands, Rotterdam 260,000 

South Korea, Pohang 150,000 

Taiwan, Kaohsiung 160,000 

United Kingdom, Port 120,000 

United States, Baltimore 80,000 

,West Germany, Hamburg 120,000 

========================================================= 

Source: Drewry Shipping Consultants (1986, pp. 142-158). 
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and unloading capacities. Seaborne trade in iron ore will continue to increase in 

the future, however, the rate of growth will be slower than that experienced in the 

past three decades because of the stagnation and slow growth in iron ore demand 

in the major markets in the industrialized West. This is in line with the iron ore 

demand forecast by the World Bank (1986). 

In conclusion of this section, it should be observed that there has been enor

mous growth in seaborne iron ore trade in the Western World over the past thirty

five years. The size of ships involved in transporting iron ores have increased from 

100% of iron ore trade being transported in ships under 60,000 dwt in 1950, to 

over 66% being transported in ships over 100,000 dwt in 1983. In terms of tonnage 

transported only 24 million tonnes in 1950 to a peak of 323 million tonnes in 1980; 

b;r 1983 it had declined to 315 million tonnes. This trend indicates that larger ex

porting and receiving ports have been built to handle this increased tonnage (Tables 

3.59 and 3.61). In some places, e.g. U.S. East Coast, it cannot be done. 

Freight rates on the spot market for the Continent routes (Western Europe) 

for the past ten years up to 1984 indicate that among distant suppliers, the lowest 

freight rates are for Canada, Mauritania and Liberia. The trend on these routes 

since 1980 is one of declining freight rates in constant 1984 U.S. dollars for Canada, 

Liberia and Mauritania up to 1983, than an increase in 1984. In terms of constant 

1984 German marks, rates declined up to 1982 for Canada and Brazil before in

creasing up to 1984, while those for Liberia and Mauritania declined up to 1983 

before increasing in 1984. These trends can be explained by the change in marine 

oil and fuel oil prices during the period covered by the figures. On the Japanese 

routes, freight rates have been declining since 1980 in constant 1984 U.S. dollars 

and constant 1984 Japanese yen up to 1982 for Australia and Brazil, but have since 

increased up to 1984. Australia had the lowest freight rate on the Japanese routes 

in 1984, and was followed by South Africa, India and Brazil. Freight rates on the 

U.S. East Coast routes show that Canada had the lowest rate in 1984, followed by 

Liberia, Brazil and Venezuela. 



230 

Estimates of unit transport cost by Drewry (1985) demonstrate that unit 

transport cost per tonne-mile decreases as the size of the vessel increases. In the 

65,000 dwt class of vessels, unit transport cost per tonne-mile is lowest for Australia, 

followed by Brazil, and then Liberia on the Rotterdam routes, while it is slightly 

higher for Canada. Unit transport cost per tonne-mile on the Rotterdam routes 

for 40,000, 65,000, and 120,000 dwt shows that the lowest is for the 120,000 dwt 

vessel, followed by the 65,000 dwt class. On the Japanese routes, the lowest unit 

transport cost per tonne-mile was obtained for the 170,000 dwt carriers, while the 

highest was for the 65,000 vessels. 

The trends on the Rotterdam routes demonstrate that with the present port 

facilities in Liberia, Liberian freight rates are second lowest even though Brazil 

and Australia use larger vessels on this route. The average size of the Canadian 

vessels on this route is also larger than those used by Liberia exporters. On the 

U.S. East Coast routes, Liberian freight rates are also second to those of Canada 

and ports cannot accommodate ships over 80,000 dwt. On the Japanese routes, the 

Australians have the lowest freight rates and are followed by South Africa. What 

this implies is that Liberia should direct majority of its exports to the Western 

Europe market since she can effectively competite with other producers on both 

f.o.b. and ocean transport costs basis. The U.S. East Coast market is another region 

in which Liberian shipments can be directed if additional ore demand develops. The 

Japanese market is rather too distant for Liberian producers to effectively competite 

because of the high shipping cost due primarily to ports not accommodating ships 

in excess of 95,000 dwt. Due to scale economies in utilizing carriers in excess of 

100,000 dwt, Australia, Brazil and South Africa should continue to supply ore to 

the Japanese market in the future, with Australia having the competitive advantage 

due to shorter shipping distance. 

3.4 Organization of world iron ore industry 

The world iron ore industry is characterized by a group of firms, some of 

which are subsidiaries of steel companies, others are merchant companies, and the 
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remainder are independent (often nationalized) companies or a consortium of com

panies forming a joint venture. The interaction of these three groups with the 

consumers and their impact on the world iron ore market is the main focus of this 

section. This section is divided into two parts which consist of: market structure 

and performance, and price formation and distortions in trade. It is hoped that a 

determination of market structure will in turn make it possible to better understand 

market conduct and performance. 

3.4.1 Market structure and performance 

In the study of any industry, it is important to analyze the structure of that 

industry so that the behavorial patterns of the firms in the industry can be better 

understood. Market structure has been described in several studies, a few of which 

it is helpful to review here. Mason (1939, pp. 61-74) defined market structure as: 

"The structure of a seller's market, then, includes all those considerations which he 

takes into account in determining his business policies and practices. His market 

includes all buyers and sellers, of whatever product, whose action he considers to 

influence his volume of sales." Another definition of market structure given by Bain 

(1968, p. 7) is: "market structure for practical purposes means those characteristics 

of the organization of a market that seem to exercise a strategic influence on the 

nature of competition and pricing within the market." Salient aspects or dimensions 

of market structure include the degree of seller concentration, the degree of buyer 

concentration, the degree of product differentiation, and the condition of entry to 

the market. These definitions cover the basic concept of market structure; however, 

other elements of market structure include height of fixed costs and growth rate of 

market demand (Caves, R. 1977, p. 17). 

The concentration of an industry is one of the most significant elements 

which needs to be analyzed in determining market structure. In order to study the 

effect of concentration on industry structure, one has to determine which measure 

of concentration is appropriate to use. Concentration refers to the extent to which 

an economic activity is dominated by a few large firms. There are two aspects of 

concentration that are usually measured; these include the number of firms, and the 
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relative sizes of these firms, measured for example by their market share (Hay and 

Morris, 1979, p. 93). When an industry has many small firms, it is said to exhibit 

low concentration; on the other hand, an industry with few firms and/or large 

relative size of some firms is said to exhibit high concentration. Low concentration 

implies that average marginal revenue does not differ significantly from price, thus 

no firm is likely to be able to exercise any influence one the market price. High 

concentration implies that the average marginal revenue is significantly different 

from market price for at least some firms with a large share in the market, and 

therefore, may have some 'monopoly power' over price (Hay and Morris, 1979). 

The most popular measure of concentration used by economists has been 

the concentration ratio. The n-firm concentration ratio is defined as the percentage 

of total industry activity ( i.e., sales, capacity, employment, value added, physical 

output, shipments, etc.) accounted for by the n largest firms, ranked in order of 

market shares. It is suggested that concentration data for several different numbers 

of firms be given in that they provide more information on industry structure than 

the ratio for only one set (i.e., the top four). Usually, a concentration table is 

constructed which provides a breakdown of market share in the industry being 

analyzed for a given year (See Tables 3.62-3.65). 

The information in a concentration table can usua.1.ly be plotted as a curve, 

which is known as the Lorenz curve. The Lorenz curve shows as a continuous 

function the percentage of total industry sales (or some other variable) accounted 

for by any given fraction of the total companies in the industry, with the firms 

ranked in order of market share or size (Scherer, F.M. 1980, p. 57). 

Another measure of industry concentration is the Herfindabl index. The 

Herfindahl index (H) is the sum of the squared market shares of every firm in the 

industry: 

where 

(3.3) 

Si= the fraction of total sales (or some other variable) accounted for by 

firm i, 



Table 3.62 u.s. domestic and traded iron ore shipments 
and market share of the twenty leading 
companies in Lake Superior Region only, 1950. 
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========================================================== 

COMPANY SHIPMENTS MARKET SHARE 
(Thousand tonnes) (%) 

========================================================== 

1. Oliver Iron Mining Co. 35,496 42.5 
2. Pickands Mather & Co. 12,983 15.5 
3. The M.A. Hanna Co. 12,280 14.7 
4. The Cleveland-Cliffs Iron Co. 8,015 9.6 

Cumulative total 68,774 82.3 

5. Jones & Laughlin Steel Corp. 3,055 3.7 
6. Republic Steel Corp. 1,870 2.2 
7. Oglebay Norton Co. 1,561 1.9 

"8. Inland Steel Co. 1,458 1.7 
Cumulative total 76,718 91.8 

9. Steep Rock 1,236 1.5 
10. Algoma Ore Property 1,026 1.2 
11. Snyder Mining Co. 867 1.0 
12. W.S. Moore Co. 642 0.8 

Cumulative total 80,489 96.3 

13. E. W. Coons Co., Inc. 514 0.6 
14. Stanley Mining Co. 412 0.5 
15. North Range Mining Co. 409 0.5 
16. Pacific Isle 361 0.4 

Cumulative total 82,185 98.3 

17. Rhude & Fryberger 312 0.4 
18. Zontelli Brothers 266 0.3 
19. Haley-Young Mining Co. 240 0.3 
20. Charles on Iron Mining Co. 194 0.2 

Cumulative total 83,197 99.5 

Other (4 Firms) 308 0.4 

TOTAL SHIPMENTS 83,505 99.9 

=====================~===================================== 

Source: Skillings Mining Review, June 2, 1951. 



Table 3.63 u.s. domestic and world traded iron ore 
shipments and market share of twenty 
leading firms, 1960, Free Market only. 

========================================================= 

COMPANY SHIPMENTS 
(Thousand tonnes) 

MARKET SHARE 
(%) 

========================================================= 

1. Oliver Iron Mining Div. 23,877 16.9 
2. Orinoco Mining Co. 17,241 12.2 
3. LKAB 16,155 11.4 
4. M. A. Hanna Co. 12,308 8.7 

Cumulative total 69,581 49.2 

5. Pickands Mather & Co. 11,565 8.2 
6. Iron Ore Co. of Canada 10,305 7.2 
7. Cleveland-Cliffs Iron Co. 6,327 4.5 
8. Reserve Mining Co. 4,971 3.5 

Cumulative total 102,749 72.6 

9. Jones & Laughlin Steel Corp. 4,125 2.9 
10. Marcona Mining Co. 4,071 2.9 
11. Dominion Wabana Ore Ltd. 2,852 2.0 
12. Liberia Mining Co. Ltd. 2,845 2.0 

Cumulative total 116,642 82.4 

13. Columbia Geneva Div. 2,516 1.8 
14. Kaiser Steel Corp. 2,414 1.7 
15. Inland Steel Co. 2,056 1.5 
16. TGO 1,905 1.3 

Cumulative total 125,533 88.7 

17. Steep Rock Iron Mines Ltd. 1,612 1.1 
18. Oglebay Norton Co. 1,601 1.1 
19. Sierra Leone Dev. Co. Ltd. 1,539 1.1 
20. Algoma Ore Properties Div. 1,460 1.0 

Cumulative total 131,745 93.0 

Other (20 Firms) 9,851 7.0 

TOTAL SHIPMENTS 141,596 100.0 

======================~================================= 

Source: Skillings Mining Review, July 22 1961, 
vol. 50, no. 29. 
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Table 3.64 U.S. domestic and world traded iron ore 
shipments and market share of twenty 
leading firms, 1973, Free Market only. 
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=========================================================== 

COMPANY SHIPMENTS MARKET SHARE 
(Thousand tonnes) (%) 

============================================================ 

1. U.S. Steel Corp. 
2. Cia Vale Do Rio Doce 
3. The Hanna Mining Co. 
4. Luossavaara-Kiirunavaara AB 

Cumulative total 

5. Hamersley Iron Pty. Ltd. 
6. Mt. Newman Mining Co. Pty. Ltd. 
7. Pickands Mather & Co. 

"8. The Cleveland-Cliffs Iron Co. 
Cumulative total 

9. Marcona Corp. 
10. Granges AB. 
11. The Broken Hill Pty. Co. Ltd. 
12. Acieries Reunies de 

Burback-Eich-Dud Elange 
Cumulative total 

13. Reserve Mining Co. 
14. Exploration & Bergbau G.M.B.H. 
15. S.A. Des Mines de Fer de 

Mauritanie 
16. Cia de Acero del Pacifico S.A. 

Cumulative total 

17. Cia. Mineira do Lobito 
18. South African Iron & Steel 

Industrial Corp. .Ltd. 
19. Jones & Laughlin Steel Corp. 
20. Bethlehem Steel Corp. 

Cumulative total 

Other (53 Firms) 

TOTAL SHIPMENTS 

51,893 
38,463 
32,019 
29,487 

151,862 

27,587 
26,738 
24,939 
22,005 

253,131 

19,282 
16,552 
12,119 
11,518 

312,602 

11,219 
10,895 
10,288 

9,433 
354,437 

6,205 
5,933 

4,981 
4,611 

376,167 

70,770 

446,937 

11. 6 
8.6 
7.2 
6.6 

34.0 

6.2 
6.0 
5.6 
4.9 

56.6 

4.3 
3.7 
2.7 
2.6 

69.9 

2.5 
2.4 
2.3 

2.1 
79.3 

1.4 
1.3 

1.1 
1.0 

84.2 

15.8 

100.0 

============================================================ 

Source: Skillings Mining Review July 6, 1974 pp. 4-5. 



Table 3.65 u.s. domestic and world traded iron ore 
shipments and market share of the twenty 
leading firms, 1984, Free Market only. 
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============================================================= 

COMPANY SHIPMENTS MARKET SHARE 
(Thousand tonnes) (%) 

============================================================= 

1. Cia. Vale Do Rio Doce (CVRD) 
2. Hamersley Iron Pty. Ltd. 
3. Cleveland-Cliffs Iron Co. 
4. Mt. Newman Mining Co. Pty. Ltd. 

Cumulative total 

5. u.S. Steel Corp. 
6. M. A. Hanna Co. 
7. Pickands Mather & Co. 

'8. Luossavaara-Kiirunavaara AB 
Cumulative 

9. Exploration & Berbgau GmbH 
10. Mineracoes Brasileiras 

Reunidas S.A. 
11. CVG Ferrominera Orinoco C.A. 
12. Iscor Ltd. 

Cumulative total 

13. Societe Nationale Industrielle 
& Miniere 

14. LAMCO Joint Venture 
15. S.A. Mineracao da Trindade 
16. National Mineral Development 

Corp. Ltd. 
Cumulative total 

59,700 
38,272 
31,630 
30,905 

160,507 

22,559 
21,989 
18,843 
18,284 

242,182 

17,153 
14,569 

12,774 
10,672 

297,350 

9,482 

9,027 
7,905 
7,439 

331,207 

17. Broken Hill Pty. Co. Ltd. 7,225 
18. Samarco Mineracao S.A. 6,744 
19. Cia. Minera del Pacifico S.A. 6,297 
20. Mt. Goldsworthy Mining Associates 4,718 

Cumulative total 356,191 

Other (50 Firms) 

TOTAL SHIPMENTS 

63,914 

420,105 

14.2 
9.1 
7.5 
7.4 

38.2 

5.4 
5.2 
4.5 
4.4 

57.7 

4.1 
3.5 

3.0 
2.5 

70.8 

2.3 

2.1 
1.9 
1.8 

78.9 

1.7 
1.6 
1.5 
1.1 

84.8 

15.2 

100.0 

============================================================= 

Source: Skillings Mining Review July 6, 1985, pp. 6-7. 
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n= the number of firms in the industry. 

This index rises with the size of the share of each firm and with the de

crease in the number of firms (Hay and Morris, 1979, p. 104). Adelman (1969) has 

suggested a concentration measure N, which he terms the "numbers-equivalent". 

He proposes that the H -index can be used as a numbers-equivalent index. The 

"numbers-equivalent" (N) is the reciprocal of the H-index and represents the num

ber of equal-sized firms that would give the same value of the index. The numbers

equivalent is thus: 

The interpretation of the numbers-equivalent is that it enables one to think of the 

size distribution of firms in a market as if there were n firms of equal size, and this 

has been suggested to make comparisons of different markets intuitive (Hay and 

Morris, 1979). 

There have been many valid criticisms levelled against measures of concen

tration, including the H -index. Some feel the lack of market share size data for 

individual firms hampers this index. Adelman disagrees with that argument and 

contends that it is not necessary to have information on all firms to obtain a rea

sonable approximation to the H-index in a particular case. Hay and Morris (1979, 

p. 106) argue that suppose one has information on firms ranked from 1 to n, having 

a total of s percent of the market and suppose it is assumed that the market share 

of the nth firm is Sn. It then follows that the remaining firms in the industry must 

have (1 - s) per cent of the market between them. Their maximum contribution to 

the H -index will then be when they are of equal size, therefore, one may estimate 

the maximum value of H for the industry. 

H the analysis of concentration among producing companies in the world iron 

ore industry is relied upon it is clear that the market was not perfectly competitive 

through the era of anti-trust concern ending in 1960. However since then it has 

moved closer to a competitive one as the number of rival firms competing for market 

access in the industry has increased. Each firm independently and aggressively 

strives for markets and this diffuses economic power and whatever control that may 
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have existed in the past. There should not be any reservations about using the 

concentration ratio since most measures of concentration within any industry are 

highly correlated with each other as observed by Nelson (1963). 

In an attempt to illustrate the dynamic nature of market structure in the 

iron ore industry, market concentration ratios of the industry from 1950 to 1984 

will be reviewed. Concentration in the industry in 1950, is evaluated by using 

U.S. iron ore industry data since it represents the overwhelming majority of the 

iron ore shipped in that year, and world trade was less than 25% of Western free 

market transactions. There was no information found on foreign iron ore shipments 

by companies in 1950. The U.S. data is taken as representative of what the world 

industry structure reflected at this time, and is an appropriate proxy to show the 

market structure of the industry in a particular region. It should be noted, however, 

that this exercise is merely trYing to show concentration in the Lake Superior region 

and should be viewed with caution as far as the rest of the world is concerned. Table 

3.62 shows the iron ore shipments of the leading twenty firms in the Lake Superior 

Region. The top four firms shipped 82.3%, the top eight firms shipped 91.8%, and 

the top twenty firms shipped 99.5%. These market share data show that the iron 

ore industry in the U.S. was highly concentrated. A report by the Federal Trade 

Commission in 1952 which is cited in Kaysen and Turner (1959, p. 38) notes that "In 

iron ore, the nine largest steel companies owned mines accounting for 41 per cent 

of total production, and controlled by minority ownership, contract, or otherwise 

81 percent of total production." 

Observation of the ownership structures in 1950 shows that the major pro

ducers of iron ore were independent to some extend, but there were cross relation

ships with some steel producers. The markets served by them were segregated and 

included the Great Lakes region, and the markets on the U.S. East Coast. Oliver 

hon Mining Company was a ~ubsidiary of United States Steel Corp., and majority 

of its production went to U.S. Steel. Pickands, Mather & Company was a manage

ment company which operated ore properties on the basis of long-term contracts 

for groups which owned the mines. It was reported to have close connections with 

Bethlehem Steel and Youngstown Sheet and Steel. The M.A. Hanna Company held 
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27.6% interest in National Steel Corp. and managed National's iron ore properties. 

Hanna also served as the exclusive sales agent for properties which it managed for 

National. The Cleveland-Cliffs Iron Company had stock ownership in several steel 

companies and sold iron ore to Wheeling and Republic, among others. It also held 

two-thirds interest in Oglebay Norton and Company, a service company, which was 

the seventh largest iron ore mining company in the region. The concentration and 

ownership structure in the Lake Superior region suggests that open market sales of 

iron ore and price competition were not common in this market during this period 

(Hom, C.L., Jr.,1950, pp. 95-97). This further illustrates the high concentration of 

the U.S. iron ore industry during this period, and demonstrates the major influence 

of steel producers on iron ore production. 

Data on iron ore shipments of forty major iron ore companies in 1960 is 

p~sented in Table 3.63. The data includes shipments from South America, Africa 

and Sweden. The data now includes internationally traded iron ore in the Western 

World, which now gives a clearer picture of the world industry. The concentration 

ratio for the top four firms was 49.2%, that for the top eight firms was 72.6%, 

and for the top twenty firms, it was 93.0%. The top four firms included Oliver 

Iron Division and M.A. Hanna Mining Co., both of whom were earlier described as 

having cross relationships with other producers and ownership links with some steel 

producers in several U.S. markets . .orinoco Mining Company of Venezuela was at 

the time a subsidiary of U.S. Steel Corp. which also owned Oliver Iron Division of 

the Lake Superior region. The third largest ore shipper, Luossavaara-Kiirunavaara 

AB (LKAB), a Swedish state-owned iron ore company, sold its ores on the European 

markets. These market share data suggest again that concentration was very high in 

the iron ore industry. However, the U.S. iron ore industry became less concentrated 

in 1960 than it was in 1950, in the Lake Superior region. No inference can actually 

be made for the rest of the world industry since there were no concentration data 

for 1950. After 1970 the U.S. is no longer the leading representative ore producer. 

There were seventy-three companies involved in Western World iron ore ship

ments in .1973. Of these, the leading four firms shipped 34%, the leading eight firms 

56.6%, and the leading twenty firms shipped 84.2% (See Table 3.64). The data for 
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1984 reveals that there were also seventy companies which made iron ore shipments, 

the largest 4-firms shipped 38.2%, the leading 8-firms 57.7%, and the leading 20-

firms shipped 84.8%. The data for the above appears in Table 3.65. Comparison 

of concentration in the iron ore industry on the seller side for 1973 and 1984 reveal 

that the world industry has far too low a concentration either period to maintain 

rents during periods of excess supply. The world industry during the early 1980s 

consisted of a large number of firms, competing for market access, even though, 

some producers had long-term contracts with steel producers in various regions. 

