
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




11.0 . 
-~-· 1,2e 125 

·1·132 ·~== I~ 
~1: :=~ 

I I. I '· j!~l 1~112.0 

I 11 ,.a 

11111
1
·
25 

111111.
4 

11111
1
·
6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL fHJ!1fft.IJ Of r<fAlllOARO'; 

,;TAlllOARn RtH.11Flllr.£. MATH11M tnlO• 
11\NSI •M 1•;0 fl..sr CHMH Nn 71 



\ 

IY-305 
United Nations Industrial Development Orpnization 

Expert Group Meeting on the Reatructuring of the 
Non-ferroua Hetala Induatriea 

Vienna. Austria. 18-21 March 1985 

~INING-ANi) MINERAL-PROCESSING 

IN ~EVELOPING·COU?rrRIES* ~ 

Stephen Zorn 

UNIDO Consultant 

Dlatr. 
LlKITED 

IDf.lC.436/2 
21 January 1985 

OtIGI\i!AL: ENGLISH 

* The view• and op1n1on1 expre11ed in thit paper are tho1e of the author and 
do not r.ece11arily r~flect the viev1 of the 1ecretariat oi UNIDO. Thi• docu
.. t ba• ben reproduced witllout fond editina. 

v. 85--21041 



• 

CONTENTS 

INTRODUCTION 1 

I. D!MAND PR>J.!CTIONS 7 

II. MINING AND PROCESSING CAPACITY 15 

III. SUPPLY AND Df'MAND BALANCES 33 

IV. PROSPECTS FOR FURTHER PROCESSING 37 

IM THE DEVELOPING COUNTRIES 

v. BARRIERS TO AND BENEFITS PROM 
so 

LOCAL PRCX:ESSING 

VI. GOVERNMENT STRATEGIES FOR 
75 

ADDITIONAL PROCESSING 



IMTROOOCTIOH 

Thia report is prepared pursuant to Agreement No. CLT-84-147 

between the consultant and the United Nations Industrial Development 

Organization. The terr.a of reference for thi• study are aa fol-

lavas 

The stu~y is to cover the industries of aluminium, copper, 
nickel, tin, lead and zinc. 

The main aspects to be covered by the study are the follow
ings 

1. Projection of the demand for the 1980s of the different 
processed metals in the developed and developinq coun
tries. 

2. Definition of the capacity of ind•strial production 
in the 1980s in the developed and developing countries. 

3. Define the main balances between supply and deJl'and in 
the developed and developinq countries. 

4. Prospects for further local processing by developinq 
countries. In the context of the actual crisis and the 
division of labour that is taking place, define the possi
bilities and degree of industrial processing that can 
take place in the developing countries. 

In the development of this point special attention has 
to be qiven to the analysis of the possibilities to 
establish a more inte~rated development between the 
non-ferrous industry and the capital 9oods and st~el in
dastries in the developinq countries. 

5. Main barriers and benefits to be gained from local pro
cessin~. In the analysis of the barriers special:stten
has to be paid to the follovinq aapectss 

(a) economic factors 
(i) tariffs and other trade limitations 
(ii) marketing problelft9 
(iii) technoloqical chanqe~ 
(iv) enerqy costs 
(v) hiqh intensit~· uf capital in the non-fer

rous industries 
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(b) Non-economic factors 
(i) main strateyies of transnational corpora

tions 

6. Government strate9ies of the developing countries that 
are main producers. 

In this aspect it is important to consider: 

(a) the impact of the crisis on \':he policies of the 
developing countries related to the non-ferrous 
industry. 

(b) the role of the state and state-owned enterprises 
and implications for developinq countries' i11-
vestinent capabilities. 

7. Possibilities of co-operation between the developin~ 
countries for further local processinq. 

The structure of this report follows the outline of topics 

as set out in these terms of reference. Moreover, the report has 

been prepared in the li~ht of previous UNIDO w~rk in this area, 

includinq the study prepared by the present author and Marian 

Radetzki on •Mineral Processinq in Developing Countries• (1980) 

and the material on the non-ferrous 1"f!tals sector prepared by 

~r. Christian Gillen of UNIOO (1984). 

The basi~ conclusions of the report can be SUl\aned up briefly: 

1. Demand for most of the metals studied can be expected 

to increase ~ore slowly in the remainder of the 1980s 

than in the 1970sr the lower growth rate is a function 

both of the expected slower qrowth of the world economy 

an~ of the lower intensity of use of most metals, which 

is itself a product of hiqher enerqy prices in the 

1970s, leadinq to increased materials conservation and 

.. 
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the use of non-J!tetal substitutes, and of the mid-1970s 

concern with the possibilities of resource exhaustion. 

2. Capacity closures can be expected in North America and 

in Western Europe and Japan, especially in the enerqy

intensive processing facilities. These closures will 

provide some opportunity for a re-structuring of world 

metal production, by openinq the way for new facilities 

in the developinq countries, but these opportunities 

will be limited by difficulties in securing adequate 

financinq and by competition among countries, resulting 

in the distinct possibility of over-capacity in many ~.e

tals. 

3. For most metals, supply can be ezpected to continue to 

outstrip del"and for the remainder of the 1980sr in 

particular, developinq-count:ry suppliers in the copper, 

bauxite and nickel industries can be expected to beco~e 

the mar~inal or •swinq• production, as the industrial 

countries co~e under increased pressure to adopt pro

tective measure• to safequard their remaining existinq 

mini~q and p~ocessinq industries. 

4. If financin~ problems can be resolved, the establishment 

of mineral-processinq facilities in the larger dev~lopinq 

countries can be justified, and may contribute to the 

retention ~f a larqer share of tha value of mineral pro

duction in the producin".'· count.ri .. 11'·, :"or r any :;1·~,, 111 · r 

- .. -

t 
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countries, however, the economics of mineral pro

cessinq and semi-fabrication are, at best, question

able, and many of these countries will face a choice 

between remaining exporters of unprocessed raw mate

rials or participatinq in reqional processinq initi

atives, if these exist. 

s. While tariffs and ~ther barriers to developinq coun

tries' processed r.ri.nerals and metals imposed by the 

industrialized countries have diminished in importance 

in the past decades, these barriers still exert a cer

tain bias against the Third ttorld's products. In 

addition, the recent strateqy of transnational cor

porations in the ~inerals industries, to diversify their 

sources of raw Materials supply and to concentrate 

their processing and fabricating operations in what 

they consider to be politically •safe• countries has 

had the effect of depriving developing countries of 

' an important potential source of capital for proces

sin~ operations. On the other hand, the developinq 

countries often possess locational advantaqes, es

pecially in the form of low-cost enerqy1 these advan

taqes account, for example, for the building of alumi

nium smelters in Bahrain, Algeria and eqypt. 

6. ~ppropriate qovernrent strateqies depend on the situ

ation of the particular country in question; it d~es 

• 
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not usually make sense for all countries to proceed 

to Mineral processinq merely because their mine produc

tion capacity exceeds some theoretical minimum efficient 

level. As such recent projects as the Pasar copper smel

ter in the Philippines have shown, the start-up of a 

processinq project may actually reduce the prof ita

bility of domestic minerals enterprises. (This re~uc

tion in profitability may, of course, be justified on 

the basis of other national benefits, such as increased 

int,a.tion of the national economy, employment, etc.) 

The most important qeneral aspect of developing coun

tries• strategy in this area is that the strategy mJst 

suit a country's level of economic development. 

1. Opportunities for co-operation amonq developing coun-

tries are particularly promisinq in the minerals pro

cess inq field. Many regions encompass some countries 

with low-cost mineral resources, others with low-cost 

enerqy, and still others with well-developed indus

trial bases and sizeable marketsi in such situations, 

the prospects for co-operative processing projects are 

qood. Difficulties ha~e repeatedly arisen, however, 

in bringing such co-operative projects to fruition. 

The repeated f a1lures of the Caribbean and Central Amer

ican countries, for example, to aqree on a bauxite

alumina-aluminium complex are typical examples. Pro

motion of such reqional co-operation is an area in 
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which United Nations aqenciea with appropriate exper

tise, includinq UNIDO and the Minerals Branch of the 

Department of Technical Co-operation for Development, 

miqht play a particularly important catalytic role. 

All in all, the conclusions of this report are less op~i-

mistic, as reqards prospe~ts for mineral processinq in developing 

countries, than soma other recent studies, inclu~ing the author's 

earlier Mineral Processinq in Developing Cou.,tries (1980) and 
1/ 

the publication of the same name produced by UN/DTCD in 1984.-

The decline in ~any minerals markets, which many developin~

country observers have wanted to see as a short-term or cycli-

cal phenomenon, is more and more appearing to be a lon9-ter111 se

cular trend. The age of metals as the basis of the world econo-

my may well be drawing to a close, and with it the opportunities 

for developing countries to rely on their mineral endowments as 

the sole basis for economic development. 

1/ 
- United Nations (Department of Technit·al Co-oreration for De-

velopMent), Mineral Processinf in Develo;inq Countries, Lon
don, Gr-ham ' Trotman (spec1a issue ,1,faturai Resources Forum) 
1984. -

.. 

• 
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I. DEMAND PROJECTIONS FOR NON-FERROUS METALS 

TVo basic factors contribute to the demand for non-ferrous 

metals: the leve• of economic activity, especially in the in

dustrialized countries, and the intensity of use of metals in 

industrial activity. Any projection of demand growth must be 

based on certain assumptioft8 reqardinq each of these variables. 

The overall level of economic activity, especially in the 

industrialized countries of the OECD, has been erratic and low 

over the past decade. In some years, economic activity actu

ally declined, and in all years since the rnid-1970s, the growth 

rate for the OECD as a whole, whether measured in terms of 

real GDP or industrial production, has been lower than during 

the precedinq two decades. According to UN~TAD estimates, OECD 

economic growth from 1980 throuqh 1984 will average only 1.5, 

per year. Along with these qenerally low levels of ecoY.1omic 

qrowth have gone particularly low levels of capital formation, 

especially in 1982, when private fixed investment actually de

clined in the United States, Japan and the European Connunity. 

These low growth rates in the industrialized countries have 

also, as has been widely noted, had a strong impact in restricting 

the growth of developinq countries, by reducing d~mand for 

these nations' exports and by contributing to the now-chronic 

over-supply situation for m6st non-ferrous metals, a situation 

that has resulted in metal prices which Jre currently at or near 

the lowest point, in real terMs, that has been reached in the 
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past 40 to SO years. 

With the exception of aluminium and, to a lesser extent, 

nickel, the outlook for del'l~md for the major non-ferrous metals is 

also rlampened by the substantial decline in intensity of use 

which has occurred since the oil price increases of 1973-74, 

and especially since the second major round of oil price in

creases in 1979-80. In the case of copper, for example, the 

use of optical fibers has substantially eroded the potential for 

growth in copper consumption in communications, one of the me

tal's major traditional ~narkets. At the same time, copper use 

in the auto~otive industry has been substantially cut back, by 

the use of plastics and other substitutes and by the development 

of ~etals-savinq technolO<Jies, as, for example, in light-weight 

auto~obile radiators. Similarly, the use of zinc in automo

biles has declined substantially, as weiqht-savinq technologies 

are adopted in order to provide better fuel economy. And the 

traditional ~arket f.or tinplate in beveraqe cans has been virtu

ally eli~inated by thP. substitution of aluminium, plastic and 

~lass containers. 

~able 1 shows worldwide consumption of the six non-ferrous me

tals included in this study. Even for aluminium, the most buoyant 

of the ~etals, the 1970-83 consumption growth rate is only 3\ per 

annW'I, while copper, nickel and zinc show growth rates between l\ 

and 2%, and tin actually has a neqative consiullption growth rate 

of 0.6\. No co~pellinq reaaons have been advanced that would, in 

the author's view, support predictions of 0reater growth in the 

co~i r1a <lccarle. 

.. 

.... 
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TABLE l. WORLDWIDE CONSUMPTION OF NON-FERROUS METALS -
(thousand tonnes) 

1970 1975 l'l80 1983.!/ 1970-83 - - - - Growth Rate ( \) -
Aluminium 9996 11350 15312 14666 3.0, 

C1Jpper 7271 7458 9385 9050 l.7• 

Tin 227 219 223 210 -o.6• 

Nickel 577 576 717 672 1.1• 

?.inc 5851!' 5066 6131 6308 1.7\ 

Leed 3871 4526 5348 5263 2 • .-. 

I .. 
I 

ll Estiznated. 

Sources: \'lorld Metal Statistig1 Mining Annual Review 1984. 

' 
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Altu:tinium 

Despite substantial recovery in demand in 1983 (an in

creane of consumption over 1982 of 16\ in the United States 

and 9' in the rest of the market-economy countries), most obser

vers agree that the lonqer-te:nn outlook for aluminimn demand 

is for increases th~t J110re or less approxil'late world economic 

qro•th rates. Substantial areas of stronq demand include 

food processing and beveraqe canning, and the continutnq substi

tution ~f alur.tinium in vehicles, replacinq other metals, so as 

to decrease weiqht and increase fuel efficiency. Growth of ce

mand in such more traditional applications as aircraft and in

dustrial ~achinery, however, is qenerally expected to lag be

~inc overall econo~ic ~rowth.in the major industrial countries. 

On balance, a3suminq continuation of recent OECD growth rates, 

an aluminium consumption growth of 3-4• per annum appears to be 

a reasonable estimate. 

Copper 

The rapid qrowt~ in worldwide copper consumption in the 

1960s (annual growth rates approachinq 6•) was largely the re

sult of the econoMic reconstruction of Japan and Western E•J

rope. Now that a basic economic infrastructure exists in these 

areas, a~1d the financial situation of such potential industrial

izinq cow1tries as Brazil, Ind~a and China makes it unlikely that 

they will take the place of Japar. and Western Europe ~s copper 

conswners, at least in the 1980s, the outlook fer copper dem.and 

... 
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is uni\-ersally aqreed to be pessimistic. The 1970-HJ growth 

rate of 1.7, is a rouqh approximation of the forecasts for c~n

sumption growth over the next decade that ~re currently bein~ 

made (once aqain, asswninq a continuation of recen~ OECD growth 

ratfta). To put this rat-- in perspective, it implies an increase 

of a little more i:.han 100,0IO·tonnes per_year, or less than 

one major new mine annually. With some 25-30 already-~valu-

ated mining projects awaitinq development around the world, 

this is not a promisinq outlook. Moreover, the increasing use 

of 9crap as a source of copper (a growth rate in scrap consur.tp

tion of 6.5, annually in recent years) further depresses the 

prospects for new mine development. Demand for cop~er has also 

been restricted in coltlllunications, as a result of the increasing 

~se of optic fibers, in transportationr where it has been replaced 

by weight-savinq materials, and in electrical transmission, where 

the continuing scalinq-down of electricity demand forecasts has 

led to a sharp reduction in the need for transmission cables. 

Nickel 

Nickel demand is largely derived from demand for steel, 

nnd has been sharply affected by the depression in this industry, 

especially since 1980. Nickel consumption in 1983, while still 

well below the peak level of 1979, was somewhat hiqher than in 

1982. reflecting a modes~ upturn in steel demand. For the 

longer te~, however, few predictions of nickel demand foresee 

qrowth rates ~uch in excess of the l\ per annum level that has 
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been achieved since 1970. 

Lead 

Althou9h worldwide demand for lead was somewhat stronger 

than that for copper or nickel in the ~970-83 period. the lonqer

term outlook appears to be more pessimistic. Recent improve

ments in electric atora~e-battery technoloqy require less lead 

per unit. Similarly. plastic has been substituted for lead in 

a ntn'!d>er of plW"binq applications, and a generalized concern 

with lead's toxic qualities will undoubtedly restrict its use 

in the future. On the other hand, there has been some increase 

in lead demand for use in automobiles, especially in corrosion 

applications. One lonq-term po5sibility for substantial use 

of lead is in the storaqe and disposal of radioactive material1 

this is a market that will develop l!10re rapidly as existing nu

clear power stayions reach the end of their useful lives and 

as aqreement is reached on appropriate permanent disposal reethods 

for nuclear waste. The size of this market for lead is, how

ev2r, virtually unpredictable. In any event, a qrowth rate 

somewhat less than the overall OECD economic growth rate seems 

a reasonable forecast for lead demand for the c0Din9 decade. 

Zinc 

The ~ost iMportant determinant of zinc demand is the overall 

state of the econoMy in the industrialized countries, since the 

---.-
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bulk of zinc use is in applications with relatively little 

elasticity -- automobiles and construction. Recent techno

loqical developments, includinq the use of zin~ alloy coatinqs, 

have contradictory effeclsJ on the one hand, they red~ce the 

amount of zinc used in some of the traditional applications, 

while, on the other habd, ~hdy may open up new J11Arkets, as, 

for example, in situations where newly-developed zinc casting 

alloys can more effectively compete with other materials and 

processes. A further possible areA of increased demand is in 

the use of zinc for low-value coinaqe: the United States shifted 

from copper to zinc as the basis for its lowest-value coin in 

1982, and other countries are likely to follou suit• 

While few industry analysts fore~ee del'tand for zinc rising 

faster than overall OECD economic qrowth, some improvement 

from the growth rates of the 1970-83 period does appear to be 

a distinct possibility. 

Tin ......... 

De~and for tin has now been declining for many yearsi it 

appears that tin is a fully "~ature• metal, and that the de

velopment of substantial new areas of use is extremely unlikely. 

The use of tin in tinplate (which accounts tor a third of total 

tin consU111ption) has declined by "ore than 35\ in the past 

decade, reflecting the subRtitution of almninium and plastics 

in beveraqe containers. In the U.f., for example, 98\ of beer 

cans an~ 88\ of soft d:ink cans are now Made of alur.inium, and 

~i~ilar Rhifts are un~erway in Europe and Japan. Moreover, 

r 
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even where ~inplate is still U5ed, technolO<Jical advances have 

substantially reduced the amount of tin metal used in the tin

plate. 

Tin's other major market, solder for electrical uses, is 

also threatened by technol09ical chanqe, as electronic equip

ment is increasinqly based on the use of printed circuits and 

miniaturized components. Thus, tin use per unit of produc

tion in the electronics industry has substantially declined, 

althouqh overall tin use in this sector has not fallen to as 

large an extent, because of the rapid qrowth in overall elec

tronic equip~ent deDand. 

Summary 

While makinq precise predictions as to future rates of 

demand growth for the non-ferrous metals would be a somewhat 

pointless exercise, as these growth rates are so dependent on 

overall levels of economic activity, one can with reaspnable 

confidence say that demand qrowth is unlikely, for the remainder 

of this century, to reach the hiqh levels that obtained in the 

l960s.At beat, consmnption of ~etals appears likely to grow 

no faste-: than the OECD economies as a w~.ole, and, for most of 

the metals surveyed, a ll'Ore defensible prediction would be that 

consumption growth will lag substantially behind overall econ

omic growth, reflecting the declining intensity of metal use in 

the ~aturinq industrial economies. 
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II. MINING AND PROCESSING CAPACITY 

As is well known, the basic pattern in the location of 

mining and processing facilities around the world is that mi

ning operations are considerably more heavilj concentrated 

in the developinq cotmtries than are processing installations. 

Within this general pattern, however; there are significant 

differences1 the bulk of tin refining, for example, is carried 

out in the developinq countries, to take one extreme, while 

a very larqe proportion of aluminim:t smelting capacity is lo

cated in the industrial countries and relies on raw materials 

supplies fr~m developinq nations. The specific distribution 

of production in each of the ~Ajor non-ferrous metals is des

cribed in more detail below. 

Aluminium 

Table 2 shows world bauxite and aluminium production in 

1983. As the table indicates, roughly half of market-economy 

bauxite proeuction is from developinq countries (the princi-

pal industrial-country supplier, ~ustralia, ~lone accounts for 

40\ of total production), while less than 20\ of metal produc

tion comes from developinq countries. It should be noted, more

over, that the production fiqures mask an even qreater disparitt 

in capacity, as smelters in the industrialized countries were 

operatinq at relatively low rates of capacity in 1983 (the 

ca9acity utilization rate in Japan, for example, was only 36\.) 

- .. 
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Table 2. Bauxite and Aluminium Production, 1981 

(thousand tonnes) 

United Kinqdom 
France 
Fed. Rep. Germany 
Greece 
Italy 
Netherlands 
~lorway 

Spain 
Yugoslavia 
Other Europe 

Total Europe 

Cameroon 
Egypt 
Ghana 
Guinea 
South .l\f rica 

Total .Africa 

United States 
Canada 

Total North Arr~rica 

Braz11 
Guyana 
Jal"aica 
!iuriname 
Venezuela 
Other Latin America 

Bauxite 

... 
1,800 

••• 
2,400 ... ... ... ... 
3,500 

••• 

7,700 

... ... 
700 

11,600 
••• 

12,300 

700 .. ~ 
700 

4,230 
1,000 
7,300 
2,000 ... 

Total Latin America/Caribbean 15,200 

Bahrain 
Dubai 
India 
Japan 
Other Asia 

Total Asia/Middle East 

••• 
••• a,ooo 
••• 
2,000 

4,000 

Aluminium 

251 
367 
743 
116 
196 
234 
716 
357 
248 
321 

3,573 

80 
150 

38 
••• 
162 

430 

3,353 
1,095 

4,448 

402 

... 
35 

343 
162 

942 

160 
151 
210 
256 
209 

986 
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Table 2 (continuedi 

Bauxite Alurniniua 

Australia 26,000 475 

Nev Zealand ••• 225 

Total Australasia 26,000 700 

World Total (excludin9 
centrally planned econo-
mies) 65,200 11,085 

Sources Minin~ Annual Review 1984. 
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Al:!onq the more i.Jnportant recent developments af fectinq the 

location of capacity are: (a) the permanent closure of additional 

smelters in Japan, reduoinq that nation's former leadinq role 

in the industryr (b) the continuinq expansion of all phases of 

the industry in Australia, includinq development of at least 

four new Sllelters: (c) continuinq expansion in Brazil, aqain 

at all sta9es of the industrya (d) the opening of alU111ina and 

aluminium plants in Indonesia: and (e) the apparent role of 

the Caribbean countries -- Jamaica, Guyana and Suriname --

as, increasinqly, suppliers of last resort, meeting marginal de

mand for bauxite. Smelter location appears ~o be stronqly in

fluenced both by the availability of low-cost enerqy (new f~

cilities are almost universally based on hydro-power, as in Can

ada and Brazil, or on chedp coal, as in Australia) and by the 

concern of the major transnational firms in the aluminium in

dustry to diversify away from dependence on one or a few develop

inq countries, in the wate of the imposition of a bauxite levy 

by J~maica and other Caribbean producers in the mid-1970s. 