The large number of firms, the varying ore type and quality, together with contract 

differences resulted in different prices for iron ores on the world market. The prices 

negotiated between producers and consumers were usually constant for a year or 

more based on the conditions of the contract. These prices can be thought of as 

having been administered, even though they reflected market conditions that ex

isted in the industry at the time. However, to determine what impact this new era 

of competition has had on the world market, one has to know also the concentration 

on the buyer side and the linkages that exist in the industry. 

Determining market structure in the iron ore industry entails evaluation of 

concentration on both sellers and buyers sides, and the market power exercised by 

each. It has been suggested by some that the iron ore industry exhibits weakly 

oligopolistic and/or competitive market structures on the supply side (Kaysen and 

Turner, 1959; Radetzki, M. 1978; Labys, W.C. 1980). The market structures in 

the iron ore industry seemed to these authors very difficult to categorize because of 

the ties they found exist between some iron ore and steel producers. These "ties" 

appear to playa minor role as the number of firms in the industry increased. In 

order to determine the m~ket structure characterized by the iron ore industry, 

a classification system is adapted from Kaysen and Turner (1959, p. 27). This 

classification can only be use~ as a crude guide and will be modified according to 

the ownership ties existing in the industry. At this juncture, it does not appear as 

though significant market power is exercised by either producers or consumers on 

the the international market. Kaysen and Turner define a structurally oligopolistic 

market as one in which the few largest sellers in the market have a share of the 
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market sufficient enough so that they recognize the interdependence that exists 

among firms in the industry. In their classification, the 8-firm concentration ratio 

of 33 percent is used as the dividing line because a smaller number of firms with 

larger shares of the market generally accompany, to a significant degree, the kind of 

behavior indicated by a monopolist. Kaysen and Turner further divide oligopolies 

into Type One in which the largest eight firms have at least 50 percent of market 

sales and the largest twenty have at least 75 percent; and the Type Two structural 

oligopolies in which the largest eight firms have 33 percent of sales and the rest 

of the market is relatively unconcentrated. In the Type One oligopoly, firms are 

aware of their mutual interdependence; in Type Two they are not. If the Kaysen 

and Turner classification is used, by including the captive and domestic production 

of integrated subsidiaries one could overstate the infiuence of U.S. producers who 

do not enter the world market. 

The concentration ratios for the largest four, eight and twenty firms in the 

Western World's iron ore industry for 1960, 1973 and 1984 are given in Table 3.66. 

The four-, eight-, and twenty-firm ratios in 1984 are 38.2%, 57.7% and 84.8% re

spectively. Using the classification of Kaysen and Turner, one should infer that 

the iron ore industry is weakly oligopolistic to relatively competitive based on the 

8-firm concentration ratio of 57.7% in 1984. However, an observation of the activi

ties in the internationally traded sector of the world iron ore market demonstrates 

that it is not a market in which independent producers sell largely to independent 

buyers, due to the substantial backward integration of some steel companies into 

iron ore production, to joint ventures involving some steel and merchant companies 

with host governments, and to the practice of government steel firms and certain 

countries such as EEC and Japan of buying as a single trading company. This 

trend is discernable when one examines the pattern of trading company buying and 

ownership pattern of the top eight firms in 1984. Steel companies have interest 

in Hamersley, Mt. Newman, U.S. Steel owns iron ore mines, and the remaining 

include merchant ore companies and state controlled companies. European steel 

companies have had interests in Brazil and other producing countries since the 

1950s. For example, Exploration and Bergbau GMbH has interests in the Ferteco 



Table 3.66 Market share of iron ore shipments accounted 
for by the largest twenty companies, 1960, 
1973, and 1984. 
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============================================================ 

YEAR NUMBER OF SHIPMENTS PERCENT ACCOUNTED FOR 
COMPANIES (Thousand tonnes) 4 8 20 

Largest Firms 

============================================================ 

1960 

1973 

1984 

40 

73 

70 

141,596 

446,937 

420,105 

49.2 

34.0 

38.2 

72.6 

56.6 

57.7 

93.0 

84.2 

84.8 

============================================================ 

Source: Tables 3.63, 3.64 and 3.65. 



243 

Mineracao of Brazil and Bong Mining Company of Liberia; Granges AB has inter

est in LAMCO Joint Venture in Liberia. American steel companies have interest 

in Canadian as well as American mines, and also in other countries. Bethlehem 

Steel Corp. owns Marmoraton Mining Company, Inland Steel owns the Caland Ore 

Co., and U.S. Steel Corp. owns Quebec Cartier. The Hanna Corporation has inter

est in Iron Ore Company of Canada. Japanese Steel companies also have interest 

in Australian Mines, Hamersley Iron Pty. Ltd. (Labys, C.W. 1980; Drewry 1986). 

There is also the flow of finances from some steel companies to iron ore producing 

countries for mine development, ore dressing and handling and for development of 

port infrastructure. The presence of these many producers introduces elements of 

vigorous competition on the sellers' side in the industry, even though there are some 

links with steel producers. This suggests that the sellers may have negligible market 

power. 

The data in Table 3.66 demonstrates how the iron ore industry has evolved 

over the past years. There are also comparisons of the H -index and the "N" mea

sure given for 1973 and 1984 in Tables 3.67 and 3.68 respectively. The numbers

equivalents comparison for 1973 and 1984 seem to show that the industry in 1984 

is not significantly more concentrated than it was in 1973. Classification of mar

ket structure according to numbers-equivalents is not possible since no intervals 

are given for different market structures. A graph of market shares for iron ore 

producers in selected years is shown in Figure 3.12. 

The concentration on the buyer side is somewhat easier to identify. The 

leading steel producers in the Western World for 1973 and 1983 are given in Tables 

3.69 and 3.70 respectively. The data for firms producing steel in 1983 will be used 

to determine concentration in the ~ndustry. In order to determine market structure, 

the countries which have organizations that act as single buyers will be identified 

as firms. Table 3.71 shows the market share of the leading eight purchasers of iron 

ore in the western world in 1973. Examination of data on leading steel producers 

(See Table 3.71) suggest that the steel industry at the time resembled the Type 

One Oligopsony, the market share of the largest eight firms was 53.4%. The 
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Table 3.67 Concentration in the iron ore industry measured 
by iron ore shipments of largest twenty firms 
in 1973. 

============================================================= 

NUMBER OF FIRMS MARKET SHARE (%) H INDEX N MEASURE 

============================================================= 

4-Firm 

a-Firm 

12-Firm 

16-Firm 

20-Firm 

34.0 

56.6 

69.9 

79.3 

84.2 

0.030 

0.043 

0.048 

0.050 

0.050 

32.90 

23.06 

20.84 

19.93 

19.70 

============================================================== 

Source: Table 3.64. 
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Table 3.68 Concentration in the iron ore industry measured 
by iron ore shipments of largest twenty firms 
in 1984. 

============================================================= 

NUMBER OF FIRMS MARKET SHARE (%) H INDEX N MEASURE 

============================================================= 

4-Firm 

8-Firm 

12-Firm 

16-Firm 

20-Firm 

38.2 

57.7 

70.8 

78.9 

84.8 

0.039 

0.049 

0.053 

0.055 

0.056 

25.64 

20.41 

18.87 

18.18 

17.86 

============================================================== 

Source: Table 3.65. 
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Table 3.69 Leading raw steel producers, Free Market 
only, 1973. 
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============================================================ 

COMPANY PRODUCTION 
(Million tonnes) 

MARKET SHARE 
(%) 

============================================================ 

1. Nippon Steel 41.1 8.4 
2. U. S. Steel 31.7 6.5 
3. British Steel Corp. 24.0 4.9 
4. Bethlehem Steel 23.7 4.8 

Cumulative total 120.5 24.6 

5. Nippon Kokan 16.1 3.2 
6. Sumitomo 14.5 3.0 
7. Kawasaki 14.4 2.9 
8. ATH 14.2 2.9 

Cumulative 179.7 36.6 

9. Arbed Group 11.8 2.4 
10. Estel 11.6 2.4 
11. Finsider 11.6 2.4 
12. Republic Steel 11.3 2.3 

Cumulative total 226.0 46.1 

13. National Steel 11.3 2.3 
14. Armco Steel 9.5 1.9 
15. Usinor 9.1 1.9 
16. Sacilor Group 8.2 1.7 

Cumulative total 264.1 53.9 

17. Inland Steel 8.1 1.7 
18. Jones & Laughlin 8.0 1.6 
19. Kobe Steel 8.0 1.6 
20. Broken Hill Pty. 7.7 1.6 

Cumulative total 295.9 60.1 

21. Cockerill 6.2 1.3 
22. Stelco 5.7 1.2 
23. Fried. Krupp 5.7 1.2 
24. Peine-Salzgitter 5.2 1.0 
25. Ensidesa 4.9 1.0 

Cumulative total 323.6 65.8 

Other 167.6 34.2 

TOTAL 491.2 100.0 

=========================================================== 

Source: Metal Bulletin Hankbook, vol.2, 1974. 



Table 3.70 Leading world raw steel producers (companies) 
free market only, 1983. 
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========================================================= 
COMPANIES OUTPUT 

(MILLION TONNES) 
MARKET SHARE 

(%) 
========================================================= 
1. Nippon Steel 26.86 6.7 
2. U.S. Steel 13.44 3.3 
3. British Steel Corp. 12.70 3.1 
4. Finsider 12.17 3.0 

Cumulative total 65.17 16.1 

5. Nippon Kokan (NKK) 11.41 2.8 
6. Kawasaki 10.36 2.6 
7. Sumitomo 10.34 2.6 
8. Arbed Group 9.81 2.4 

Cumulative total 107.39 26.5 

9. Bethlehem Steel Corp. 9.70 2.4 
10. Thyssen 9.45 2.3 
11. Siderbrass 9.12 2.3 
12. Usinor 8.50 2.1 

Cumulative total 144.16 35.6 

13. Posco 8.44 2.1 
14. Jones & Laughlin 6.94 1.7 
15. Sacilor 6.90 1.7 
16. Sail 6.14 1.5 

Cumulative total 172.58 42.6 

17. Kobe Steel 6.06 1.5 
18. Inland Steel 5.72 1.4 
19. Republic Steel 5.71 1.4 
20. Broken Hill Pty. (BHP) 5.52 1.4 

Cumulative total 195.5~ 48.3 

21. Iscor 5.44 1.3 
22. Armco Steel 5.25 1.3 
23. Cockeril-Sambre 4.72 1.2 
24. Kockner 4.43 1.1 
25. Hoogovens 4.30 1.1 

Cumulative total 219.73 54.3 

Other 183.49 45.7 

TOTAL 403.22 100.0 
======================================================== 

Source: Metal Bulletin Handbook, vol.2, 1984. 
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Table 3.71 Market share of leading eight steel producing 
firms and/or organizations for purchasing iron 
ore in 1973. 

============================================================= 

FIRMS/ORGANIZATIONS OUTPUT 
(MILLION TONNES) 

MARKET SHARE 
($) 

============================================================= 

1. Japanese Steel Companies 94.0 19.1 

2. West German Steel Companies 48.5 9.1 

3. U.S. Steel Corporation 31.7 6.5 

4. British Steel Corporation 24.0 4.9 

Cumulative total 198.2 40.4 

5. Bethlehem Steel Corp. 23.7 4.8 

6. French Steel Companies 17.3 3.5 

7. Italian Steel Companies 11.6 2.4 

8. Republic Steel Corp. 11.3 2.3 

Cumulative total (8-firm) 262.1 53.4 

======================================================== 

Source: Calculated from Table 3.69 and Metal Bulletin 
Handbok, vol. 2, 1974. 
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concentration data for leading steel producers in 1983 is smaller (See Table 3.72). 

The leading eight firms controlled 46.7% of the market in 1983 and this would 

suggest a Type Two oligopsony. The situation in 1983 was different than in 1973. 

The leading four firms controlled 35.7% of the market share in 1983, while they 

controlled 40.4% in 1973. This suggests that the steel industry was slightly more 

concentrated on the buyers side in 1973 than it was in 1983; however, an interesting 

aspect to consider is the linkage that exists among steel ore buyers and iron ore 

producers. Not only do the steel companies have interest in iron ore mines in 

the form of subsidiaries or through joint ventures with other companies, but large 

nationalized sectors buy through a single trading company as stated earlier. The 

international iron ore market seems to be influenced to a limited extent by the large 

nationalized steel companies mainly because of the large number of ore producers. 

The ore buyers because of the existence of excess capacity have been able to hold 

the price of iron ore at or near the competitive levels during negotiations with the 

sellers. In the U.S., large U.S. steel companies exercise a major influence on the 

workings of the U.S. markets due to the vertical integration which characterizes the 

domestic industry. Most of the links between steel companies and iron ore mines 

are easy to decipher and this has resulted in secured and continued supply of iron 

ore for some steel producers, while others have to buy on the open market. The 

open market has had a significant impact on the European markets since it involves 

more than 30% of the ore traded. Internal production makes the buyer aware of 

production costs and this knowledge is most useful in bargaining with sellers. 

The impact of concentration on the demand side is possible to measure; how

ever, in addition to concentration measured in tonnes of steel produced by major 

steel companies, the bargaining power of purchase organizations in importing coun

tries is also believed to reflect concentration. In Britain, British Steel Corporation 

contracts for all iron ore imp.orts and distributes receipts according to needs. In 

West Germany, two companies, Rohstofihandle GMbH and ErZkontor-Ruhr GMbH, 

are technically responsible for purchasing all iron ore imports; while in France, iron 

ore imports are purchased by two steel companies, Wendel-Sider and Sinor. In 
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Table 3.72 Market share of leading eight steel producing 
firms and/or organizations for purchasing iron 
ore in 1983. 

========================================================== 

FIRMS/ORGANIZATIONS OUTPUT MARKET SHARE 
(MILLION TONNES) (%) 

========================================================== 

1. Japanese Steel Companies 65.11 16.2 

2. West German Steel Companies 38.26 9.5 

3. Italian Steel Companies 25.03 6.2 

4. French Steel Companies 15.40 3.8 

Cumulative total 143.80 35.7 

5. U.S. Steel Corp. 13.44 3.3 

6. British Steel Corp. 12.70 3.2 

7. Bethlehem Steel Corp. 9.70 2.4 

8. Posco 8.44 2.1 

Cumulative total (8-firm) 188.08 46.7 

========================================================== 

Source: Calculated from Table 3.70 and Metal Bulletiln 
Handbook, vol. 2, 1984. 



252 

Italy, Italsider, a subsidiary of the state holding company Finsider imports all iron. 

ores. In the Netherlands, Hoogoverus, an iron and steel producer contracts for all 

the iron ore imports into the country. In Japan, the steel companies obtain their 

requirements through a specialist merchant company, Mitusubishi, this results in 

only one buyer for all iron ore imports. Japanese steel companies also have interests 

in iron ore mines in Australia and Brazil. Even though purchase organizations do 

not exist in the U.S., iron ore purchase contracts agreed upon by one of the major 

steel companies, such as U.S. Steel, are believed to have served as a reference price 

for negotiations between other producers and steel companies. 

In conclusion, it is appropriate to assume that the iron ore industry is a 

regulated competitive industry on the supply side, due to the relatively large number 

of firms involved in production, compared to the concentration of buyers. The 

demand side of the industry has an advantage in given geographic regions because of 

excess capacity due to the large number of producers, and only to a limited extent by 

the existence of purchasing organizations. In times of excess supply the competitive 

sources of supply are pitted against much more highly concentrated buyers. In 

such periods, trading companies and large integrated firms act as oligopsonistic 

elements such as purchase organizations that coordinate iron ore purchases in any 

one country. Whenever excess capacity prevails it forces prices down. 

There has been rapid growth in the world iron ore industry since the 1960s, 

and the market structure seems to have undergone a lot of change. Some of the 

developments which have contributed to the changing character of the iron ore 

market include the development 9f new large mines that required substantial in

vestment from foreign sources. To guarantee recoupment of their investments, the 

international investors required firms to sign long-term delivery contracts with steel 

producers in industrialized countries. Most of these contracts specified volumes as 

well as prices in U.S. dollars for most of the contract period. Another development 

contributing to the change in the structure of the industry deals with the increasing 

involvement of governments in the iron ore sectors of most exporting countries. In 

countries where nationalization has taken place, output share of captive mines have 
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been reduced because the government has acquired share of former owners. Also, 

increasing government control has led to coordination of mines' sales efforts at the 

national level in countries like Brazil, Peru, Venezuela, Mauritania, and India. In 

most instances the government's objectives include maximizing revenue and em

ployment, and this results in increased production even when the world markets 

are depressed. In Austalia, all major export contracts require government approval. 

These developments have definitely had a profound effect on the structure and per

formance of the iron ore industry during the past three decades. 

3.4.2 Price formation and distortions in trade 

In general, throughout the world large steel :firms integrated domestic ore 

and coal mine operations. Beginning in the 20th century, anti-trust action through 

the early 1930s in the U.S. sought to enforce open market transactions to assure. fair 

prices for unintegrated mills. Thus price formation in the iron ore industry came to 

reflect the structure of ownership and control which existed in the industry. As the 

world trade expanded after 1950, the price of iron ore on the international market 

therefore followed the pre-war conventions which established leading producer prices 

on the basis of Lake Superior grades, Swedish Kiruna D, the quality of ore, the type 

of transaction, the status of the buyer, shipping arrangements and market conditions 

at the time of the purchase. 

The world iron ore industry has gone from an industry in which buyers 

appeared to have held some market power in the early 1950s, to a bilateral oligopoly 

during the 1960s through the late 1970s. With a bilateral oligopoly, a few powerful 

buyers facing oligopolistic sellers, it appeared as though the buyers had sufficient 

power to hold the price of iron ore at or near competitive levels. The industry in the 

1980s may be categorized as consisting of many competing firms on the producer 

side, facing oligopsonistic buyers. With these many producers came an increase 

in production capacity, thereby, resulting in the excess capacity that obtains in 

the iron ore industry today. Due to the excess capacity which has existed in the 

industry during most of the 1980s, the position of the sellers has become somewhat 

uncertain. Competition for the geographic markets has translated into lower prices 
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as a result of discounts given to some consumers, while at the same time, locational 

rents appear to be collected by few producers in other markets. The following 

discussion centers around price formation as perceived by some observers of the 

world iron ore industry. 

Three groups of ownership arrangements were devised to manage iron ore 

production, and came to exert some influence on price formation in the industry over 

the years. This section will describe the pricing methods as they relate to each of 

these ownership arrangements, and the implications of these methods on the current 

world market. There are three marketing modalities in the international iron ore 

market and they reflect the traditional ownership patterns in the industry; namely, 

(1) captive mining (internal producer pricing), (2) open market contracts, and (3) 

long-term merchant ore contracts (Labys, w.e. 1980, p. 189; Rogers, C.D. 1980, 

p.144). The modalities are reviewed as described by these and other authorities of 

the iron ore industry. Average prices from quotations of these trading transactions 

are those used to describe international iron ore trends. The thesis here is that ore 

price competition tends to determine producer's shares in the shortrun, but other 

factors influence share in the longrun, especially the factors shaping market access 

and expansion in the steel industry. 

Iron ore is sold in a variety of types and grades on the world market; iron ore 

is available as direct shipment lump ores, sinters, sinter feed (fines or concentrates 

used to manufacture sinter) and pellets. The price of iron ore is usually quoted 

for a stated percentage of contained iron (Fe) about 64% calculated on a dry basis 

(i.e. excluding moisture content). This price is referred to as the 'basis' and is 

expressed as a price per metric (DMT) or long (DLT) ton unit (%) of Fe, usually 

in U.S. Dollars. hon ore prices differ with grade and with the presence or absence 

of impurities (e.g., sulfur, phosphorus). The price is higher for a higher grade or 

Fe content, and lower if the Fe content is lower than specified in the contract; if 

impurities are high, or if there are variations in the physical composition (or 'sizing') 

of the ore (Drewry 1985, p. 15), additional penalties are assessed. 

The dollar is the principal trading currency, therefore, there is no problem 

with interpreting the available price data. In the few cases where the dollar is not 
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used, one can index a transaction by the appropriate exchange rate. Thus it is 

possible to select a price series that can be considered representative for the whole 

industry. It should be indicated that in domeStic currencies, the price of iron ore may 

be going up, while it is declining in U.S. currency. There are a number of price series 

which are accepted as representative of the world market. Three of the most widely 

quoted price series on the international market are: (i) the price of Brazilian ore in 

dollars (average Fe content 68%) including transport costs, insurance, and freight 

to North Sea Ports; (ii) the domestic/export price of American Lake Superior ores 

and pellets (average content 51.5% and 68.7%) respectively delivered rail of vessel 

at lower Lake Ports; and (iii) the price of high grade direct shipment Swedish ore, 

Kiruna D, c.i.f. (average Fe content 60%), Rotterdam. These prices are given in 

Table 3.73, and they show the evolution of nominal and real iron ore prices since 
, 

1950. The iron ore prices in real 1984 U.S. dollars are deflated by the Manufacturing 

Unit Value (MUV) index. 

(1) Producers Pricing: Independent ore producers always have to sell at or 

near the price which leading integrated industry producers are willing to sell at 

and this indicates, under competitive fringe conditions, their marginal cost. Un

der monopsony conditions, independent sellers sell at or near marginal cost. Most 

countries, like Japan, are large enough buyers to obtain monopsony rents by deal

ing via a single trading company. In captive mining, the iron ore mine is wholly 

owned by the buyer, usually, an integrated steel company. The pricing policies 

adopted by U.S. producers in the 1950s and 1960s followed the economic ratio

nale for competitive regulated industries in which the independent merchant ore 

company's marginal cost set the Lake Price announced by Piclamds Mather, the 

largest producer. Transfer price is usually defined as the monopsonistic price paid 

for goods and services by a partner in the venture or one unit of an integrated com

pany to another unit within the company. Pellet prices were set by such firms to be 

competitive with Lake ores plus a premium for structure. According to Nelson, this 

premium produced rents as large as those collected by the 'regulated' industry price 

leaders. No more information on producer pricing other than costs are necessary to 

determine how transfer prices are established. Newcomb (1965) showed that most 
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Table 3.73. Representative c.i.f. prices of iron ores on world 
(current and constant 1984 $ per tonne). 