A nW!!ber of recent efforts by developinq countries to et·

tablish processing facilities have failed. For example, Ghana 

still lacks an inteqrated aluminium industry, even though it 

has both bauxite deposits and hydro-power which supplies an 

alwniniur.t smelter. More than a decade of effort has not yet 

resolved the anomaly whereby Ghana's bauxite is exported in raw 

form, 3nd imported alumina is used in the s~elter. Similarly, 
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various efforts by the Ja•aican governlM!nt in the late 1978s and 

early 1981Js to establish an in~egrated aluainiu• industry in the 

Caribbean. in cooperation with ~xico and Trinidad and Tobago. 

foundered on the inability of the various countries to agree ::Kl 

mutually acceptable ter•s. 

In the light of the very slCM develop.ent of additional StM!lting 

capacity in .ast developing countries. prospects for the future 

appear less than bright. particularly in those developing countries 

that lack a large internal market for alJ&iniu• IH!tal. As alwainium 

is the .ajor non-ferrous metal .ast strongly controlled by 

.ultinational corporations <the traditianal Big Six ca.paniati still, 

as of 1981, accounted for 52Z of world aluaina production capacity 

and 43% of aluminiu• metal capacity, these companies· traditional 

view that developing--country investment is high-risk. and wi 11 only 

be undertaken if prospective profits are higher than those required 

in the industrializ~d countries, acts as a substantial barrier to the 

flow of invest•en~ capital into new developing-country processing 

facilities. This is especially true when, as in th• •id-l988s, •any 

developing countries, because of their external debt burden, are 

effectively cut off fro• access to co..aercial bank funds for their 
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°"" investment projects. 

In contrast to the situation in alu•iniu. 9 the developing coun

tries have, especially in the past 15 year£, ~de signifi~ant qains 

in establishing national OMnership and control over their copper in

du~tries. As a result of these efforts. the .ajar developing-country 

state enterprises. such as Codelco-chile 9 "ineroperu and Centroain of 

Peru, Geca•ines of Zaire and the state •ining ca.panies of la.Ilia, 

have displaced tran~ational corporations as the leading force in 

world co~oer production. Most of th@ traditional transnational compa

nies, in fact, have either disappeared co19pletely <as. for exa.-ple, 

in the case of Anaconda>, or have been absorbed into larger fir•s, 

where copper mining is only a •inor activity (examples include Kenne

cott •s acquisition by Sohio/British Petroleu•, and St. Joe "inerals' 

absorbtion into Fluor Corp.). 

In terms of prod•1ction, developing countries account for IROt"'e 

than half of world copper reserves, and for approxi•ately 45X of 

world •ine production of copper contained in ores and concentrates. 

Table 3 shows wt.Jrld mining and refinery production (exr.luding the 

centrally planned econo•ies> in 1983. 

Su'lstantial gains have been made in establishing proc•ssint;1 

I 



Yugm1lavi• 
Other Europe 

South Africa 
Zaire 
Zamia 
Other Africa 

Philippines 
other Asia 

Canada 
United State!a 
Chile 
t1exico 
Peru 
Other A.erica 

Australia 
Papua New Guinea 

World <excl. CPEs) 

Belgium 
Fed. Rep. Ger•any 
Spain 
Uni bid Kingda. 
Yugoslavia 
0th.,. Europe 

South Africa 
Zaire 
Zaiabia 
Other Africa 

JapAn 
South Korea 
Other Asia 

C,;anada 
United States 
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<thou!Mmd tonnes) 

111 
184 

211 
5115 
587 

95 

3fl2 
218 

691 
1,538 
1,11181 

238 
328 

18 

231 
165 

6,487 

428 
387 
152 
136 
133 
236 

145 
151 
564 

19 

l,058 
113 
UNI 

477 
1,996 

119 
186 

287 
583 
581 
113 

292 
262 

612 
1, 1411 
l ,2411 

239 
356 

27 

245 
178 

6,292 

458 
394 
176 
134 
127 
248 

143 
175 
587 

28 

1,875 
116 
187 

312 
1,683 

118 
197 

211 
503 
578 
116 

275 
~4 

615 
1,046 
1,257 

193 
31:" 

42 

265 
183 

6,194 

394 
421 
159 
144 
124 
252 

152 
227 
575 

26 

1 ,Ci192 
126 
148 

464 
1,581 

.. 
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Table 3 <continued> 

~~f in~~-~~~Y~~i2!! !~! !!@~ 1983 

Chile 776 852 833 
l'texico 68 74 76 
Peru 209 225 191 
Other America 27 45 92 

Australia 191 178 202 

World <exr.:l. CPEs> 7,358 7,129 7,279 
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facilities in the .are illlportant devP.loping country producers. Za•-

bia, far exa11Ple, refines virtually all the copper ore it produces, 

..t1ile Chil•, Peru and A:aire s.elt and refine the large •ajority of 

their production- On the other hand, such •ajar ore-producing coun

tries as Papua New Guinea, the Philippines and Indonesia do little or 

no processing <with the exception of one netit s.elter in the Philip

pines>; alcnost all these countries· copper is eMported for procesing 

in Japan and Europe. 

A further factor that deserves aention is the location ~f semi-

fabricating facilities. In the past decade, a substantial technolo

gical change has occurred, with the development of continuous-casting 

techniqu~s and increasing utilization of high-grade cathode as the •a

jar fabricating feedstock. Because of the difficulty in shipping con

tinuous-cast rod to far-off consumers, most new rod facilities <927.> 

are located in the industrialized countries. Where developing-coun

try copper producars have •oved into this new semi-fabrication tech

nology, they have done so in joint ventures with t~~~snational corpo

rations, located ne~ the major •arkets. Eua-.ples of this approach 

include Zallbia's joint venture with ThCMnson-Brandt of France, and Co

delco's with Duisberger Kupferhutte of the Federal Republi~ of Ger-

many. 

In the light of the near-stagnation of the world copper marke~ 

Cas evidenced by the production statistics in Table 3 above>, the 

( 



-24-

outlook for the est.t>lish1M111t of n&M •ines or processing facilities 

in developing countries ~an only be describ~ as guardl!d at b•s • 

There are at least 38 already-identified and evaluated coppar pros

pects around the world aNaiting develop1Mtnt; at present conS&J:llPtion 

growth rates, only one of these neN projects NOUld be needed each 

~ear to aaeet increasing de.and and replace depleting •ines. Thus, 

the outlook is for a very long Nait: for sa.e of these prospects 

if, indeed, they a.re ever to be brought into production at all. At 

present, the only major copper developDent under active construction 

is the Ok Tedi min@ in Papua Ne~ Guinea, and even this prQject, which 

is made econo•ically attractive b:1 its high-grade gold ore overbur

den, has been postponed and aay <at least as far as its copper produc

tion is o::oncerned) be cancelled altogether. 

The world nickel industry has historically been highly concen

trated, both geographically <in Canada, N8N Caledoni~ .,,d Soviet 

Union) and in terms of corporate control <Mith lnco of Canada the 

da.inant force>. Several recent events, hOMttv.r, have ch~gad this 

pattern. First, the severe dDMnturn in the NDrld steal indu•·C:ry has 

drastically affected nickel de•and and prices, as th• ~ajor use of 

nickel is in steel alloys. Second, th• d•v•lop11ent of techniques for 

treating !aterite <oxide) ores ha~ re-directed production tONard 
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d•veloping cOW'lt.ries, .as most. l.it.erit.• deposit.s .-e found in equ.at.o

rial regions. T.able 4 ca.pares ain• and met.al product.ion in 1971 and 

1981 <littl• chilnge has been evident. in 1982 .and 1983). 

As in t.hr: case uf' copper, -few new nickel facilities are under 

d•v•lop1tent. in •arket.-econa.y countries. And aany of t.he past. da

cade "s projects have either been closed <for exaaple, Falconbridg• Da

•inicana anj Inco·s Ex•ibal project. in 6'.late.ala) or .-e continuing 

t.o operate only at a huge loss <as in Selebi-Pik..e in Bot.s..ana, "arin

duque int.he Philippines or Greenvale in Australia>. The only fir• 

plans for de,•elopment. 1 ist.ed in t.he 1984 ~9!.!!!!~i!!g_§!_~i!!i.!!~L!lQ!:!!:!!!!! 

survey of new •ines and plants, for exaaple, are two replace.ent 

mines t.o maintain production levels in Canada·s Sudbury mining dis

trict., and the Punta Gorda project being built. with the assistance of 

the Soviet Union in Cuba. The outlook for such identified but still 

undeveloped prospects as Ramu River in Papua Neti1 Guinea or Wadi Qatan 

in Saudi Arabia is distinctly pessimistic. "oreover, the continuing 

possibility that deep-ocean nodule mining will contribute an appreci

abl• part of the world"s future nickel needs operates as an o.,going 

barrier to in~est•ent in land-based nickel projects. For the fore

see~ble future, then, the distribution of nickel mining and proces

sing capacity is unlikely to undergo major chang~. 

I 
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Table 4. ~!~-~i£k~!-~Q~Y£ti2!l_!!Z!=~! 

.!l!!!r"-~~tl 

t!i.!lL~~~ ttet!!!_fI~~ 
!!Z! !~! !!Z! !~! 

South Africa 1.8 3.6 1.8 2.4 
Japan 16.6 13.7 
Finland 8.s 1.111 8.6 1.9 
France 1.6 1.4 
Greece l.S 1. 7 1. 7 1.6 
NorMay 8.1 Iii. 1 6.7 5.3 
Unit2d Kingda. 6.2 3.6 

Canada 39.2 22.8 28.S 15.4 
United States 2.1 1.6 2.3 6.2 

Australia S.2 Ut.6 2.4 6. Ill 

Total Dl"IEs S0.4 4111. 8 68.4 57.5 

BotsMana 2.6 
ZilRbab...e 1. 7 2.2 1.3 1.8 

Indonesia 2.2 6.4 et. 7 
Philippines 0.1 4.2 2.7 

Brazi 1 0.5 0.4 0.4 8.3 
Dominican Rep. 0.1 2.6 2.7 

New Caledonia 22.2 11. l 5.2 4.0 

\ Total LDCs 26.7 29.5 6.9 12.2 

China 1.6 1. 7 
Cuba S.4 S.7 2.9 3.0 
Soviet Union 16.1 20.6 20.3 24.1 
Other CPEs 1.4 3.4 1. s 3.2 

Total CPEs 22.9 29.7 24.7 30.3 

World Total <kt 
metal content> 681 703 b2IZI 704 
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In contrast to bawcite, copper or nickel, the production of lead 

is very larg~ly deterained by detaand for the other metals -- prin

cipally zinc and silver -- with Mhich lead is typically associated in 

c09mercial deposits. Even though lead use in such traditional appli

cations as storage batteries is decreasing., the strong de.and for 

zinc in recent years has kept le~d production at relatively higher 

levels than could be expected based on an analysis of supply and 

deaand for lead itself. 

The major producers of lead are the United States, Australia a.1d 

Canada. Among developing countries, ttexico, Peru and l"lorocco are the 

most important suppliers, and all these countries have plans for ex

pansion of both their mining ~nd processing industries. Tabl~ 5 

shows world mine and metal production of lead in !9~1-83. 

In contrast to the situation in nickel, a substantial nu•ber of 

lead/zinc/silv-·r orojects are either under construction or well ad

vanc~d in the planning stages. The 1984 ~giQ!!!!CiQg_~-~iQ!Qg_~QYCQ~! 

invest•ent survey, for example, list SOftMf 15 lead prospects under ac

tive development, includirg projects in Peru, Morocco, Tunisia, India 

and Thail~nd, as well as in Canada, Yugoslavia and Australia. In vir-

tually all cases, these new developments will produce zinc and silver 

as well as lead. 

I' 
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Table 5. World Lead."i:n• and "9tal Production 1981-fg 

Austria 
Belgium 
Den.ark 
France 
Fed. Rep. Ger•any 
Greece 
Intl and 
Italy 
Netherlands 
Spain 
s..eden 
United Kingdom 
Yugoslavia 

Total Europe 

Morocco 
South Africa 

Total Africa 

Brazi 1 
Canada 
Mexico 
Peru 
United States 

Japan 
Total Asia 

Australia 

4 

271 
19 
29 
23 
29 
21 

84 
85 

7 
1!9 

452 

118 
147 

298 

22 
332 
158 
187 
455 

1,208 

47 
125 

World <excl. CPEs> 2,463 

<thousand tonn-) 

291 

4 

2 
311 
21 
34 
24 

84 
79 

2 
118 

424 

111 
128 

268 

31 
252 
172 
287 
456 

l,176 

47 
143 

458 

2,461 

16 
182 
27 

228 
348 

21 
18 

133 
28 

128 
29 

333 
126 

1,532 

52 
67 

154 

66 
238 
166 
85 

1,11167 

1,676 

317 
428 

252 

4,834 

§gy~~@: lnte~national Lead/Zinc Study Group. 

17 
125 

19 
198 
352 

e 
131 
38 

135 
53 

314 
123 

1,522 

SB 
65 

157 

49 
242 
179 
66 

1 'lltllt6 

1,598 

322 
437 

229 

3,943 

-- 1 
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A not~le f•atur• of th• lead proc11SsinQ industry, in contrast 

to copper, aluainiua or nick•l, is th• v.ry hiQh proport:ion of -t:al 

supply tthich is produced froa scrilp. •arty 4n of t:M NOrld·s l•ad 

conswmption is sacondary <scrilp) production, raflecting t:he -ta1·s 

-.turity and the large stock available for recycling. As the more 

energy-efficient recycling tachniques cont:inu• to ewtend their cost 

advantages over energy-intensive pri..ry s..lt:ing, th• share of •ine 

or• in final lead aetal supply can be expect.ct to cont:inu. to d.

cline, further li•iting opportuniti~ for the addit:ion of processi"g 

cilpacity in the developing countries. 

As noted above, zinc production is closely linked with that of 

lead. The most significant producing countries are Canada, Peru and 

Australia, alt~ough production is fairly widely oistributed. Tabl• 6 

shON NDrld zinc •in• and .. tal production for 1981-83. 

Uilik• th• ...rket for lead, t:hat: for zinc has bltltf1 moderately 

strong in recent y•ars, as n ... galvanizing applications have been d.

veloped, replacing the declining markets for traditional zinc di• cas

tings. A potentially significant development is th• introduction of 

zinc for coina9• in th• United States, replac!n9 copper. An ii.por

tant r•9ianal .. rket is the use of zinc in construction in France. 



Aust:.ria 
Belgitm 
Den.ark 
Finland 
France 
Fed. Rep. Ger.any 
Greece 
Ireland 
Italy 
Netherlands 
Norway 
Portugal 
Spain 
s..eden 
United Kingdoa 
Yugoslavia 

Tot:.al Europe 

South Africa 
Zaire 
Zamia 
Total Africa 

Brazi 1 
Canada 
1'1exico 
Peru 
United States 

Total America 

Jmipan 
Total Asia 

Australia 

18 

791 
54 
37 

111 
27 

117 
42 

182 
181 

11 
89 

976 

123 
76 
48 

275 

71 
1,096 

216 
497 
343 

2,3311 

242 
483 

485 

World <excl. CPEs) 4,469 
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<thousand tonnes> 

19 

731 
56 
31 

113 
22 

186 
44 

32 

171 
2113 

9 
98 

1 ,1149 

137 
81 
42 

296 

73 
1,069 

241 
568 
382 

2,369 

256 
418 

647 

4,779 

23 
235 

1411 
257 
366 

181 
177 
ee 

5 
189 

82 
96 

1,831 

81 
58 
33 

283 

92 
619 
127 
126 
393 

1,384 

6711 
827 

3111 

4,546 

~QY~~~= International Lead/Zinc Study Group 

23 
263 

155 
249 
357 

154 
187 

911 
4 

195 

88 
88 

1,853 

82 
1-..2 
38 

212 

11111 
617 
179 
154 
294 

1,3?6 

781 
873 

381 

4,615 
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!i!! 

Although •in• product:ion of t.in re.ched its lCJMest level in 17 

years in 1983, t.her• remained a substant.ial surplus on the •tarket, in

hibiting plans for future •ine and pl.nt. development. Tin is a fully 

mature -tal, Mith li'ttle or no ~rCJMth in de9and likely for the fore

seeable future, and so existing patterns of product.ion are likely to 

change little, if at all. 

In contrast to most. of the other non-ferrc1us .etals, production 

of tin, both at the •ine and smelter stages, is heavily concentrated 

ir t.he developing countries. AtM>ng the industrialized countries,· on-

1 y the United Kingdom and Australia each account for as much as 2X of 

world •ine production, Nhile "alaysia supplies 30% of NOrld supplies 

and Bolivia, Indonesia and Thailand each account for more than 15% of 

production. Table 7 shows world •ine production of tin in 1972-82. 

The relatively saall expansion plans in the world tin industry 

<only three projects are listed by ~gi~~i~g-~-~ining_~QYC!!~!> are 

concentrated in already-producing countries, although it appe~s that 

llllhat. little investment interest exists favors the United Kingdom and 

Australia over developing-country producers. At the processin~ stage, 

it should be noted that the vast -.jority of developing countries" 

tin production 1s already s.elted locally; the recent co11pletion of 

smelter facilities by Bolivi3 re.aves the last case in which a •ajor 

I 
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tin producer dependlMI on smeltirnJ faciliti- in th• indust:rializ9d 

countries. 

T&ble 7. World Tin "in• ~adyc;tion 1972-83 

Int"l Tin Council rte.hers 

Australia 
Indonesia 
rtalaysia 
Nigeria 
Thailand 
Zaire 

Total ITC l'llNlbers 

Bolivia 
Brazil 
United Kingda. 

Total Non-.....,.,.s 

World Total <mccl. CPEs> 

<thousand tonnes> 

12.a 
21.8 
76.8 
6.7 

22.11 
6.fl 

145.4 

32.4 
2.8 
3.3 

Sfl.9 

196.3 

9.6 
26.6 
41.4 

1.4 
Zl.11 
2.8 

1111.e 

25.8 
13.1 
4.1 

71.4 

172.4 

Note: Discrep~cies in the totals in the Above table reflmct illegal 
tin trade, priiaarily in Southeast Asia. 

.. 
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Although th• general ..,.ket: situation for the -jar nan~errous 

~al• has alr..ty be.n alluded ta, this section of the report brings 

tavether vi...s obtainlld from industry .nalysts regarding the ne.r

and .-cliua-ter• outlook for supply .and d .... d bal.ances. 

Aluainiua 

eo.pAred to the very lDM operating rates recorded in the last se

veral years, .ast existing aluainiua producers expect ta be operating 

at higher levels of c•acity in 19&4-m. 6r0Nth prajectiansfor alu

•iniWI d-.nd both in th• U.S. and in th• Europeiln and Japanese ~

kets ..ere for increases an th• order of 9% in 1984, over 1983 levels; 

it this increase is realized, the high level of producers· invento

ries should decline so•eMhat. Even so, the 83% of capacity that •a

jor industry analysts see as a likely operating level for 1983 still 

leaves substantial slack and will det:er i~iate invest...,t in new 

facilities. Th• postpone..nt or cancellation of several planned 59el

ters in Australia is a concrete indication of the continuing slack

ness in the NOrld aluainiu• .arket. 

Copper stocks, particularly those h~ld an th• .. tal exchanges, 
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' !' 

• , 
have declined in 1984,. but: prices r--.in at: very la. levels ~n real 

! 

terms <t:he 1'*9st:,. adjusted for inflat:ion,. sine• t:h• Dttpres+ion of 

' the l9311s>. ttoreover,. vary large a.ount:s of capacit:y have b1tm1 
! 

closed, either temporarily or permanently. As of •id-t984J ~ining_ 
~ 

Australia 

Canada 

Philippines 

Sout:h Africa 

United States 

Zilllbabwe 

Total 

! 
t 

248,.lllm tonnes 

118,.- t:onnes 

2,.- t:onnes 

762,.- t:onnes 

s .. aaa t:onn•s 

l,145,888 tonnes 

This shut-in capacity a1K1Unts to .are than 15% of t:otal world 

•in• production. In addition, •any other •inas ar• operating at well 

under full capacity. Thus, even with th• dr•NdDMn of short-tar• 

stocks, the copper aarket still faces substantial av11r-supply,. and 

llMlst an.;alysts expect this si~u.tion to continu• into th• lat• 1988s. 

The result of continuing technol09ical change -- the substitution of 

satellite, •icrow,;ave and fiber-optics ca..unications facilities for 

traditional copper wire, for exaaple -- 11Ak•• it unlikely that d .. and 

will grow at inore than 1-2% par year, coaiparad to th• 3-4% rates 

achieved in the l968s and early l9?8s. 

" 
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While nickel conswmption grONth rates of .are than 4X per annu• 

...we predicted a few ye.rs ago, 80St current forecasts see de.and in

creasing at 2-2.SX per year through the 1988s. The expected recovery 

in tcrtl4 brought capacity utilization in th• industry up to about sex, 

but this figure reflects the per•anent closure of some nickel •ines 

that could not operate profitably at prices of S3.fl8 per pound or 

less. 

lo the near ter•, over-capacity will continue to be a feature of 

the \llOl""ld nickel •arket, and there appears to bv little rOCJ9 for de

velop..nt of neN projects. A nullber of existing producers, in f~ct, 

continue to uperate either because they receive govern.ent subsidies 

<e.g., Selebi-Pikwe> or because they have pre·ferential trade arrange

•ents for their production <e.g., the Cuban state enterprises>. On a 

purely commercial basis, it would be difficult to justify investment 

in a nett nickel venture. 

f'lost lead consu111Ption forecasts see demand increasing at 2-2.57. 

p~r year through the remainder of the 1988s. As the supply of lead 

is not wholly responsive to •arket forces <because lead is produced 
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in conjunction Mith zinc and silver), it is aifficult to predict tth.

th.,. the MOrld l•ad ..rkat Mill b• in balanc•. Far th• past s.V9ral 

y•ars, tteer• has b..n a saall but persist.nt OV9r-!1Uf1ply situation, 

but stocks began to decline sa•eMhat in 1984. Th• ..tiu.-t.-a 

outlook is uncertain. 

Prices and •arket balance in zinc Nl!r"'e aaintain in past years 

through the concerted action of the •ajar producersy 1cting as a car

tel in the European aarket; this arrangeaent apparently persisted 

from 1964 through 1979 and involved price fixing, aarket-sharing ar

rangements, restrictions on resale by consl191!rs, refusal to s•ll to 

dealers and direct intervention on th• London •arket. Sine• the dis

covery of the cartel, concerted action has obviously not been a via

b!e alternative, and there has been considerable disarray in the zinc 

•arkets. A recent increase in dlNl.nd, reflecting neN uses for galva

nizing processes, •ay, hONever, prove strong enough to support a rela

tively stable •arket over the next several years. 

!!.!! 

As noted above, tin is a fully •atur• .. tal, and de•and is 

unlikely to increase by .are than lX per y•ar. The existing 

producers have, through the .. chants• of th• International Tin 

--
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AC)r•• .. nts, long att:.-pt:ed to support the ~k•t: through a cmlbina

t:i on of production and •~port restrictions, on the one hand, and di

r.ct aarket intervention, using a buffer stock 11eehanis., on the 

other hAnd. In the long t11r•, these .achanisms only provide a device 

for cushioning t:he i11pact of market: forces; there is general agree-

111111t that prices will r..ain at relatively lOM real levels for th• 

near ter•. 

Increased processing of •inerals has becocae a key element in de

veloping countries· proposals for a New International Econa.ic ~der. 

The pri•ary reasons that developing-country govern1Rents have advoca

ted increased local mineral processing include: industrialization 

strategies based on the use of local raw materials; reduction of de

pendence on the industrialized countries; creation of opportunities 

for the training of nationals and the development of skills which can 

be used in other sectors of t~e econa.y; limitation of transnational 

corporations· ability to engage in transfer pricing; capture of a 

greater share of the economic rent from •ineral production; and the 

hope of obtaining access to capital Nhich might not otherwise be 

available. 

Jn view of the limited success of import-substitution stra

tegies for industrialization and the limited number of coun-



-38-

tries which have been able successfully to pursue an ~xport-orien

ted strateqy based on manufacturing or assembly operations, stra

tegies of resource-based industrialization have been claiming in

creasing attention from developing-country planners. Two variations 

of such strategies have been tried. One, which could t:e called 

•primary export processing,• is based on the assumption that more 

processing of, and, hence, more value-added from, primary product 

exports will speed the overall development of an ec~nomy. 

Success in pursuing such a strategy depends on the ability of the 

processed materials to compete in world markets, although it may be 

possible for a producer-country government to subsidize processing 

by making inputs, such as energy or infrastructure, available at 

less than market price. 

The second strategy, which can be called •basic goods produc

tion,• concentratea on the use of agricultural and natural-resource 

products not primarily for export, but rather for domestic con

~umption. This approach is in direct contrast to the typical 

post-colonial trade pattern in much of the Third world, where pri

mary-product exports are used as a means of generating foreign ex

change to pay for the import of intermediate and ca~ital goods for 

import-substitution industries. In its most complete form, this 

basic goods strategy has been attempted f~r considerable periods by 

China and North Korea. In non-socialist co••ntries, a compari'lble 

approach has sometimes been advocated, but never wholly put into 

practice. 

Many resource-rich developing countries have pur~ued a combi-

.. ' 

,... 
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nation of the two strategies. Chile and Venezuela, for exam-

ple, have sought increased domestic processing of copper and iron 

ore, respectively, both for export and for use in domestic indus-

tries. Countries with a smaller domestic industrial base, such as 

Jamaica in the case of bauxite, have viqorously pursued further 

processing as a means of adding value to exports, while countries 

with greater domestic opportunities, such as Mexico, have empha-

sized the basic goods production aspect of mineral processing. Many 

of the petroleum-producing countries have adopted ambitious indus-

trialization plans based on export-oriented refining and the use of 

natural gas as a feedstock for petrochemical production. 

One of thP- major arguments for increased domestic processing 

of natural resources, even where a basic goods production strategy 

is not inunediately feasible, concerns the supposed linkage, or 

"ripple" effects of such processing. These effects are often said 

to be of two ~inds: 

<a> linked downstream processing of the same product, for 

domestic and regional use as well as for export, and 

linked upstream activities, where local processing 

mak~s possible the primary production of another 

product (for example, where establishment of 

processing fa~ilities for phosphate rock generates a 

demand for suJ.phuric acid which could be produced from 

local gypsum>1 and 

Cb> indirect effects outside the primary-product sector 

.;tself, in the use of infrastructure, supply of equip-. 
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ment, construction, fiscal impacts, et~. 

Whether any particular mineral processing project actually 

produces the desired effect is a factual question; one needs to be 

especially careful in considering the possibilitv of establishinq 

larqe-scale processing facilities in small Third World countries 

not to overestimate li~kage effects. It is unlikely, for example, 

that a very small economy would ever support a well-rounded capi

tal-goods industry, simply because the domestic market involved is 

too small. Thus, care should be taken in assessing the feasibility 

of mineral processing projects to limit any quantification of ex

pected benefits to those linkages which can be demonstrated as sure 

to occur, rather than including all those linkages which are merely 

thought to be possible or desirable. 

B. Reducing Dependence 

Further processing of natural resources is often seen as a 

means of reducing a developing country's dependence, either on the 

outside world in general or on particular countries or transna-

tional corporations. In broad terms, five different types of 

de~endence can be identified: Ca> trade dependence, in which a de

veloping countr.y's ability to import desired consumer and capital 

goods is a function ~f tha~ country's exports of primary products~ 

Cb> financial dependence, in which the exploitation of raw mate

rials for export and the construction of the infrastructure asso

ciated with that exploitation are financed by large flows of capi-

~1 from the industrialized countries; Cc> technological ~epen

dence, in which capital qoods embodying foreign t~chnologies are 



-~1-

imported for pJrposes of natural resource exploitation: <d> mana

gerial ~ependence, resulting both from the lack, in the developing 

ccuntr~f, of adequate education for and experience with industrial

ization and from the need to import foreign technologies with which 

local managers and technicians are not familiar; and <e> market 

dependence, in which control is exercised over a country's export 

markets or import sources by a few integrated transnational 

corporations, and in which export sales and/or import purchases are 

concentrated in a few foreign countries. 

The impact on these various forms of dependence of a strategy 

that emphasizes the further processing of natural resources is not 

clear-cut. For example, additional processing may well improve a 

count1y's balance of payments, by adding value to exports, but at 

the same time will tand to intensify the lopsided structure of the 

economy by increasing dependence on export earnings to finance the 

capital goods and materials needed for the processing industry. 

This kind of dependence will be reduced, in all but the largest 

developing countries, only if processing can be done in small 

units, using relatively accessible technologies, so that a steady 

demand can be generated over a long period of time for processing 

inputs which can be supplied domestically. Such a pattern is pos

sible for sawmilling and vegetable oil processing, for example, but 

may not be achievable in the cases of minerals, pulp and paper, 

rubber, or many other natural resources. 

Similarly, because most resource-processing activities are 

large-scale and capital-intensive, their immediate impact in many 

II I I 
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developing countries may be to deepen financial dependence. In ad

dition, technological and managerial dependence are likely to be 

increased where a country must import processing techniques, 

equipment and management from transnational corporations, as is 

generally the case in ILi.neral processing. Forward linkages (i.e., 

into semi-fabricated products> may also increase a country's risk 

of technological obsolescence; once a country is committed to pro

cessing a commodity into a specific product, using a particular 

technology, it exposes itself to the risk that competing producers 

will develop more efficient technologies, leaving the exporting 

country with an unprofitable investment. The relatively recent de

velopment of continuous casting in the metals industries is a good 

examp~e of this type of risk. The same kind of technological 

risk exists, of course, in the extraction of raw materials, b~t may 

be less severe, because extraction techniques are somewhat more 

stable than processing techniques. 

The impact of further processing on market dependence varies 

according to the commodity involved and the extent of processing. 

In some cases <e.g., production of refined copper or aluminum in

got>, processing will widen the market options of producer coun

tries, since there are many more metal fabricating enterprises than 

there are smelters and refiners. Integration into forward proces

sing may also, in the case of some metals, be useful in creatin9 

brsnd loyalty amonq consumers. 



I.!_ 1_ 

-43-

c. Development of National Capacity 

Althouqh mininq and ~neral processinq produce relatively lit-

tle direct employment, because of their hiqh capital intensity, these 

industries may provide valuable training and development of skills 

which are related to, but nonetheless distinct from, those directly 

required in the mineral industries. Thus, the construction of 

large-scale mineral processing facilities can stimulate the training 

of nationals in construction industry skills and can generate demand 

for cransport and business services and hence contribute to the de-

velopment of skills needed in those sectors. 

It should be kept in mi~d, however, that the employment effects 
. 

of mineral processing industries are not always positive. Direct em-

ployment in the mineral processing industries themselves is quite 

limited. The UNIDO study cited earlier estimated, for example, that 

the amounts of capital investment shown in Table 8 were required to 

create each job in mineral processing. 

Even if a Third World government wished to increase employment 

in mineral-processing industries, there is little scope for substi

tuting labor for capital. Most technological change in processing has 

been aimed at increasing the efficiency of raw material use. Given 

the high share represented by raw "\aterial costs, and the relatively 

low share of labor costs, in the value of finished metal products, 
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Table 

Eaplozaent ~ llineral Processing 

Process 

Aluai.Da refining 

Aluai.niua saeltiu« 

Copper uel ting/refiniu« 

Steel.llaking 

Lead smeltiu«/refining 

Rickel procesaing {sulphide~) 

Tin smelting 

Zinc nelting 

Output per 

Ran-year 

(tonnes) 

800 

90 

140 

200 

225 

150 

20 

200 

Capital Cost 

per Job 

( 1980 dollars~ 

667.000 

312,000 

450,000 

210,000 

202.000 

1,540,000 

205,000 

410,000 

Source: UIIDO, Mineral ~·•Hing .!! Developing Countries, P. 76,. 

?fate: (a) Costs adjuate·I to 1980 basis by using M4rehall and Swift 

in.des: ot mini:ig and milling coats, as published in 

£!!!!.~ Engi leering. 

I' 
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especially in developinq countries where wage rates are low, there is 

little incentive for corporate manaqers to focus on labor-capital 

substitution. The available evidence sugqests that, since most inno

vations in copper and aluminum processinq, at least, have signifi

cantly increased re~ource recovery rates as vell as increasing the 

capital-labor ratio, there is probably little scope for a plant to 

operate using older technoloqy in order to qenerate greater employ-

ment per unit of output. This conclusion is reinforced by the 

past decade's increases in energy costs, since the older processing 

technol09ies are considerably nK>re energy-intensive than new proces

ses. 

Moreover, employment in mineral processing, as well as in min

inq, may reinforce tendencies in small economies that favor creation 

of a small, hiqhly paid elite seqment of the working class. The re

latively high productivity of labor in ~hese industries, combined 

with the low share of wages in total product costs, have often made 

mining and mineral processing enterprises willing to concede to wor

kers' pressure for high hourly wages. ~he creation of such high-wage 

enclaves in a small developing economy has been shown to lead to 

continuing unemployment and undesirable rural-urban migration, as 

workers leave their traditional agricultural jobs to seek work in the 

high-wage mininq sector, even if in so doing they run the risk of a 

consider~ble period of unemployment. 

o. Curbing of ~ransfer-Pricinq Abuses 
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Where both mining and mineral-processing operations are under 

th~ same corpurate ownership, the establishment of processing faci

lities in the country where the raw materials are produced can bene

fit the host qovernnent by reducing the company's opportunity to ma

nipulate profits and tax liabilities through transfer pricing. In the 

bauxite-aluminum industry, for example, the six largest transnational 

corporations account for 65 per cent of worldwide aluai.na refining 

capacity and 55 per cent of smelting capacity. In this situa-

tion, the price paid to bauxite mines by refineries is often a purely 

notional one, established by the corporations in order to minimize 

their worldwide tax liability <i.e., to adjust prices so that profits 

are concentrated in lo~-tax jurisdictions). No •free market• can be 

said to exist, on a worldwide basis, for bauxite or alumina, even 

though there are a few arm's length sales. Similarly, in the cases of 

copper and iron ore, a significant amount of tra~e in unprocessed and 

partially processed material has traditionally been conducted between 

units of large transnational corporations, although the degree of 

concentration in these industries has decreased in the past two de

cades and is significantly less than in bauxite-aluminum. 

E. Capture of Economic Rents 

A producer of refined metal has, typically, a wider range of 

potential customers than does a producer of unprocessed or semi-pro

cessed material. Most markets where unprocessed minerals are bought 

are highly concentrated. Non-ferrous metal smelters and steelworks, 

as indic~ted below, have important economy-of-scale factors. Often 
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their large size dictates the purchase of supplies frOlll several dif

ferent mine~. The limited number of such processing facilities, dea

ling with a large number of raw-material sellers, aight reasonably be 

expected to create possibilities for monopsony gains by the proces

sors. In contrast, refined metals are typically bouqht by a larqe 

number of customers, and the concentration amonq buyers of, say, 

copper C3thode or aluminum ingot is much less than among buyers of 

copper concentrate, bauxite or alumina. 

For example, in the case of copper, there are fever than two 

dozen independent copper s~elters in the world which are prepared to 

buy significant tonnages of concentrate from independent mines. 

Concentrate sales contracts with these smelters are usually based on 

the London Metal Exchange price fcft refined copper, but actual pay

ments are arrived at only after subtraction of complicated and often 

ambiguously defined deductions for gmeltinq and refining charges, 

impurities, etc. The smelters' powerful market position often 

~ives them the opportunity to shift contract terms in their favor. In 

contrast, the producers of refined copper in international trade have 

a great number of potential customers to choose fr~m. Trade in re

fined copper is normally on the basis of a relatively straightforward 

contract, which specifies quantities, chemical specifications, and 

delivery and payment terms, usually on the basis of London or New 

York metal exch~nqe prices. If a supplier of refined copper is unable 

to find a customer, it can usually dispose of the product directly on 
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these exchanqes, an option not available to producers of concentrate. 

The above arqument does not imply that refined metal prices 

would be likely to increase if additional processing facilities were 

located in developing countries, but only that such facilities could 

help Third World countries to capture some of the monopsony qains 

which may currently be accruinq to processors. It should, however, be 

kept in mind that the available literature does not suqqest that 

such gains are very large. In addition, there is little substance to 

the argument which is sometimes made that processing throuqh to re

fined metal will help to stabilize the export earnings of developing 

countries. It is well documented that the major cause of price in

stability in mineral markets is variation in demand, induced by bus-

iness-cycle fluctuations. This variation in demand, in turn, 

results from changes in the demand for mineral-containing finished 

consu~er qoods and capital ~uipment. Producers, whether of raw ma

terials, refined metal or ~inished goods, can react to these changes 

in demand either by continuing to produce at full capacity and ac

cepting the likely decline in prices, or by cutting back production 

and attempting to maintain price levels, or through a strateqy con

taining elements of both actions. There is little evidence, however, 

to show that these business-cycle-induced fluctuations are less se

vere in the case of refined metal than in the case of ores and con

centrates. 

F. Access to Capital 
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A final reason for a developing country to pursue downstream 

processing of mineral may be that foreign capital for such a project 

is easier to obtain than other ki~ds of funds. Certain industrialized 

nations which are heavily dependent on mineral imports are prepared, 

for example, to provide government funds for projects which help to 

assure their long-term materials-supply needs. The governments of 

Japan, West Germany and France, among others, have subsidized mining 

and mi~eral-processing investment in Third World countries, provided 

that such projects included a long-term sales contract or other me

chanism for assuring a mineral supply to the capital-exporting coun

try. Foreign investors in such ventures may be willing, as a 

condition of obtaining access to a developing country's raw mate

rials, to accept the host government's demands for establishment of 

local processing facilities, especially where the companies benefit 

from their home governments' offers of tax concessions and subsidies. 

In contrast, a developing country is unlikely to have similar lever

age when trying to ob~ain foreign capital for other sectors of the 

economy. It should be kept in mind, however, that the bargaining ad

vantage which Third World nations have because of industrial coun

tries' desire to assure mineral supplies may be considerably less in 

the 1980s than it was in the mld-1970s, at the height of interna

tional concern over raw materials shortages. 
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V. l\ARRtFRS 'l'O LOCl'L MINERAL PROCESSINt; 

A qood deal of the discussion of mineral processing in develo

pinq countries has focussed on •barriers• or obstacles to the devel-

opment of processing facilities. These barriers are seen to be 

policy distortions or market imperfections which hav~ resulted in a 

lesser amount of processinq in Thi~d World countries than would have 

resulted from the unimpeded operation of competitive market forces. 

In the literature on this iss:e. barriers to processing are often 

classified as either •artificial• or •natural.• The artificial bar

riers are said to include trade-distortinq policies i~troduced by the 

industrialized countries. restrictive business practices of trans

national corporations, and production-distorting policies of the de

velopinq countries themselves. The natural barriers, on the other 

hand, are said to be the underlyinq economic characteristics of par-

ticular Third World countries. These latter factors are more 

properly considered in the context of an overall economic analysis of 

processing projects, in the following section of this article. This 

section discusses some of the mor~ commonly cited •artificial• bar

riers to processing. 

A. Tariffs and Other Trade Limitations 

The tariff structures of the industrialized countries frequently 

impose higher rates of duty on the import of processed materials than 

on unprocessed ores. This situation cAn, in theory, result in a very 

high rate of effective protection for processing operations, 

with the result that further processing in developing countries is 

discour~qed. In practice, however, it is not clear that many rlevelo-
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ping countries are significantly affected by this tariff escalation, 

at least in respect of smelting and refining operations. The combined 

effect of the tariff-reducing negotiations of the General Agreement 

on Tariffs and Trade (GATT), the Generalized System of Preferences 

which LS applied by most Western countries to Third World exports, 

and the preferential-access provisions of the Lc.ine Convention in 

respect of exports to the European Economic Community have, taken 

t09ether, reduced tariff barriers on imports of refined metal :rom 

developing countries to insignificant levels. One recent study of the 

impact of tariffs on mineral processing concludes that •the reduction 

or removal of developed countries' tariffs on processed raw materials 

oriqinating in devEloping countries may noc, by itself, do much for 

the lPvel of processing activity in the Third World.• It remains 

to be Sten whether the current worldwide recession, which has pro

duced serious overcapacity in many industrialized nations' mineral-

processing industries, will lead to a re-introdu~tion of ta:iff ob

stacles to Third World metal sales. 

Similarly, while non-tariff barriers to trade, such as the 

<!' .. antitative import restrictions imposed by certain industrialized 

countries, can, in theory, have a deterrent effect on developing-

country processing, there is little concrete evidence to show that 

such non-tariff barriers do in fact have such an effect in the spe

cific case of non-fuel minerals. 

B. Market Distortion by Transnational Corporations 
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For a number of reasons, transnational corporations in the mi

nerals sector tend to avoid locating processing facilities in devel

oping countries, even if all purely economic factors appear, at first 

analysis, to support such a location. A TNC will normally attempt to 

reduce risk by diversifying its ir.vestments, and in particular will 

attempt to avoid a concentration of investment in countries thought 

to be prone to nationalization. TNCs may also be subject to 

pressure from their home governments, whose defense and strategic 

interests or whose concern with maintaining domestic employment le

vels may favor expansion, or at least maintenance, of their home 

processing capacities. These non-economic reasons are in addition to 

such purely economic considerations as the fact that a TNC may have 

different factor costs than a developing country, because t~e cor

poration has easier access to world capital and raw materials mar

kets, or that the TNC may face, within its ow~ vertically integrated 

operations, a set of marginal costs that differ from the world prices 

or the costs faced by the producing country. 

The extent to which these factors limit a mineral-producing 

country's ability to establish processing facilities depends greatly 

on the extent of corporate concentration in the particular Mineral 

industry. For example, company concentration ratios are very high in 

aluminum, while the copp~r and iron-and-steel industries are con

siderably less concentrated. All other things being equal, a 

developing country would probably have a better chance of negotiating 

the est~blishment of domestic processing arrangements in copper than 

( 
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in aluminum. 

TNCs can restrict developing countries' processing potential 

through the use of export-restrai~inq business practices. Such prac

tices include restrictions on exports from developing-country plants 

or even complete r~fusal by the TNC to permit such exports. In 

the case of most minerals, hcwever, there is little clear evidence 

that TNCs have used such monopoly power to restrict developing-coun

try exports, at least in the past decade, although worldwide appor

tionment of markets for metals has been a feature of past cartel ar

rangements, such as the short-lived copper cartels of the late 1880s, 

1899-1901 and 1936-39. 

A more specific use of monopoly power which is sometimes cited 

as a barrier to Third World processing is the tendency of shipping 

conferences to increase freight rates for processed products solely 

because of the shipowners' superior bargaining power vis-a-vis the 

exporting countries, and without any justification based on the in

creased cost of handlina processed material. While unit freight 

rates are normally higher for materials such as copper cath~des, al

uminum ingots or steel shapes than for bulk cargoes like copper con

centrate, bauxite, alumina or iron ore, these differenct's may merely 

reflect specific conditions in the world markets for ships of dif

ferent types Ce.9., for the past few years there has been a persis

tent over-supply of large bulk carriers, as compared to a more bal

anced supply-demand situation for smaller cargo liners>. There i$ 

( 
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little significant evidence to show that differences in ocean freight 

rates for different degrees of processing can be attributed to ship

owners' monopoly power. 

A final aspect of monopoly power sometimes cited as a barrier to 

developing-country processing is the use of massive advertising by 

TNCs to create brand-name loyalty that is not necessarily justified 

on the basis of product quality differences. In the case of mi-

nerals, however, advertising is of relatively little importance, 

since quality standards for refined metals are normally set by the 

various materials testing organizations or by the metal exchanges 

themselves. Once a producer has its brand certified as good for de

livery on the relevant metal exchange, little further assurance of 

basic quality is required. Some customers may prefer deliveries from 

industrial-country suppliers, either because transportation and de

livery are thought to be mo~e reliable or because the buyer prefers a 

specific brand for particular end-uses <e.g., the use of high-silver 

fire-refined copper in cercain electrical applications>, but it ap

pears unlikely that mere advertising significantly affP.cts mineral 

buyers' preferences. 

C. Marketing Problems 

While the use of advertising by TNCs may not, in i~self, con

stitute a major barrier to further processing in developing cou~

tries, there are some objective difficulties for Third World produ

cers in the mar~eting of refined and semi-fabricated mineral pro-
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ducts. The actual selling of mineral products requires a reasonably 

extensive marketing organization: this can be supplied, at a price, 

by a state enterprise in the mineral-producing country, perhaps using 

foreign firms as agents in specific qeoqraphical markets -- the 

strategy followed, for example, by the state copper company, 

Codelco-Chile -- or by a foreign investor. In any ev,!nt, mar

ketiDg will involve certain costs, such as travel to establish and 

maintain sales and distribution outlets, the negotiation of shipping, 

insurance and documentation, and after-sales service to customers. 