Brazilian Iron U.S. Iron Ore, Swedish Iron Ore, 
Ore, c.Lt. c.i.f. Lower Lake Kiruna D, 

North Sea Ports Ports c.i.f. Rotterdam 

Year Current $ 1984 $ Current $ 1984 $ 1984 $- CUrrent $ 1984 $ 

1950 12.40 54.39 1.50 33.25 34.16 
1951 16.30 60.31 8.11 30.26 35.06 
1952 22.3 80.51 8.11 29.49 34.51 
1953 20.1 15.38 8.94 33.61 31.18 
1954 11.1 65.52 9.14 31.32 39.89 12.30 41.13 
1955 18.20 68.16 9.94 31.23 39.36 13.00 48.69 
1956 21.40 18.39 10.68 39.12 40.93 14.40 52.15 
1951 22.50 18.95 11.27 39.54 41.11 15.10 52.98 
1958 21.50 11.67 11.27 31.51 40.81 14.50 48.33 
1959 11.10 59.19 11.21 39.40 39.93 11.50 40.21 
1960 17.10 58.56 11.27 38.60 39.28 11.50 39.38 
1961 11.80 60.34 11.27 38.20 38.90 11.50 38.98 
1962 16.80 51.93 10.48 36.14 35.38 10.80 31.24 
1963 15.10 53.95 10.48 36.01 34.84 10.10 34.11 
1964 15.10 52.51 10.38 34.12 33.98 10.10 33.18 
1965 15.10 52.33 10.38 34.60 33.01 10.10 33.61 
1966 15.30 48.11 10.38 32.64 31.94 9.90 31.13 
1961 13.50 41.93 10.38 32.24 31.14 8.10 21.02 
1968 12.60 41.86 10.38 34.49 29.65 8.40 21.91 
1969 11.80 38.82 10.38 34.14 28.09 8.40 21.63 
1910 15.20 45.31 10.63 31. 73 21.26 9.30 21.16 
1911 13.50 31.09 11.02 30.21 26.13 10.50 28.85 
1912 12.80 32.08 11.02 21.62 25.52 10.80 21.10 
1913 11.10 35.92 11.61 24.38 25.26 10.10 21.22 
1914 19.00 31.83 13.68 22.91 21.28 12.80 21.44 
1915 22.60 33.33 11.52 25.84 31.82 19.30 28.41 
1916 21.90 31.69 19.09 21.63 32.58 16.10 23.30 
1911 21.60 28.92 20.51 21.54 32.92 13.40 11.94 
1918 19.40 22.10 21.95 25.00 32.14 15.90 18.11 
1919 23.30 23.85 24.41 24.98 33.45 14.30 14.64 
1980 26.10 25.24 26.18 24.14 32.90 11.60 16.61 
1981 24.30 23.96 30.01 29.60 34.38 18.50 18.24 
1982 25.90 26.00 32.07 32.20 34.54 19.30 19.38 
1983 24.00 24.84 29.53 30.51 30.61 21.60 22.36 
1984 23.20 23.20 30.80 30.80 30.80 11.3 11.30 
1985 22.60 20.93 31.03 28.13 30.05 

Source: Nappi, C. (1979, p. 150): Metal Statistics Yearbook (various 
issues), World Bank, Commodity Price Trends (1918, 1986). 

-Deflated by u.S. GDP deflator, 1984=100. 
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of the captive mines through 1965 had sufficiently low production costs in relation 

to the competitive fringe mines, to collect rents per tonne approximately 20% of 

the Lake Price. After 1970, as world markets"became more competitive, these rents 

disappeared. 

In regards to merchant companies, pricing involves simply transfer for fee 

between these companies and their consumers. Under oligopsony conditions, which 

undoubtedly came to apply after 1975, because there are as many prices as there are 

sellers, as demands grew merchants offered long-term contract at deposit marginal 

cost. Merchant companies offered discounts to their base loaded or regular cus

tomers when open market prices fell also below these long-term contract prices. 

Prices negotiated between merchant companies and their' base loaded or regular 

c~stomers are believed to be more stable and generally lower than world prices un

der conditions of excess demand, but may be higher. These higher prices are often 

acceptable to both parties when under excess supply conditions, both are locked 

into production by the costs of development. As consumers, they are willing to pay 

mortgage premiums to guarantee amortization of their investments. The assurance 

of these supplies to the consumers on a priority basis in most cases is another reason 

given for using this pricing policy. 

The use of monopsony pricing is easy to calculate where joint ventures are 

involved The fact that partners in the joint venture are frequently located in 

different countries makes no difference. F.o.b. prices are simply established which 

cover costs, all the costs of production and at the same time earn a reasonable 

return on the capital employed. In all instances, different participants are charged 

different c.i.f. prices so as to reflect differences in maritime transport costs. Thus 

venture partners located a distance from the mine would have higher c.i.f. prices, 

while those near to the source of production would have lower c.i.f. prices. Supplies 

from joint ventures are likely to be sold at f.o.b. prices which are just like those 

from captive mines. The prices that prevail among partners in a joint venture are 

relatively stable over short and medium terms with some price movement in the 

longer term. 
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(2) Spot Pricing: The second market modality in the world iron ore market is 

the annual open market or spot sales. This has always been the traditional method 

used in purchasing iron ore for the competitive fringe without joint ventures or cap

tive production on the world market. Under regulated markets, as in the U.S. from 

1923-1970, independent producers were 888ured of a market share, and thus they 

set the industry marginal cost. Major producers accepted excess capacity whenever 

demand fell. Since 1965 and more competitive conditions, this modality must take 

a subordinate role to long-term contracts whenever excess capacity appears. The 

normal method (assuming excess demand) involved buyers purchasing on an annual 

basis their requirements in excess of their captive or joint venture mine production. 

A major supplier to the annual market, such as Pickands Mather in the U.S. or 

Kiruna in Europe, misjudged by some as price leaders in periods of excess demand, 

will announce the annual spot price of ore. In the U.S., major Mesabi reserve hold

ers were under pressure to supply all buyers at their transfer prices. In 1974 and 

1975, when supplies of iron ore were tight in the rest of the world, the prices of 

Kiruna D ore rose to record levels. Of course these recorded price rises were sub

stantially greater than those negotiated under long-term contracts or experienced in 

the North American domestic Lake ore market. After 1975 excess supply conditions 

have obtained. Thus the price of the Kurina D fell substantially more than prices 

on long-term contracts. By 1972 the pressures affected Brazilian and North Amer

ican domestic market prices. The "price leadership" role for the European market 

once thought to be held by Swedish Kiruna D has now been replaced by the spot 

price of Brazilian ore, c.i.f, North Sea Ports. In Japan, the Australian spot iron 

ore price has become the "leader" for iron ore quotations because of the relative 

competitive advantage of Australian exports due mainly to lower ocean transport 

costs, ore quality and reserve capability. 

In this more competitive world situation, monopsony rents tend to be col

lected by buyers and spot markets provide the basis for "evergreen" adjustments of 

the long-term contract markets. In times of high economic activity, captive mines 

cannot provide additional supplies since they are operating at full capacity while 

long-term contract prices cannot be adjusted upward that easily since they may be 
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adjusted only during the annual price negotiations between the sellers and buyers. 

It is at this jointure that the annual spot contract comes in handy in that the bulk 

or additional requirements must come from purchases made on the higher marginal 

costs of new production reflected in the offers of annual or spot market produc

ers. During recessionary conditions, due to the inflexibility of long-term contracts 

whereby price is specified in advance and due to the need to maintain production 

levels at captive mines, reductions in purchases are concentrated in the spot mar

kets and as prices fall below industry marginal costs, outputs fall. It is apparent 

from the above observation that the smaller the size of the annual market, the less 

monopsony rent is collected by the major trading companies and the more stable 

the over-all market results since most of the sales remain stabilized by long terms 

and take place on these terms. Annual contracts (spot markets) now account for 

about 40 percent of world exports and are most important to Western European 

producers, which as nationalized steel firms have lost their integrated relationship 

to African and Latin American subsidiaries, now often nationalized ore firms. The 

existence of a relatively large spot market in the European and Pacific Basin iron 

ore markets has weakened whatever market power the buyers were perceived to 

have held in the past. Thus prices are generally based on the quality and type of 

ore, the geographic locations and the market conditions at the of the negotiations. 

This in essence shows the picture of a rather competitive iron ore market. 

(3) Long Term Contracts: The third marketing modality in the iron ore in

dustry is long-term contracts. It has always been the most important modality for 

selling iron ore. It is estimated that about 60 to 70 percent of iron ore entering the 

world market is sold under long-term contract (UNCTAD, 1977; Labys,1978). The 

U.S. steel firms without large reserves of high grade Mesabi ore were the ones who 

initially used this type of contracting, domestically and abroad. Long-term con

tracts were used by Bethlehem in Cuba and Africa, in Canada by various firms and 

in Latin America. They were used for taconite developments as a form of assurance 

or collateral for the large investments required to finance pelletizing and mining 

projects, and as such, required the contract term to extend for about twenty years 

to assure the investors of. a steady :flow of income. This method became standard 
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where joint ventures overseas were involved, and has long been widely used by North 

American, European, and Japanese firms in expandiug mine capacities in Africa and 

Latin America. The sellers or producers also benefited to some extent from these 

ventures in terms of revenue sharing arrangements, transfer of technology, training, 

infrastructure development, employment, and a guaranteed market for the iron ore. 

This was the case with LAMCO Joint Venture, Bong Mining Company, and the 

other mining operations in Liberia. The same may well apply to other ventures in 

the iron ore industry. 

The duration of modem direct shipment ore contracts can be up to twenty 

years, usually, they run for a period of ten to twelve years. These contracts stipulate 

annual quantities to be delivered, with a provision for tonnage options of ±5 percent 

to ±10 percent almost always in the favor of the buyer. It has been suggested 

that provision for tonnage options has been used by consumers to promote excess 

capacity; the consumer always excercises his option to buy less, thereby, leaving 

the seller with extra tonnes of unsold ore for the spot market. This excess supply 

which now enters the world market forces down world prices and thus allows the 

consumer to enter into purchase contract renegotiations or new contracts with a new 

supplier at a lower world price, the new reference price, upon which the contract is 

negotiated. It could be inferred that this may not necessarily reflect the conditions 

in the market in the mid-1980s. The outer limit is Carnegie's mode of 1880s. This 

refers to contracts Carnegie made with iron ore producers of the Mesabi. "Carnegie's 

contracts generally provided that the price would be the producers cost as a limit 

when spot exceeded producers' cost, and if short-run market conditions forced the 

price lower, the Carnegie company would receive the lower price" (Newcomb 1976, 

p.287). 

There are three markets in which separable price trends for iron ore may 

be reviewed for medium- to long-term contracts. This discussion starts with the 

Western European market. Negotiations for these contracts normally take place 

independently; however, in the case of the Western European market the reference 

price of high-grade ore is that established by the big Brazilian producer, CVRD, with 

West German buyers. Since 1975 and the stagnation in steel, these negotiations have 
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exhibited the pressures of excess supply. The quoted f.o. b. price of sinter fines on 

the European markets is given in Table 3.74. These prices are given on an equivalent 

iron basis (64% Fe) in cents per iron unit and dollars per tonne. The f.o.b. price 

given in dollars per tonne is later compared with the netbacks (the differences 

between delivered prices and the actual costs of transportation) in the European 

market. Netbacks are normally used to determine whether there is geographic 

discrimination in a particular market. Equal netbacks usually imply competition 

where homogenous commodities are traded and transportation distances are not 

that great. 

Table 3.75 shows quoted c.i.f. prices of sinter fines and concentrates for some 

suppliers from 1976 to 1984 on the European markets. C.i.f. prices in 1984 are used 

to determine whether these producers are selling at or near their quoted f.o. b. prices, 

after transport costs are subtracted to obtain netbacks in this market. The netbacks 

calculated for selected producers on the European markets are given in Table 3.76. 

The quoted c.i.f. price of Brazilian fines on the European markets was $23.00 per 

tonne, while the transport cost was $6.50 per tonne. This means a netback of $16.50 

per tonne as compared with a quoted f.o.b. price of $16.60. Once the basis price of 

Brazilian fines in Europe is known, other suppliers adjust their quoted f.o. b. prices 

to allow them to compete with Brazil on a c.i.f. basis. The c.i.f. prices also reB.ect 

quality (or grade differences). On the other hand, the level of f.o.b. prices is mainly 

determined by ocean freight differentials which, in turn, depend on shipping dis

tances and the size of ship utilized. An examination of the 1984 quoted c.i.f. price 

of Australian iron ore fines on the European markets of $21.10 per tonne or 33 

cents per Fe unit (2~"l0), Rotterdam, would mean a netback of $12.30 per tonne or 

19.2 cents per Fe unit, since shipping costs from Australia to Rotterdam averaged 

$8.80 per tonne in 1984. There were no quoted f.o.b. prices for Australian fines on 

the European markets, however, there were quotes for Australian fines f.o.b. port 

destined for the Japanese markets at $16.80 per tonne or 26.3 cents per Fe unit 

(Drewry, 1986, p. 12). If it is assumed that the f.o.b. price of iron ore fines should 

be the same in each market for a given supplier (non-discriminating price obtains), 



Table 3.74. F.o.b. prices of iron ore fines and concentrates on European markets for selected 
suppliers, North Sea Ports, on an equivalent iron basis, 64% Fe, 1976-84 ($ per tonne). 

1976 1977 1978 1979 1980 1981 1982 1983 1984 

Brazil, CVRD (Cents/Fe Unit) 22.7 23.0 21.5 23.5 28.1 28.1 32.5 29.0 26.0 
S/tonne 14.5 14.7 13.8 15.0 18.0 18.0 20.8 18.6 16.6 

Canada, Mt. Wright (Cents/Fe Unit) 27.1 25.0 22.5 24.0 29.8 29.8 33.0 26.8 26.8 
S/tonne 17.3 16.0 14.4 15.4 19.1 19.1 21.1 17 .2 17 .2 

Liberia, Nimba (Cents/Fe Unit) 25.5 21.9 19.1 19.6 23.9 28.1 29.8 26.9 26.6 
S/tonne 16.3 14.0 12.2 12.5 15.3 18.0 19.1 17.2 17.0 

Sweden, KLAB (Cents/Fe Unit) 28.2 27.3 23.6 26.6 34.5 34.5 36.2 31.6 29.2 
$/tonne 18.0 17.5 15.1 17.0 22.1 22.1 23.2 20.2 18.7 

South Africa, Iscor (Cents/Fe unit) 23.0 20.0 20.6 22.4 26.9 26.9 31.4 27.9 20.6 
S/tonne 14.7 12.8 13.2 14.3 17.2 17.2 20.1 17.9 13.2 

Venezuela, Sidor (Cents/Fe Unit) 22.2 17.7 13.8 14.6 16.9 17.2 20.2 23.4 24.0 
S/tonne 14.2 11.3 8.8 9.3 10.8 11.0 12.9 15.0 15.4 

Mauritania {Cents/Fe Unit)e 26.9 23.1 20.2 20.7 25.3 29.7 31.5 28.4 28.0 
S/tonne 17.2 14.8 12.9 13.2 16.2 19.0 20.2 18.2 17.9 

Source: Modified from Drewry Shipping Consultants (1985, p. 16; 1986, p. 12); U.S. Bur. Mines 
I.C. 9128 (1987, p. 8); Radetzki, M. (1985, p. 101); Canadian Minerals Yearbook (1980, 1986); 
Subah, P. (1981); Liberian Ministry of Lands, Mines & Energy (1983, 1986). 

8Estimated based on ratio of Mauritania f.o.b. to Liberian f.o.b. of 1.0566. ~ 
Q) 
~ 



Table 3.75. C.i.f. prices of iron ore fines and concentrates in European market for selected 
suppliers, North Sea Ports, on an equivalent iron basis (64% Fe), 1976-84 (S/tonne). 

1976 1977 1978 1979 1980 1981 1982 1983 

Australia (fines) 18.6 18.2 16.4 18.6 25.3 24.7 25.9 22.3 

Brazil (fines) 21.7 21.4 19.2 23.1 26.5 24.1 25.7 24.3 

Canada (concentrates) 20.2 20.3 19.7 24.1 29.0 25.3 26.9 25.2 

Liberia (fines) 19.4 19.8 19.6 24.1 28.1 24.3 25.7 24.9 

Sweden (fines), Kiruna D 17.2 14.3 17.0 15.3 18.8 19.7 20.6 23.0 

Venezuela (fines) 17.9 17.7 16.0 17.4 22.8 25.0 25.2 23.8 

1984 

21.1 

23.0 

23.8 

23.4 

18.5 

21.1 

Source: Modified from Drewry Shipping Consultants (1985, p. 16); World Bank, Commodity Trade and Price 
Trends (1986, p. 88); Nappi, C. (1979, p. 150): UNCTAD (1977a,b); Radetzki, H. (1985, p. 99). 

l\) 
en 
~ 



Table 3.76. Netbacks of iron ore fines on European market for selected suppliers, 
North Sea Ports, on an equivalent iron basis, 64% Fe, 1976-84 ($ per 
tonne). 

1976 1977 1978 1979 1980 1981 1982 1983 1984 

Australia 13.2 12.8 9.2 7.2 14.4 14.9 19.5 14.7 12.3 

Brazil 17.6 17.7 14.9 14.1 16.9 15.7 20.3 19.2 16.5 

Canada 17.9 18.1 16.9 18.5 23.4 20.6 23.5 21.9 19.2 

Liberia 16.7 16.7 '15.9 16.8 20.1 18.4 20.6 20.7 18.5 

Sweden 14.9 12.5 15.0 13.1 15.6 16.4 18.7 21.0 16.5 

Venezuela 12.4 11.5 9.0 9.5 11.8 16.0 19.7 17.2 14.9 

Source: Derived from Table 3.75 and 3.52. 

~ 
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then the Australians are absorbing a loss in revenue of $4.50 per tonne by selling 

their fines at the quoted c.i.f. price of $21.10 per tonne on the European markets. 

The amount of revenue loss represents the difference between the netback and the 

quoted f.o.b. price on the Japanese markets. Thus the Australian producers seem 

to be selling below their marginal cost or non-discriminating f.o.b. price on the 

European markets, which implies it is a buyers market with regard to Australian 

producers. 

The Canadian quoted c.i.f. price on the European market was $23.80 per 

tonne. Average transport cost to Rotterdam in 1984 from Canada was $4.60 per 

tonne thus giving the Canadian producers a netback of $19.20 per tonne. The 

quoted f.o.b. price of Canadian fines on the European market was $17.20 per 

t?nne. Comparison of the netback and the quoted f.o.b. price show that Cana

dian producers appear to be selling at a higher price than their marginal cost or 

non-discriminating f.o. b. price. This amounts to a gain in revenue of $2.00 per 

tonne. This suggests that the European market was a seller's market in regard to 

the Canadian producers in 1984, since their netback is higher than their quoted 

f.o. b. price. 

The quoted c.i.f. price of Liberian iron ore fines and concentrates to Rotter

dam in 1984 was $23.40 per tonne on an equivalent iron basis, while the average 

transport cost was $4.90, giving a °netback of $18.50. The quoted f.o.b. price of 

Liberian fines to the European market was $17.00, thus showing that Liberian pro

ducers were selling above marginal cost or f.o.b. price and may have been collecting a 

gain in revenue of $1.50 per tonne. This demonstrates a seller's market for Liberian 

producers at this time on the European market. The Liberian revenue gain is less 

than that received by the Canadians because the original Canadian c.i.f. quotes 

were for concentrates averaging 64% Fe, while those for Liberia were for concen

trates and fines averaging 61% Fe. The price difference is therefore reflective of the 

quality differences between the types of ores mentioned above. 

The quoted c.i.f. price of Swedish Kiruna D is given in Table 3.75. This ore is 

however different than that given in Table 3.74, which is KLAB fines. The netback 
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for Swedish Kiruna D is $18.50 or 28.9 cents per iron unit, since ocean transport cost 

was S2.00 per tonne to Rotterdam. Since no f.o.b. price was available for Kiruna 

D, it is not possible to determine whether this particular ore was sold at or above 

marginal cost or f.o.b. price. The netback obtained is however the same as that 

obtained for Brazil on the European markets in 1984. 

Venezuelan iron ore fines have a quoted c.i.f. price on the European markets 

in 1984 of $21.10 per tonne or 33 cents per iron unit. With an average transport 

cost per tonne of S6.20, the netback is S14.90 per tonne. The quoted f.o.b. price 

of Venezuelan fines to Europe is about S15.40 per tonne or 24 cents per iron unit, 

therefore Venezuelan ores are sold below marginal cost or quoted f.o.b. price in the 

European market. This indicates that the Venezuelan producers are losing SO.50 

per tonne in revenue on the European markets. 

The netbacks from Brazil and Sweden are equal. Brazil is reported to be 

one of the lowest cost producers on the world market, Australia being the other. 

Sweden on the other hand has the shortest distance to Rotterdam when compared 

with the other major exporters to this market. The netback of Canada is slightly 

higher than that of Liberia. This may reflect the higher quality of the Canadian ores 

for which the c.i.f. prices are quoted, while those quoted for Liberia are for fines and 

concentrates of a lower grade. Both Liberia and Canada have higher netbacks than 

Brazil which may indicate their relatively shorter distances to the European markets 

versus Brazil. Australia appears to be practicing price discrimination by selling at a 

netback that is lower than its quoted f.o.b. price on the Japanese markets. Venezuela 

appears to be offering price discounts so as to be competitive on a c.i.f. basis. 

Australia's high ocean transport cost to Europe is the major factor contributing to 

its lower netback on this market. 