The level of such costs can be such that, even though a developing 

country might have a competitive cost advantage in the actual pro

duction of minerals, it may not be able to achieve market entry in 

some or all of its potential markets because of marketing costs. The 

marketing problem is likely to be more severe in the case of metals 

like aluminum, where markets are highly concentrated and the market 

of last resort - the metal exchange - is not a significant factor. 

But all producers of refined metals usually see a need for some mar

keting effort. 

D. the Effect of Technology 

The lack of availability of industrial technol09y is often seen 

as a barrier to further industrialization in developing countriesi 

hence, the concern of Third World nations with efforts to secure ef-

fective transfer of technology. In the case of mineral smelting 

and refining, however, the fundamental technology is widely available 

from a variety of sources, and almost no cases are known in ~nich a 
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developing country was unable to purchase the required technology, 

provided the country had adequate financing. 

The knowledge required for efficient mineral processing, how

ever, is not only a matter of obtaining the equipment needed to carry 

out particular operations. such equipment, and instructions for its 

use, can be obtained, but many developing countries lack the •know-

how• which comes from actual experience. This know-how is often in

ternalized within TNCs, and hence is difficult to obtain unless a TNC 

is a partner in the processing venture. Lack of management ex-

perience, lack of knowledge of industrial operations, and lack of 

group know-how built up over time in an ongoing organization are 

likely to be more of a constraint on the ability of developing coun

tries to process their raw materials than is the lack of merely the

oretical knowl~dge. 

The rapid technological change occurring in some mineral pro

cessing industries also has implications for developing countries' 

ability to establish processing facilities. On the one hand, certain 

developments, such as the use of direct-reduction/electric arc fur

nace technology for steelmaking, permit the construction of plants on 

a much smaller scale than was previously thought economical, opening 

the way for processing for the domestic market in many countries. 

On the other hand, new developm~nts such as continuous casting 

in copper have the effect of making it more difficult for producers 

located at considerable distance$ from major markets to compete ef-



-57--

fectively. 

E. Economies of Scale 

A f !nal issue often cited as a barrier to increased processing 

activity in developing countries concerns economies of scale and mi-

nimum efficient plant sizes. To a large extent, this issue is 

simply one of basic economic analysis: can a plant of a given size in 

a particular location produce at a cost which is competitive? It does 

~ppear, however, that there are certain basic efficiencies in the 

standard mineral processing technologies, and that the choice of a 

plant size below these minima will likely lead to higher unit costs. 

In the case of many Third World countries, this factor is reinforced 

by requirements for large amounts of infrastructure development to 

support any processing industry at all, and by the real economies of 

scale in certain infrastructure facilities (e.g., hydroelectric power 

plants). 

The appa~ent advantages in constructing an optimum-size plant 

are often, however, not realized in developing countries. Among the 

specific difficulties which often arise in such projects are the 

following: 

<a> large plants often experience longer construction 

times, higher costs and greater difficulties in ar

ranging utilities, ancillary facilities and infra

structure than small plantsJ 
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<b> large plants tend to experience more technical ope

rating problems than small plants, maintenance may be 

more problematic, and technoloqical rigidities are 

more likely to occur; and 

<c> operating rates tend to be lower in large plants than 

in smaller units, thus increasing average fixed costs. 

As a general rule, it would probably not be too far off to es

timate that unit ~sts associated with large mineral processing 

plants in developing countries could be as much as 40 per cent higher 

than the equivalent cost if the same plant, with the same factor 

availability <i.e., energy, complementary inputs, labor, etc.> were 

located in an already industrialized country. 
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The •m:rriers• to further processing of minerals in develo

ping countries cited in the r.receding section are not so auch ia

penetrable roadblocks as they are factors which tend to have a 

stronger impact on developing-country projects than on those in 

industrialized countries. Rather. however. than say that such bar

riers are either so i•portant that one cannot think at all about 

further processing in Third World countries. or. on the Qther hand. 

that the barriers are of little or no importance. a more fruitful 

approach may be to consider in detail the economics of specific 

processing facilities. The followir.g paragraphs discuss in general 

terms the major headinqs under which economic analysis of mineral 

processing projects can proceed. 

A. Capital Costs 

Capital costs are typically a high proportion of total costs 

in mineral processing <with the partial exception of alumin~m 

smelting, where enerqy and labor costs dominate). For most proces

sing industries, capital coatc account for 40 per cent or more of 

total processing costs and dominate the non-raw-materials share of 

the cost structure. It is not entirely clear wheth--r the do-

minance of capital costs in processing favors or hampers developing 

countries. On the one hand, capital goods will tend to be cheaper 

in industrialized countries, and the poor conditions under which 

many Third World plants are built tends to inflate capital charges 
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for those locations. On the other hand, the initial cost of 

buying and preparing sites for nev plants ia rising more rapidly in 

most industrialized countries than in the Third World. and 

developing countries may also have access to relatively lov-cost 

sources of finance. through the World Bank or other public inter

national agencies or through bilateral assistance arrangements, 

that have the effect of reducing the impact on a project of high 

initial capital costs. It is clear. however, that capital costs are 

l~kely to be the most significant single element affecting the 

feasibility of a proposed processing venture, and that, therefore, 

every effort must be made to obtain estimates of those costs that 

are as accurate and realistic as possible and to assemble a package 

of financing that minimizes the annual capital charge to the pro

ject. 

~- Tr~~sport Costs 

A reduction in transport costs appear~ to be an obvious reason 

for locating processing facilities in the country or reqion where 

the mineral is extracted. Frequently, minerals are consumed in 

countries at great distances from the mine, and transport costs of 

shippin~ unprocessed ore, with a metal content of only a few per 

cent, would be prohibitive. Thus, the transport savings from un

dertaking at le~st initial concentration of low-metal-content ores 

near the mine are essential, and such concentration is virtually 

always carried out in the mineral-producing country in the case of 
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copper, nickel and similar ores. 

on the other hand, long-distance transport is quite common for 

materials with sliqhtly higher metal content, such as bauxite 

(15-25 per cent aluminum content>, copper concentrates (25-30 per 

cent>, or iron ore (35-65 per cent>. The advent of large-tonnage 

bulk shipping bas made transport of these conunodities relatively 

cheap and hence has discouraged further processing in the 

countries where the material is mined. 

Nonetheless, there is often some possibility of achieving 

further transport savings through additional processing. For exam

ple, in the case of bauxite, if shipping costs are $12 per ton 

and processing costs to convert five tons of bauxite to two tons of 

alumina are $100, then the transport savings from conversion will 

equal roughly one-third of the total processing costs, a very con

siderable savings. In the case of copper, if conversion of four 

tons of concentrate to one ton of blister copper throuqh smelting 

costs $440 (i.e., 20 cents per pound> and shipping costs are 

the same $12 per ton, then the transport saving through smelting 

prior to shipping would theoretically be $36, or 8.2 per cent of 

the processing cost. One should note, however, that this latter 

savings may not be realized in practice, because of a differential 

in freight rates which sets lower charges for bulk materials like 

bauxite, alumina and copper concentrate, as compared to metal 

shapes. There may also be a possibility that shipping services will 
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be available only from a limited number of suppliers, especially in 

the case of cargo liner services for handling smelted or refined 

metal, and that shippers may usE· their monopoly or oligopoly posi

tion to capture some of the transport savings achieved through 

processing. 

Even if transport cost savings through processing are small in 

absolute terms, they may still provide some competitive advantage 

in specific markets. For example, in supplying Japanese markets, 

the Pacific Island countrie~ could combine processing with shorter 

transport routes to gain some advantage over, say, African copper 

suppliers. African suppliers, in tJrn, might have a similar advan

tage in shipping to European markets. This locational advantaqe 

would exist even thoug~ the overall ratio of transport costs to 

total production and processinq costs is relatively low. 

C. Environmental Costs 

A factor of fa~rly recent origin which m.ty favor the estab

lishment of proce~sing facilities in developing countries is the 

question of ~nvironmental protection and pollution control. Many 

mineral-processing activities, such as alumina refining or copper 

smelting, are potentially highly polluting. In most developed 

countries, where sensitivity to environmental issues has increased 

significantly in the past two decades, complex and costly requla

tions have been imposed on these processing operations. In the US, 

for example, it has been estimated that pollution control costs in 
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copper smelting may have increased total costs by frOlll 30 to 50 per 

cent. 

The situation is putentially different in many developinq 

countries, Only a few Third World countries have elaborate envi

ronmental leqislation. In addition, because developing countries, 

by definition, do not have as much industry as the developed coun

tries, the former may h&ve less existing pollution-causing activity 

to which the effects of mineral processing would be added, and thus 

a greater ~llution-absorbing capacity, especially if processing 

facilities can be located in relatively unpopulated areas. 

E"en assuming, however, that some developing countries may 

wish to utilize this cost advantage, there are certain potential 

obstacl1~s. First, the industrialized countries, responding to 

pressure from domestic industries, may impose environmental tariffs 

on goods from countries where environmental restrictions are not so 

severe. Such a policy would be consisten~ with the fairly common 

•sweated labor• tariffs that are imposed by industrial countries on 

goods from low-wage countries. US copper producers, for example, 

have been advocating such a tariff for some time. 

Second, many international financial institutions are them

selves insisting on the application of strict environmental con

trols. The World Bank and the regional development banks, for ex

ample, have issued a joint statement requirLng environmental con

sider~tions to be taken into account in any project in which they 
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are involved as lenders. Such a policy may have the effect of 

forcing Third World countries to adopt environmental standards 

based on those of the industrialized countries, and so remove the 

possibility of the former countries' gaining a competitive advan-

tage in this respect. 

D. Energy Costs 

Where a developing country aas access to relatively low-cost 

sources of energy, that country may have a significant competitive 

advantage in certain energy-intensive mineral processing activi

ties. More than half of aluminum smelting costs, and perhaps one-

quarter of copper smelting and refining costs, consist of energy. 

Thus, the availability of fixed sources of low-cost enecgy 

<hydro-electric potential, small natural gas fields, or even geo

thermal energy> can make metal processing competitive where energy 

is important in the total cost structure. Table 9 , for example, 

shows the effect of chanqes in er.ergy prices on the cost of alumi-

num ingot. 

It can be seen frOlll Table 9 that the availability of low-cost 

power represents a very signifi,ant cost advantage and, moreover, 

that the absence of a source of low-cost energy, when combined with 

the other cost disadvantages typically faced by developing coun

tries, may well make it impossible to establish a competitive pro-
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Table 9 

Bn.erq ~~ Aluainiua Saelting 

Coat per k1rh Coat per pound 

Power Source (U.S. centeJ .!! \U.S. cents)• 

i. lfJdroelectric 

(ntabliahed -
Iceland, Ghana) .6 - 1.4 J.e - e.9 

2. ll;Jdroelectric 

(new)b .75 - 3.0 4.e - i9.o 

,. Coal 

(Australia) 2.1 lJ.J 

4. ouc 

(Japan) 4.5 28.6 

5. Oilc 

{lew) 6.o - e.o 3a.1 - so.a 

Source: Trade journal reports. 

lot .. : -
{a) baaed on 14,000 kvh per aetric tonne u. 

{b) baaed on capital coat o! USS500-2000 per k1lova·:t, 

12.5 percent ann•Jal capital ,,harg.-, 75 percent a '!l.Hability. 

{c) baeed on fuel oil 0 USS35/bbl. 
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cessing plant. 

There is a su~atantial variation in capital coats for power 

plants, particularly in developing countries. Typical ranges of 

costs per installed kilowatt of electric-power capacity might be 

<in 1981 dollars> as follows: 

Type cf Plant Cost per J(W (US$) 

hydro 500 - 2000 

qeothermal 600 - 1500 

oil/diesel 500 - 1200 

natural gas 800 - 1500 

coal 1000 - 1500 

nuclear 1500 - 2500 ( 65) 

These costs could be increased by up to 40 per cent for plants 

in particularly unfavorable locations, including many developing-

country sites, and by up to $500/KW for coal-fired plants ~f all 

~vailable pollution-control equipment is installed. 

The effect of power plant capital costs on the ultim~te cost 

of power to mineral-processing plants is shown in Figure 1. As the 

figure indicates, at a moderate lavel of profitability, correspon

ding to the 12 per cent capital charge in the figure, it would be 

necessary for a hydroelectric plant to be built at a cost ~f well 

under $2000 per installed kilowatt if the power is to be available 
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at a competitive cost. 

E. Complementary Inputs 

In addition to energy, a variety of other complementary inputs 

are usually required in mineral processing. Alumina refininq, for 

example, requires caustic soda and lime, while aluminum smelting 

requires cryolite, aluminum fluoride and calcium fluoride. Copper 

smelting requires silica, while refining req~ires sulphuric acid, 

itself a byproduct of smelting. Depending on the particular process 

being used, a specific form of energy <e.g., natural gas) may be 

desirable. In some cases, the location of complementary inputs is 

the deciding factor in locating processing facilities: in tradi

tional steel-making, for example, coking coal availability has of

ten been more important than iron ore or energy costs in determi

ning where steelworks were located. 

Most developing countries do not have the various complemen

tary inputs for mineral processing readily available. This means 

that they will need to import the requi.red materials, and presu

mably will have to pay a higher price for such imports than the 

price which facilities in already industrialized countries will 

have to pay for locally produced materials. 

F. Labor Costs 

In view of the relatively low share of labor costa in the to-

r 
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Compet;t;ve Pr;ce for 
Alum;num Smelter 

Cap;tal Cost of Hydropower ($ I kW ) 

Figure 1. Cost of Electricity fran Hydropower ( SI kWfl) 

~ssumptions: Capital charge calculated on basis of 30-year investment 
recovery 
Annual plant utilization factor-- 9Di 
Taxes not included 
Operating and maintenance • 2i of capital cost I year 
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tal cost structure of mineral processing <see Table l~) it is un

likely that developing countries in general possess a major compe

titive advantage as a result of low labor costs. This is particu

larly true where domestic wage rates, while lower than those in the 

industrialized countries, are still higher than in such develo

ping-country manufacturing centers as South Korea, Taiwan or Sin

gapore, or where a significant number of skilled, managerial and 

technical employees would need to be brought in from other coun

tries because the requisite skills are not available domestically. 

In addition, processing facilities in developing countries tend to 

have higher levels of staffing per ton of capacity than similar 

facilities in the industrialized countries. Thi~ ~sctor alone can

cels out much of the potential advantage that would result from low 

labor costs. 

G. Infrastructure 

It is becoming increasingly common for develoing countries to 

insist that the cost of infrastructure required by mining projects 

to be paid for directly by the mining enterprise. This can be ac

complished either by having the mining company directly supply the 

capital for infrastructure development or by the state's construc

ting the infrastructure facilities subject to a prior agreement of 

the mir.ing compary under which the latter undertakes to make annual 

payments sufficient to meet operating costs and to pay off the ca-
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Table 10 
Labor ~ .!!!. Procese!y Coate 

Approrlaate Share (J) of Total Coat Du.• to: 

Value Aclcled 

la• llaterial Labor Other• Capital'b 

iluainiua (input) 

Aluaina (balnite) 10 12 48 

Aluainiua ingot 
(aluaina) :51 16 21 J2 
(balnite)c 9 19 25 47 

Copper (input) 

Blister (concentrate) 68 6 7 19 

Refined 

(blister) 89 ' 4 4 

(concentrate)c 6\) 8 10 21 

lickel 
Laterite 65 2 12 21 
Sulphide 60 4 12 24 

Source: calculated from UllIDO, IH.neral ProceaeiyJ:! Developty Countries, 

PP• 124-'.59· 

lotea: (a) includes coapl•ental'J' inputs and ener17. 

(b) 12.5 percent annual capital chance (9C1ual to 10.9 percent real 
rate of return over 20 years). 

(c) capital, labor, and other coat share• at previous atace (aluaina 

and blister copper) are included under those headings rntber than 

ae part of raw material coat at metal ingot stage. 

JI 



-71-

pital cost, including interest, over an agreed period of time. Na

turally, from the point of view of the mining company, such expen-

• ses are a deterrent to investaent. In the case of llineral proces

sing projects, as opposed to mining, a company will likely prefer 

to establish processing facilities where major items of infra

structure, such as transportation systems, ports and power supply, 

are already in place, or can be made suitable for the project at 

minimal cost, as opposed to supplying a full range of infrastruc

ture at a •greenfields• site. 

To the extent that developing-country governments have access 

to low-cost sources of finance through aid arrangements or inter

national-agency loans, these countries may be in a position t°' 

provide certain items of infrastructure, while at the same time 

obtaining facilities which can be used for purposes other than 

those of the mining and mineral-processing project. In general, 

however, the relative lack of infrastructure in such countries can 

be expected to act as a disincentive to investment in processing in 

Third World countries. 

H. Externalities 

A variety of economic side effects or externalities are im

portant in the analysis of processing projects. For example, one 

reason why a copper smelter for some developing-country mines may 

be considered uneconomic is the lack of a local market for by-pro-

duct sulfuric acid. Similarly, a number of us alumina refine-
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ries were built in Louisiana because of the existence of chemical 

industries which could supply necessary inputs and could purchase 

by-products of the refining process, even though other factors, 

such as shippinq costs, favored locatinq the refineries neaL tt.e 

source of bauxite in Jamaica. 

In a country with a variety of natural resources and a rela

tively large domestic market, it may be possible to think of es

tablishing •territorial production complexes• in which a number of 

facilities ar~ located close together so they can supply each other 

with necessary inputs. It is not clear, however, whether such 

massive industrial developments could be justified, even ~n the 

basis of supplying regional markets, for very small developing 

countries. 

The argument concerning externalities and economic linkages 

ca~, however, be turned around and used to justify establishment of 

processing facilities in mineral-exporting countries to stimulate 

the growth of related industries. The linkage from mining of ore 

through smelting and ref ininq to fabrication of metal products and 

finally to capital-goods production is one of the basic patterns of 

successful industrialization. A recent study shows that the basic 

metals are among the highest-ranking industrial sectors in terms of 

ability to generate economic linkages and promote growth. Once 

again, however, the linkage argument has somewhat less force in 

very small economies, where development of a well-rounded indus-

I I I 

• 
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trial economy may in any event be impossible • 
• 

I. Nev vs. Expansion Projects 

A further factor in favor of locating additional mineral pro-

cessing in the industrialized countries, as opposed to developing 

mineral-producing countries, is that in the former, significant 

additional capacity can often be added through expansion of exis-

ting plants, rather than construction of entirely new facilities. 

In virtually all cases, expansion capacity can be ~upplied at a 

lower capital cost than the same amount of new •greenfields• capa

city. Table 11 shows capital costs per annual ton of capacity for 

alumina refineries and aluminum smelters currently under construe-

tion or in the planning stsqes. As the table shows, expansion ca-

pacity in alumina can be brought onst~eam at about 20 per cent less 

than the cost of new capacity, while ror smelters, expansion pro-

jects have a 35 per cent cost advantage over new facilities. 

Exceptions to the general cost trends shown in T~blell will 

generally result only when pollution-control requirements in the 

industrialized countries are so st1·inqent that they increase ex-

pansion costs by significant levels. 

J. Summary of Economic Factors 

The various economic factors discussed in t~~ preceding rara-

graphs do not always interact so as to produce ~n entirely predic-

11 I 



-74-

.... 

Table 11 

Capital~~ ... UuaiD.a Refilleri•• .!!! .lluailliua SHltere 

Retilleriee Saelters 

capital r.oet capital coat 
nuaber .!!.E!!.!2l nuaber !! I!!: ton) 

ill projects 11 647 28 4547 

!ev plants 6 67b 1b 4892 

hpanaiona 5 541 12 31')2 

Developing Count?')' - new projects 4 5tK> 9 687J 

Developing Count?')' - npanaioae 2 540 2 Zt50 

Industrial Count?')' - aw projects 2 9':>9 7 3068 

Industrial Count?')' - npaD6ione 3 54~ 10 3220 

Source: "Mining Investaent 19t:S1," Enfineering _!!!!Mining Journal, January 

1981 , PP· 59-81 • 
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table result. Same developing-country mineral processing projects 

will show a hiqh rate of return or will have a siqnif icant compe

titive advantaqe in a particular product market, while other pro

posed projects will clearly be unecon0111ical and will result in 

hiqh-cost production and a possible loss of the economic rents 

earned at the mining stage. The history of a number of ill-fated 

processinq ventures in developinq countries suqgests that it 

is essential for any T~ird World government contemplating a pro

cesinq project to carry out a realistic and comprehenEive feasibi

lity study which quantifies the various factors discussed above, 

considers realistic technological options, and which is carried out 

with a clear understandinq of the market situation for the specific 

commodity involved. 

VI. GOVEP"lMENT ~TRATEGIES FOR PROCESS ING 

In what has become the conventional wisdom of the hew Inter

national Economic Order, the fu1·ther processinq of natural resour

ces in producinq countries is an essential element in national de

velopment strategies. Much of this conventional wisd0111, however, 

appears to be based on the idea that developing countries can sim

ply assume a place within the existing world market economy. 

Instead of being suppliers of crude materials, they will become 

supplierP of semi-processed goods, with consequent improvements, it 

is argued, in their trade balances and industrial capabilities. 
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But, nonet~eless, they will still be inteqrated into a world-

wide economic system which has not been notable in the ~st for its 

enrichment of the periphery. 

This paper has presented evidence that, in many cases, it will 

be difficult to justify the establishment of mineral-processinq 

facilities in the developing countries on the basis of conventional 

economic analysis. In these terms, developing countries may often 

be better off, at least in the short term, by continuing to func-

tion purely as raw materials suppliers, and extracting, to the best 

of their ability, a major share of the economic rent associated 

with mining. 

It should be clear, however, that such an approach cannot, in 

the longer term, provide a basis for autonomous industrialization 

and development. Therefore, it would appear logical for those de-

veloping countries which wish to pursue workable national develop-

ment strategies to examine alternative approaches to the mineral 

processing issue. Such approaches could involve, f.or example, co-

operative efforts among developinq countries, using raw materials 

from one, energy from another, and capital frOll a third to produce 

products required in all three countries. Or they could involve 

regional planninq efforts, 90 as to permit comstruction of econo-

mical-scale processing plants to serve regional markets where na-

tional markets are not large enough. Or they could involve stra-

tegies of reducing mineral production and wai~ing for further de-

• 

; i 
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velopment which would permit the establishment of processing faci

lities on a national basis. 

None of these strateqies are easy. The pressures for rapid 

mineral production to generate ~evenue are severe in many coun

tries, and the difficulties in making cooperative or reqional ar

ran~ements have already been well demonstrated in practice, in the 

Andean Pact, the association of Southeast Asian Nations <ASEAN), 

and elsewhere. But such new approaches do des~rve further analysis, 

as they of fer what may be the only means by which many developing 

countries may effectively build on their mineral resources and 

avoid the fate of being forever nothing more than crude materials 

suppliers, dependent on the decisions made in Western markets ~nd 

boardrooms. 
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INTRODU':'tION 

This report is prepared pursuant to Aqreement No. CLT-84-147 

between the consultant and the United Nations IndU3trial Development 

Orqanization. The tern-~ of refer~nce for this study are as fol-

laws: 

The study is to cover the industries of aluminium, copper, 
nickel, tin, lead and zinc. 

The main aspects to be covered by the study are the f ollov
inq: 

l. Projection of the demand for the 1980s of the different 
processed metals in the developed and developing coun-
tries. 

2. Definition of the capacity of ind9strial production 
ir. the 1980s in t:1e developed and developinq countries. 

3. Define the main balances between supply and demand in 
the developed and developinq countrie~. 

4. Prospects for further local processinq by developinq 
countries. In the context of the actual crisis and the 
division of labour that is taking place, define the possj.
bilities and degree of industrial processing that can 
take place in the developing countries. 

In the development of this point special attention has 
to be given to the analysis of the possibilities to 
establish a rnore inte~rated development between the 
non-ferrous ir.dustry and the capital goods and steel in
dustries in the develop;.nq countries. 

S. Main barriers and benefits to be gained from local pro
cessin~. In the analysis of the barriers special:stten
has to b£ paid to the following aspects: 

(a) economic factors 
tariffs and other trade limitations 
marketing problems 

(i) 
(ii) 
(iii) 
(iv) 
(v) 

technological changes 
energy costs 
high intensit·· of capital in the non-fer-
rous industries 
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(b) Non-economic factors 
(i) main strateqies of transnational corpora-

tions 

6. Government strateqies of the developinq countries that 
are main producers. 

In this aspect it is important to consider: 

(a) the impact of the crisis on the policies of the 
developinq countries related to the non-ferrous 
industry. 

(b) the role of the state and state-owned enterprises 
and implications for developinq co·untries• in
vestment capi..bilities. 

7. Possibilities of co-operation between the developing 
countries for further local processinq. 

The structure of this report follows the outline of tcpics 

as set out in these terms of reference. Moreover, the report has 

been prepared in the liqht of previous UNIDO work in this area, 

includinq the study prepared by the present author and Marian 

Radetzki en •Mineral Processin~ in Developinq Countries• (1980) 

and the material on the non-ferrous ~etals sector prepared by 

Mr. Christian Gillen of UNIDO (1984). 

The basic conclusions of the report can be summed up briefly: 

1. Demand for most of the metals studied can be expected 

to increase ~ore slowly in the remainder of the 1980s 

than in the 1970s: the lower qrowth rate is a function 

both of the expected slower qrowth of the world .·-:onomy 

and of the lower intensity of nse o! most metals, which 

is itself a product of hiqher enerqy prices in the 

1970s, leading to increased matP.rials conservation and 
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the use of non-metal subs~:itutes, and of the mid-1970s 

concern with the possibilities of resource exhaustion. 

2. Capacity closures can be expected in North America and 

in Western Europe and Japan, especially in t.he enerqy

irttensive processinq facilities. These closures will 

p:tovide some opportunity for a re-st.ructurinq of world 

metal production, by openinq the way for new facilititts 

in the developinq countries, but these opportunities 

will be limited by difficulties in securinq adequate 

financing and by competition amonq countries, resultinq 

in the distinct possibility of over-capacity in many me

tals. 

3. For most metals, supply can be e~ted to continue to 

outstrip deJnand for the remainder of the 1980•1 in 

particn~ar, developinq .. eountry suppliers in the copper, 

bauxite and nickel industries can be expected to become 

the marcinal or •swinq• production, as the industrial 

cc..i.ntries co~e under increased pressure to adopt pro

tective me&su~e• to safeguard their remaining existinq 

mininq and processing industries. 

4. If financin9 problems can be resolved, the establishment 

of mineral-processing facilities in the larger developing 

countries can be justified, and may contribute to the 

retention of a larger share of the value of lf,ineral pro

duction in the producini:· coun~ri~8·, ::"or r:.any :;r•.<'lll<•r 
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countries, however, the economics of mineral pro

cessinq and semi-fabrication are, at best, question

able, and many of these countries will face a choice 

between remaininq exporters of unprocessed raw mate

rials or participating in regional processinq initi

atives, if thes~ exist. 

S. While tariffs and other barriers to developinq coun

tries' processed minerals and metals imposed by the 

industrialized countries have diminished in importance 

in the past decades, these barriers still exert a cer

tain bias aqainst the ~hird World's products4 In 

addition, th~ recent strateqy of transnational cor

porations in the reinerals industries, to diversify their 

sources of raw rnate~ials supply and to concentrate 

their ~recessing and fabricating operations in what 

they consider to be politically •safe• countries has 

had the effect of deprivinq developing countries of 

an important potential source of capital for proces

sing operations. On the other hand, the developinq 

countries often possess locational advantaqes, es

pecially in the form of low-cost enerqyi these advan

tages account, for example, for the buildinq of alurui

niu:m smelters in Bahrain, Algeria and Eqypt. 

6. Appropriate qovernr.ent st~ategies depend on the situ

ation ot the particul~r country in question; it does 
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not usually make sense for all countries to proceed 

to r.tineral processinq merely because their mine produc

tion capacity exceeds some theoretical minimuzn efficient. 

level. As such recent projects as the Pasar copper smel

ter in the Philippines have shown, the start-up of a 

processing proj~ct may actually reduce the profita

bility of domestic minerals enterprises. (This reduc

tion in profitability may, of course, be justified on 

the basis of other national benefits, such as increased 

inteqration of the national economy, employment, etc.) 

The most important general aspect of developinq coun

tries' strateqy in this area is that the strategy must 

suit a_ country's level of economic development. 

7. Opportunities for co-operation among developing coun

tries are particularly promising in the minerals pro

cessing field. Many regions encompass some countries 

with low-cost mineral resources, others with low-cost 

energy, and still others with well-developed indus

trial bases and sizeable marketsJ in such situations, 

the prosp~cts for co-operative processing projects are 

good. Difficulties have repeatedly arisen, however, 

in b~inging such co-operative projects to fruition. 

The repeated failures of the Caribbean and Central Amer

ican countries, for example, to aqree on a bauxite

alumina-aluminium complex are typical examples. Pro

notion of such regional co-operation is an area in 
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which ~nited Nations aqencies vith appropriate exper

tise, includi~q UNIDO and the Minerals Branch of the 

Department of Technical Co-operation for Dev~lopment, 

miqht play a particularly important catalytic role. 

All in all, the conclusions of this report are less opti-

mi.stir., as reqards prospects for mineral process~nq in developinq 

countries, than some other recent studies, includinq the author's 

earlier Mineral Processing in De~eloping Countries (1980) and 
1/ 

the publication of the same name produced by UN/DTCD in 1984.-

'!'he decline in many minerals markets, which many developin~

country observers have wanted to see as a short-terll! or cycli

cal phenomenon, is more and more appearing to be a lonq-terw SP.-

cular trend. The aqe of metals as th£ basis of the world econo-

my Jnay well be drawing to a close, and with it the opportunities 

for developing countries to rely on their mineral endowments as 

the sole basis for economi~ development. 

1/ 
- United Nations (Oepartment of Technical co-operation for De

v~loprnent), Mineral Processin in Develo in Countries, Lon-
don, Gr-ham & rotman specia issue o es~urces Forum) 
1984. 
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I. OEM.AND PROJECTIONS FOR NON-FERROUS METALS 

TWo basic factors contribute to the demand for non-ferrous 

me~ls: the level of economic activity, especially in the in

dustrialized countries, and the intensity of use of metals in 

industrial activity. Any projection of demand qrowth must be 

based on certain assumptiona reqardinq each of these variables. 

The overall level of economic activity, especially in the 

industrialized countries of the OECO, has been erratic and lov 

over the past decade. In some years, e=onomic activity actu

ally declined, and in all years since the mid-1970s, the qrowth 

rate for the OECD as a ~hole, whether measured in terms of 

real GOP or industrial production, has been lower than during 

the precedinq two decades. Accordinq to UNCTAD estimates, OECD 

economic growth from 1980 throuqh 1984 will averaqe only 1.5• 

per year. Alonq with these qenerally low levels of economic 

growth have qone particularly low levels of capital formation, 

especially in 1982, when private fixed investment actually de

clined in the United States, Japan and the European Community. 

These low growth rates in the industrialized countries have 

also, as has been widely noted, had a strong impact in restrictinq 

the growth of developing countries, by redur.inq demand for 

tt.ese nations' exports and by contrib:.iting to the now-chronic 

over-supply situation for most non-ferrous metals, a situation 

that has resulted in Metal prices which are currently at or near 

the lowest point, in real ter."ls, that has been reached in the 
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past 40 to 50 years. 

With the exception of aluminium and, to a lesser extent, 

nickel, the outlook for de!!'land for the major non-ferrous metals is 

also dampenP.d by the substantial 1ecline in intensity of use 

which hns occurred since the oil price increases of 1973-74, 

cmd especially since the second major round < - oil price in

•:reases in 1979-80. In the case of copper, for example, the 

use of optical fibers h~s substantially eroded the p~tential for 

qrowth in copper consumptio~ in communications, one of the me

tal's major traditional markett.. At thf: same time, copper use 

in the auto~otive industry has been S~)stantially cut back, by 

the use of plastics and other substi·eutes and by the development 

of metals-savinq technoloqies, as, for example, in light-weiqht 

automobile radiators. Similarly, the ~se of zinc in automo

biles has declined subs~antially, as weiqht-savinq technologies 

are adopted in order to provide better fuel economy. And the 

traditional market for tinplate in beverage cans has been virtu

ally eli~inated by thP. sulistitution of aluminiwn, plastic and 

glass containers. 

Table 1 shows worldwide consWTlption of the six non-ferrous m£

tals incl~ded in this study. Even for aluminium, the most buoyant 

of the ~etals, the 1970-83 consumption growth rate is only 3\ per 

annW'1, while copper, nickel and zinc show growth rates betwee·a l\ 

and 2t, and tin actua:ly has a negative consutnption growth rate 

of 0.6t. No co~pellinq reasons have ~een advanced that would, in 

the author's view, suppcrt predictions of greater growth in the 

cor.:inq decar.e. 



Aluminium 

Copper 

Tin 

Nickel 

Zinc 

Lead 

l/ Estimated. 

TABLE 1. WORLDWIDE CONSUMPTION OF NON-FERROUS METALS 

(thousand tonne•) 

1970 

9996 

7271 

227 

577 

5856 

3871 

1975 -
11350 

7458 

219 

576 

5066 

4526 

1980 1983!/ -
15312 

9385 

.23 

717 

6131 

5348 

14666 

~050 

210 

612 

6308 

5263 

1970-83 
Growth Rate (\) 

3.0t 

1.7• 

-0.6\ 

l.lt 

1.7• 

2.4• 

Sources: ':lorld Metal Statistics 1 Mining Annual Review 1984. 

• IO 
I 



-10-

Alur.tinit'l'n 

Despite substantial recovery in de~and in 1983 (an in

crease of consumption ove~ 1982 of 16\ in the United States 

and 9' in the rest of the market-€conomy countries), most obser

vers agree that the lonqer-term outlook for aluminium demantl 

is for increases that more or less approxi~ate world economic 

grc•th rates. Substantial areas of stronq demand include 

food processin~ and beverage canning. and the continuing substi

tution of alur.ti.nium in vehicles, replacinq other metals, so as 

to decrease weight and increase fuel efficiency. Growth of de

mand in such more traditional applications as aircraft and in

dustrial ~achiner-/, however, is qenerally expected to laq be

hind overall econo~ic qrowth.in the ~.ajor industrial countries. 

On balance, assuming continuation of re~ent OECD growth rates, 

an aluminium cor.sumption qrowth of 3-4' per annum appears to be 

a reasonable estimate. 

Copper 

The rapid growth in worldwide copper consumption in the 

1960s (annual growth rates approaching 6\) was largely the re

sult of the econonic reconstruction of Japan and We3tern Eu

rope. Now that a basic economic infrastructure exists in these 

areas, and the financial situation of such potential industrial

izing countries as Brazil, India and China Makes it unlikely that 

they will take the place of Japan and Western Europe as copper 

consumers, ~t least in th~ ).980s, the outlook fGr copper demand 
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is uni~-ersally aqreed to be pessi111istic. The 1970-1!3 qrowth. 

rate of 1.7\ is a rouqh approximation of the forecasts for con

sumption qrowth ove1 the next decade that are currently being 

made (once a9ain, asswnin9 a continuation of recent OECD 9rowth 

rates). To put this rate in perspective, it implies an in~rease 

of a little more than 100,010'.tmme• per_ year, or less than 

one m.3jor new mine annually. With some 25-30 already-evalu-

ated mininq projects awaitinq development. around the world, 

this is not a pronds~nq outlook. Moreover, the increasinq use 

of !!crap as a source of copper (a qrowth rate in scrap consump

tion of 6.5\ annually in recent years) further depresses the 

prospects for new mine de•1elopment. Demand for copper has also 

been restricted in communications, as a resu1t of the increasing 

use of optic fibers, in transportation, where it has been replaced 

by weiqht-savinq materials, and in electrical transmission, where 

the continuing scalinq-down of electricity demand forecasts has 

led to a sharp reduction in the need for transmission cables. 

Nickel 

Nickel demand is largely derived from demand for steel, 

and has been sharply affected ~y the depression in this industry, 

e~pecially since 1980. Nickel eonsumption in 1983, while still 

well below the peak level of 1979, was somewhat hiqher than in 

1982, reflecting a modest upturn in steel demand. For the 

lonqer tert", however, few predictions of nickel demand foresee 

~rowth rates ~uch in excess of the lt per annum level that has 
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been achieved since 1970. 

Lead 

Although worlawide demand for lead was somewhat stronqer 

than that for coprer or nickel in the 1970-83 period, the lonqer

term ot£tlook appears to be more pessimistic. R1~cent improve

ments in electric •torage-battery technoloqy require less lead 

per unit. Similarly, plastic has been substituted for lead in 

a nUZ!1ber of plUJr~inq applications, and a gen~ralized concern 

with lead's toxic qualities will undoubtedly restrict its use 

in the future. On the other h~nd, there has been some increase 

in lead demand for use in automobiles, especially in corrosion 

applications. One lonq-term possibility for sub~tantial use 

of lead is in th~ storage and disposal of radioactive material; 

this is a market that will develop more rapidly as existing nu

clear power stayions reach the end of their useful lives and 

as a~reement is reached on appropriate permanent disposal reethods 

for nuclear waste. The size of this marke~ for lead is, how

ever, virtually unpredictable. In any event, a growth rate 

some.what less than the overall CECO economic qrowth rate see~s 

a reasonable fcrecast for lead demand for the cominq decade. 

Zinc 

The ~ost iMportant determinant of zinc demand is the overall 

state of the econo~y in the industrial:zed countries, since the 
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bulk of %inc use is in applicat~ons with rel~tively little 

elasticity -- au"t.omobil-.·s a..Ttd construction. Rece:it techno

loqical developments, includinq the use of zinc alloy coatinqs, 

have contradictory effects1 on the one hand, they reduce the 

amount of zinc used in some of the traditional applications, 

while, on the other hand, they may open up new 1114rkets, as, 

for example, in situations wher~ newly-devaloped zinc castinq 

alloys can more effectively compete with other materials and 

processes. A further possible area of increaaed demand is in 

the use of zinc for low-val,1a coinaqe: the United States shifted 

from copper to zinc as the basis for its lowest-value coin in 

1982, and other countries are likely to follow suit; 

While few industry analysts foresee demand for zinc rising 

faster than overall OECD economic growth, some improvement 

from the growth rates of the 1970-83 period does appear to be 

a distinct possibility. 

Tin 

De~and for tin has now been declining for many years1 it 

appears that tin is r. fully ·~ature• metal, and that the de

velopment of substantial new areas ot use is extremely unlikely. 

The use of tin in tinplate (which accounts for a third of total 

tin consumption) has declined by More than 35\ in the past 

decade, reflectinq the sub~titution of aluminium and plastics 

in beverage containers. In the u.~., for example, 98\ of beer 

cans and 88\ of soft drink cans are now ~ade of alur.iiniwn, and 

si~ilar ~hifts are un~erway in Europe and Japan. Moreover, 
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even where tinplate is still used, technolOCJical advances have 

substantially reduced the mnount of tin metal used in the tin-

plate. 

Tin's other major market, soldar for electrical uses, is 

also threatened by technolD']ical chanqe, as electronic equip

ment is increasinqly based on the use of printed circuits and 

miniaturized components. Thus, tin use per unit of produc

tion in the electronics industry has substantially declined, 

althouqh overall tin use in this sector has not fallen to as 

larqe an extent, because of the rapid qrowth in overall elec-

tronic equipl!tent dei:tand. 

Summary 

While makinq precise predictions as to future rates of 

demand qrowth for the non-ferrous metals would be a somewhat 

pointless exercise, as these growth rates are so dependent on 

overall levels of economic activity, one can with reaspnable 

confidence say that demand growth is wilikely, for the re~.ainder 

of this ceatury, to reach the high levels that obtained in the 

1960s.At best, consilmption of ~etals appears likely to qruw 

no faster than the OECD economies as a whole, and, for most of 

the metals surveyed, a more defensible prediction would be that 

consJmption growth will laq substantially behind overall econ-

ornic growth, reflecting the declining intensity of metal use in 

' the ~aturing industrial economies. 
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II. MINING AND PROCESSING CAPACITY 

As i~ well known, the basic pattern in the location of 

minin~ and processing facilities around the world is that mi

ning operation• are considerably more heavilj concentrated 

in the developinq countries than are processinq installations. 

Within this qeneral pattern, however, there are siqnificant 

differences1 the bulk of tin refining, for example, is carried 

out in the developinq countries, to take o~c extreme, while 

a very large proportion of aluminiUi:t smelting capacity is lo

cated in the industrial cou..~tries and relies on raw materials 

supplies from developinq nations. The specific distribution 

of production in each of the major non-ferrous metals is des

cribed in more detail below. 

Almniniur.t 

Table 2 shows world bauxite and aluminium production in 

1983. As the table indicates, roughly half of ~irket-econorny 

bauxite procuction is from developing countries (the princi-

pal industrial-country supplier, Australia, alone accounts !o~ 

40\ of total production), while less than 20\ of metal produc

tion comes from developing countries. It should be noted, more

over, that the production figures mask an even greater disparity 

in capacity, as smelters in the industrialized countries were 

operating at relatively low rates of capacity in 1983 (the 

capacity utilization rate in J~pan, for example; wa£ only 36\.) 
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Table 2. Bauxite and Aluminium Production, 1983 

(thousand tonnes) 

Bauxite Aluminium 

United Kinqdom ••• 253 
France 1,800 367 
Fed. Rep. Germany ••• 743 
Greece 2,400 136 
Italy ••• 196 
Netherlands .... 234 
No~ay . ., . 716 
Spain ••• 357 
Yuqoslavia 3,500 248 
Other Europe ••• 323 

Total Europe 7,700 3,573 

Cameroon ... 80 
Eqypt ... 150 
Ghana 700 38 
Guinea 11,600 ... 
South Africa ••• 162 

Total Africa 12, 300 430 

United States 700 3,353 
Canada ... _l,095 

Total North Air.erica 700 4,.449 

Brazil 4,200 402 
Guyana l,COO ••• Jamaica 7,300 ••• Suriname 2,000 35 
Venezuela ... 343 
Other Latin America 162 

Total Latin .America/Caribbean 15,200 942 

Bahrain ... 160 
Dubai ... 151 
India ~.ooo 210 
Japan ... 256 
Other Asia 2,000 209 

Total Asia/MidlUe East 4,000 986 
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Table 2 (continued) 

Australia 
Nev !ealand 

Total Australasia 

World Total (excludinq 
centrally planned econo
mies) 

Bauxite 

26,000 
••• 

26,000 

65,200 

Source: Mininq Annual Review 1984. 

Aluminium 

475 
225 

700 

11,085 
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1'monq the more important recent developments af fectinq the 

location of capacity are: (a) the permanent closure of additicnal 

smelters in Japan, reduainq that nation's former leadinq role 

in the industryr (b) the continuinq expansion of all phases of 

the industry in Australia, includinq development of at least 

four new S1119lters; (c) continuing expansion in Brazil, aqain 

at all staqes of the industry; (d) the openinq of alumina and 

aluminium plants in Indonesia; and Ce) the apparent role of 

the Caribbean countries -- Jamaica, Guyana and Suriname --

as, increasinqly, suppliers of last resort, meetinq marqinal de

mand for bauxite. Smelter location appears to be stronqly in

fluenced both by the availability of low-coat enerqy (nev fa

cilities are almost universally based on hydro-power, as in Can

ada and Brazil, or on cheap coal, as in Australia) and by the 

concern of the major transnntional firms in the aluminium in

uustry to diversify away from dependence on one or a few develop

ing countries, in the wake of the imposition of a bauxite levy 

by Jamaica and other Caribbean producers in the mid-1970s. 

A number of recent efforts hy developing ccuntries to es

tablish processinq facilities have failed. For example, Ghana 

still lacks an integrated almninium industry, even though it 

has both bauxite deposit& and hydro-power which supplies an 

aluminiur.i smelter. More than a decade of effort has not yet 

resolved the anomaly wher.eby Ghana's bauxite is exported in raw 

form, and imported alumina is used in the s~elter. Similarly, 
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various efforts by th• Ja.aic~ govltl'"n...,t in th• l~t• 19711s oiUld 

•arly 19B8s to •stablish An int99rat11Ci .dll9iniwm industry in th• 

Caribbean, in CDD!'!9ration Mith P1ttxico and Trinidad and Tobago, 

found.red on th• inability of th• various countri .. to agr- on 

-.itually accept-Ull• ter•s. 