To ascertain what effects the quality of the iron ores may have on c.i.f. prices, 

the additional blast furnace costs for the major exported iron ores calculated in 

Table 3.32 is added to the c.i.f. prices in the European market (See Table 3.77). 

This adjustment makes the c.i.f. prices of Australian and Brazilian ores almost the 

same, while the Liberian and Canadian ores have a Sl.00 per tonne differential. 
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Table 3.77 C.i.f. prices adjusted for metallurgical quality 
of iron ores on the European markets, 1984. 

($ per tonne) 

============================================================= 

C.i.f. Prices Additional Blast 
Furnace Costs 

Adjusted C.i.f. 
Prices 

============================================================= 

Australia 21.1 3.67 24.77 

Brazil 23.0 1.82 24.82 

Canada 23.8 2.62 26.42 

Liberia 23.4 2.02 25.42 

Sweden 18.5 1.18 19.68 

Venezuela 21.1 0.86 21.96 

=========================================================== 

Source: Tables 3.32 and 3.75. 



268 

Sweden and Venezuela now have a $2.00 per tonne differential in their adjusted 

c.i.f. prices. 

The price of iron ore fines by source, f.o.b. as quoted by Drewry (1986) and 

others are given in Table 3.78 for the Japanese markets and Table 3.74 for the 

European markets. The quoted f.o.b. prices on the Japanese markets are used to 

estimate c.i.f. prices on these markets since quoted ones were not available. Es

timated c.i.f. prices on the Japanese markets are given in Table 3.79 for selected 

producers~ Comparison of the f.o.b. prices in 1984 reveal that they are lower for 

Brazil, Canada, Liberia and Mauritania to Japan than those from the same sources 

shipped to the European markets. On the other hand, these prices are higher for 

the Japanese markets which shipped from Australia and South Africa than from the 

S':l.Dle sources shipped to Europe. This indicates that the producers are practicing 

price discrimination by charging different quoted f.o.b. prices on both the Euro

pean and Japanese markets. The netback for Australia on the European markets 

was $12.30 per tonne which is lower than the quoted f.o.b. price on the Japanese 

markets of $16.80. This further confirms that price discrimination is practiced by 

Australia on the European markets. The estimated c.i.f. prices on the Japanese 

markets indicate that Australia has the lowest c.i.f. price among major producers. 

The Australian producers appear to have the ability to charge higher f.o.b. prices 

on the Japanese markets due to shorter shipping distances than Brazil, Canada, 

Liberia and Mauritania. Thus the Australian f.o.b. prices determine c.i.f. prices of 

iron ores of other suppliers on the Japanese markets. 

The f.o.b. price of Brazilian fines on the Japanese markets is $15.30 per tonne, 

average shipping cost is $9.10 per tonne. This gives Brazilian ores an estimated 

c.i.f. price of $24.40 per tonne. If Brazilian f.o.b. price in Europe of $16.60 is 

used this would mean an estimated c.i.f. price of $25.70 per tonne. By selling on 

the Japanese markets, the Brazilian producers are incurring a loss in revenue of 

$1.30 per tonne. When the difference in f.o.b. prices in the Japanese and European 

markets are compared for a few major producers, it is clear that Canada is giving 

up revenue of $2.20, Liberia $3.00, and Ma.uritania $2.00. On the other hand, 



Table 3.78. F.o.b. prices of iron are fines on an equivalent iron basis, 64% Fe, on Japanese markets, 
1976-84 (U.S. cents per Fe unit and S per tonne). 

1976 1977 1978 1979 1980 1981 1982 1983 1984 

Australia (Cents/Fe Unit) 17.4 20.3 20.9 22.7 27.2 29.2 34.3 30.0 26.3 
S/tonne 11.1 13.0 13.4 14.5 17.4 18.7 22.0 19.2 16.8 

Brazil, CVRD (Cents/Fe Unit) 17.4 19.8 19.7 21.6 25.0 26.9 30.5 27.0 23.9 
S/tonne 11.1 12.7 12.6 13.8 16.0 17.1 19.5 17.3 15.3 

Canada, Carol Lake (Cents/Fe Unit) 16.5 18.8 21.2 21.4 25.1 27.0 29.8 26.7 23.4 
S/tonne 10.6 12.0 13.6 13.7 16.1 17.3 19.1 17.1 15.0 

Chilean, CAP (Cents/Fe Unit) 14.3 16.9 17.2 18.7 21.6 23.2 26.4 23.4 20.6 
S/tonne 9.2 10.8 11.0 12.0 13.8 14.8 16.9 15.0 13.2 

India (Cents/Fe Unit) 20.3 23.3 21.2 21.8 25.1 27.0 30.9 27.0 27'.0 
S/tonne 13.0 14.9 13.6 14.0 16.1 17.3 19.8 17.3 17.3 

Liberia (Cents/Fe Unit) 1.5.5 18.8 18.8 20.6 24.2 24.7 28.3 25.2 21.9 
S/tonne Q.9 12.0 12.0 13.2 15.5 15.8 18.1 16.1 14.0 

Mauritania (Cents/Fe Unit) 16.3 19.2 19.8 21.5 25.7 27.6 32.5 28.4 24.9 
S/tonne 10.4 12.3 12.7 13.8 . 16.4 17.7 20.8 18.2 15.9 

Peru (Cents/Fe Unit) 22.0 23.3 24.2 23.1 25.8 27.7 29.8 27.3 22.0 
S/tonne 14.1 14.9 15.5 14.8 16.5 17.7 19.1 17.5 14.1 

South Africa, Iscor (Cents/Fe Unit) 17.8 17.9 18.5 21.6 25.0 26.9 30.5 27.0 23.9 
S/tonne 11.4 11.5 11.8 13.8 16.0 17.2 19.5 17.3 15.3 

Source: Modified from Drewry Shipping Consultants (1985, p. 16; 1986, p. 12); U.S. Bur. Mines (1987, 
p. 8); Canadian Minerals Yearbook (1980, 1986); UNCTAD (1986b, p. 38). 

l'-' 
Mauritania estimated based on price ratio to Australian f.o.b. of .94615. 0) 

co 
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Table 3.79 Estimated c.i.f. prices of iron ore fines on the 
Japanese markets for selected suppliers, on an 
equivalent iron basis, 64% Fe, selected years, 
1976-84 ($/tonne). 

========================================================= 

1976 1980 1982 1984 

========================================================= 

Australia 14.0 27.8 26.4 21.4 

Brazil 15.2 27.7 27.5 24.4 

Canada 14.8 28.6 29.1 24.2 

India 18.6 27.5 28.8 24.4 

Liberia 14.2 28.0 27.4 22.9 

Mauritania 14.3 26.7 29.1 23.7 

South Africa 24.9 27.5 27.5 21.6 

========================================================= 

Source: Tables 3.76 and 3.78; Maritime Research Institues 
(1976, 1982, 1984); Drewry Shipping Consultants 
(1986); Barnett, D. F. (1982). 
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South Africa is gaining revenue of $2.10 per tonne, while Australian producers 

are gaining in revenue about $4.50 per tonne if their netbadc on the European 

market is considered. Estimated c.i.!. prices on the Japanese markets showed that 

Australia has the lowest c.i.!. prices, followed by South Africa, Liberia, Mauritania 

and Canada. When these estimated c.i.f. prices are adjusted for additional blast 

furnace costs, South Africa then has the lowest c.i.f. price, followed by Liberia, 

Australia than India (See Table 3.80). It may be noted that to those producers 

gaining a revenue on the Japanese markets after comparison of f.o.b. prices with 

those on the European markets, the Japanese markets may be considered a sellers' 

market. 

The average c.i.f. price of imported ores on the Japanese markets from 1956 

to 1~84 is given in Table 3.81. These average c.i.f. prices should generally be higher 

than those in Table 3.79 since they include lump ores and pellets which demand a 

premium on iron ore markets. This price series shows that the real price of iron 

ore imported into the Japanese market reached a peak in 1957, then declined up to 

1961. It momentarily increased in 1962 and then was on a downturn until 1968 and 

1976 when there were slight upturns. There was not a big change in the trend of 

the price until in 1980 when it increased from $24.38 to $28.01 in 1981. The price 

gradually increased to $29.83 in 1983 and then declined to $24.85 in 1984, the last 

year for which data was available. The prices are all in constant 1984 U.S. dollars 

after being deflated by the manufacturing unit value index. 

The U.S. East Coast market is one of the three major markets in which 

iron ores are traded in the U.S., the others being the Lower Lakes and Gulf Coast 

markets. The Great Lakes region supplies more than 95 percent of iron ore produced 

in the United States, therefore, the price of iron ore widely quoted in the U.S. is 

the Lake Superior Iron Ore Prices (per gross ton, 51.5% iron natural, at rail of 

vessel lower lake port) for ores delivered from the Upper Lake Ports. The U.S. Lake 

Superior Price has already been given in Table 3.73, for comparison with prices 

on the European markets. The Lake Superior prices are reported to constitute a 

basis for pricing Canadian, West African and South American iron ore exports to 
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Table 3.80 Estimated c.i.f. prices adjusted for metallur- . 
gical quality of iron ores on the Japanese markets, 
1984($ per tonne). 

============================================================ 

Estimated 
C.i.f. Prices 

Additional Blast 
Furnace Costs 

Adjusted 
C.i.f. Prices 

============================================================ 

Australia 21.4 3.67 25.07 

Brazil 24.4 1.82 26.22 

India 24.4 1.05 25.45 

Liberia 22.9 2.02 24.92 

Canada 24.2 2.62 26.82 

South Africa 21.6 1.39 22.99 

============================================================ 

Source: Tables 3.32 and 3.79. 
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Table 3.81 Average c.i.f. price of iron ore imported into 
Japanese markets, 1956-84 ($ per tonne) • 

========================================================= 

YEAR PRICE IN CURRENT PRICE IN CONSTANT 
U.S. DOLLARS 1984 U.S. DOLLARS 

========================================================= 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

18.40 
21. 70 
16.20 
14.00 
14.20 
14.20 
14.30 
13.58 
13.46 
13.41 
13.13 
12.67 
12.23 
11.64 
11.84 
11.58 
11.43 
12.26 
14.62 
16.70 
17.42 
18.41 
21.39 
23.03 
25.79 
28.40 
29.30 
28.82 
24.85 

67.40 
76.14 
54.00 
48.95 
48.63 
48.14 
49.31 
46.67 
45.02 
44.70 
41.29 
39.35 
40.63 
38.29 
35.34 
31.81 
28.65 
25.76 
24.49 
24.63 
25.21 
24.65 
24.36 
23.57 
24.38 
28.01 
29.42 
29.83 
24.85 

========================================================== 

Source: Australian Minerals Yearbook (1956-84 Issues). 
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the U.S. (Labys, W.C. 1980, pp. 191-192). The review of iron ore price on the 

U.S. East Coast markets covers the unit value of imported ores to this region, the 

Lake Superior price being only a reference price as far as this discussion is concerned. 

With regards to the East Coast U.S. market, it is interesting to note that 

most iron ore mines in the U.S. and Canada are captive or joint ventures so that 

a smaller percentage of iron ore produced in North America is sold by long-term 

contract or merchants on the open market. This is in contrast with the European 

market where the spot market is estimated to account for a larger share of iron 

ore exports. The spot market in Europe is reported to account for 40% of world 

iron ore exports (Labys, 1980, p. 192). It cannot be inferred by this fact that the 

published Lake Erie selling price does not reflect the price that might be obtained 

in a,free market. DeVaney (1985, p. 20-3) notes that "the Lake Erie selling price is 

traditionally established each year as the published price paid by an independent 

buyer for one or more cargoes of iron ore delivered early in the lake shipping sea

son.» This price normally is at or near the marginal cost of the merchant company 

producing from its operating mines and not the transfer price of captive mines. It 

has especially since 1970 reflected general market conditions. 

In the U.S. East Coast market, the Canadian PQ/Lab ore is fairly cost com

petitive. Barnett (1982) notes this cost competitiveness is under constant threat 

from off shore sources in that excess capacity world wide has led to substantial price 

discounting by foreign suppliers to U.S. East Coast steel producers. The major rea

sons why foreign sources like Brazil, etc., have not replaced Canadian PQ/Lab 

producers in the U.S. East Coast is because these steel producers have financial 

interests in the PQ/Lab project and more importantly, due to its proximity to this 

market. This market is very competitive and cannot be relied upon as a secured 

profitable one only for North American producers. However, the quantity of iron 

ore imports into the U.S. has been declining since the early 1980s. That imports 

are declining as a proportion of total supply may be attributed to the ownership 

structure of the U.S. iron ore and steel industries, to the increase in imports of steel 
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intensive products and probably to steel import quotas. Approximately ninety per

cent of domestic mine capacity is owned or controlled through various partnerships 

among the major integrated steel and iron ore producers. Whether the domestic 

iron ore markets will continue to be insulated from an influx of foreign ores will 

depend on how cost competitive the domestic U.S. industry remains, in addition to 

the partnership arrangements alluded to earlier. 

Table 3.82 shows average f.o.b. value of imported iron ores into the United 

States from 1976-85. These values reflect the type and quality of iron ore that is 

imported from each supplier. Canada, Brazil and Peru ship mostly pellets to the 

U.S., while Liberia and Chile ship mostly fines and lump ores. Evaluation of prices in 

1982 shows that pellets were mostly imported from Brazil, Canada and Peru. Brazil 

seems to have the lowest price among the suppliers of pellets to the U.S. market, 

and this indicates that Brazil is the lowest cost producer of pellets in this market. 

Estimates of f.o.b. prices of iron ore fines to the U.S. East Coast markets are given 

in Table 3.83. These prices were selected from the non-discriminating f.o.b. prices 

of selected producers on the European and Japanese markets. The f.o.b. prices for 

Brazil, Canada, Liberia and Venezuela are those given for the European markets, 

while those for Australia, Chile and Peru are those obtained from the Japanese 

markets. From these f.o.b. prices are derived estimated c.i.f. prices on the U.S. East 

Coast markets (See Table 3.84). The estimated c.i.f. prices on the U.S. East Coast 

markets in 1984 reveal that Canada has the lowest delivered price, followed by 

Liberia, Venezuela and Peru, and then Brazil. When the estimated c.i.f. prices are 

adjusted for quality using the additional blast furnace costs, the ranking from lowest 

to highest delivered costs remanins almost the same (See Table 3.85). Canada has 

the lowest, followed by Venezuela, Liberia and then Peru. Ocean transport cost 

and ore quality will therefore be determining factors in how competitive various 

suppliers are in this market. 

Due to the recessionary conditions that have existed in the world steel in

dustry during most of the early 1980s, purchasers have been unable to take up all 

their contracted tonnages. This has caused shipments to fall by almost 40 percent 

from the contracted qu~tities in the downward direction. This has contributed to 



Table 3.82 Average unit f.o.b. prices of iron Ores imported on u.s. East Coast 
markets, 1976-84 ($ per tonne) • 

============================================================================== 

1976 1977 1978 1979 1980 1981 1982 1983 1984 

=============================================================================== 

Australia 19.8 18.6 14.7 15.8 21.2 

Brazil 20.4 23.4 23.9 25.9 31.0 29.6 26.7 23.3 21.4 

Canada 24.7 27.0 28.4 29.8 33.1 37.0 38.2 37.8 36.4 

Chile 12.9 14.5 12.2 17.9 31.5 18.2 14.1 

Liberia 15.6 16.6 17.6 17.1 17.1 16.2 17.7 17.9 14.3 

Peru 20.9 34.2 26.0 30.5 34.1 30.7 29.7 10.7 

Venezuela 17.8 16.5 14.5 15.5 18.2 19.2 17.5 23.3 20.3 

=============================================================================== 

Source: u.s. Bureau of Mines Minerals Yearbook, various issues; Radetzki, 
M. (1985, p. 99). 

l" 
~ 



Table 3.83. Estimates of f.o.b. prices of iron ore fines on an equivalent iron basis, 64% Fe, on 
U.S. East Coast markets, 1976-84 (U.S. cents per Fe unit and S per tonne). 

1976 1977 1978 1979 1980 1981 1982 1983 

Australia (Cents/Fe Unit) 17.4 20.3 20.9 22.7 27.2 29.2 34.3 30.0 
S/tonne 11.1 13.0 13.0 14.5 17.4 18.7 22.0 19.2 

Brazil (Cents/Fe Unit) 22.7 23.0 21.5 23.5 28.1 28.1 32.5 29.0 
S/tonne 14.5 14.7 13.8 15.0 18.0 18.0 20.8 18.6 

Canada (Cents/Fe Unit) 27.1 25.0 22.5 24.0 29.8 29.8 33.0 26.8 
S/tonne 17.3 16.0 14.4 15.4 19.1 19.1 21.1 17.2 

Venezuela (Cents/Fe Unit) 27.4 25.4 22.3 23.9 28.0 29.5 26.9 26.9 
S/tonne 17.5 16.3 14.3 15.3 17.9 18.9 17.2 17.2 

Liberia (Cents/Fe Unit) 25.5 21.9 19.1 19.6 23.9 28.1 29.8 26.9 
S/tonne 16.3 14.0 12.2 12.5 15.3 18.0 19.1 17.2 

Chile (Cents/Fe Unit) 14.3 16.9 17.2 18.7 21.6 23.2 26.4 23.4 
S/tonne 9.2 10.8 .11.0 12.0 13.8 14.8 16.9 15.0 

Peru (Cents/Fe Unit) 22.0 23.3 24.2 23.1 25.8 27.7 29.8 27.3 
S/tonne 14.1 14.9 15.5 14.8 16.5 17.7 19.1 17.5 

Source: Derived from Tables 3.74 and 3.76. 

1984 

26.3 
16.8 

26.0 
16.6 

26.8 
17.2 

24.0 
15.4 

26.6 
17.0 

20.6 
13.2 

22.0 
14.1 

~ 
~ 
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Table 3.84 Estimated c.i.f. prices of iron ore fines on U.S. 
East Coast markets for selected suppliers on an 
equivalent iron basis, 64% Fe, selected years, 
1976-84 ($ per tonne). 

========================================================== 

1976 1980 1982 1984 

========================================================== 

Australia 21.1 28.1 32.5 29.5 

Brazil 18.5 27.8 26.8 23.3 

Canada 18.5 23.1 23.2 19.3 

Chile 14.2 21.7 26.9 25.9 

Lil?eria 19.2 22.9 23.2 21.9 

Peru 19.4 24.8 29.7 22.1 

Venezuela 21.7 24.5 25.6 22.1 

========================================================== 

Source: Derived from Table 3.73 and transport costs data 
given in Table 3.53; Radetzki, M. (1985, p.99); 
Maritime Research Institute (1976, 1982, 1984). 
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Table 3.85 Estimated c.i.f. prices adjusted for metallur
gical quality of iron ores on the U.S. East 
Coast markets, 1984 ($ per tonne) • 

========================================================= 

Estimated Additional Blast Adjusted 
C.i.f. Prices Furnace Costs C.i.f Prices 

------------------------------------------------------------------------------------------------------------------

Australia 29.5 3.67 33.17 

Brazil 23.3 1.82 25.12 

Canada 19.3 2.62 21.92 

Chile 25.9 2.66 28.56 

Liberia 21.9 2.02 23.92 

Peru 22.1 2.95 25.05 

Venezuela 22.1 0.86 22.96 

------------------------------------------------------------------------------------------------------------------

Source: Tables 3.32 and 3.84. 
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purchasers calling for re-negotiation of contracts that would adjust volumes. The 

producers, on the other hand, are requesting re-negotiations with respect to prices 

since they feel prices are too low and should be higher. Rogers (1980, p. 148) points 

out that enough rigidities should be built into long-term contracts to make them 

valuable as planning aids, while retaining sufficient flexibility to enable them to 

respond to changes in market conditions so as to reduce the chance of economic 

distortions arising in the world market that could amount to unreasonable or un

forseen costs to either party. The differences between old fashioned open markets 

(Carnegie: 1890-1900), producer's price leadership (1923-1970 Lakes) and current 

bilateral contesting between national trading companies and national ore companies 

are readily discernable. 

The discussion in this section has illustrated some of the issues involved 

in price formation in the world iron ore industry. The interrelationships which 

exist among the different modalities for marketing iron ore were reviewed. Market 

conditions, the secular trends in capacity and the ownership relationship in the iron 

ore industry for buyers and sellers play significant roles in price formation in the 

order given. Historically, except for the period of regulated competition in Lake ores, 

the monopsony power of the buyers has dominated the relationship. Thus, the hope 

that both producers and consumers can work together to maintain a stable pricing 

policy that reflects marginal costs and will alleviate excess supplies of iron ore when 

these exist on the world market is a vain one. Only the anti-trust provisions made to 

assure the maintenance of an open merchant market among independents rendered 

flexibility to producers in the noncaptive market so that they could dispose of their 

production in the U.S. The captive producers were swing. They also Collected 

significant rents. No rents can be maintained in today's stagnant market and the 

inability of consumers to accept ore creates surplus ore on the market. It was shown 

earlier that the consumers have some flexibility in the amount of contracted ore they 

can purchase and this has been alleged to have contributed to the excess supply of 

iron ore on the world market. On the other hand clearly the iron ore producers 
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have excess production capacity and this is the major reason for the surplus of iron 

ore on the world market. 

The existence of a spot market on the international iron ore markets has 

contributed significantly to competitive forces. Furthermore, the increased number 

of mostly small producers and their search for secured markets have at times resulted 

in some producers offering price discounts in some markets, while charging higher 

prices in others. The delivered prices in some markets appear to reflect quality as 

well as locational differences. The transport cost component plays a major role . 
when distant suppliers are involved as is the case with Australia on the European 

markets, and Brazil on the Japanese markets. 

In conclusion, it should be recalled that prices but not price formation in 

the iron ore industry is significantly influenced by the quality of the ore. Price 

formation is largely determined as it was in Carnegie's day by existing market 

conditions in the world industry, and rarely can ownership arrangements alter his 

rule as they did in the U.S. from 1904-1923. There are several price series used 

on the world market. These give separable time series on f.o.b. and c.i.f. prices 

of Brazilian, American, and Swedish ores. Normally, a leading seller's price or 

the independent's price is recognized as a reference price in a particular merchant 

market based on c.i.f. costs plus rents, and all suppliers adjust their f.o.b. cost to 

compete with the lead producers. The price of the big Brazilian producer, CVRD, 

sets the reference price in the European market, but CVRD costs influence U.S. East 

Coast and Australian prices. The Australian producers assume the leading role on 

the Japanese market. In the U.S. East Coast market, the Canadian PQ/Lab price 

is the reference price, and thus competing suppliers try to match their price with it. 

Due to the competitiveness of these markets, producers with competitive production 

costs and low ocean transport costs are going to be the major forces to reckon with 

in the international market fOJ: iron ore in the future, while monopsony rents if they 

exist to any extent at all will be collected by national steel companies or trading 

companies. 
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3.5 Summary 

The analysis thus far has shown that the quality of Liberian iron ores is 

comparable to those of its major competitors on the world market. Approximately 

56% of exported iron ores or 212 million tonnes of the iron ores traded on the world 

market in 1984 were of a lower quality than Liberian ores based on the additional 

blast furnace costs calculated in Table 3.32. The specification for iron ores given 

on the U.S., European and Japanese markets for sinter and pellets indicate that 

the Liberian ores meet these standards. These specifications appear to determine 

which producers ship to a particular steel mill, and to some extent explain trade 

patterns along with the market conditions. 

Examination of price formation and prices on the world markets demonstrate 

that. ownership ties once thought to be the major factor shaping trade has taken a 

subordinate role to ore quality, locational factors and market conditions. The price 

of iron ores on the European and Japanese markets are normally negotiated a year 

or more in advance between sellers and buyers. These prices remain constant until 

the next annual price negotiations. In the past these price negotiations covered 

more than one year. The fact that price remains constant for over a year indicates 

some form of administered pricing is evident in the industry. There is price dis

crimination in the industry as demonstrated in both the European and Japanese 

markets. However, the non-discriminating price of each producer is used later to 

represent the f.o.b. supply price in the major producing regions since the f.o.b. price 

for each producer should be the same in each market. 

The market is perceived as one that is relatively competitive, due mainly to 

the large number of rival firms. Thus the prospects for Liberian ores on the world 

markets will be tied to regions in which its c.i.f. price is low. One market in which 

this is evident is the European. The Liberian ports are of smaller sizes and shallower 

depths, than those of Australia and Brazil. However, Liberian transport costs to the 

European markets are low when compared with Australian and Brazilian producers 

who use larger carriers. These comparisons are for 60-80,000 dwt vessels for Liberia, 

90-110,000 dwt carriers for Brazil and 120-140,00 dwt carriers for Australia. The 



283 

transport cost differences between Liberia and these producers becomes greater if 

they employ supertankers in excess of 170,000 dwt. Liberia could try to improve its 

transport efficiencies in the longrun but this could entail huge investments. Liberian 

iron ores fare well on the U.S. East Coasts markets as well, where its estimated 

c.i.f. prices are second to Canada. This is mainly due to the fact that the ports on 

the U.S. East Coast are of similar sizes as those in Liberia, accommodating ships 

up to 80,000 dwt. Given the present state of the world iron ore markets, the major 

contest becomes one of determining optimum market shares. This issue is later 

discussed in Chapters 4 and 5. 



CHAPTER FOUR 

AN INTERNATIONAL TRADING FRAMEWORK FOR 

WORLD mON ORE FLOWS 

4.1 Introduction 
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This chapter reformulates the spatial equilibrium model as it was developed 

by Takayama and Judge, develops supply and demand sides of the model and ap

plies it to the world iron ore industry. The development of transportation and 

production costs is explained since these are integral parts of the model and form 

the foundation for the optimum trade flows which are determined. The model is 

used to determine net social payoff and efficient trade flows for 1984 and it is also 

used. to predict optimum trade flows in the year 2000 based on demand forecasts de

veloped by Leontief and the World Bank. The spatial equilibrium problem is solved 

using a mathematical programming package called LINDO (Schrage, 1984) which 

has a quadratic programming algorithm. The trade flows simulated by the model 

for 1984 are compared with those observed in the industry to ascertain whether 

actual patterns are optimum. The results are analyzed to explain the reasons for 

these trade flows and implications in regards to the major producers. The model 

also determines imputed demand and supply prices, in addition to trade flows and 

demand in the various markets. 

The spatial equilibrium model developed in this chapter is patterned after 

that described by Enke (1951) concerning equilibrium in spatially separated mar

kets. The problem as formulated by Enke involves three or more regions trading 

a homogeneous good, each region constituting a distinct market, each region being 

separated by a unit transportation cost which is independent of volume and the ac

tion of profit-seeking traders is unrestricted. It is assumed that the market supply 

and demand relations are known. Enke's problem then centers around determining: 

(1) the net price in each region, (2) quantities of export or import in each region, 

and (3) the volume and direction of trade between each possible pair of regions. He 
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suggests a solution to the problem may be obtained by electric analogue in the case 

of linear supply and demand functions. 

Samuelson (1952) demonstrates that this purely descriptive problem in non

normative economics could be expressed as a maximum problem which is related to 

a mathematical programming problem, the Koopman-Hitchock minimum transport 

cost problem. He suggests that it could be solved either by trial and error or by 

a systematic procedure of varying shipments in the direction of increasing social 

payoff. Social payoff in any region is defined as the algebraic area under the excess 

demand curve. Samuelson employs the concept of net social payoff (NSP) which he 

defines as the sum of the separate payoffs minus transport costs of all shipments. 

Takayama and Judge (1964, 1971) reformulated and elaborated Samuelson's 

spatial equilibrium model. They illustrated how this problem could be expressed as 

an extremum problem related to mathematical programming. They also assumed 

that for each region, the demand and supply quantities are given as linear functions 

of price. Takayama and Judge (1971) employed Samuelson's quasi-welfare function, 

a theoretical representation of the union of consumers' and producers' surplus. By 

assuming integrable supply and demand functions, the integral of the supply func

tion is subtracted from the integral of the demand function, leaving an area that 

is considered as the sum of consumers' and producers' surplus or welfare. They 

assume additive quasi-welfare functions, and apply a mathematical programming 

model to maximize global welfare which amounts to maximizing Samuelson's social 

payoff. 

A diagram of Samuelson's concept of net social payoff for one commodity 

and two regions is shown in Figure 4.1. In the diagram, dl(YI), d2(Y2), 81(XI), 

and 82(X2) are the regional demand and supply functions respectively; autarkic 

equilibrium prices and quantities are PI and fi2 and iiI = Xl and '02 = X2 respec

tively. Equilibrium in each ~gion is EI and E2 • Consumers' surplus in region 1 

is represented by b.GE1Ph and in region 2 by b.IE2fi2, while producers' surplus 

in region 1 is represented by 8Pl E1H and that in region 2 by b.fi2E2J. Consider 

that trade takes place between the two regions at a transportation cost of t12• Due 

to profit-seeking traders, price rises in region 1 to PI resulting in a contraction in 
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demand to Yl and a corresponding expansion in supply to Xl. The opposite occurs 

in region 2, so that price falls to P2 and there is a reduction in production to X2 and 

an expansion of demand to Y2. Thus excess supply (Xl-Yl) obtains in region 1 and 

excess demand (Y2-X2) in region 2. To reach equilibrium, as price rises in region 

1 to PI, consumers' surplus falls to b.GApl; whereas, producers' surplus increases 

to boPlBH, leaving b.ABEl as the net addition to regional welfare due to trade. 

In region 2, as price falls to P2, consumers' surplus increases to b.IDp2, whereas 

producers' surplus falls to b.p2C J resulting in a net gain of boDC &. The net social 

payoff is the sum. of b.AB~ + b.DCE2; thus when (NSP) is maximized compet

itive equilibrium prices are PI and P2 while trade flow from region 1 to region 2 is 

YlXl = Y2 X 2· 

4.2 Derivation of the model as a test of hypothesis 

This section derives the model as it was formulated by Takayama and Judge 

(1971). In Figure 4.1 it is shown that equilibrium is obtained in the pre-trade 

scenario at El and Ez in the respective regions. The net social payoff is maximized 

when the sum of the two areas boABEl and b.DCEz is obtained. The net welfare 

function after transportation cost is subtracted may be represented as: 

NW = F(y,x,X) = L1I1 d1('l1)d'l1 - LZ

1 81(6)d'71 + L1I2 d2('72)d'72-

LZ

2 82('l2)d'72 - [L il
1 d1('71)d'71 - LZ

1 8l('lI)d'l1+ 

Lil2 d2('72)d'72 - Li2 82('l2)d'72] - t12(XI - Yl) (4.1) 

After cancelling the welfare effects of imports and exports, the above relation can 

be rewritten as: 

(4.2) 
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The above expression shows that the maximum. of the welfare function is obtained 

by getting the sum. of the two areas l1ABEl + l1DC~. Thus when prices move 

so as to maximize the sum. of the two areas, it can be assumed that total welfare is 

maximized such that optimality or efficiency is obtained. 

The formulation of the quadratic programming model begins with the des

ignation of the n production regions, i = 1, ..• , n, and k consumption regions 

i = 1, ... , k. Transportation costs per physical unit are independent of volume 

and subject to: 

tij > 0 for all i and j (4.3) 

For each region the demand and supply quantities are given as linear functions of 

pnce: 

Yj = aj - Pjpj for all j (4.4) 

where Yj is quantity demanded in the it" region and Pj is the demand price in the 

it" region and aj > 0 and Pj > o. 

Xi = 8i + 'YiPi for all i (4.5) 

where Xi is the quantity supplied in the it" region and Pi is the supply price in 

the it" region and "'Ii > O. The above equations are expressed in their inverse form 

below. 

pj = >'j - WjYj for all j 

Pi = Vi + f/iXi for all i 

where >'j > 0, Wj > 0, Vi > 0 and f/i > 0 over all observations. 

(4.6) 

(4.7) 

In matrix notation, the regional demand and supply relations are given below. 

Regional demand is compactly written as: 

Py = >. - Oy (4.8) 

Regional supply is compactly written as: 

(4.9) 
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where 

=e)-e~) c W2 ) (z) Py - : - : + . . 
Pn An Wn 

(4.8a) 

=(;~)-(~) C '12 

q. ) (D P:z: - : - : + . . 
pn lin 

(4.9a) 

. For each demand region, we assume that the quantity actually consumed, 

Y j, is less than or at most equal to the quantity shipped into the region from all the 

supply regions: 
n 

Yj ~ LXij for all j 
j=1 

(4.10) 

where the quantity shipped from the it" region to the jt" region is Xij 2: 0 for all 

i and j. The actual supply quantity, Xi, is assumed to be greater than or at least 

equal to the effective supply from region i to all demand regions: 

k 

Xi > LXij for all i 
j=1 

(4.11) 
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where Xi; 2: o. Equations (4.10) and (4.11) may be written in matrix form as: 

( g: ) X 2: (!X) (4.12) 

where 

1 1 1 
1 1 1 

(g:) = 
1 1 

-1 -1 ... -1 
1 

=G 
-1 -1 ... -1 

-1 -1 ... -1 

X = (Xu ... Xln ••• Xnl •• • Xnn). 

Total transport cost for all possible flows is represented by the following: 

n 11: 

L L tiiXij = T' X for all i and j 
i=l j=l 

where T = (tll ... tl n ••• tnn)' , and X is trade flows as defined earlier. 

(4.13) 

Transport cost must be less than or equal to price in the consuming region 

minus producer's costs plus rent: 

or in matrix notation: 

where 

Pj - Pi 2: tij for all i and j 

G'P>T 

p= Pn 
pi 
p2 

(4.14) 

(4.14a) 
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and G' is the transpose of the G matrix and T is the matrix of unit transport cost . 

as defined earlier. 

Following the form of equation (4.2), a market-oriented regional quasi-welfare 

function which is quadratic in form can be specified as: 

where 

Yi= pretrade quantity in importing region. 

Xi= pretrade quantity in exporting region. 

K= constant term, sum of ki and kj. 

(4.15) 

The global welfare function for all regions is assumed to be additive and is 

represented by: 

(4.16) 

Transportation costs are a burden to society and must be subtracted from the 

above equation to yield a net social welfare function, with the constant term being 

dropped. The objective function for the present model is the net social payoff which 

has to be maximized, subject to constraints (4.6), (4.7), (4.10), (4.11) and (4.14), 

and it is represented below as: 

NW(y,z,X) = )/y -v'z - ~y'ny - ~z'Hz - T'X. (4.17) 

To facilitate the solution of the spatial equilibrium problem which bas a 

quadratic objective function, the objective function and the constraints have to 

be formulated in Lagrangian form. From the Lagrangian, the first order partial 



292 

derivatives or Kuhn-Tucker conditions which are the necessary conditions for max

imum of equation (4.17) have to be obtained. The Lagrangian form as specified by 

Takayama and Judge (1971) is given below: 

L(y,x,X,p) = >.'y - v'x - ~y'ny - ~""Hx - T'x + p' [GX - (!x) l (4.18) 

where 

- (' , )' ( 1 2 n), > 0 P = P",Pz = PIP2·· ·PnP P ••• p -

The following are the Kuhn-Tucker necessary conditions for a saddle value 

solution: 

(a) 

(6) 

(c) 

(d) 

oL _ 
8y = ,x - OJ - PrJ ::; 0 

oL 
ox = -(v + Hz) + pz ::; 0 

oL = G' _ T < 0 and 
8X -

OL=GX_( Y_)::;o 
8p -x 

oL_ 
and {Jyy = O. 

oL_ 
and 8xx =0. 

oL -
8X X =0. 

oL 
and opp=O. 

In terms of the actual components, the expression is given as follows: 

(a) 8L = ,xi - WiYi - Pi ::; 0 and oL iii = 0, for all i. 
8Yi Oyi 

(6) 
8L _. oL_ 
-;- = -(Vi + 7W'fi) + P • <0 and -;-Xi = 0, for all i. 
uXi uXi 

(c) 8L - -i t < 0 d oL - 0 f ". d· -- = Pj - P - ij _ an --Xij =, or a t an J. 
&ij &ij 

(d) 
8L n _ _ oL _ . 
-=LXji-Yi~O and -Pi =0, for alit. 
8Pi j=l OPi 

(d.1) 
8L n 8L -. = - ~ x" + x' > 0 and ~p-i = 0, for all i. o • L..J'J • - up' P j=l 
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According to Takayama and Judge (1971, pp. 134-135), condition (a) is 

interpreted as optimum consumption. The Lagrangian expression Pi is interpreted 

as optimum demand price for the product in region i, and implies that at the 

optimum, if consumption in the it" region Yi is positive, then the regional demand 

price Pi is equal to the market demand price Pi; if Yi = 0, then the market demand 

price must be greater than or equal to the regional demand price. 

Condition (b) refers to optimum production. It means that if Xi is positive 

in the it" region, then the market supply price p-i is equal to the regional supply 

p-i; if Xi = 0; then the regional supply price must be greater than or equal to the 

market supply price. 

Optimum flows is described by condition (c). It says that if optimum flow 

xii is positive, then the difference between the market demand and supply prices 

Pj - p-i is equal to the unit transport cost, tij; on the other hand, if Xij = 0, which 

implies no trade flow occurs, then the price difference is less than or equal to the 

transportation. 

Conditions (d) and (d.1) refer to optimum excess demand and supply. Con

dition (d) states that when the optimal market demand price Pi is positive, then 

the optimal consumption quantity Yi is exactly equal to total inshipments from all 

regions, Ei=l Xji; if Pi is zero, then total inshipments may be greater than or equal 

to optimal consumption. Condition (d.1) states that if p-i, the optimal market 

supply price is positive, then the effective regional supply quantity Xi is equal to 

the total shipments to all regions from the it" region; if p-i is zero, total production 

in the region exceeds or at a minimum just meets the total self supply and exports. 

4.3 Supply side 

The development of the supply relations for the spatial equilibrium problem 

centers around observations made ,on price formation in the iron ore industry. It was 

mentioned in section 3.4.2 that price and quantity were negotiated in medium to 

long term contracts which most producers and consumers used. This is the case with 

price formation in the European and Japanese markets. Once these contracts are 

signed, the producers supply the given quantity to the buyers for a specified period 
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of time at the negotiated price. This suggests administered pricing in the industry. 

Administered price is defined as "a price set by someone, usually a producer or a 

seller, and kept constant for a series of transaction"(Stigler, 1962}. Adelman (1961) 

notes that "the seller (or less often the buyer) announces the price by a deliberate 

act, sometimes after a good deal of internal bureacratic effort". He also suggests 

that administered prices are normally associated with imperfect markets. Since 

long- and medium-term contracts cover more than 70 percent of the ore entering 

the world market while short-term contract prices are normally adjusted only during 

the annual contract negotiations, it seems reasonable to assume that some form of 

administered pricing is exercised in this industry. Even though these prices are 

considered to be administered in that they are constant for a year in the case of the 

annual contracts, while they last from two to ten years for the medium- to long

term contracts, they are believed to reflect market conditions. 

On the European market, the big Brazilian producer, CVRD, and the big 

German ore buyers, normally negotiate a price for a year or two. Other suppliers on 

the European market adjust their f.o. b. price in their negotiations so that they can 

compete with Brazil on a c.i.f. basis. Most of the European countries have national 

trading companies as buyers of ore, and these companies enter into ore contracts 

with each supplier on an individual basis. 

On the Japanese market, the Australians are the price leaders, and their 

negotiated price with the Japanese trading companies responsible for buying ore 

for the Japanese steel industry, serves as a reference price for other sellers on the 

Japanese market. As is the case in the European market, the other producers 

adjust their f.o.b price so as to be competitive with the Australian producers on a 

c.i.f. basis. It should be reiterated that some of the suppliers to both the European 

and Japanese markets practice price discrimination by adjusting their f.o.b. price 

on these markets so as to be competitive. 

Based on the findings in the section on price formation, it is assumed that 

the supply curve or function for each of the major producers in this study will 

be taken as their f.o. b. price (or marginal cost of production) in the producing 

region. The selection of f.o.b. price port exporting region and its use is based on 
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the assumption that in the longrun under constant returns to scale and competitive 

input markets, longrun marginal cost is equal to the minimum longrun average 

cost and is also equal to price for each producer at equilibrium. In a U.S. Bureau 

of Mines study (1987), cost curves were derived for iron ore products that are 

potentially available from major producers in the Western World from the lowest 

to the highest cost. These costs are given f.o.b. port the producing country. The 

prices of iron ores on the world markets are accepted as being administered, thus 

the f.o.b. prices of the producers in their respective markets of advantage were 

selected. These are the non-discriminating supply prices used in the model. These 

prices are also compared with the f.o.b. port price exporting country determined 

by the U.S. Bureau of Mines (1987) and were found to be very similar. In some 

cases the producer sells above the longrun marginal cost and sometimes below it. 

When the producer sells above the longrun marginal cost, the market is a sellers' 

market, when he sells below longrun marginal cost, it is a buyers' market. Previous 

discussion has shown that the iron ore producers do price discriminate such that 

a producer may sell above longrun marginal cost in the European market while he 

sells below it in the Japanese market. Thus, each producer will supply ore to a 

particular market at the f.o.b. price, which is considered it's supply curve. There 

are eleven producers that exported more than 4 million tonnes on the world markets 

in 1984, they include Australia, Brazil, Canada, India, Liberia, Mauritania, South 

Africa, Sweden/Norway, Venezuela, Chile, and Peru. They are the major countries 

modeled as suppliers in the model. Also, additional supply was included from three 

of the demand regions to account for domestic supply, these regions are the U.S., 

EEC, and other Pacific Basin. These countries or regions are also included in the 

model. The f.o.b. price port of producing or exporting region is shown in Table 4.1. 

The lowest f.o.b. price is for iron ore from Chile, while the highest f.o.b. price among 

the major exporters is from Sweden/Norway. The f.o.b. price at the exporting port 

is considered as the supply curve of the producers. 
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Table 4.1 Price of iron ore f.o.b. export, major exporters 
in 1984 ($ per tonne and cents per iron unit) . 

========================================================== 

$/tonne %Fe Cents per 
Fe unit 

========================================================== 

Australia 16.8 64 26.25 

Brazil 16.9 64.5 26.20 

Canada 17.7 66 26.80 

India 17.9 65 27.50 

Liberia 17.3 65.4 26.50 

Mauritania 17.9 64 28.00 

South Africa 15.5 65 23.90 

Sweden/Norway 19.2 66 29.10 

Venezuela 15.4 64 24.00 

Chile 12.8 62 20.60 

Peru 14.1 64 22.00 

USA 23.3 51.5 45.20 

EEC 23.2 64.5 36.00 

Other Pacific 24.90 64.5 38.60 
Basin 

======================================================== 

Source: U.S. Bureau of Mines (1987, p. 8); Drewry Shipping 
Consultants (1986, p. 12); Canadian Minerals 
Yearbook (1984); U.S. Bureau of Mines Minerals 
Yearbook (1985). 
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4.4 Demand side 

The demand for iron ore is significantly related to the growth in the steel 

industry as discussed in chapter 3, section 3.1. The major determinant of iron ore 

demand in four of the five regions modeled in this study is steel production, the only 

exception being Japan, in which the index of industrial production has the major 

in:O.uence in the estimated demand function. Since the supply curve or function 

is assumed to be equivalent to the admjnjstered prices, (S = LRMC = LRAC = 

P), the demand functions are therefore identified and are estimated by ordinary 

least squares. Fisher (1962) estimated demand for aluminum ingot in the United 

States after determining that administered pricing was practiced in the industry. 