In the light of th• very slCM d•v•lop...,t of additional smelting 

cap.acity in 111Dst d•velopir.g countries, prosp.cts for th• future 

appear less th~ bright, particularly in th~ dev•laping countries 

th.at l.ack .a large intern.al aark•t for aluainiw. .. tal. As .alwainiua 

is th• iaajor non-ferrous metal Mast stron~ly controlled by 

.ultinational corporations <the tra~~tion~l Big Six CQtlP.ani..a still, 

as of 1981, accounted for 52% of t«Jrld alw.in~ production cap.acity 

~d 4~ of alu•iniu• 111t1tal capacity, thes• cocap.anies' traditiOl'1al 

view that developing-country inves~Ntnt is high-risk, and will only 

be undertaken if prospective profits are higher than those required 

in th• industrialized countries, acts as a substantial barrier to the 

flow of investment capital into neM dev•loping-country processing 

facilities. This is especially true when, as in th• aid-1988s, •MlY 

developing countries, because of their external debt burden, .are 

effectively cut off fro• access to co•••rcial bank funds for their 
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°"" i~vest.....,t projects. 

tgpper 

In contrast to th• situation in alu•inium, th• d~velaping coun

tries have, •s~ecially in the p~st 15 Y•~s, aad• significant qains 

in estilblishing national ONn•rship and control over their copper in

dustries. As a result of the59 efforts, th• ~jar developing-country 

state enterprises, such as Codelco-Chile~ "ineroperu and Centro•in of 

Peru, Geca•ines of Zaire and the state •ining ca.panies of Z~.t>ia, 

have displaced transnational corpora~ions as th• leading force in 

NOrid copper production. Most of the traditional transnatiORal compa

nies, in fact, have either disappeared co•?letely <as, for example, 

in the case of Anaconda>, or have been absorbed into larger fir•s, 

where copper mining is only a •inor activity <examples include Kenne

cott •s acquisition by Sohio/British Petroleu•, and St. Joe Mineral5. 

absorbtion into Fluor Corp.>. 

In terms of production, developing countries account for more 

than half of world copper reserves, and for approxi•ately 454 of 

world mine production of copp'H" contained in ores and concentrates. 

Table 3 shows world mining and refinery productton <excluding the 

centrally planned economie~> in 1983. 

Substantial gains have been mad• in ~stabli~hing processing 
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Tmle 3. ~l!LGQ22~ rt\n~-~R•fi.!lF-Y-Producti on 1991-1983 

CthouSMld tonnes> 

"in• PrO'Jyctian !2B1 198~ 1~ 

Yu~asl•vi• 1t• 119 118 .... 
Oth.r Europe 184 186 1-17 

South Africa 211 297 211 
Zaire 58S 583 583 

Z..tlia 587 ~1 579 

Oth.r Africa 95 113 116 

Philippin- 382 292 2~ 

Other Asia 218 262 294 

C.n•d• 691 !»12 61:5 
United St•t- 1,538 1,148 1,846 
Chile l '1181 1,248 1,257 
rtexica 238 239 193 

P.ru 328 ~ 317 
other ~ica 18 27 42 

Aust.r•lia 231 2"~ 26:5 
P.pua NIM Guin•• 16:5 178 183 

Wor!d Cexcl. CPEs> 6,487 6,292 6, 194 

B•fia~c~_C!::2gy~1i2a 

B•lgiua 428 4~8 394 
Fed. Rttp. Ger-.ny 387 394 421 

Sp•in 152 176 159 
Unit9d Kingdom 136 134 144 
Yugowlavia 133 127 124 

0th..- Europ• 236 248 252 

South '4frica 145 143 152 

lair• 151 175 227 

Zambia 564 587 575 
OthlW" Africa 19 28 26 

Japan 1,058 1,075 1'0«12 
South Korea 113 116 126 
Other Asia 100 107 148 

Canada 477 312 464 
United States 1,996 1,683 1,581 
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R.-fin.ry Produc:;ti.2!1 1981 !~2 1~ 

Chil• 776 852 833 

P'l•xico 68 74 76 

Paru 2"9 2~ 191 
either America 27 4:5 92 

Australia 191 178 292 

Norld <excl. CPEs> 7,358 7,129 7,279 
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facilities in the more importMit developing country producers. Za.

bia, for example, refines virtually all the ccpp.r ore it produces, 

Nhile O.ile, Peru and Zaire sm&lt .Mld r~ine the large •ajority m 

tneir production. On the other hand, such ••jor ore-producing coun

tries as Papua Nett Guinea, the Philippines and Indonesia do little or 

no processing <with the exception of one new s .. lter in the Philip

pines>; almost all these countries· copper is export9CI for procesing 

in Japan and Europe. 

A further factor that deserves ..ntion is the location of s .. i-

fabricating facilities. In the past d.cade, a sub5tantial t.chnolo-

gical change h~s occurred, with the development of continuous-casting 

techniques and increasing utilization of high-grade cathode as the ma· 

jar fabricating feedstock. Because of the difficulty in shipping con·· 

tinuous-cast rod to far-off consumers, most new rod facilities <927.> 

are located in th• industrialized countries. Where developing-coun

try copper producers have moved into this neM senti-fabri1:atian tech

nology, they have done so in joint ventures with transnatio~al corpo

ratic:?!":~, located naAr the major markets. Exai.ples of this approach 

incl~d• Zaebia·s joint venture with Thomson-Brandt of Fr~nca, and Co

delco·s with Duisberger Kupferhutte of the Federal Republic of Ger

many. 

In the light of the near-stagnation of the world copper market 

\as evidenced by the production stdtistics in Table 3 above>, the 
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outlook for the est:.t>l ishinent: of new mines or processing facilities 

in d.veloping countries ca11 only be described as gaarded at best. 

Thar• .r• at least 3fl al ready-identified and av.ill uat:.ct copper pros-

pects .round th• wcrld aNaiting develop...,,~; at pre5ent consu.ption 

groNth rates, only one of these new projects ...ould be needed each 

year to maet increasing de•and and replace depleting •ines. Thus, 

the outlook i~ for a very long wait for sa.• o-f these prospects 

if, indll9d, they are ever to be brought. into production at all. At 

present, the only a.jar coppvr develop..,,t under activ• construction 

is the Ok Tedi mine in ?apua Ne1111 Guinei", and even tliis project, Nhich 

is .. de economically attractive by its high-grade gold ore overbur

den, has been postponed and •ay <at least as far as its copper produc

ti·"Jn is concerned> be canc•llad altogether. 

The world nickel industry has historically been highly concen

trated, both geo9rap111ical l y <in Canada, NeM Caledonia and Savi et 

Union> and in ter-. of corporate control <with Inca of Canada the 

dcuainan~ force>. S.vltf"al racent events, however, have chan~ed t~is 

pattern. First, the severe downturn in the world steel industry has 

drastically affected nickai demand and prices, as the major use o~ 

nickel is in steal alloys. Second, the development ~f techniques for 

treating laterite <oxide> ~res nas re-directed production toward 
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developing countries, as most laterite depQsits ar• found ir. equato

rial regions. Table 4 cocapar•• •in• and .. tal production in 1971 and 

19&1 <little chan~• has b..n evid.nt in 1982 and 1983> • 

. As in the case of copper, fetot new nickel facilities are un~wr 

dev•lop••~nt in •arket-.cona.y countries. And ~Y of th• past de

cade·s projects have either been closed <for •xa.iple, Falconbridge Do

•inicana and Inco·s Exmibal project in GJat ... l•> or ~e continuing 

to oparat ..... only at a huge loss <as in S.lebi-Pikwe in Bots....na, f'tarin

~uque in tna Philippinas or Greenv•le in Australia>. Th• only fir• 

plans for development listed in th• 1984 Engin!H!!:iQ~~!ning_~gycn~! 

survey of new •ines and plants, for example, are t...a replac.-.nt 

mines to aaintain production l•v•l• in C.nada's Sudbury mining dis

trict, and the Punta Gorda project b•ing built Mith the assistance of 

the Soviet Union in Cuba. The outlook for such identified but still 

und•veloped prospects as RanMJ Riv.- in Papua N.., Guinea or Wadi Qatan 

in Saudi Arabia is distinctly pessi•istic. Mor2over, the continuing 

possibility that deep-ocean nodule •ining Nill contribute an appreci

able part of the Ncrld's future nickel needs operates as an ongoing 

barrier to investment in land-t.ased nickel pr·ojacts. Fer the for•

seeable future, then, the distribution of nickel mining and proces

sing capacity is unlikely to undergo major change. 



South Africa 
Japan 
Finland 
France 
Grette• 
Norway 
Unit.ed Kingd09 

Canada 
United States 

Australia 

Total Ot1Es 

Botswana 
Zilnbab...e 

Indonesia 
Philippines 

Brazil 
Dominican Rep. 

New Caledonia 

Total LOCs 

China 
Cuba 
Soviet Union 
Other CPEs 

Total CPEs 

World Total <kt 
metal content> 

l.S 

0.5 

1~ 5 
8.1 

39.2 
2.1 

5.2 

1. 7 

2.2 
111. 1 

111.s 
0.1 

22.2 

26.7 

5.4 
16.1 

1. 4 

22.9 

681 
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3.6 

1.e 

1. 7 
ra. 1 

22.0 
1.6 

1111.6 

40.9 

2.6 
2. 7. 

6.4 
4.2 

0.4 
2.6 

11. 1 

29.5 

1.b 
S.7 

20.6 
3.4 

29.7 

703 

1. a 
16.6 
0.6 
1. 6 
1. 7 
6.7 
6.2 

28.5 
2.3 

2.4 

69.4 

1.3 

121. 4 

S.2 

6.9 

2.9 
20.3 

1.5 

24.7 

620 

2.4 
13.7 
1.9 
1.4 
1.6 
5.3 
3.6 

15c4 
6.2 

6.0 

57.5 

1.8 

0.7 
2.7 

0.3 
2.7 

4. 111 

12.2 

1. 7 
3.111 

24.1 
3.2 

30.3 

704 
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Jn contrast to bawcit•, copper ar nick•l, the production of lead 

is very larg•ly deter•ir.~od by d .. and fer th• oth~ ...tals ~ prin

cip•l ly zinc .and silver ·-- with which lead is typically associated in 

cOftNM!r"cial deposits. Even though lead us• in such traditional ~pli

cations as storag• batteries is decreasing, the strong d..and for 

zinc in recent y•ars has kept lead production at relativ•ly high.,

levels than could be expected based on an analysis of supply and 

detaand for lead itself. 

The major producers o~ lead are th• United States, Aus~alia and 

Canada. Among d•veloping countries, Mexico, Peru and Marocco ar• the 

most important suppliers, and all these countries have plans for ex-

pansion of buth their mining dnd processing industries. Table 5 

shows world mine and metal production of lead in 1981-83. 

In contrast to the situation in nickel, a substantial nwaber of 

lead/zinc/silvltt" projects are •ither under construction or w•ll ad

vanced in th• planning stages. The 1984 gogiQ!!!!~iog_~-~ioiog_~gycoal 

investment survey, for exa1nple, list so~• 15 lead prosp•cts under ac

tive development, including projects in Peru, Morocco, Tunisia, India 

and Thailand, as well as in Canada 9 Yugoslavia and Australia. In vir

tually all cases, these new developments will produce zinc and silver 

as well as lead. 
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Table S. ~Q~lg_b~~g-~iu~-~ud "~1~!_Progystign __ !~g!=g~ 

<thousand tonn•s> 

t!iU!Le!:~.:. "'-~al P!:~ 

!~! 19~ !~! 1983 

Austria 4 4 16 17 

Belgiu• 102 l~ 

Den~k 271 291 27 Ut 

Fr~c• 19 2 228 198 

F9d. Rep. Germany 29 39 348 ~2 

Greece 23 21 21 
Ireland 29 34 111 8 
Italy 21 :!4 133 131 
Neth1trlands ... 211 38 

Spain 84 84 129 135 

Stiled en es 79 29 :53 

United Kingdom 7 2 333 314 
Yugoslavia 119 118 126 123 

Total Europe 452 424 1,532 1,522 

l"lorocco 118 111 52 S8 

South Africa 147 129 67 ~ 

Total Africa 298 268 154 157 

Brazi 1 22 31 66 49 

Canada "">32 252 238 242 
Mexico lSfil 172 166 179 

Peru 187 207 BS 66 
United States 455 456 l ,067 1,006 

Total A•erica 1,208 1,176 1,676 1,598 

Japan 47 47 317 322 
Total Asia 125 143 429 437 

Australia 380 450 252 229 

Worl~ <excl. CPEs> 2,463 2,461 4,034 3,943 

§gy~~~: Internation•l Lead/Zinc Study Group. 
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A notable fe•ture of th• lead proc•s•ing industry, in contrast 

to copper, alua1iniua or nick•l, is th• vwry high proportion of -tal 

supply Mhich is produced from scr.p. Ne.rly 48% of the NOrld"s l•ad 

conSU11ption is second.ry Cscr.ap> production, r.-flecting the -tal"s 

... turity and th• l.rg• stock availabl• for recycling. As th• mar• 

energy-efficient recycling techniques continu• to •xt.nd th•ir cost 

advantages over anergy-intensiv• pri..ry s..lting, the sh~• of •in• 

or• in final lead -tal supply can be expected to continu• to d

clin•, further li•iting oppcrtuniti~ for the addition of proc .. sing 

capacity in the d•veloping countries. 

As noted above, zinc production is closely linked with that of 

lead. The mos~ significant producing countries are Canada, Peru .and 

Australia, although production is fairly wid•ly distributed. Tabl• b 

shoM ...arld zinc ain• and •etal production for 1981-83. 

Unlike th• M.rk•t for lead, that for zinc has been naoderataly 

strong in recent years, as neN galvanizing anplications have be.n de

veloped, replacing th• declining ,...rkets for traditional zinc di• cas

tings. A potentially significant develop .. nt is th• introduction of 

zinc for coinag• in the United States, replacing copp•r. An impor

tant regional market is th• use of zinc in construction in Franc•. 
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T.t>le 6. ~l~Jins; l'Une and 1'1ttt.al Product.ion 1981-83 

<t.housand t.onnes> 

"ine Prod. !"let.al Prgh 

1981 1~ !~1 ~ 

Austria 18 19 23 23 

Belgium ... 23S 263 

o.n..rk 791 731 ... 
Finl~d 54 ~ 148 15:1 

Fr~c• 37 31 257 249 

Fed. Rttp. GertNny 111 113 366 357 

Gr..c• 27 22 

Ir•l~d 117 186 
It.aly 42 44 191 1S4 

Natherl~ds 177 IS-/ 

Norway 28 32 ea 98 

Portugal 5 4 

Spain 192 171 199 195 

SN9dan 191 283 

United Kingda. 11 9 92 88 

Yugoslavia 89 99 96 88 

Total Europe 976 1,1149 1,831 l.~ 

South Africa 1=3 137 81 82 

Zair• 76 81 58 b2 

Zambia 48 42 33 38 

Total Afric.a 275 296 203 212 

Br.azi l 71 73 92 108 

Canad.a 1,096 1,069 619 617 

l"lexico 216 241 127 179 

F'111t·u 497 568 126 154 

United States 343 302 393 294 

Total America 2,330 2,369 1.384 1,376 

Japan 242 256 6711 7111 

Total Asia 403 419 827 873 

Austr"lia 485 647 3CU 3ClU 

World (e1CC1. CPEs> 4,469 4,779 4,546 4,615 

§gy~s!= International Lead/Zinc Study Group 
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Although •in• production of tin rea.ched its la..st level in 17 

yea.rs in 1983, ther• r ... imtd a. substantia.l surplus on the •~ket, in-· 

hibiting plans for futur• min• and plant d•v•lop...,t. Tin is • fully 

-...ture -t•l, •ith little or na grONth in d-~d likely for the for

seea.ble future, and so existing p•tterns of production ~e likely t.o 

ch~g• little, if a.t •11. 

In contra.st to llOSt o-f the other non-ferrous -ta.ls, production 

of tin, both at th• •in• and s.elt9r sta.ges, is hea.vily concentratltd 

in th• developing countries. Among the industrialized count~ies," on-· 

ly the United Kingdom and Australia ea.ch a.ccount for as much •• 2X of 

world mine production, Nhile "alaysia. supplies 30% of NOrld supplies 

and Bolivia, Indonesia and Tha.iland each account for more th-Vl 15% of 

production. Tabla 7 shows world •ine production of tin in 1972-82. 

The relatively s•a.11 expa.nsion plans in the NOrld tin industry 

<only three projects are list.ltd by S!!!ll!!~i!!g_~-~i.!!i.!!!L.!IQYC!!~l> a.re 

concentrated in already-producing countries, althouqh it a.ppe.,-s tha.t 

what little investment interest exists favors the United Kingda. and 

Australia over developing-country producers. At the processing stage, 

it should be noted that the vast ~ajority of developing countries· 

tin production is already smeltea locally; the recent completion of 

sme' ter facilities by Bolivia removes tt".e 1 ast case in which a major 
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countries. 

Table 7. World Tin "in• Production 1972-83 

Int"l Tin Council ~~~ 

Australia 
Indonesia 
rt.laysia 
Nigeria 
Thailand 
Zaire 

T~al ITC 1'1e9ber-s 

Bolivia 
Brazil 
United Kingdoa 

World Total <excl. CPEs> 

<thous~d torm.s> 

12.11 
21.B 
76.B 
6.7 

22.0 
6.11 

14~.4 

32.4 
2.8 
3.3 

50.9 

196.3 

9.6 
26.6 
41.4 

1.4 
28.11 

2.11 

101.11 

~.ca 

13.1 
4.1 

71. 4 

172.4 

Note: Discrepancies in th• totals in the above table reflttet illegal 
tin trade, primarily in Southeast Asia. 
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Although th• gen.ral -.rk•t situation for the .a&jor non-ferrous 

.. tals has already b.-n alludlld to, this s.c:tion of th• raport brings 

together views obtained fro• industry omalysts regarding t~• near

and IMKliu-t.ria outlock for supply .ild d .. and balanc.s. 

Alu@i.ni U!J 

Compared to the very lON operating rates r.cordlld in th• last sa

veral years, most existing alwainiwa producers •xp11et to b• op.ratin~ 

at higher levels of capacity in 1984-85. Growth projection9'-for alu·

•iniu• d-ancJ both in the U.S. and in the European and Japan958 mar

kets were for increases on th• ord.r of 9% in 1984, ov.,.. 1983 levels; 

if this increase is realized, the high level of produc11rs· invento

ries should decline so•ewhat. Even so, the 83X of capacity that •~

jor industry analysts see as a likely operating l•v•l for 1983 still 

leaves substantial slack and will deter inanMtdiate invest,..,,t in n ... 

facilities. The postponeiaent or canc•llation of s•veral planned s .. 1-

ters in Australia is a concret• indication of th• continuing slack

ness in the world aluiainiu• ~arket. 

Copper stocks, particularly those held on the metal exchanges. 
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have declined in 1984, but prices ret1ain at very lOM levels in real 

terms (the le>MeSt, adjustltd for inflation, since th• Depression of 

th• :..93hJ. rtareaver, very 1.rg• amounts of c:-ap•city have b..n 

cl os9d, ei th er t..por ar i 1 v er per•.nent l y. As o.f •i d-1984, ~i.!li!:UL 

0!lnual Rey-1!!!! report9d the follCM111ing tonnages of shut-in capacity: 

Australia 

Can•d• 

Philippines 

South Africa 

United States 

Ziftlb.t>wa 

Total 

18,089 torn•s 

248,- tonnes 

119,- tonnes 

2,0e8 tonnes 

762,0a8 ~onnes 

5,088 tonn•s 

1,145,009 tonnes 

This shut-in capacity a.aunts to more than 15% of total world 

mine productio..~. In addition, many other ~ines are operating at Nell 

under full capacity. Thus, even Nith the draNdown of short-ter• 

stocks, th• copper mArket still fac•s substantial over-supply, and 

most ~alysts expect thi~ situ~tion to continue into tha lat• 1980s. 

The result of continuing tachnolo~ical change ~ the substitution of 

satellite, microwave and fiber-optics communications facilities for 

traditional copper wire, for example -- makes it unlikely that demand 

will gro• at more than 1-27. per year, compared to the 3-47. rates 

achieved in ~he 1960• and early 1970s. 
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While nickel consumption gra.th rat:.s o-f .or• t:h.n 4% p.- ~nu• 

...r• pr9dicted a few yecliTs ago, .est: curr-ent: for1teast:s s- d.-.nd.in

creasing at: 2-2.~ p.r year through th• 1981Js. Th• expec:t:ed r-ec:overy 

in 1984 brought capacit:y utilizat:ion in th• industry up t:a about: eax, 

but: t:his figure reflect:• t:h• p.-m.nent clasur• of sa.. nick•l •ines 

that: could not: op11rat• profitably at: prices of $3.0'1 p.,.. paund or 

less. 

In the near t:er•, over-capacity will cant:inue to be a feat:ur• of 

t~• world nickel market, and there ,app•ars to be littl• re>CJ9oofor d.

v•lop..nt: o-f n•• projects. A number of existing produc11rs, in fact, 

continue to operate either because they rec•iv• govern..nt subsiditt9 

<e.g., Selebi-Pikwe) or b•cause they have preferential trade arrang•·· 

••nt:s for their pr-oduction <e.g., the Cuban st:ata enterprises>. On a 

purely commercial basis, it: would b• difficult: to justify investm9nt 

in a new nickel venture. 

Most l~•d consumption forecasts se• demand incr-easing at 2-2.~7. 

per year thr-ough th• remaind.,- of th• 1980s. As the supply of lead 

i5 not wholly responsive to market forces <because l•ad is produced 
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in conjunction with zinc and silver>, it is difficult to predict Nh•

th.r th• NC>rld lead •ark•t. Mill b• in balance. For th• past several 

y~ars. ther~ has b..., a s .. 11 but p.rsistent aver-supply situation, 

but stacks beg.an to decline soaewhat in 1984. Th• ..tiua-t.r• 

out.look is uncertain. 

Prices and market bal.ance in zinc ~• maintain in p~st y•ars 

'through th• concerted action of th• .. jar producers, acting as a car-

tel in the European market; this arrang .. ent apparently persist.ltd 

frDll 1964 throu9h 1979 .and involved prica fixing, market-sh..-ing ar

r.angetMtnts, restrictions on resal• by consuaers, refusal to sell ta 

dealers and direct intervention on th• London market. Since the dis

covery of the cartel, concerted action has obviously not been ~via

b!e alter1,at.ive, and there has been considerable disarray in th• zinc 

naarkets. A recent increase in de•.nd, reflecting neN uses for galva

nizing processes, •ay, how•ver, prove strong enough to support a rela

tively stable •.arket over th• next several years. 

As noted above, tin is a fully mature metal, and demand is 

unlikely to increase by mere than 11. per year. The existing 

producers have, through the mechanism of tl1a Intern•tional Tin 
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Aqr••••nts, long attetnpt&Pd to support th• ~k•t through a co.tJina

tion of production and •~port restrictions, on the on• hand, and di

rect mark•t: interv1rntion, using a buff_.. stock ..chaniS11, on th• 

other hand. In th• long ter•, th•s• •achanis.s only provid• a davic• 

for cushioning the impact of market forces; ther• is general agr--

1MK1t that prices Nill r.._.in at relatively la.1 real levels for th• 

near ter•. 