To correct for autocorrelation, all the equations were estimated using the Hildreth 

Lu technique. The demand functions for the five regions are given below. 

In the EEC market, demand for iron ore is estimated as follows for 1955-

1985: 

EECICON = 63.6 - 0.47 PRJ1 + 5.6 EECST - 0.88 TEEC 
(1.5) (-1.1) (9.48) (-4.0) 

R2 : 0.920 R,2: 0.907 SE: 9.2062 DW: 1.897 RHO(l): 0.461 

where 

EECICON = iron ore consumption in EEC, in million tonnes, 

PRJ1 = c.i.f. price of Brazilian iron ore, Rotterdam, deflated by Manufac

turing Unit Value Index (MUV index), 1984=100, 

EECST = steel production in EEC, in million tonnes, 

TEEC = technology variable, average index of output per hour in manufac

turing in W. Germany, France and U.K., 1977=100. 

The above result shows that steel production was the dominant factor de

termining iron ore demand in the EEC. The values in parenthesis beneath the esti

mated coefficients are the t-values. The equation was adjusted for autocorrelation, 

and p = 0.461. 

For the U.S. market, the following equation was estimated for iron ore de

mand for the period 1955-1985: 
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USCON = 104.3 - 0.65 USPRl4 + 1.2 USST - 1.04 T 
(2.2) (-1.0) (14.8) (-2.6) 

R2 : 0.958 ii2 : 0.952 SE: 5.7685 DW: 2.237 RHO(l): 0.824 

where 

USCON = iron ore consumption in U.S., in million tonnes, 

USPRl4 = price of Lake ores delivered lower lake ports, deflated by U.S. GDP 

deflator, 1984=100, 

USST = steel production in U.S., in million tonnes, 

T = technology variable, multifactor productivity in U.S., 1977=100. 

The estimated demand relation demonstrates how steel production is also 

the driving force for iron ore demand in the U.S. As activities in the domestic steel 

industry pick up, so does demand in the U.S. ore industry. 

When iron ore demand in the Japanese m8.1'ket is modeled, the index of indus

trial production has a more dominant influence than does domestic steel production. 

This is probably due to the fact that domestic iron ore demand is more closely tied 

with activities such as automobile production and shipbuilding which make up a 

large percentage of the economic activities. Steel production alone did not seem 

to capture this trend very well. However, indirectly, its effect is felt through other 

activities in the economy in which steel is a major component, i.e., automobile, 

shipbuilding, machinery and equiPIIlent production as wen as in construction. The 

estimated iron ore demand for Japan is given below for 1956-1984: 

JAPICON = 35.6 - 0.44 JAPOPRll + 1.6 JAPINPD - 0.74 TJAP 
(1.3) (-1.1) (3.2) (-1.6) 

R2 : 0.965 ii2 : 0.960 SE: 9.8262 DW: 1.891 RHO(I): 0.826 

where 

JAPICON = iron ore consumption in Japan, in million tonnes, 

JAPOPRll = average c.i.f. price of Japanese iron ore imports, deflated by the 

Manufacturing Unit Value Index (MUV index), 1984=100, 

JAPINPD = index of industrial production in Japan, 1977=100, 

TJAP = technology variable, index of output per hour in manufacturing in 

Japan, 1977=100. 
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Demand for iron ore in Other Western Europe is estimated for 1956-1984, 

with the major determinant being steel production in the region. This function 

is also corrected for autocorrelation and the estimated p=0.828. The estimated 

equation is as follows: 

OWEICON = 11.5 - 0.08 PRJ1 + 0.06 OWEST 
(2.1) (-1.3) (4.2) 

R2 : 0.968 il2 : 0.964 SE: 1.4530 DW: 2.265 RHO(l): 0.828 

where 

OWEICON = iron ore consumption in Other Western Europe, in million tonnes, 

PRI1 = c.i.f. price of Brazilian iron ore, Rotterdam, deflated by Manufac

turing Unit Value Index (MUV index), 1984=100, 

OWEST = steel production in Other Western Europe, in million tonnes. 

The demand for iron ore in Other Pacific Basin is found to be significantly 

influenced by steel production in the region. Correction for autocorrelation yielded 

p=0.645. Estimated demand equation for Other Pacific Basin for 1956-1984 is given 

below: 

OPICON = 9.6 - 0.09 JAPOPRI1 + 1.1 OPST 
(2.9) (-1.7) (13.1) 

R2 : 0.988 R,2: 0.986 SE: 1.4793 DW: 1.633 RHO(l): 0.645 

where 

OPICON = iron ore consumption in Other Pacific Basin, in million tonnes, 

JAPOPRI1 = average c.i.f. price of iron ore imports in Japan, deflated by Manu

facturing Unit Value Index (MUV index), 1984=100, 

OPST = steel production in Other Pacific Basin, in million tonnes. 

Price elasticity of demand in the five regions are also determined. The EEC 

has a price elasticity of -0.13, U.S. -0.19, Japan -0.21, Other Western Europe 

-0.16, and Other Pacific Basin -0.13. These elasticity values indicate the inelastic 

demand of iron ore in these markets. In the demand equation for the EEC, EECST 

and TEEC are significant at the 1% level, while PRI1 is not; the same applies for the 

U.S. with respect to USST and T. The estimated demand equation for the Japanese 

market has only JAPINPD significant at the 1% level, while TJAP is significant 
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only at the 20% level. With respect to Other Western Europe and Pacific Basin 

markets, OWEST and OPST are significant at the 1% level. Due to the fact that 

the demand prices were not significant at the 10% level in the estimated functions, 

these results should be considered with caution. The use of two-stage least squares 

may provide more reliable coefficients for the price variables. 

The estimated equations are transformed into equations with one dependent 

variable, price, an independent variable, consumption, and a constant term. The 

demand relations are expressed in this form 80 that the spatial equilibrium. problem 

which has a quadratic objective function could be solved using the Takayama and 

Judge(1971) formulation. The general form of the estimated demand functions after 

transformation is: 

where 

Pi= demand price in region i, in year t, in $/tonne, 

Yi= consumption in region i in year t, in million tonnes, 

Pi= coefficient of demand price in estimated demand relation, 

Ki= constant term. 

(4.19) 

The demand functions used in the model are given below for the five demand 

regions as: 

(1). EEC MARKETS, 1984: 

PI = 293.3 - 2.1Yl (4.20) 

(2). U.S. MARKETS, 1984: 

P2 = 131.3 - 1.3Y2 (4.21) 

(3). JAPANESE MARKETS, 1984: 

(4.22) 
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(4). OTHER WESTERN EUROPEAN MARKETS, 1984: 

P" = 368.2 - 12.5Y4 (4.23) 

(5). OTHER PACIFIC BASIN MARKETS, 1984: 

Ps = 555.5 - 11.5ys (4.24) 

In the transformations given for the five demand regions, the following values 

were used for the EEC Markets: PI = $23.20, Yl = 128.6, PI = -0.47, Kl = 293.3. 

For the U.S. Markets, the values are: P2 = $30.80, Y2 = 67, P2 = -0.65, K2 = 131.3. 

The values for the Japanese markets are: P3 = $24.90, Ya = 111.6, P3 = -0.44, 

K3 = 281.6. With respect to the Other Western European Markets, the values 

are: P4 = $23.20, Y4 = 27.6, P4 = -0.08, K4 = 368.2. In the Other Pacific Basin 

Markets, the values are: Ps = $24.90, Ys = 47.8, Ps = -0.09, Ks = 555.5. 

To estimate demand functions for the year 2000, the same price, and slope are 

assumed, however, the forecast demand or consumption for the various regions are 

used to enable an estimation of future demand functions. The study uses Leontief's 

(1983) and the World Bank's modified (1986) demand forecasts. 

4.5 Transportation cost development 

The transportation costs used in this analysis were those for ocean trans

port from the port of the exporting country or region to the import port in the 

consuming region. The data on freight rates were mainly compiled from Drewry 

Shipping Consultants (1985), Maritime Research Institute (1984) and the discussion 

in section 3.3 on trends in ocean transport of iron ore. The data from Drewry and 

Maritime Research Institute for 1984 were compared for Australia-EEC, Brazil

EEC, Canada-EEC and Liberia-EEC routes and were found to be similar in most 

cases. Thus, both sets of data were used extensively in the cost determination. 

The ocean transport cost data used in this model are shown in Table 4.2. Some 

of the major consuming regions in the model also produce some ore for domestic 

consumption, namely, EEC, US, and Other Pacific Basin; transport cost for these 

consuming regions in this case is set at zero. In the case of the US, the market 
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Table 4.2 Matrix of transport costs, 1984 ($ per tonne) • 

=========\================================================ 
\ 
\ TO 
\ 
\ EEC USA JAPAN OTHER W. OTHER PACIFIC 

FROM \ EUROPE BASIN 
\ 

=========\================================================ 
Australia 8.8 12.7 4.6 9.0 5.9 

Brazil 6.5 6.7 9.1 6.5 8.8 

Canada 4.6 2.1 9.2 4.6 12.8 

India 10.6 14.0 7.1 10.6 8.1 

Liberia 4.9 4.9 8.9 4.9 10.9 

Mauritania 3.4 5.9 7.8 3.4 9.8 

South Africa 6.3 14.0 6.3 6.4 8.6 

Sweden/Norway 2.0 12.7 14.7 2.3 16.7 

Venezuela 6.2 7.7 15.0 6.7 17.0 

Chile 12.2 12.7 11.2 12.2 11.2 

Peru 12.2 8.0 11.2 12.2 11.2 

USA 12.9 17.5 12.9 21.0 

EEC 14.7 16.7 2.3 18.7 

Other Pac. 9.0 13.0 8.0 9.0 
Basin 

========================================================= 

Source: Drewry Shipping Consultants (1986); Maritime 
Research Institute (1984); U.S. Bureau of 
Mines (1987). 
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price of $30.80 includes a transport cost to the Lower Lakes Region of about $7.50 

per tonne. Thus the market price for these regions that use domestic production 

mainly for consumption have the transport costs implicitly included. 

4.6 The LINDO quadratic programming algorithm 

In order to solve the quadratic programming problem of determining effi

cient trade flows, regional demand, efficient demand and supply prices, a quadratic 

programming algorithm called LINDO developed by Schrage (1984) is used. The 

problem was formulated as originally done by Takayama and Judge with variable 

demand and supply. The supply in this model was defined earlier as f.o.b. price 

port of exporting country or region. The problem is defined as a maximization 

problem where the objective is to maximize Samuelson's net social payoff. How

ever, it was solved by LINDO after it was transformed into a minimization problem, 

i.e. Max (z) = Min (-z), and the signs of the maximization constraints were all 

multiplied by -l. 

To show how the problem was solved by LINDO, an example is given below. 

The example is a three region one which includes three linear demand functions and 

three fixed supplies. The three linear demand functions are defined as: 

(a) 

(b) 

(c) 

PI = KI - aIYI_ 

P2 = K2 - a2Y2-

P3 = K3 - a3Ya-

The supply price in the three supply regions can be represented by pI, p2, 

and pa respectively. The supplies from the three regions are fixed at: 

(c) Xa-
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Unit transportation costs, T, is represented below as: 

To maximize net social payoff, a maximization problem similar to equation 

(4.17) has to be set up, and alagrangrian similar to equation (4.18) formed. The 

objective function in the example problem is given below as: 

tnXn - t12X12 - t13X13 - t21X 21 - t22X22-

t23X 23 - t31X31 - t32X 32 - t33X33. (4.19) 

subject to 

(1) PI + alYl ~ K 1. 

(2) P2 + a2Yl ~ K 2. 

(3) P3 + a3Yl ~ K 3• 

(4) PI - pi ~ tn. 

(5) PI - p 2 ~ t 12• 

(6) PI - pS ~ t13. 

(7) P2 - pI ~ t2lo 

(8) P2 - p2 ~ t22. 

(9) P2 - p 3 ~ t23. 

(10) P3 - pI ~ t31. 

(11) P3 _p2 ~t32. 

(12) P3 -pS ~ t33. 

(13) -Yl +Xn +X21 +X31 ~ o. 
(14) -Y2 +X12 +X22 +X32 ~ o. 



(15) 

(16) 

(17) 

(18) 

-Y3 +X13 +X23 +X33 ~ o. 
,xl -Xn - Xl2 -X13 ~ o. 
,x2 -X21 -X22 -X23 ~ o. 
,x3 - X31 - X 32 -X33 ~ o. 
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The maximization formulation in equation (4.19) is transformed into a min

imization problem and the following lagrangian is formed: 

1 2 1 2 1 
L = - KIYI + '2alYo - K2Y2 + '2a2Y2 - K3Y3 + '2a3Y3 + tnXll + t12X12+ 

t13X 13 + t2lX21 + t22X 22 + t23X 23 + t31 X 31 + t32X32 + t33X 33+ 

L1( -PI - alYI + K1) + L2( -P2 - a2Y2 + K2) + L3( -P3 - a3Y3 + K3)+ 

L4( -PI + pI + tn) + Ls( -PI + p2 + t12) + L6( -PI + p 3 + tI3)+ 

L7( -P2 + pI + t21) + Ls( -P2 + p2 + t22) + Lg( -P2 + p 3 + t23)+ 

L10( -P3 + pI + t31) + Ln( -P3 + p2 + t32) + L12( -P3 + p 3 + t33)+ 

LI3(YI - Xn - X 21 - X31) + L14(Y2 - Xl2 - X 22 - X 32 )+ 

L1S(Y3 -X13 - X 23 -X33 ) + LI6 (-,x1 +Xn +X12 +X13 )+ 

L17( -,x2 + X21 - X 22 - X 23 ) + LIS( -,x3 + X31 + X32 - X33). (4.20) 

The Ln' s are the Lagrangian multipliers. 

To solve the problem, the 'mst order partial derivatives of the Lagrangian, 

L, is taken with respect to all primal and dual variables in equation (4.20). To run 

the problem in LINDO, you begin with the objective functive which in this case is 

to minimize the listing of all primal and dual variables in the above mentioned equa

tion. LINDO considers the objective function as row 1. Next, the partial derivative 

of L, with respective to all the primal and dual variables are put in as constraints. 

The real constraints should be put in last. In the example problem, the real con

straints are the partial derivative of L with respect to the lagrangian multipliers. 

Thus this problem has 36 constraints, with the real constraints beginning at row 20 

since LINDO considers the objective function as row 1. The program then deter

mines the optimum value of the objective function, and this is the actual value of 
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the original objective function formulated in equation (4.19). Optimum trade flows, 

demands, and imputed demand and supply prices are obtained from the solution. 

The quadratic program thus simulates Samuelson's spatial equilibrium problem in 

which the test of efficiency is that the sum of consumers' and producers' surplus be 

maximized. 

4.7 Analysis and interpretation of results 

The spatial equilibrium problem posed for the iron ore industry involves 

fourteen producing regions, eleven of which are export oriented, three of which 

supply ore for domestic use, and five demand regions. The LINDO quadratic pr~ 

gramming algorithm described in section 4.6 is used to determine optimum trade 

flows and efficient prices in the iron ore industry in 1984. The estimation of the 

demand functions in this study suggests that the efficient results determined should 

be considered as approximate. 

To reach an optimum solution, the program went through 139 iterations; the 

resulting. optimum trade flows, demands and efficient supply and demand prices are 

tabulated (See Table 4.3). The solution is compared with the actual 1984 experience 

of the iron ore industry which are shown in parenthesis. One characteristic of this 

type of model is that the simulated trade flows cannot be greater than (m + n - 1 ), 

where m is the number of suppliers and n the number of consumers. Therefore, 

there are 18 trade flows determined by the model even though there are 44 actual 

flows (See Table 4.3). 

The interregional trade flow from Australia is all directed to the Japanese 

market. Of the trade flows from Brazil, 98% is directed to the Western European 

market, with the remaining 2% going to other Pacific Basin Markets. Canadian 

iron ore flows are 80% to the U.S. East Coast markets, with the remaining 20% 

directed toward the Western European market. All of India's trade flow is directed 

to the Pacific Basin markets. Trade flows from Liberia and Mauritania are towards 

the Western European markets. South Africa's trade flow is toward the Japanese 

market. Sweden/Norway directs its flow to Western European markets. All exports 

from Venezuela are directed toward the Western Europe market, while those from 



Table 4.l. Iron ore trade flows and prices based on spatial equilibrium model, 1984: actual and 
simulated (flovs in million tonnes. prices in 1984 $ per tonne). 

To Other 
Western Pacific Total Supply 

From EEC USA Japan Europe Basin Supply Price 

Australia 88.1 88.1 19.1 
(14.0) * (58.9) (6.2) (9.6) (16.8) 

Brazil 14.6 11.8 2.2 88.6 16.5 
(4l.0) (2.6) (28.8) (1.l) (6.9) (16.9) 

Canada 24.4 6.l lO.1 18.4 
(1l.1) (11.4) (2.4) (l.2) (11.1) 

India 11.1 ll.0 24.1 11.2 
(16.l) (4.5) (l.l) (11.9) 

Liberia 16.8 16.8 18.1 
(1l.2) (l.8) (O.3) (1.3) (0.2) (11.3) 

Mauritania 9.5 9.5 19.6 
(8.6) (0.6) (O.l) (11.9) 

S. Africa 12.1 12.1 18.0 
(5.6) (5.5) (O.l) (O.9) (15.5) 

Sweden/Norway 21.0 21.0 21.0 
(l6.1) (4.0) (O.l) (19.2) 

Venezuela 8.6 8.6 16.8 
(5.1) (1.5) (O.1) (O.1) (15.4) 

Chile 5.2 5.2 14.1 
(O~ 2) (4.6) (O.4) (l2.8) 

Peru 4.2 4.2 14.1 
(O.4) (1.4) (2.4) (14.1) 

USA 49.5 49.5 . 20.5 
(49.5) (2l.l) 

EEC 7.7 7.7 2l.0 
(7.7) (2l.2) 

Ot\er Pacific Bas. 2l.1 2l.1 25.l 
(23.1) (24.9) 

Total De.and 128.7 73.9 111.9 21.6 47.8 l89.8 
(128.6) (61.0) (118.8) (21.6) (41.8) (l89.8) 

De.and Price 23.0 20.5 24.l 23.0 25.l 
(23.2) (2l.3) (24.9) (24.9) 

*Fiqures in parentheses are actual observations for 1984 trade flows and 1984 prices. ~ 
0 
-.J 
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Chile and Peru flow to the other Pacific Basin markets. 

The efficient demand price for the EEC market is $23.00, for the U.S. East 

Coast market $20.50, for the Japanese market $24.30, for other Western Europe 

markets $23.00 and that for other Pacific Basin markets is $25.30. These are the 

imputed demand prices determined by the model for 1984, and they are also dis

played in Table 4.3. These results should be considered only as approximating 

the efficient ones due to conditions about estimation of the demand and supply 

functions. 

With regards to the major exporters in the model, the imputed supply prices 

are discussed next. The model estimates an imputed supply price of $19.70 for 

Australia which is higher than the quoted f.o.b. price of $16.80. This suggests that 

Australia is selling at a lower price than the efficient one estimated by the model, 

thus in regard to the earlier discussion on price formation, this implies a buyer's 

market exists where Australia sells its ores, on the Japanese market. Brazil on the 

other hand has an imputed supply price of $16.50 which is lower than the quoted 

f.o.b. price, thus, it may be assumed that Brazil is selling above marginal costs or 

quoted f.o.b. costs in the markets in which its trade flows are directed. Canada 

has a higher imputed supply price, likewise do Liberia, Mauritania, South Africa, 

Sweden/Norway, Venezuela and Chile. India and Peru are the other major exporters 

in addition to Bra.zil that have a lower imputed supply price. The model results 

imply that a buyer's market obtains for those countries with a higher imputed supply 

price, and that a seller's market prevails in those cases where imputed supply price 

is lower than f.o. b price. 

The model's estimates of demands in the five regions are very close to the 

observed demands. This indicates the model's ability to estimate future demands 

may be good. The U.S. demand is the only one that deviates significantly from 

the actual. The validation exercise which is carried out later for the model will 

demonstrate this point. 

Having determined trade flows and efficient prices, it is instructive to evaluate 

how much deviation exists between the actual and estimated values. Following 



309 

Henderson (1958), a validation exercise is performed which measures the efficiency of 

the model. Newcomb and Fan (1980, p. 4-21) also suggest that one should calculate 

the absolute values of deviations of the estimated from the actual interregional flows, 

demands and supply prices. Applying the above validation exercise, it is determined 

that the results explain 79% of interregional trade flows (See Table 4.4),59% of the 

average f.o.b. prices in the supply regions (See Table 4.5), 79% of average delivered 

prices and 91% of demands (See Table 4.6). 

From the validation exercise, it can be inferred that the model demonstrates 

that the supply prices that prevailed in the market for 1984 are quite different than 

the efficient ones estimated by the model. This reflects the nature of price formation 

that exists in the iron ore industry where prices are negotiated some time in advance 

and where suppliers have been observed to practice price discrimination so that they 

could be competitive. This could give some validity to the claim that some form 

of imperfecti~n exists in the iron ore industry, and that the buyers seem to have 

some monopsony power as is reflected in the lower prices that have prevailed in the 

market for the modeled year. 

Implications of these supply prices for Liberian producers is that Liberian 

prices are a bit higher than two of its major competitors on the European market 

- if one compares it with those of Brazil and Venezuela. This may be explained 

by the over-valuation of the U.S. dollar vis-a-vis the Brazilian cruzeiro and the 

Venezuelan bolivar for the base period 1980-84 (See Table 4.7). The f.o.b. price of 

Brazilian ore on the 'iVestern Europe market in constant 1984 dollars deflated by the 

Manufacturing Unit Value Index (MUV) decreased by 1.2% while the Venezuelan 

f.o.b. price in 1984 constant U.S. dollars increased by 47.1%. However the Brazilian 

price in constant purchasing power terms due to the U.S. dollar rise increases by 

55.8%. The same applies to the Venezuelan purchasing power terms in which price 

increases by 75.3% during the same period. The Liberian f.o.b. price in constant 

1984 dollars deflated by the Liberian GDP deflator on the other hand increased by 

only 6.8%. Thus the real price of Brazilian and Venezuelan ores increased more in 

their domestic currencies than did the Liberian price which is tied to the U.S. dollar. 

Since this is the only market in which trade flows from Liberia is directed according 



Table 4.4 Deviation of actual from simulated trade 
flows, 1984. 

======================================================== 

Western 
Europe 

USA Pacific Basin 
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========================================================= 

Australia - 20.2 0 
Brazil - 36.1 - 2.6 
Canada - 10.6 10.0 
India 4.5 0 
Liberia 2.3 - 1.8 
Mauritania 0.6 0 
South Africa 5.7 0 
Sweden/Norway 0.3 0 
Venezuela 2.2 - 1.5 
Chile 0 - 0.2 
Peru 0.4 0 
USA 
EEC 
Other Pacific Basin 

Total 182.91 116.11 

Ei E j !IXij - Xijl _ i(168) _? ~ 
" .. X·· - 3898 - _1.570 
4.JIJ IJ • 

where 

Xij = simulated trade Hows. 

Xij = actual trade Hows. 

Therefore, 78.5% of trade Hows are explained by the model. 

20.2 
- 33.5 

2.4 
4.5 
0.5 
0.6 
5.7 
0.3 
0.7 
0.2 
0.4 

1691 

========================================================= 



Table 4.5 Deviation of actual from simulated supply 
prices, 1984. 

====================================================== 

Supply Prices 

====================================================== 

Australia 
Brazil 
Canada 
India 
Liberia 
Mauritania 
South Africa 
Sweden/Norway 
Venezuela 
Chile 
Peru 
USA 
EEC 
Other Pacific Basin 

Total 

where 

2.9 
0.4 
0.7 
0.7 
0.8 
1.7 
2.5 
1.8 
1.4 
1.3 
o 

2.8 
0.2 
0.4 

17.61 

Ei ! Ipi - Pi I = !<14.2) = 41 7'7< 
P 17.03' 0 

pi = simulated supply prices. 

Pi = actual supply prices. 
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p = weighted average price, excluding USA, EEC, and Other Pacific Basin. 

Therefore, 59.3% of supply prices are e>"1l1ained by the model. 
======================================================== 
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Table 4.6 Deviation of actual from simulated demands and 
prices, 1984. 

======================================================== 

DEMANDS DEMAND PRICES 

======================================================== 

Western Europe 

USA 

Pacific Basin 

Total 

0.1 

6.9 

- 6.9 

1 13.91 

0.2 

- 10.3 

0.1 

10.61 

L:j ~IYj* - lJl = te13.9) = 8.9o/c 
Y 77.96 0 

where 

Yj* = simulated demands. 

lJ = actual demands. 

Y = average demand. 

Therefore, 91.1% of demands are explained by the model. 

where 

Pj* = simulated demand prices. 

Pj = actual demand prices. 

P = weighted average demand price. 

Therefore, 79% of demand' prices are explained by the model. 

========================================================= 



Table 4.7 F.o.b. price of iron ore in Western European market 
(constant 1984 $ and local currencies), 1980-84. 

=~======================================================================= 

YEAR BRAZIL 
Constant $ Constant 

Cruzeiros 

LIBERIA 
Constant $ 

VENEZUELA 
Constant $ Constant 

Bolivars 

========================================================================== , 

1980 17.10 34535.20 15.30 10.40 65.40 

1981 17.90 34355.40 18.80 11.10 61. 90 

1982 21.10 41611. 70 19.60 13.20 126.70 

1983 19.40 59162.10 18.80 14.80 135.00 

1984 16.90 53809.60 17.30 15.30 114.70 

========================================================================== 

Source: Table 3.74; Constant $ deflated by Manufacturing Unit Value Index 
for Brazil and Venezuela; Constant local currency is deflated by 
GOP deflator, 1984=100. 

Col) 
~ 
Col) 
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to this model, Liberian producers should try to reduce production costs by either 

instituting cost savings measures in the operations areas, or consolidating the mining 

operations. This would reduce Liberian costs' to the extent that it would be in a 

position to retain its market share. 

An additional exercise was done by removing the supply constraints for all 

exporters (See Table 4.8). There were trade flows from only four of the produc

ers to the various demand regions. The trade flows for the unconstrained case 

were from Australia to the Pacific Basin markets, Canada to the U.S. East Coast 

markets, Sweden/Norway and Mauritania to the Western Eurpean markets. There 

were therefore no trade flows from the other producers. The. model generated sup

ply prices were identical to the selected non-discriminatory administered prices or 

supply functions for the producers. This seems to suggest that only these suppliers 

would ship if no supply constraints were imposed such that net social payoff would 

be maximized with these trade flows. 

The model simulation for 1984 shown in Table 4.3 does not show Liberian 

flows to the U.S. East Coast markets; however, the f.o.b. price of Canada, the 

major exporter on this market is relatively higher than that of Liberia. If demand 

should exceed available supply in this market in the future, Liberian producers 

should be in a better position to compete since the transport cost per tonne mile 

advantage which the Brazilian's have over Liberia in the European market will not 

be a problem on the U.S. East Coast market. The shallow U.S. ports require smaller 

vessel capacity as do the Liberian ports so those suppliers like Brazil will have to pay 

a higher transport cost to the U.S. since the scale economies of using large vessels 

cannot be realized on this route due to port capacity constraints. Based on the large 

proportion of Liberian ore traded on the Western Europe market, one may assume 

that the model does a good job in predicting Liberian flows. However, one must 

note that Liberia has interregional flows to the U.S. and Japanese markets, which 

the model has determined to be somewhat non-optimum. In the case of Liberian 

flows with the U.S., if additional demand develops in the U.S. based on Leontief et 

ale modified steel demand scenario, Liberian flows to the U.S. should show since 



Table 4.8. Iron ore trade flows and prices based on spatial equilibrium .odel, 1984, supply 
constraints relaxed (flows in lIillion tonnes and price in 1984 $ per tonne). 

To Other 
Western Pacific Total Supply 

Froll EEC USA Japan Europe Basin Supply Price 

Australia 113.1 48.0 161.1 16.8 

Brazil 14.8 

Canada 74.3 74.3 17.7 

India 14.6 

Liberia 16.4 

Mauritania 27.8 27.8 17.9 

S. Africa 15.1 

Sweden/Norway 129.6 129.6 19.2 

Venezuela 15.0 

Chile 11.5 

Peru "11.8 

USA 19.8 

EEC 23.2 

Other Pacific Bas. 24.9 

Total De.and 129.6 74.3 113.1 27.8 48.0 

De.and Price 21.2 19.8 21.4 21.3 22.7 

(.¢ 
...... 
CTI 
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transport costs are also low. This additional demand will be in the U.S. East Coast 

where Liberia ores should be competitive. Other cost savings measures alluded to 

earlier may result in increased revenue if additional ore capacity is added since there 

are still large medium grade reserves in the country. 
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CHAPTER FIVE 

LIBERlAN PROSPECTS UNDER FREE TRADE ASSUMPTIONS 

5.1 Introduction 

This chapter examines prospects for Liberian iron ore in the year 2000 based 

on results obtained from the spatial equilibrium model. Two demand scenarios 

are considered in this analysis, Leontief et al. (1983) and the World Bank (1986). 

Linear demand functions are developed from the iron ore demand estimate given 

by these forecasts, based on the assumption that the same price and slope for 1984 

exist in each demand region in the year 2000. The model makes use of the fact 

that the solution of the spatial equilibrium problem yields welfare maximizing flows 

and efficient prices, which are the expected results under the assumptions of free 

trade and a competitive environment. Thus, the solution of the spatial equilibrium 

problem under these demand scenarios is considered as the free trade result for the 

year 2000 for Liberia and the other major exporters on the world market. 

The estimated demand functions based on Leontief's demand forecast for 

the various markets modeled in this study are given below: 

1. EEC MARKETS: 

PI = 425.6 - 2.1YI. (5.1) 

2. U.S. MARKETS: 

(5.2) 

3. JAPANESE MARKETS: 

P3 = 584.3 - 2.3Y3. (5.3) 

4. OTHER WESTERN EUROPE MARKETS: 

P4 = 595.7 - 12.5Y4. (5.4) 
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5. OTHER PACIFIC BASIN MARKETS: 

Ps = 606.5 - il.lys. (5.5) 

Estimated demand functions derived from the World Bank's demand forecast 

are as follows: 

1. EEC MARKETS: 

PI = 289.1- 2.1YI. (5.6) 

2. U.S. MARKETS: 

(5.7) 

3. JAPANESE MARKETS: 

P3 = 281.1 - 2.3Y3. (5.8) 

4. OTHER WESTERN EUROPE MARKETS: 

P4 = 409.5 -12.5Y4. (5.9) 

5. OTHER PACIFIC BASIN MARKETS: 

Ps = 809.7 -ll.lys. (5.10) 

The market share of the major exporters on the world iron ore markets is 

shown in Table 5.1 for 1984. Brazil has the largest share on the Western Europe 

market, 32.2%, followed by Sweden/Norway with 13.4%, Australia with 12.9%, 

Canada with 10.8%, Liberia with 9.3%, Mauritania with 5.7% and the remaining 

suppliers controlling less than 5% each. On the U.S. East Coast market, the major 

exporter is Canada with 17%, Brazil with 3.9%, Liberia with 2.7% and Venezuela 

with 2.2%. The U.S. supplies approximately 74% of its iron ore demand. On the 

Pacific Basin markets, the major supplier is Australia with 41.1%, Brazil with 
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Table 5.1 Market share of major exporters on world iron ore 
markets, 1984 (%). 

============================================================ 
WESTERN EUROPE U.S. PACIFIC BASIN 

============================================================ 

AUSTRALIA 12.9 41.1 

BRAZIL 32.2 3.9 21.4 

CANADA 10.8 17.0 1.4 

INDIA 2.9 11.8 

LIBERIA 9.3 2.7 0.3 

MAURITANIA 5.7 0.4 

SOUTH AFRICA 3.6 3.8 

SWEDEN/NORWAY 13.4 0.2 

VENEZUELA 4.1 2.2 0.4 

CHILE 0.1 0.3 3.0 

PERU 2.3 

USA 73.9 

EEC 4.9 

OTHER PACIFIC BASIN - 13.9 

TOTAL PERCENT 99.9 100.0 100.0 

============================================================ 
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21.4%, India with 11.8%, South Africa 3.8%, Chile 3.0%, and Peru with 2.3%. 

Supplies from other producers contribute to the remaining percentage. 

Comparison of market shares for actual flows with those obtained from the 

model indicates that some producers gain in some markets while others lose. Market 

shares determined from optimum trade flows for 1984 are shown in several tables 

(See Tables 5.2, 5.3, 5.4). On the Western Europe market, producers who increase 

their market shares are Brazil to 55.3%, Liberia to 10.8%, Mauritania to 6.1%, 

Venezuela to 5.5%; Sweden/Norway share remains the same at 13.4%. Those that 

lose market share are: Australia, South Africa, and India. Evaluation of market 

shares on the U.S. market show that Canada is the only exporter that increased its 

market share, from 17% to 33%; while Brazil, Liberia, Venezuela and Chile lose their 

share. In regards to the Pacific Basin markets, exporters that gained market shares 

are Australia from 41.1% to 55.5%, India from 11.8% to 15.1%, South Africa from 

3.8% to 7.6%, Chile from 3.0% to 3.3%, and Peru from 2.3% to 2.6%. Those that 

loss market shares Canada, Liberia, Mauritania and Venezuela. The model thus 

determines optimum flows and efficient prices which maximize net social payoff 

based on the estimated demand relations. The model approximates the real world 

situation as evidenced by the allocation of some portion of demand for domestic 

consumption in the EEC, the United States and the Other Pacific Basin markets. 

This exercise demonstrates that the real world flows do not appear to be optimum 

and could be improved by adjusting some of the present trade flows. This should 

however be done after careful consideration of the estimated demand relations. 

5.2 Spatial equilibrium under Leontief's demand scenario 

In this section, evaluation of optimum trade flows and efficient prices for the 

scenario of high growth rate of iron ore demand in industrialized regions, Leontief's 

demand scenario for 2000 is discussed (See Table 5.5). All prices are given in 1984 

U.S. dollars. 

Trade flows from Liberia are directed toward Western Europe; those from 

Australia are predicted to flow to the Japanese market; Brazil's flows are expected to 

flow 98.6% to Western E~C?pe and 1.4% to Pacific Basin markets. All of Canada's 
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Table 5.2 Market share of major iron ore exporters on 
Western European market based on simulations (%). 

========================================================= 

1984 LEONTIEF'S DEMAND WORLD BANK'S 
SCENARIO 2000 SCENARIO 2000 

========================================================= 

AUSTRALIA 

BRAZIL· 55.3 63.5 67.1 

CANADA 4.0 

INDIA 

LIBERIA 10.8 5.6 5.9 

MAURITANIA 6.1 3.4 3.4 

SOUTH AFRICA 

SWEDEN/NORWAY 13.4 9.5 10.8 

VENEZUELA 5.5 11.4 5.9 

CHILE 

PERU 

EEC 4.9 6.6 6.9 

TOTAL 100.0 100.0 100.0 
PERCENT 

======================================================== 
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Table 5.3 Market share of major exporters on the U.S. 
markets based on simulations (%). 

=========================================================== 
1984 LEONTIEF'S DEMAND WORLD BANK'S 

SCENARIO 2000 SCENARIO 2000 
=========================================================== 

AUSTRALIA 

BRAZIL 

CANADA 

INDIA 

LIBERIA 

MAURITANIA 

SOUTH AFRICA 

SWEDEN/NORWAY 

VENEZUELA 

CHILE 

PERU 

USA 

TOTAL PERCENT 

33.0 

67.0 

100.0 

41.5 

1.6 

56.9 

100.0 

56.9 

2.3 

40.8 

100.0 

=========================================================== 
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Table 5.4 Market share of major iron ore exporters on 
the Pacific Basin markets (%). 

============================================================ 
1984 LEONTIEF'S DEMAND WORLD BANK'S 

SCENARIO 2000 SCENARIO 2000 
============================================================ 

AUSTRALIA 55.5 43.0 46.5 

BRAZIL 1.4 0.7 10.0 

CANADA 

INDIA 15.1 23.8 12.9 

LIBERIA 

MAURITANIA 

SOUTH AFRICA 7.6 11.6 6.9 

SWEDEN/NORWAY 

VENEZUELA 

CHILE 3.3 2.7 2.8 

PERU 2.6 1.9 2.0 

OTHER PACIFIC BASIN 14.5 16.2 19.0 

TOTAL PERCENT 100.0 99.9 100.1 

--------------------------------------------------------------------------------------------------------------------------



Table 5.5. Iron ore trade flows and prices based on spatial equilibriull model, Leontief's demand 
scenario for 2000 (flows in million tonnes and price in 1984 $ per tonne). 

To Other 
Western Pacific Total Supply 

Froll EEC USA Japan Europe Basin Supply Price 

Australia 126.2 126.2 24.0 

Brazil 104.0 45.6 2.2 151.8 19.8 

Canada 59.9 59.9 23.3 

India 10.0 10.0 21.5 

Liberia 13.2 13.2 21.4 

Mauritania 8.0 8.0 22.9 

S. Africa 34.2 34.2 22.3 

Sweden/Norway 22.4 22.4 24.3 

Venezuela 26.8 26.8 20.1 

Chile 5.5 2.3 1.8 11.4 

Peru 2.3 5.7 8.0 17.4 

USA 82.2 82.2 25.4 

EEC 15.1 15.1 26.3 

Other Pacific Bas. 41.6 41.6 28.6 

Total De.and 190.1 144.4 241.6 45.6 52.1 613.8 

De.and Price 26.3 25.4 28.6 26.3 28.6 

~ 

~ 
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exports are predicted to flow to the U.S. markets; while all of India's exports are 

to flow to the Japanese market. All flows from Mauritania, Sweden/Norway and 

Venezuela are supposed to flow to Western Europe. Exports from South Africa and 

Chile flow to Pacific Basin markets, while 71% of Peru's export flow to the Japanese 

market with the remaining flowing to the U.S. markets. 

To determine whether major shifts in trade flows would occur from what 

the model estimates for 1984, one has to compare the market shares in the various 

markets for 1984 and 2000. On the Western Europe market, under Leontief's de

mand scenario, Brazil will increase its share from 55.3% to 63.5%; Venezuela also 

increases its share from 5.5% to 11.4%. Canada loses its share, while Liberia's share 

is decreased from 10.8% to 5.6%; Mauritania's share also decreases from 6.1% to 

3.4%. The share of Sweden/Norway decreases from 13.4% to 9.5%. 

In the case of the U.S. market, Canada increases its share from 33.0% to 

41.5%, and Peru picks up 1.6% of the market share. No other exporters have 

market shares on U.S. markets. The remaining 56.9% of market share is supplied 

by domestic producers. 

In the Pacific Basin markets, India would increase its share from 15.1% to 

23.8%, and so would South Africa from 7.6% to 11.6%. Australia will still be the 

major supplier to this market but its share will decrease from 55.5% to 43.0%; 

Brazil's share will decrease from 1.4% to 0.7%; Chile's from 3.3% to 2.7%; Peru's 

from 2.6% to 1.9%. Other suppliers to this market will increase their share from 

14.5% to 16.2%. 

Under the demand scenario in this case, Liberian producers would supply 

only to the Western Europe market, however, their market share would have fallen 

to 5.6% from 10.8%. The reduction in Liberia's market share can be attributed to 

depletion of its high grade ore bodies, thereby, leaving smaller reserves than existed 

in 1984. Based on these flows, it would not be optimum for Liberia to export to 

either the U.S. or Pacific Basin markets since other producers have a competitive 

advantage in these markets. Flows other than those predicted by the model would 

only result in reducing net social payoff. The dominant exporter on the Western 
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European market will continue to be Brazil, on the Pacific Basin market it will 

also continue to be Australia, while Canada will continue its dominance on the 

u.s. market. 

Imputed supply prices for all the major exporters will be higher in 2000 than 

in 1984. The imputed demand prices on the various market will also be higher 

in 2000. Among the major exporter, Chile and Peru will have the lowest supply 

prices, $17.40, followed by Brazil, $19.80, Venezuela $20.10 and Liberia $21.40. The 

demand price on the U.S. market is estimated to be $25.40, that on the Western 

Europe market would be $26.3 while that on the Pacific Basin market would be 

$28.60. 

5.3 Spatial equilibrium under World Bank's demand scenario 

The demand scenario of the World Bank which is that of low or negative 

growth of iron ore demand in industrialized regions for 2000 is considered in this 

section. This scenario which is the alternative to that predicted by Leontief enables 

a comparison of the two demand projections under the spatial equilibrium model. 

Results of optimum trade flows and efficient prices are tabulated in Table 5.6. 

Trade flows of the major exporters are similar to those in Leontief's scenario 

the only difference being in their magnitudes. On the Western Europe market Brazil 

is still the major supplier, increasing its share from 55.3% to 67.1%; its share has also 

increased when compared with the high demand growth scenario. Most of the other 

suppliers to this market show a reduction in market share. Liberia's share decreases 

from 10.8% to 5.9%, Mauritania's from 6.1% to 3.4%, and Sweden/Norway from 

13.4% to 10.8%. Venezuela increases its share from 5.5% to 5.9% (See Table 5.2). 

With respect to the U.S. market, the model shows that Canada will continue as the 

major exporter of iron ore. Its share increases from 33.0% to 56.9%. Peru's share 

also increases to 2.3%. The .share of domestic producers decreases from 67% to 

40.8% (See Table 5.3). On the Pacific Basin market, Australia continues to be the 

major supplier, its share however decreases from 55.5% to 46.5%. Brazil is the only 

major exporter whose shate increases on this market from 1.4% to 10.0%. Other 

suppliers to this market should experience a decrease in market share. India's share 



Table 5.6. Iron ore trade flows and prices based on spatial equilibrium model, World Bank demand 
scenario for 2000 (flows in million tonnes and price in 1984 $ per tonne). 

To Other 
Western Pacific Total Supply 

Froll EEC USA Japan Europlf· Basin Supply Price 

Australia 83.8 83.8 23.2 

Brazil 73.8 30.6 18.1 122.6 20.0 

Canada 35.0 35.0 23.5 

India 13.9 9.3 23.2 20.7 

Liberia 9.1 9.1 21.6 

Mauritania 5.3 5.3 23.1 

S. Africa 12.4 12.4 21.5 

Sweden/Norway 16.8 16.8 24.5 

Venezuela 9.2 9.2 20.3 

CbUe 5.0 5.0 17.6 

Peru 1.4 3.7 5.1 17.6 

USA 25.1 25.1 25.6 

EEC 10.8 10.8 26.5 

Other Pacific Bas. 34.2 34.2 28.8 

Total De.and 125.0 61.5 110.1 30.6 70.3 397.6 

De.and Price 26.5 25.6 27.8 26.5 28.8 
~ 
l" 
-.J 
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decreases from 15.1% to 12.9%, South Africa's from 7.6% to 6.9%, Chile from 3.3% 

to 2.8% and Peru from 2.6% to 2.0% (See Table 5.4). 

The imputed supply prices for all producers are higher in this scenario than 

in 1984, but lower than in Leontief's demand scenario. The imputed demand prices 

are higher than in 1984, however, the results vary with the individual markets in 

both scenarios. In the Western Europe market, the demand price is slightly higher in 

the World Bank scenario than in the Leontief scen,ario, $26.50 as opposed to $26.30; 

on the U.S. market it is also slightly higher than Leontief's, $25.60 as compared 

with $25.40. In the Japanese market it is lower in this scenario, $27.80 compared 

with $28.60 in the other; while it is higher for Other Pacific Basin markets $28.80 

as compared with $28.60 in the high growth case. 