IV. PROSPECTS FOR FURTIER PROCESSIM§ 

Increased processing of •inerals ha• beca.. a key ele..nt in d.

veloping countries· proposals for a ,....,. International Econa.ic Order-. 

The pri•ary reasons that daveloping-cauntry govern..,,ts have advoca

ted increased local •ineral processing include: industrialization 

strategies based on th• use of local raN .. terials; reduction of de

pendence on the industrialized countri••I creation of opportunities 

for the training of nationals and the develop .. nt of skills which can 

be used in oth.r sectors of the econa.y; 1 i•i tat ion of transnational 

corporations· ability to engage in transfer pricing; capture of a 

greater share of the econa.ic rent fro.a •ineral production; and th• 

hope of obtaining access to capital which ~ight not otherwise be 

available. 

In view of the limited succes~ of import-substitution stra

tegies for industrialization and the limited number of coun-
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tries which have been able successfully to pursue an t-..xport-orien

ted strategy based on manufacturing or assembly operations, stra

teqies of resource-based industrialization have been claiming in

creasing attention from develo9ing-country planners. Two ~ariations 

of such strateqies have been tried. One, which could be called 

•primary export processing,• is based on _the assumption that more 

processing of, and, hence, more value-added from, primary product 

exports will speed the over!lll developme.'lt of an economy. 

Success in pursuing such a strateqy depends on the ability of the 

processed materials to comp.:te in world markets, although it may be 

possible for a ptoducer-:ountry qovernment to subsidize processing 

by illllking inputs, such as energy or infrastructure, available at 

!ess than market price. 

The second stratec;y, which can be called •basic qoods produc

tion,• concentrates on the use of agricultural and natural-resource 

products not pril"14rily for export, but rather for domestic con

sumption. This approach is in direct contrast to the typical 

post-colonial trade pattern in much of the Third world, where pri

mary-product exports are used as a means of generating foreign ex

change to pay for the import of intermediate and capital goods for 

import-substitution industries. In its most co·iplete form, thi!'. 

basic goods strategy has been attempted for considerable periods by 

rhina and North Korea. In non-socialist countries, a comparable 

approach has ~ometimes been advocated, but never wholly put into 

practice. 

Many resource-rich developing countries have ~ursued a combi-
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nation of the two strategies. Chile and Venezuela, for exam-

ple, have sought increased domestic processing of copper and iro~ 

ore, respectively, both for export and for use in domestic indus

tries. Countries with a smaller domestic industrial base, such as 

Jamaica in the case of bauxite, have viqorously pursued further 

processing as a means of adding value to exports, while countries 

with greater domestic opportunit~es, such as Mexico, have empha

sized the basic goods production aspect of mineral processing. Many 

of the petroleum-producing countries have adopted ambitious indus

trialization plans based on export-oriented ref ininq and the ase of 

natural qas as a feedstock for petrochemical production. 

One of the major arguments for increased domestic processing 

of natural resources, even where a basic qoods production strateqy 
~ 

is not immediately feasible, concerns the supposed linkage, or 

~ripple• effects of such processing. These effects are often said 

to be of two kinds: 

<a> linked downstream processing of the same product, for 

domestic and regional use as well as for export, and 

linked upstream activities, where local processinq 

makes possible the primary production of another 

product <for example, whe~e establishment of 

processing faci~ities for phosphate rock generates a 

demand for sulphuric acid which could be produced from 

local gypsum>; and 

'b> indirect effects outside the primary-product sector 

itself, in the use of infrastructu=e, supply of P.quip-. 



ment, construction, fiscal impacts, et~. 

Whether any particular mineral processing project actually 

produces the desi~ed effect is a factual question; one needs to be 

especially careful in considering the possibility of establishing 

large-scale processing facilities in small Third World countries 

not to overestimate linkage effects. It is unlikely, for example, 

that a very small economy would ever support a well-rounded capi

tal-goods industry, simply because the domesti~ market involved is 

too small. Thus, care should be taken in assessing the feasibility 

of mineral processing projects to limit any quantification of ex

pected benefits to those linkages which can be demonstrated as sure 

to occur, rather than including all those linkages which are merely 

thought to be possible or desirable. 

B. Reducing Dependence 

Purther processing of natural resources is of ten seen as a 

means of reducing a developing country's dependence, either on the 

o~tside worla in general ·or on particular countries or transna-

tional corporations. In broad terms, five different types of 

dependence can be identified: <a> trade dependence, in which a de

veloping country's ability to import desired consumer and capital 

goods is a function of that country's exports of primary products; 

Cb> financial dependence, in which the exploitation of raw mate

rials for export and the construction of the infrastructure asso

ciated with that exploitation are financed by large tlows of capi

tal from the industrialized countries; <cl technological depen

dence, in which capital goods embodying foreign technologies are 
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imported for ~arposes of natural resource exploitation; <d> mana

geria:. deP<!ndence, =esclting both from the lack, in the developing 

count~y, of adequate education for and experience with industrial

ization ~nd from the need to import foreign technoloqies with which 

local am.nagers and technicians are not familiar; and <e> market 

dependence, in which control is exercised over a country's export 

markets or import sources by a few inteqrated transnational 

corporations, and in which export sales and/or imp~rt purchases are 

concentrated in a few foreign countries. 

The impact on these various forms of dependence of a strategy 

that emphasizes the further processinq of natural resources is not 

clear-cut. For example, additional processing may well improve a 

country's balance of payments, by addinq value to exports, but at 

the same time will tend to intensify the lopsided structure of the 

economy by increasing dependence on export earnings to finance the 

capital goods and materials needed for the processing industry. 

This kind of dependence will be reduced, in all but the largest 

developing countries, only if processing can be done in small 

units, using relatively accessible technologies, so that a steady 

demand can be generated over a long period of time for processing 

inputs which can be supplied domestically. Such a pattern is pos

sible for sawmillinq and vegetable oil processing, for example, but 

may not be achievable in the cases of minerals, pulp and paper, 

rubber, or many other natural resources. 

Similarly, because most resource-processing activities are 

large-scale and capital-intensive, their immediate impact in many 
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developinq countries may be to deepen financial dependence. In ad

dition, t~chnoloqical and managerial dependence are likely to be 

increased where a country must import processing techniques, 

equipment and management from transnational corporations, as is 

generally the case in mineral processing. Porvard linkages <i.e., 

into semi-fabricated products> may also increase a country's risk 

of technological obsolescence~ once a country is committed to pro

cessing a commodity into a specific product, using a particular 

technology, it exposes itself to the risk that competing producers 

will develop more efficient technologies, leaving the exporting 

country with an unprofitable investment. The relatively recent de-

velopment of continuous casting in the metals industries is a good 

example of this type of risk. - l ' . The same kind of technological 

risk exists, of course, in the extraction of raw materials, b~t may 

be less severe, because extraction techniques are somewhat more 

stable than proc~ssing techniques. 

The impact of further processing on market dependence varies 

accorclinq to the commodity involved and the extent of processing. 

In some cases <e.g., production of refined copper or aluminum in-

got>, processing will widen the market options of producer coun-

tries, since there are many more metal fabricating enterprises than 

there are smelters and refiners. Integration into forward proces-

sing may also, in the case of some metals, be useful in creating 

brand loyalty among consumers. 
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C. Development of National capacity 

Althouqh mininq and mineral processinq produce relatively lit

tle direct employment, because of their high capital intensity, these 

industries may provide valuable training and development of skills 

which are related to, but nonet~;less distinct frail, those directly 

required in the mineral industries. Thua, the construction of 

larqe-scale mineral processinq facilities can sti•ulate the training 

of nationals in construction industry skills and can qenerate demand 

for transport and business services and hence C'Ontribute to the de-

velopment of skills needed in those sectors. 

It should be kept in mind, however, that the employment ~ffects . 
of mineral processing industries are not always positive. Direct em-

ployment in the mineral processinq industries themselves is quite 

limited. The UNIDO study cited ea~lier estimated, for example, that 

the amounts of capital in~estment shown in 7able 8 were required to 

create each job in mineral processing. 

Even if a Third World government wished to increase employment 

in mineral-processing industries, there is little scope for substi

tuting labor for capital. Most technological change in processing has 

been aimed at increasing the effi~ienc1 of raw material use. Given 

the high share represented by raw material costs, and the relatively 

low share of labor cGsts, in the value of finished metal products, 
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Table -

b.plol!•nt _!! llilleral ProceseiD« 

ProceH 

Copper ael ti.Dg/ refin.1Dc 

Steeutlking 

licul proceHiD& (sulphide•) 

1?1.n ••ltiq 

Zinc •eltiq 

Output per 

llan-~ar 

(tom••) 

800 

90 

140 

2\10 

225 

150 

20 

200 

Capital Coat 

per Job 

( 1 960 dollars)!. 

667,000 

:512,000 

450,000 

210,000 

202,000 

1,540,000 

205,000 

410,000 

Source: UIIDO, Kincral ProcHei~ 1!. Develop~ Countriee, P.76. 

llote: (a) Costs adjuated to 1980 baais by uaing Marshall and· Swift 

index of aining and ailli..113 coats, aa published ill 

Chemical ~ngineering. 
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especially in developinq countries where vaqe rates are low, there is 

little incentive for corporate manaqers to focus on labor-capital 

substitution. The available evidence suqqests that, since most inno

vations in copper and aluminum processinq, at least, have siqnifi

cantly increased resource recovery rates as well as increasinq the 

capital-l~bor ratio, there is probably little scope for a plant to 

OP'!rate using older technoloqy in order to qenerate greater employ-

ment per unit of output. This conclusion is reinforced by the 

past decade's increases in enerqy costs, since the older processing 

technoloqies are considerably more energy-intensive than new proces

ses. 

Moreover, employment in mineral processing, as well as in min

inq, may reinforce tendencies in small economies that favor creation 

of a small, highly paid elite seqment of the working class. The re

latively high productivity ~f labor in these industries, combined 

with the low share of wages in total product costs, have often made 

mining and mineral processing enterprises willing to concede to wor

kers' pressure for high hourly wages. The creation of such high-wage 

enclaves in a scall developing economy has been shown to lead to 

continuing unemployment and undesirable rural-urban migration, as 

workers leave their traditional agricultural jobs to seek work in the 

high-wage mining sector, even if \n so doing they run the risk of a 

consider~ble period of unemployment. 

D. Curbing of Transfer-Pricing Abuses 
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Where both mining and mineral-processing ope~~~ions are under 

the saae corporate ownership, the establishment of processing faci

lities in the country where the raw materials are produced can bene

fit the host 9overnment by reducing the company's opportunity to ma

nipulate profits and tax liabilities through transfer pricing. In the 

bauzi.te-aluminum industry, for example, the six largest transnational 

corporations acc~unt for 65 per cent of worldwide alumina refining 

capacity and SS per cent of smelting capacity. In this situa

tion, the price paid to bauxite mines by refineries is often a purely 

notional one, established by the corporations in order to minimize 

their worldwide tax liability <i.e., to adjust prices so th&t profits 

are concentrated in low-tax jurisdictions>. No •free market• ~n be 

said to exist, on a worldwide basis, for bauxite or alwni.na, even 

though there are a few arm's length sales. Similarly, in the cases of 

copper and iron ore, a significant amount of trade in unprocessed and 

partially processed material has traditionally been conducted between 

units of large transnational corporations, although the degree of 

concentration in these industries has decreased in the past two de

cades and is significantly less than in bauxite-aluminum. 

E. Capture of Economic Rents 

A producer of refined metal has, typically, a wider range of 

potential customers than does a producer of unprocessed or semi-pro

cessed material. Most markets where unprocessed minerals are bought 

are hiqhly concentrated. Non-ferrous metal smelters and steelworks, 

as indicated below, have lmportant economy-of-scale factors. Often 
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their large siie dictates the purchase of supplies from several dif

ferent mines. The limited number of such processing facilities, dea

linq with a large number of raw-material sellers, might reasonably be 

expected to create possibilities for monopsony gains by the proces

sors. In contrast, refined metals are typically bought by a large 

number of customers, and the concentr.ation amor.g buyers of, say, 

copper cathode or aluminum ingot is much less than among buyers of 

copper concentrate, bauxite or alumina. 

Por example, in the case of copper, there are fewer than two 

dozen independent copper smelters in the world which are prepared to 

buy significant tonnages of concentrate from independent mines. 

Concentrate sales contr3cts with theae smelters are usuall1 based on 

the London Metal Exchange price for refined copper, but actual pay

ments are arrived at only after subtraction of complicated and ~ften 

ambiguously defined deductions for smelting and refining charges, 

impurities, etc. The smelters' powvrful market position often 

gives them the opportunity to shift contract terms in their favor. In 

contrast, the producers of refined copper in international trade have 

a great number of potential customers to choose from. Trade in re

fined copper is normally on the basis of a relatively straightforward 

contract, which specifies quantities, chemical specifications, and 

delivery and payment terms, usually on the basis of London or New 

York metal excha~ge prices. If a supplier of refin~d copper is unable 

to find d customer, it can usually dispose of the product directly on 
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these exchanges. an option not available to producers of concentrate. 

The above argument does not imply that refined metal prices 

would be likely to increase if additional processing facilities were 

located in developing countries, but only that such facilities could 

help Third World countries to capture some of the monopsony gains 

which may currently be accruinq to processors. It should, however, be 

kept in mind that the available literature does not suqgest that 

such qains are very large. In addition, there is little substance to 

the argument which is sometimes made that processing through tQ re

fined metal will help to stabilize the export earnings of developing 

countries. It is well documented that the major cause of price in

stability in mineral markets is variation in demand, induced by bus-

iness-cycle fluctuations. . This variation in demand, in turn, 

results from changes in the demand for mineral-containing finished 

consumer goods and capital equipment. Producers, whether of raw ma

terials, refined metal or finished goods, can react to these changes 

in demand either by continuing to produce at full capacity and ac

cepting the likely decline in prices, or by cutting back production 

and attempting to maintain price levels, or through a strateqy con

taining elements of both actions. There is little evidence, however, 

to show that these business-cycle-induced fluctuations are less se

vere in the case of refined metal than in the case of ores and con

centrates. 

F. Access to Capital 
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A final reason for a developing country to pursue downstream 

processing of mineral may be that foreign capital for such a project 

is easier to obtain than other kinds of funds. Certain industrialized 

nations which are heavily dependent on mineral imports are prepared, 

for example, to provide government funds for projects which help to 

assure their lodg-term materials-supply needs. The governments of 

Japan, West Germany and Prance, among others, have subsidized mining 

and mineral-processing investment in Third world countries, provided 

that such projects included a long-term salea contract or other me

chanism for assuring a mineral supply to the capital-exporting coun

try. Foreign investors in such ventures may be willing, as a 

condition of obtaining access to a developing country's raw llliate

rials, to accept the host government's demands for establishment of 

local processing facilities, especially where the companies benefit 

from their home governments' offers of tax concessions and subsidies. 

In contrast, a developing country is unlikely to have similar lever

age when trying to ob~ain foreign capital for other sectors of the 

economy. It should be kept in mind, however, that the bargaining ad

vantage which Third World nations have because of industrial coun

tries' desire to assure mineral supplies may be considerably less in 

the 1980s than it was in the mid-1970s, at the height of interna

tional concern over raw materials shortages. 
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V. BARRIF.RS "!'O LOCAL MINERAL PROCESSING 

A good deal of the discussion of mineral processing in develo

ping co~ntries has focussed on •barriers• or obstacles to the devel

opment of processing facilities. These barriers are seen to ~~ 

policy distortions or market imperfections which have res~lted in a 

lesser amount of processing in Third World countries than would have 

resulted from the unimpeded operation of competitive market forces. 

In the literature on this issue, barriers to processing are often 

classified as either •artificial• or •natural.• The artificial bar

riers are said to include trade-distorting policies int~oduced by the 

industrialized countries, restrictive business practices of trans

national corporations, and production-distorting policies of the de

veloping countries themselves. The natural barriers, on the other 

hand, are said to be the underlying economic characteristics of par-

ticular Third World countries. These latter factors ace more 

properly considered in the context of an overall economic analysis of 

processing projects, ir. the following section of this article. This 

section discusses some of the mora commonly cited •artificial• bar

riers to processing. 

A. Tariffs and Other Trade Limitations 

The tariff structures of the industrialized countries frequently 

impose higher rates of duty on the import of processed materials than 

on unprocessed ores. This situation c~n, in theory, result in a very 

high rate of effective protection for processing operations, 

with the result that further processing in developing countries is 

discouraqed. In practice, however, it is not clear that many develo-
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pinq countries are siqnificantly affected by this tariff escalation, 

at least in respect of smeltinq and refi.1inq operations. The combined 

effect of the tariff-reducinq negotiations of the General Aqreement 

on Tariffs and Trade CGATT>, the Generalized System of Preferences 

which is applied by most Western countries to Third World exports, 

and the preferential-access provisions of the Lane Convention in 

respect of exports to the Euro~an Economic CCllllllunity have, taken 

together, reduced tariff barriers on imports of refined metal from 

developing countries to insignificant levels. One recent study of the 

impact of tariffs on mineral processing concludes that •the reducti~n 

or removal of developed countries' tariffs on processed raw material~ 

originating in developing countries may not, by itself, do much for 

the level of processing activity in the Third World.• It remain~ 

to be seen whether the current worldwide recession, which has pro

duced serious overcapacity in many industrialized nations' mineral-

proce~sing industries, will lead to a re-introduction of tariff ob

stacles to Third World metal sales. 

Similarly, while non-tariff barriers to trade, such as the 

quantitative import restrictions imposed by certain industrialized 

countries, can, in theory, have a deterrent effect on developing-

country processing, there is little concrete evidence to show that 

such non-tariff barriers do in fact have such an effect in the spe

cific case of non-fuel minerals. 

B. Market Distortion by Transnational Corporations 
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Per a number of reasons, transnational corporations in the mi

nerals sector tend to avoid locating processing facilities in devel

oping countries, even if all purely economic factors appear, at first 

analysis, to support such a location. A TNC will normally attempt to 

reduce ris~ by diversifyir-9 its investments, and in particular will 

attempt to avoid a concentration of investment in countries thought 

to be prone to nationali?.ation. TNCs may a!so be subject to 

pressure from their home governments, whose defense and strateqic 

interests or whose concern with maintaining domestic employment le

vels may favor expansion, or at least maintenance, of their home 

processing ca~acities. These n~n-economic reasons are in addition to 

such pu~ely economic considerations as the fact that a TNC may have 

different f&ctor costs than a developing country, because the cor

poration has easier access to world capital and l":SW materials ~r

kets, or that the TNC may face, within its own vert~cally integrated 

operations, a set of marginal costs that differ from the worl~ prices 

or the costs faced by the producing country. 

The extent to which t~ese factors limit a mine:al-producinq 

country's ability to establish processing fac~lities depends greatly 

on the extent of c~rporate concentrdtion in the particular mineral 

industry. For example, company concentration ratios ar~ very high in 

aluminum, while the copper and iron-and-steel industries are con

siderably less concentrated. All other things bein~ equal, a 

developing country would probabiy have a better chance of nf!got ia ting 

the est~blishment of domestic proc~ssinq arrangements in copper than 
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in aluminum. 

TNCs can restrict developing countries' processing potential 

through the use of export-restra;ninq business practices. Such prac

tices include restrictions on exports from developing-country plants 

or even complete refusal by the TNC to permit such exports. In 

the case of most minerals, however, there is little clear evidence 

that TNCs have used such monopoly power to restrict developing-coun

try exports, at least in the past decade, although worldwide appor

tionment of markets for metals has been a feature of past cartel ar

rangements, such as the short-lived copper cartels of the late 1880s, 

1899-1901 and 1936-39. 

A more specific use of monopoly power which is sometimes cited 

as a barrier to Third World processing is the tendency of shipping 

conferences to increase freight rates for processed products solely 

because of the shipowners' superior bargaining power vis-a-vis the 

exporting countries, and without any justification based on the in

creased cost of handling processed material. While unit freight 

rates are normally higher for materials such as copper cathodes, al

uminum ingots or steel shapes than for bulk cargoes like copper con

centrate, bauxite, alumina or iron ore, these differences may merely 

reflect specific conditions in the world markets for ships of dif

ferent types <e.g., for the past few years there has ~een a persis

tent over-supply of large bulk carriers, as compared to a more bal

anced supply-demand situation for smaller cargo liners>. There is 
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little significant evidence to show that differences in ocean freight 

rates for different de~rees of processing can be attributed to ship

owners' monopoly power. 

A final aspect of monopoly power sometimes cited as a barrier to 

developing-country processing is the use of massive advertising by 

TNCs to create brand-name loyalty that is not necessarily justified 

on the basis of product quality differences. In the case of mi-

nerals, however, advertising is of relatively little importance, 

since quality standards for refined metals are normally set by the 

various materials testing organizations or by the metal exchanges 

themselves. Once a producer has its brand certified as good for de

livery on the relevant metal exchange, little further assurance of 

basic quality is required. Some customers may prefer deliveries from 

industrial-country suppliers, either beca,~se transportation and de

livery are tnought to be more reliable or because the buyer prefers a 

specific brand for particular end-uses <e.g., the use of high-silver 

fire-refined copper in certain electrical applications>, but it ap

pears unlikely that mere advertising significantly affects mineral 

buyers' pref~rences. 

C. Marketing Problems 

While the use of advertising by TNCs may not, in itself, con

stitute a major barrier to further processing in developing coun

tries, there are some objective difficulties for Third World produ

cers in the marketing of refined and semi-fabricated mineral pro-
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ducts. The actual selling of mineral products requires a reasonably 

extensive marketing organization: this can be supplied, at a price, 

by a state enterprise in the mineral-producing country, perhap~ usinq 

foreign firms as agents in specific geoqraphical markets -- the 

strategy followed, for example, by the state copper company, 

Cod~lco-Chile -- or by a foreign investor. In any event, mar-

ketinq will involve certain costs, such as travel to establish and 

maintain sales and distribution outlets, the negotiation of shipping, 

insurance and docuiDentation, and after-sales service to customers. 

The level of such costs can be such that, even though a developing 

country ~~ght have a competitive cost advantage in the actual pro

duction of minerals, it may not be able to achieve market ent.;y in 

some or all of its potential markets because of marketing costs. The 

marketing problem is likely to be more severe in the case of metals 

like aluminum, where markets are highly concentrated and the market 

of last resort - the metal exchange - is not a significant factor. 