In this scenario, as with the other, Liberia's share has decreased in the West

ern European market. The share of all other producers except those of Brazil and 

Venezuela has also decreased on the Western European market. The reduction in 

market share of Liberia and other producers on these markets can be attributed to 

depletion of high grade ore reserves. Supplies from domestic producers in all these 

consuming regions are also reduced as a result of depletion. 

5.4 Conclusions 

As stated earlier, administered pricing is assumed in the industry. This 

allowed estimation of the demand functions. The results obtained when the non

discriminating administered prices are used are identical to those obtained when 

the fixed supply version of the spatial equilibrium model is simulated. The fixed 

supply version permits no supply variation. The non-discriminating administered 

prices are compared with the U.S. Bureau of Mines (1987) total cost for producing 

one tonne of sinter feed for various producers in the Western World, and they are 

similar (See Table 5.7). It appears as though Iocational rents would be collected at 

the Don-discriminating administered prices in most regions. Assuming expansion in 

the future, rents appear to be justified. IT locational rents are being collected by 

current administered prices despite excess capacity it implies price maintenance in 

the iron ore industry. Table 5.7 also demonstrates that Australia, Brazil, Canada, 



Table 5.7. Selected non-discriminating administered prices and U.S. Bureau of Mines iron ore 
production costs and tonnages, selected countries, 1984. 

1 2 3 4 5 6 7 8 
USBOM Maximum 

Selected Tonnage at Cap. 
USBOM Price Selected Price Divide 2000 Actual 

Supply Price Range S/Unit Fe million (5) Target Cap. 1984 
Region Product S/Unit Fe New Old long tons by 16 Upperbound Cap. 

Brazil fines .12-.26 .26 .26 1,700 106.3 
pellet feed .18-.26 .26 109 6.8 
lump .13-.26 .26 925 57.8 
pellets .26-.28 .28 196 12.3 
total 2,930 183.1 151.8 119.4 

Venezuela fines .17-.21 .21 .24 106 6.6 
pellet feed .18-.26 .26 49 2.1 
lump .19-.26 .26 254 15.9 
pellets .26-.28 .28 24 1.5 
total 433 27.1 26.8 26.3 

Chile fines .17-.21 .21 .206· 16 1.0 
pellet feed NA NA NA NA 
lump .19-.26 .26 46 2.9 
pellets .26-.28 .28 4 .3 
total 66 4.1 7.8 7.8 

Peru fines .17-.21 .21 .22 85 5.3 
pellet feed .18-.26 .26 52 3.3 
lump NA NA NA 
pellets .26-.28 .28 75 4.7 
total 212 13.3 8.0 8.0 

'" l'" co 



Table 5.7. (continued) 

1 2 3 4 5 6 7 8 
USBOM Maximum 

Selected Tonnage at Cap. 
USBOM Price Selected Price Divide 2000 Actual 

Supply Price Range $/Unit Fe million (5) Target Cap. 1984 
Region Product S/Unit Fe New Old long tons by 16 Upper bound Cap. 

Australia fines .17-.26 .26 .263 2,600 162.5 
pellet feed NA 
lump .18-.31 .31 1,300 81.3 
pellets NA 
total 3,900 243.8 126.2 119.3 

Liberia fines .21-.28 .28 .265 85 5.3 
pellet feed .28-.43 .30 75 4.7 
lump NA 
pellets .30-.51 .32 107 6.7 
total 267 16.7 13.2 21.5 

Mauritania fines .21-.28 .28 .28 48 3.0 
pellet feed .28-.43 .30 28 1.8 
lump NA 
pellets NA 
total 76 4.8 8.0 10.8 

S. Africa fines .21-.28 .28 .239 122 7.6 
pellet feed NA 
lump .38-.59 .38 299 18.7 
pellets NA 
total 421 26.3 34.2 34.3 

~ 
~ 
0 



Table 5.7. (continued) 

1 2 3 4 

Selected 
USBOM Price 

Supply Price Range S/Unit Fe 
Region Product S/Unit Fe New Old 

India fines .22-.30 .27 .275 
pellet feed .28 .28 
lump .26-.35 .30 
pellets NA 
total 

Sweden fines .27-.32 .30 .292 
pellet feed NA 
lump .19-.59 .40 
pellets .38-1. 23 .55 
total 

Canada fines .28-.35 .30 .268 
pellet feed 
lump 
pellets .34-1.03 .55 
total 

Source: U.S. Bureau Mines (1987, p. 54, pp. 25-53). 

5 6 
USBOM Maximum 

Tonnage at Cap. 
Selected Price Divide 

million (5) 
long tons by 16 

213 13.3 
27 1.7 

203 12.7 

443 27.7 

246 15.4 

275 17.2 
190 11.9 
711 44.4 

645 40.3 

307 19.2 
952 59.5 

7 

2000 
Target Cap. 
Upperbound 

70.0 

22.4 

59.9 

8 

Actual 
1984 
Cap. 

64.6 

22.4 

56.0 

~ 
~ ...... 
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India, Liberia and some of the other producers could meet their target capacity at 

the current f.o.b. "selected" price based on Leontief et al. (1983) demand scenario 

if they expand capacity and production. 

Table 5.8 illustrates the extraction and transportation costs incurred by soci

ety due to trade in iron ore under the stated "actual" and simulated 1984 conditions. 

The stated or actual costs are the non-discriminatory f.o.b. prices used in the model 

times the actual flows in tonnes from that source. The sources were constrained 

by the actual shipments. The unconstrained case appears in the second column 

where the supply constraints were removed for each producer. The total extraction 

cost is obtained by multiplying the unconstrained deliveries by the f.o. b. price gen

erated by the model. In those regions where flows existed, the generated supply 

prices were identical to the selected non-discriminatory administered prices used in 

the first case. The model supply functions in this case were fixed at the selected 

administered prices in the actual or stated case. The constrained or optimal case 

appears in the last columIi. To determine total extraction costs in this case, the 

imputed supply prices generated by the model based on the demand relations are 

multiplied by the constrained deliveries. Total extraction and transportation costs 

are highest for the stated or actual case and lowest for the unconstrained case. The 

same holds for the average costs per tonne. The optimal case is lower than the 

stated case but higher than the unconstrained case. The unconstrained case does 

not give the required flows for such models while the optimal case does. Thus the 

optimal case is the one that should be compared with the stated, and it shows that 

society's costs will be lower under this case. 



Table 5.8 Actual and simulated Western World iron ore 
extraction and transportation costs, 1984. 
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==========================================================;~ 

STATED 
(ACTUAL) 

UNCONSTRAINED OPTIMAL 

=========================================================== 

TOTAL COSTS (MILLIONS OF $) 

EXTRACTION 7550.49 7007.09 7389.66 

TRANSPORTATION 1902.31 1312.58 1717.06 

COMBINED 9452.80 8319.67 9106.72 

AVERAGE COSTS ($ PER TONNE) 

EXTRACTION 19.37 17.84 18.96 

TRANSPORTATION 4.88 ~.34 4.40 

COMBINED 24.25 21.18 23.36 

==========================================================~ 

Source: Tables 4.3 and 4.8. 
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CHAPTER SIX 

SUMMARY AND CONCLUSIONS 

An analysis of prospects for Liberian iron ore in the Western World's ore 

markets and its viability to year 2000 fully describe the main objective of this 

dissertation. Past iron ore shipments are observed for Liberian and other major 

producers on the ore markets of Western Europe, U.S. East Coast and the Pacific 

Basin. The 'state of the art' hypothesis is that trade flows are a function of corporate 

ties primarily which puts efficiency and trade theory in a secondary role (Tilton, 

1966; Margueron, 1969). The claim that prices are administered in the iron ore 

industry is accepted and this allows the demand function to be identified. This 

makes estimation of the demand functions possible by using ordinary least squares. 

It should be noted that two stage least squares could have been used. An alternative 

hypothesis is that flow patterns are based on comparative advantages in trade and 

abundance of certain factors of production or resources in producing regions. 

The importance of trade in the ore industry is demonstrated by observing 

the percentage of consumption that is traded in the Western World for the period 

1950-1985, and projected shares in year 2000 based on Leontie£ et al. (1983) and 

World Bank (1986) demand scenarios (See Table 6.1). In 1950, the traded share 

was 42 million tonnes or 20% of consumption, it steadily grew to 346 million tonnes 

or 64% of consumption in 1980, a peak trade year, indicating a growth rate of 7.3% 

per annum. By 1984, traded share was 73% of consumption or 335 million tonnes, 

the highest share it had obtained thus far, but lower in absolute terms than 1980. 

The share under Leontief et al. high growth scenario is projected to be 60% or 528 

million tonnes, while that based on World Bank's demand scenario shows stagnation 

to negative growth in industrialized countries' ore demand is projected to be 65% 

or 328 million tonnes. 

The study also shows that Liberian iron ore is cost competitive when com

pared with major competitors on the Western Europe markets, and also on the 

U.S. East Coast market. Liberian iron ore quality is determined to be good based 



Table 6.1 Iron ore consumptton showing traded share tn Western World. actual and projected (% and million tannes). 

====_=.=e==============================:===::========================:==::==:==========:============:===========:====::z:=_:=:_ 

1950 1960 1970 1980 1983 1984 1985 
LEONFIEF'S DEMAND 
SCENARIO 

2000 
WORLD BANK'S 
DEMAND SCENARIO === ••• a=s= •• == ••• _.=========== •• ==========aa=================::::=::=:====::=====:======:=======================:=====:===::===: 

IRON ORE CONSUMPTION 206.1 326.5 521.7 543.2 435.8 460.3 470.9 882.5 500.4 

TRADED QUANTITY 41.9 143.5 290.1 346.3 274.7 334.5 330.8 528.3 327.5 

PERCENT TRADED 20 44 57 64 63 73 70 60 65 

===:===:==:=:====::===:=:=:==:==::===::=============:====================================:=========:=====:::===::::::=::::=::=:: 

c,.) 
c,.) 
C11 
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on findings in Section 3.2 which examine its physical and chemical properties, as 

well as the additional blast furnace cost required to process it. Pelletization and 

sintering have improved the blast furnace burden during the past thirty-five years 

so that steel producers now require higher quality burden materials than in 1950. 

Technological change in ore preparation has made it possible to economically mine 

low grade iron ore deposits, thereby increasing iron ore reserves in many areas. 

Analysis of market structure in the ore industry demonstrates that the seller 

side is less concentrated than the buyer side, and this is reflected in monopsony 

power excercised by some buyers. This results in distortions in the ore markets 

that lead to price discrimination by some producers while others collect rents. Price 

formation in the ore markets have at times shown the effect of supply and demand 

interaction, so that in times of excess demand, price rises; whereas, in times of excess 

supply and overcapacity, price falls or stagnates. This was the case in Carnegie's 

days and the same might well apply to the ore market today. 

A spatial equilibrium model is used to simulate trade flows in 1984 and year 

2000. This model is similar to that formulated by Takayama and Judge (1964, 

1971) and later applied by Newcomb and Fan (1980), and others. The spatial 

equilibrium model is solved by using a quadratic programming framework based 

on Samuelson's (1952) concept of net social payoff, which he defines as the sum 

of the separate payoffs minus transport costs of all shipments. Social payoff is 

defined as the algebraic area under the excess demand curve. The demand and 

supply quantities are given as linear functions of price. To apply the model in 

this case, the LINDO mathematical programming package developed by Schrage is 

used to solve the problem. The model determines competitive prices and efficient 

trade flows which are compared with the actual situation on the ore market in 

1984. Market shares of the simulated trade flows in 1984 are compared with those 

projected for year 2000 based on Leontief et al. (1983) and World Bank (1986) 

demand scenarios (See Figure 6.1). The 1984 simulation shows that Australia with 

about 29% share in 1984 loses 5% under Leontief's and 4% under World Bank's 

demand scenarios respectively. Brazilian share remains the same under Leontie£'s 



Simulated 1984 

6.79% 

7.98% 

Simulated Leontief 2000 

2.50% 
4.24% 

13.25% 

Simulated World Bank 2000 

7.08% 

10.69% 

• Australia 

II Brazil 

III Canada 

m India 
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• Australia 
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m India 
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EI Liberia 

IDJ Other 

• Australia 

III Brazil 

II Ca1afa 

lEI India 

o Sweden/Norway 

EI liberia 

IDJ Other 

Figure 6.1 Market share of simulated iron ore flows, 1984 and 2000. 
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scenario but increases by 9% under World Bank's. Canadian share increases by 

1 % under both scenarios, while Indian share increases by 5% under Leontief's and 

drops by 1% under the World Bank's. Sweden/Norway's share decreases by 3% 

under Leontief's and by 2% under the World Bank's. Liberian share drops by 2% 

under both scenarios, while that of other producers increases by 3% under Leontief's 

and drops by 2% under the World Bank's. 

Actual and simulated market share differences for Western Europe, the 

U.S. and the Pacific Basin for 1984 are the basis for evaluation. The spatial equi

librium model claims to efficiences in trade flows and prices generated rely on the 

estimated demand functions and the validity of the assumptions incorportated in 

the model fonnulation. Thus any differences between the actual and simulated 

flows may reflect errors in model estimation, as well as distortions in the ore mar

ket, calling for caution in interpreting these results. Errors in variables, too, such 

as differences in ore quality characteristics, as noted, must temper attributions of 

buyers, and of price discrimination practiced by some producers. 

The actual and simulated market share for the Western European market 

in 1984 is shown in Figure 6.2. Brazil's actual share is 32% while its simulated 

share is 55%, a gain of 23% in this market. Sweden/Norway's actual share is 13% 

and its simulated share is about the same. Australian actual share is 13% while it 

loses all under the simulated case; Canadian share drops from 11% for the actual 

to 4% for the simulated. Liberian share increases from 9% in the actual to 11% 

in the simulated, a gain of 2%. These market shares show that Brazil is still the 

major supplier to the Western Europe market and is taking away market shares of 

less efficient supplies to this region, one 9f which is Australia. The simulated share 

and prices show that Brazil supplies the Western Europe market at a c.i.f. price of 

$23.00, which includes a transport cost of $6.50 per tonne. Australian c.i.f price 

on this market would be $28.50, including a transport cost of $8.80 per tonne. For 

Australia to compete with Brazil, she would have to reduce f.o.b. price by $5.50 per 

tonne to $14.20 which would result in a considerable loss in revenue. IT Australia 
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16.58% 

4.93% 

9.28% 

13.25% 

12.93% 

Simulated 

11.52% 

• Brazil 

• Sweden/Norway 

10.76% 

4.03% 
0.00% 

55.31% 

• Australia 
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o Liberia 

Ell Domestic 

mOther 

Figure 6.2 Actual and simulated market shares in European 
market 1984. 
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sells on this market, she would have to price discriminate. This translates into 

distortions in the market in the form of inefficient flows and prices which could 

occur between Australia and Western Europe. Liberia has efficient trade flows on 

this market, with a simulated c.i.f. price of $23.00 which includes a transport cost 

of $4.90 and an f.o.b. price of $18.10. The Brazilian, Liberian, Swedish/Norwegian 

and and Canadian producers are collecting rents according to the simulation. 

On the U.S. market, actual and simulated market shares are shown in Figure 

6.3. Among exporters, Canada has the highest actual share of 17% followed by 

Brazil with 4%, Liberia with 3% and Venezuela with 2%. The simulated shares 

show that only Canada is supplying this market among major exporters, thereby 

capturing the share of other producers. Canadian simulated c.i.f. price is $20.50 and 

includes a transport cost of $2.10. Simulated c.i.f. price for Liberia would be $23.00, 

Brazil $23.20, and Venezuela $24.50 on this market. For Liberia to be competitive 

on this market, she would have to cut f.o.b. price to $15.60, Brazil to $13.80 and 

Venezuela to $12.80. Therefore, Liberia would have to cut its simulated f.o.b. price 

by $2.50, Brazil by $2.70 and Venezuela by $4.00. H a high growth demand scenario 

develops in the U.S. market based on the simulated case, Liberia would then be in a 

position to supply this market by cutting f.o. b. price by $2.50 which is much smaller 

than those of other suppliers to this market. 

The Pacific Basin markets actual and simulated market shares are shown in 

Figure 6.4. The Pacific Basin market includes the Japanese and Other Pacific Basin 

markets. Australia dominates the actual shares with 41%, followed by Brazil with 

21%, India with 12%, South Africa with 4% and other exporters with 8%. The 

simulated market shares show that Australian share increases to 56%, Brazilian 

drops to 1%, Indian share increases to 15%, South African share increases to 8%, 

while other exporters share drops to 6%. The simulated c.i.f. price for Australia 

is $24.30 and includes a transport cost of $4.60, Brazilian c.i.f. price is $25.30, 

Indian $24.30, and of South African is $24.30. All of these suppliers appear to 

be collecting rents on the Japanese market, except, Brazil; Australia appears to 

be collecting the highest. Thus for Brazil to effectively compete in the Japanese 
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Figure 6.3 Actual and simulated market shares in U.S. market 1984. 



Actual 

7.98% 

3.84% 

11.76% 

21.43% 

Simulated 

5.95% 

7.58% 

41.12% 

55.54% 

342 

• Australia 

III Brazil 

II!III India 

m South Africa 

o Domestic 

~ Other 

Figure 6.4 Actual and simulated market shares in Pacific Basin 
market 1984. 
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market, she will have to reduce f.o.b. price by $1.30 which means an f.o.b. price of 

$15.20. This further indicates that Brazil is practicing price discrimination in the 

Japanese market, while Australia is collecting rents. 

The simulated flows for year 2000 under Leontief's demand scenario indicates 

that Liberia loses U.S. and World share, likewise, she loses U.S. and World share 

under World Bank's demand scenario. The impact on export earnings in Liberia 

would be a drop in revenue on the order of $62 million under Leontief et al. (1983) 

demand scenario and a drop in revenue of about $133 million under World Bank 

(1986) demand scenario, if an f.o.b. price of $17.30 per tonne is assumed. H the 

f.o.b. price detennined by the model prevails, then the drop in revenue is not as high 

under both scenarios. Leontief's demand scenario would lead to a revenue of $282.5 

million while World Bank's demand scenario would lead to a revenue of $196.6, 

indicating a short fall in revenue of $7.9 million and $93.8 million respectively when 

compared with 1984. H there is a fall in the exchange rate of the U.S. dollar versus 

currencies of major exporters like Brazil combined with high growth rate in the 

U.S. steel industry as projected by the modified Leontief et al. demand scenario, 

Liberian annual shipments could increase by as much as 50 million tonnes as ex

isting reserves provide the additional capacity. This could amount to an increase 

in revenue to $900 million assuming 1984 f.o.b. price of $17.30 or $1070 million 

assuming the f.o. b. price determined by the model for year 2000 of $21.40 prevails. 

The implications for Liberia under both demand scenarios would be a general 

drop in iron ore export earnings, and would require development of other export 

commodities to make up this loss revenue. Implications for the world addresses the 

fact that imperfections do exist in the world ore markets so that subsidies· combine 

with bilateral agreements lead to monopsony results for some buyers and permit 

rents to be collected from others. Liberia subsidies Japanese trade, collects rents 

from Western Europe and U.S. markets; Brazil subsidies Japanese trade, collects 

rent from Western Europe and U.S. markets; Australia subsidies Western Europe 

trade and collects rents on the Japanese market; Canada subsidies Japanese trade 
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and collects rents from U.S. and Wester.n Europe. The model rather confirms the 

size of these distortions favoring mill capacities in some locations. 

But if the market is not perfect as the model predicts, what must Liberia 

do to compete more aggressively? This question can be addressed by focusing on 

the Western Europe and U.S. East Coast markets. In Western Europe, Liberia has 

to increase ship capacity versus Brazil and would involve increasing port capacity. 

In the U.S. if World Bank (1986) demand scenario is right, U.S. disindustrializes, 

Liberia might as well forget it. If Leontief (1983) demand scenario in the U.S. is 

right, Liberia adds capacity, increases ship and port sizes, and reduces production 

costs by consolidating mining operations. Liberia is losing to Brazil entirely because 

of exchange rate over-valuation of U.S. dollars to which Liberia is tied, particularly 

during the periods 1980-85. If the exchange rate falls vis-a-vis currencies of Brazil

ian and major exporters during 1985-2000, Liberian position should improve, and 

its market share could increase. 

Analysis of global extraction and· transportation costs borne by society due 

to trade in iron ore given the stated "actual" and simulated 1984 conditions reveal 

that total and average costs per tonne are highest for the stated and lowest for 

the unconstrained case. The optimal case which is generated by the model gives 

total and average costs per tonne lower than the stated "actual", but higher than 

the unconstrained case. The optimal case has the appropriate number of flows 

customary for these types of models, while the unconstrained case degenerates. 

Thus the optimal case should be the scenario that is compared with the stated 

since its flows are the required number. When the stated and optimal scenarios are 

compared, it seems clear that society is better off with the optimal scenario since 

the disbenefit to society is lower. 

One deficiency of all such models is that they cannot give more trade flows 

than (m+n-1) where m is th~ number of suppliers and n the number of consumers. 

Thus even though the actual trade flows are 44, the model generates only 18. A 

major weakness of this model is that demand function coefficients of price are not 

significant at the 10% level, limiting the claims that results can be regarded as close 

to the efficient ones. The demand relations could be improved with additional data 
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permitting and the use of two stage least squaxes in future reseaxch. Moreover, 

even though the model predicts more close approximations of current flows, these 

real world flows may be more inefficient than this reseaxch infers in all maxkets, 

as has been documented for Australia in Western Europe, and Brazil in Japan. 

However, this is the first quantification to be made. Other models and analyses 

do not identify supply ~d demand functions, and do not quantify optimum prices 

or flows, indicate why consumers pay what they do, or what efficient allocations 

should be. This analysis does provide estimates of measures upon which it judges 

the quality and competitiveness of the Liberian ore industry in quantitative terms. 
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