But all producers of refined metals usually gee a need for some mar· 

ketinq effort. 

D. the Effect of Tec~nology 

The lack of availability of industrial technology is often seen 

as a barrier to further industrialization in developing countries: 

hence, the concern of Third World nations with efforts to secure ef

fective transfer of technology. In the case of mineral smelting 

and refining, however, the fundamental technology is widely available 

from a variety of sources, and almost no cases are known in ~hich a 
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developing country was unable to purchase the required technology, 

provided the country had adequate financing. 

The knowledge required for efficient mineral processinq, how

ever, is not only a matter of obtaininq the equipment needed to carry 

out particular operations. Such equipment, and instructions for its 

use, c~n be obtained, but many developinq countries lack the •know-

how• which comes from actual experience. This know-how is often in

ternalized within TNCs, and hence is difficult to obtain unless a TNC 

is a partner in the processinq venture. Lack of manaqement ex-

perience, lack of kno~ledqe of industrial operations, and lack of 

qroup know-how built up over time in an onqoinq orqanization are 

likely to be more of a constraint on the ability of dev~lopinq coun

tries to process their raw materials than is the lack of merely the

oretical knowledae. 

The rapid technological change occurring in some mineral pro

cessing industries also has implications for developing countries' 

ability to establish processing facilities. On the one hand, certain 

developments, such as the use of direct-reduction/electric arc fur

nace technology for steelmaking, permit the construction of plants on 

a much smaller scale than was previously thought economical, opening 

the way for processing for the domestic market in many countries. 

On the other hand, new developments such as continuous casting 

in copper have the effect of making it more difficult for producers 

located at considerable distances from major markets to compete ef-
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fectively. 

E. Economies of Scale 

A final issue often cited as a barrier to increased processing 

activity in developing countries concerns economies of scale and mi-

nimum efficient plant sizes. To a large extent, this issue is 

simply one of basic economic analysis: can a plant of a given size in 

a particular location produce at a cost which is competitive? It does 

appear, however, that there are certain basic efficiencies in the 

standard mineral processing technologies, and that the choice of a 

plant size below these minima will likely lead to higher unit costs. 

In the case of many Third Wo~ld countries, this factor is reinforced 

by requirements for large amounts of infrastructure development to 

support any processing industry at all, and by the real economies of 

scale in certain infrastructure facilities Ce.9., hydroelectric power 

plants>. 

The apparent advantages in constructing an optimum-size plant 

are often, however, not realized in developing countries. Among the 

specific difficulties which often arise in such projects are the 

following: 

Ca> large plants often experience longer construction 

times, higher costs and greater difficulties in ar

ranging utiliti~s, ancillary facilities and infra

structure than small plants: 
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(b) large plants tend to experience more technical ope

rating oroblems than small plants, maintenance may be 

more problematic, and technoloqical rigidities are 

more likely to occur: and 

Cc> operating rates tend to be lower in large plants than 

in smaller units, thus increasing average fixed costs. 

As a general rule, it would probably not be too far off to es

timate that unit costs associated with large mineral processing 

plants in developing countries could be as much as 40 per cent higher 

than the equivalent cost if the same plant, with the same factor 

availability <i.e., enerqy, complementary inputs, labor, etc.l were 

located in an already industrialized country. 
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The •barriers• to further processing of minerals in develo

pinq countries cited in the preceding section are not so much im

penetrable roadblocks as they are factors which tend to have a 

stronger impact on developing-country projects than on those in 

industrialized countries. Rather, however, than say that such bar

riers are either so important that one cannot think at all about 

further processing in Third World countries, or, on the other hand, 

that the barriers are of little or no importance, a more fruitful 

approach may be to consider in detail the economics of specific 

processing facilities. The following paragraphs discuss in general 

terms the major headings under which economic analysis of mineral 

processing projects can proceed. 

A. Capital Costs 

Capital costs are typically a high proportion of total costs 

in mineral processing <with the partial exception of alumin~m 

smelting, where energy and laboc costs dominate>. For most proces

sing industries, capital costs account for 40 per cent or more of 

total processing costs and dominate the non-raw-materials share of 

the cost structure. It is not entirely clear whether the do-

minance of capital costs in processing favors or hampers developing 

countries. On the one hand, capital goods will tend to be cheaper 

in industrialized countries, and the poor conditions under which 

many Third World plants are builc tends to inflate capital charges 
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for those locations. On the other hand, the initial cost of 

buying and preparing sites for nev plants is rising more rapidly in 

most industrialized countries than in the Third Worldr and 

developing countries may also have access to relatively lov-cost 

sources of financer through the World Bank or other public inter

national agencies or through bilateral assistance arranqementsr 

that have the effect of reducing the impact on a project of high 

initial capital costs. It is clear, hoveverr that capital costs are 

likely to be the most significant single eleaient affecting the 

feasibility of a proposed processing venture, and thatr therefore, 

every effort must be made to obtain estimates of those costs that 

are as accurate and realistic as possible and to assemble a package 

of financing that minimizes the annual capital charge to the pro

ject. 

B. Transport Costs 

A reduction in transport costs appear~ to be an obvious reason 

for locating processing facilities in the country or region where 

the mineral is extracted. Frequently, minerals are consumed in 

countries at jreat distances from the mine, and transport costs of 

shipping unprocessed ore, with a metal content of only a few per 

cent, would be prohibitive. Thus, the transport savings from un

dertaking at le~st initial concentration of low-metal-content ores 

near the mine are P3sential, and such concentration is virtually 

always carried out in the mineral-producing country in the case of 
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lickel and similar ores. 

the other hand, lonq-distance transport is quite common for 

3 with sliqhtly higher metal content, such as bauxite 

~r cent aluminum content>, copper concentrates <25-30 per 

r iron ore <JS-65 per cent>. The advent of larqe-tonnage 

bulk shippinq has made transport of these commodities relatively 

cheap and hence has discouraged further processin~ in the 

countries where the material is mined. 

etheless, there is often some possibility of achieving 

transport savings through additional processing. For exam

the case of bauxite, if shipping costs are $12 per ton 

essinq costs to convert five tons of bauxite to two tons of 

are $100, then the transport saving& from conversion will 

·ughly one-third of the total processinq costs, a very con

e savings. In the case cf copper, if conversion of four 

concentrate to one ton of blister copper throuqh smelting 

.40 <i.e., 20 cents per pound> and shipping ccats are 

$12 per ton, then the transport saving through smeltinq 

> shippinq would theoretically be $36, or 8.2 per cent of 

:essing cost. One should note, however, that this latter 

may not be realized in practice, because of a differential 

1ht rates which sets lower charges for bulk materials li~e 

, alumina and copper concentrate, as compared to metal 

There may also be a possibility that shipping services will 
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be available only from a limited number of suppliers, especially in 

the case of cargo liner services for handling smelted or refined 

metal, and that shippers may use thei.: monopoly or oligopoly posi

tion to capture some of the transport savings achleved through 

processing. 

Even if transport cost savings through processing are small in 

absolute terms, they may still provide some competitive advantage 

in specific markets. For example, in supplying Japanese markets, 

the Pacific Island countries could combine processing with shorter 

transport routes to gain some advantage over, say, African copper 

suppliers. African suppliers, in turn, might have a similar advan

tage in shipping to European markets. This locationa! advantage 

would exist ev~n though the overall ratio of transport costs to 

total production and processing costs is relatively low. 

C. Environmental Costs 

A factor of fairly recent origin which rM.Y favor the estab

lishment of processing facilities in developing countries is the 

question of environmental protection and pollution control. Many 

mineral-processing activities, such as alumina refining or copper 

smelting, are potentially higr.ly polluting. In most developed 

countries, where sensitivity to environmental issues has increased 

significantly in the past two decades, complex and costly requla

tions have been imposed on these processing operations. In the US, 

for example, it has been estimated that pollution control costs in 
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copper smelting may have increased total costs by from 30 to 50 per 

cent. 

The situation is pote~tially different in many developing 

countries, Only a few Third World countries have elaborate envi

ronmental legislation. In addition, because developing countries, 

by definition, do not have as much industry as the developed coun

tries, the former may have less existing pollution-causing activity 

to which the effects of mineral processing would be added, and thus 

a greater pollution-absorbing capacity, especially if processing 

facilities can be located in relatively unpopulated areas. 

Even assuming, however, that some developing countries may 

wish to utilize this cost advantage, there are certain potential 

obstacles. First, the industrialized countries, responding to 

pressure from domestic industries, may impose environmental tariffs 

on goods from countries where environmental restrictions are not so 

severe. Such a policy would be ~Jnsistent with the fairly common 

"sweated labor" tariffs that are imposed by industri~l countries on 

goods f~om low-wage countries. US copper producers, for example, 

have been advocating such a tariff for some time. 

Second, many international financial institutions are them

selves insisting on the application of strict environmental con

trols. The World Bank and the regional development banks, for ex

ample, have issued a joint statement requiring environmental con

siderations to be taken into account in any project in which they 
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are involved as lenders. Such a policy may have the effect of 

forcing Third World countries to adopt environmental standards 

based on those of the industrialized countries, and so remove the 

possibility of the former countries' gaining a competitive advan

tage in this respect. 

D. Energy Costs 

~here a developing country has ~ccess to relatively low-cost 

sources of energy, that country may have a significant competitive 

advantage in certain energy-intensive mineral processing acti~i

ties. More than half of aluminum smelting costs, and perhaps one-

quarter of copper smelting and refininq costs, consist of energy. 

Thus, the availability of fixed sources of low-cost enet.gy 

<hydro-electric potential, small natural gas fields, or even geo

thermal energy> can make metal processing competitive where energy 

is important in the total cost structure. Table 9 , for ex.3mple, 

shows the effect of changes in energy prices on the cost of alwni

num ingot. 

It can be seen from Table 9 that the availability of low-cost 

power represents a very signifi~ant cost advantage and, moreover, 

that the absence of a source of low-cost energy, when combined with 

the other cost disadvantages typically faced by developing coun

tries, may well make it impossible to establish a competitive pro-
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Table 9 

!nera Costa ~ .Uuailliua Smel ti.nc 

Co•t per lt1rh Co•t per pound 

Power Source {U.S. centaJ !! \tJ.s. cen:ta)• 

1. lfldroelectric 

(ntabliahed -
Ieeland. Chana) .6 - 1.4 3.e - a.9 

2. l17droelectric 
(new)b .75 - 3.0 4.5 - 19-0 

,. Coal 

(Auatralia) 2.1 1,., 

4. Oilc 

(Japu) 4.5 28.6 

5. Oilc 

<•••) 6-0 - e.o 3a.1 - so.a 

Source: Trad• Journal reports. 

!lot••~ 

(a) baaed on 14,000 lcvh per metric tonne .u. 

(b) baaed on capital coat or USS500-2()()(J per kilowatt, 

12.5 percent annual capital charge, 75 percent availability. 

(c) baaed on !uel oil • USS35/bbl. 
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cessinq plant. 

There is a substantial variation in =apital coses for power 

plants, particularlr in devele~in9 countries. Typical ranges of 

costs i-er inst~lled kilowatt of electric-power capacity might be 

<in 1981 dollars> as follows: 

Type of Plant Cost per KW COS$) 

hydro 500 - 2000 

qeo~hermal 600 - 1500 

oil/diesel 500 - 1200 

natural gas 800 - 1500 

coal 1000 - 1500 

nnclear 1500 - 2500 ( 65) 

These costs could be increased by up to 4~ per cent for plante 

in pa.rticularly unfavorable locations, including many developing-

country sites, and by up to $500/KW for coal-fired plants if all 

available pollution-control equipment is installed. 

The effect of power plant capital costs on the ultim~te cost 

of power to mineral-processing planta is shown in Figure 1. As the 

figure indicates, at a moderate level of ~rofitability, correspon

ding to ~he 12 per cent capital charge in the figure, it would be 

necessary for a hydroelectric plant to be built at a cost of well 

under $2000 per installed kilowatt if the power is to be available 
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at a competitive cost. 

E. Canplementary Inputs 

In addition to energy, a variety of other complementary inputs 

are usually required in mineral processing. Alumina refining, for 

example, requires caustic soda ~nd lime, while aluminum smelting 

requires cryolite, aluminum fluoride and calcium fluoride. Copper 

smelting requires silica, t.;hile refining requires sulphui ic a~i~, 

itself a byproduct of smelting. Depending on the particular proce&s 

being used, a specific form of energy <e.g., natur&l gas> may be 

desirable. In some cases, the location of CChnplemer.~ary inputs i~ 

the deciding factor in locating processing facilities: in tradi

tional stael-making, for example, coking coal availability has of

ten been more important than iron ore or energy costs in determi

ning where steelworks were located. 

Most developing countries do not have tne various complemen

tary inputs for mineral processing readily available. This means 

that they will need to import the required materials, and presu

mably will have to pay a higher price for such imports than the 

price which facilities in already industrialized countries will 

have to pay for locally produced materials. 

F. Labor Costs 

In view of the relatively low share of labor costs in the to-
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Competitive Price for 
Atunrihum Smelter 

500 1060 1500 

Capital Cost of Hydropower {$ I kW ) 

Figure 1. Cost of Electricity from Hydropo.er ( SI kWfl) 

Assumptions: Capital charge calculated on basis of 30-year investment 
recovery 
Annual plant utilization factor-- 90I 

Ta~es not included 
Operating and maintenance 2 2% of capital cost I year 

2000 
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tal cost structure of mineral processing <see Table i'O) it is un

li~ely that developinq countries in general possess a major canpe

titive advantage as a result of low labor costs. This is particu

larly true where domestic wage rates, while lower than those in the 

industrialized countries, are still hiqher than in such develo

ping-country manufacturinq centers as South Korea, Taiwan or Sin

gapore, or where a significant number of &Killed, manaqerial and 

technical employees would need to be b~ought in from other coun

tries because the requisite skills are not available domestically. 

In addition, processing facilities in developing countries tend to 

have higher levels of staffing per ton of cap3city than similar 

facilities in the industrialized countries. This factor alone can

cels out much of the potential advantage that would result from low 

labor costs. 

G. Infrastructure 

It is becoming increasingly common for develoing countries to 

insist that the cost of infrastructure required by mining projects 

to be paid for directly by the mining enterprise. This can be ac

complished either by having the mining company directly supply the 

capital for infrastructure development or by the state's construc

ting the infrastructure faciiities subject to a prior agreement of 

the mining company under which the latter undertakes to make a11nual 

payments sufficient to meet operating costs and to pay off the ca-
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Table Ht 
Labor Share _.!! Processing Coate 

.lppronaate Share (J) of Total Coat Due to: 

Value Added 

Raw Jlaterial Labor Other• Capitalb 

lluainium (1nput) 

Alumina (bauxite) to 12 48 

.ll'lmiAiua ingot 

{ al'IDliDa) ,, 16 21 32 
{bauxite)e 9 19 25 47 

Copper (input} 

Blister (concentrate} 68 6 7 19 

Refined 

{blister) sg ' 4 4 

{concen.trate}c 60 8 10 21 

lick.el 

Laterite 65 2 12 21 

Sulphide 60 4 12 24 

Source: calculated tro• UIIDO, !lineral :&'roeeseing ~ Developi!l§ Countries, 

PP• 124-39· 

Motes: (a) includes compleaentary inputs and eners:r. 

(b} 12.5 percent annual capital change (equal to 10.9 percent real 
rate o! return ~ver 20 years). 

(e) capital, labor, and other cost shares at previous stage (alumina 

Gild blister copper) are included under those headi.J1ga rather than 

aa P3rt o! raw material cost at metal ingot stage. 
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pital cost, including interest, over an agreed period of time. Na

turally, from the point of view of the mining company, such expen

ses are a deterrent to investment. In the case of mineral proces

sing projects, as opposed to mining, a company will likely prefer 

to establish processing facilities where major items of infra

structure, such as transportation systems, ports and power supply, 

are already in place, or can be made suitable for the project at 

minimal cost, as opposed to supplying a full ranqe of infra$&truc

ture at a •greenfields• site. 

To the extent that developing-country governments have access 

to low-cost sources of finance through aid arrangements or inter

national-agency loans, these count~ies may be in a position tQ 

provide certain items of infrastructure, while at the same time 

obtaining fa~ilities which can be used for purposes other than 

those of the mining and mineral-processing project. In general, 

however, the relative lack of infrastructure in such countries can 

be expected to act as a disincentive to investment in processing in 

Third World countries. 

H. Externalities 

A variety of economic side effects or externalities are im

portant in the analysis of prr,cessing projects. For example, one 

reason why a copper smelter for some developing-country mines may 

be considered un~conomic is the lack of a local market for by-pro-

duct sulfuric acid. Similarly, a number of US alumina refine-
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ries were built in Louisiana because of the existence of chemical 

industries which could supply necessary inputs and could purchase 

by-products of the refining process, even though other factors, 

such as shippinq costs, favored locatir.q the refineries near the 

source of bauxite in Jamaica. 

In a country with a variety of natural reaources and a rela

tively large domestic market, it may be possible to think of es

tablishing •territorial production complexes• in which a number of 

facilities are located close together so they can supply each other 

with necessary inputs. It is not clear, however, whether such 

massive industrial developments could be justified, even on the 

basis of supplyinq reqional markets, for very small developing 

countries. 

The argument concerning externalities and economic linkages 

can, however, be turned around and used to justify establishment of 

processing facilities in mineral-exporting countries to stimulate 

the qrowt~ of related industries. The linkage from mining of or~ 

through smeltinq and refining to fabrication of mgtal products and 

finally to capital-goods production is one of the basic patterns of 

successful industrialization. A recent study shows that the basic 

metals are among the highest-ranking industrial sectors in terms of 

ability to generate economic linkages and promote growth. Once 

again, however, the linkage argument has somewhat less force in 

very small economies, where development oc ~well-rounded indus-
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trial economy may in any event be impossible. 

I. New vs. Ex:>&csion Projects 

~ further factor in favor of locating additiocal mineral pro

cessinq in the industrialized countries, as opposed to developinq 

mineral-producing countries, is cl\at in the foraer, significant 

additior.al capacity can often be added throuqh expansion of exis

ti~q plants, rather than construction of entirely new facilities. 

In virtually all cases, expansion capacity can be supplied at a 

lower capital cost than the same amount of new •qreenfields• capa

city. Tablellshows capital costs per ar.nual ton of capacity for 

alumina refineries an~ aluminum smelters currently under construc

tion or in the planning stsqes. As the table shows, expansion ca

pacity in alumina can be brouqht onstream at about 20 per cent less 

than the cost of new capacity, while f~r smelters, expansion pro

jects have a 35 per cent cost advantaqe ~ver new facilities. 

Exceptions to the general cost tr~~ds shown in Tablell ~ill 

generally result only when pollution-control requirements in the 

industrialized countries are so string6nt that they increase ex

pansion costs by significant levels. 

J. Summary of Economic Factors 

The various economic factors discussed iri the preceding para

graphs do not always interact so as to produce an P.n~irelt predic-
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Table 11 

Capital ~ _2! !!! iluaina letiD•ri•• !!! .Uua1.niua SMlten 

l•t1ll•r1•• S..ltera 
capital coat capital coat 

n111aber !! .E!!: ton) nua'ber 1! l!! ton) 

ill project. ~ 1 647 28 4547 
... plant• 6 67b 1b 4892 
hpuaiou 5 541 12 J1~2 

Dn•lopiDC Count17 - ae• project• 4 5tK> 9 687J 

DnelopiDC Count17 - ft}IUaiou 2 54'<> 2 2'150 

!nduatrial Count17 - ae• projecta 2 ~9 7 3068 

!nduatrial ~oun.t?'7 - npauiou ' 5·n 10 3220 

Source: "XiZliDC IDYeetant 19tS1," Engin••riy .!!!! MiZlU!.f Journal, J&Au&l"J' 

1981, PP• 59-81. 
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table result. Some developing-country mineral processing projects 

will show a high rate of return or will have a significant compe

titive advantage in a particular product market, while other pro

posed projects will clearly be uneconomical and will result in 

high-cost production and a possible loss of the economic rents 

earned at the mining stage. The history of a number of ill-fated 

processing ventures in developing countries suggests that it 

is essential for any Third World government contemplating a pro

cesinq project to carry out a realistic and comprehen2ive feasibi

lity study which quantifies the various factors discussed above, 

considers realistic technological options, and which is carried out 

with a clear understanding of the market situation for the specific 

commodity involved. 

VI. GOVER~ME'Wl' ST~TEGIES FOR PROCESSING 

In what has become the conventional wisdom of the ~ew Inter

national Economic Order, the further processinq of natural resour

ces in producing countries is an essential element in national de

velopment strategies. Much of this conventional wisdom, howE~ver, 

appears to be based on the idea that developing countries can sim

ply assume a place within the existing world market economy. 

Instead of being suppliers of crude materials, they will become 

suppliers of semi-processed goods, with consequent improvements, it 

is argued, in their trade balances and industrial capabilities. 
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But, nonetheless, they will still be integrated into a world

wide economic system which has not been not&~le in the past for its 

enrichment of the periphery. 

This paper has presented evidence that, in many cases, it will 

be difficult to justify the establishment of mineral-processing 

facilities in the developinq countries on the basis of conventional 

economic analysis. In these terms, developinq countries may often 

be better off, at least in the short term, by continuing to func

tion purely as raw materials suppliers, and extracting, to the best 

of their ability, a major. share of the economic rent associated 

with mining. 

It should be clear, however, that such an approach cannot, in 

the longer term, provide a basis for autonomcus industrialization 

and development. Therefore, it would appear logical f~r those de

velo9ing countries which wish to pursue workable national develop

ment strategies to examine alternative ~pproaches to the mineral 

processing issue. Such approaches could involve, for example, co

operative efforts among developing countries, using raw materials 

from one, energy from another, and capital f~om a third to produce 

products required in all three countries. Or they could involve 

regional planning efforts, so as to permit comstruction of econo

mic3l-scale processing plants to serv~ regional markets where na

tional markets are not large enouqh. Or they could involve stra

tegies of r.educing mineral production and wai~inq for further de-
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velopment which would permit the establishment of processing faci

lities on a national basis. 

None of these strategies are easy. The pressures for rapid 

mineral production to generate revenue are severe in many coun

tries, and the difficulties in makinq cooperative or regional ar

ranqemehts have already been well demonstrated in practice, in the 

Andean Pact, the association of Southeast Asian Nations <ASEAN), 

and elsewhere. But such new approaches do deserve further analysis, 

as they of fer what may be the only means by which many developing 

countries may effectively build on their mineral resources and 

avoid the fate of being forever nothing more than crude materials 

suppliers, dependent on the decisions made in Western markets •nd 

boardrooms. 
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