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CHAPTER 1

INTRODUCTION

A. STUDY OBJECTIVE AND PURPOSE OF THIS REPORT

The objective of the current MBO nonferrous metals project under-
taken by Arthur D. Little, Inc., on behalf of the U.S. Environmental
Protection Agency (EPA) under Contract No. 68-01-2842 is to analyze the
economic impact of costs of pollution abatement requirements imposed by
Federal environmental regulations on the nonferrous metals industries
(primary copper, aluminum, lead and zinc), with principal emphasis on
the U.S. copper industry.

Accordingly, the purpose of this draft report is to present our
preliminary findings on the economic impact of environmental regulations
on the U.S. copper industry. 1In this report, the U.S. copper industry is
defined to encompass all stages of production from mining through refining
(mining and milling, smelting and refining).

B. ORGANIZATION OF THE REPORT

This report is organized in terms of ten chapters and is accompanied

by a Technical Appendix, Econometric Simulation and Impact Analysis Model

of the U.S. Copper Industry, which is presented as a separate volunc.

The Technical Appendix is prepared to describe in technical detail the
specification, estimation and key features of the econometric simulation
and impact analysis model of the U.S. copper industry developed by ADL
as part of this project to assess the economic impact of environmental

regulations.
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Chapters 2 through 9 consist of general background and methodological

approach. Economic impact results are presented in Chapter 10." Given

below is a capsule description of the contents of Chapters 2 through 9.

Chapter 2 provides an introduction to production and pollution
control technology in the copper industry, including a discussion
of conventional copper production technology, the pollution control
technology interfacing with this technology, and new technology
expected to be less polluting than conventional technology.
Chapter 3 provides a condensed and selective overview of the
international structure of the copper industry, including world
production and consumption patterns, key aspects of the copper
industry's worldwide structure, international trade patterns in
copper, and the trade relationships of the United States with

the rest of the world.

Chapter 4 describes the organizational structure and supply
characteristics of the domestic copper industry, including the
industry's segmentation into primary and secondary sectors, the
firms involved, geographical and firm concentration, vertical
integration, barriers to entry, and production cost trends.
Chapter 5 focuses attention on the patterns of copper consumption
and the dynamics of copper demand, with reference to econometric
analyses of demand for copper.

Chapter 6 provides an analysis of the institutional arrangements
which characterize copper markets, the process of price formation

among firms in the industry, and the emergence and rationale of
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the "two-price system" for copper which in the past has been a
dominant phenomenon in copper markets.

Chapter 7 analyzes the financial characteristics of principal
companies in the U.S. copper industry, including an overview

of company financial performance, a discussion of ownership
structure and inter-firm relationships, a review of the capital
needs of the major firms, and a detailed examination of trends

in debt and debt-equity ratios, the term structure of debt, and
the amount and means of pollution control financing.

Chapter 8 focuses on environmental regulations affecting the
copper industry, including a review of the evolution of environ-
mental legislation in the U.S., a discussion of the impact of
environmental regulations on capacity expansion in the copper
industry, and estimates of pollution control costs likely to be
faced by the industry through 1985.

Chapter 9 provides a nontechnical discussion of the methodological
approach used to assess the economic impact of environmental
regulations on the U.S. copper industry, including a description of
the econometric simulation and impact analysis model developed for
impact assessment purposes, a discussion of various theoretical
and practical considerations associated with the model, and a
comparison of the model with other econometric models of the copper

industry.
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C. SUMMARY OF THE CONTENTS OF CHAPTERS 2 THROUGH 9

We would 1like to present a condensed summary of Chapters 2 through
9 for readers who would like to develop a quick overview of the detailed
background material presented in these chapters before turning to Chapter
10--Economic Impact Analysis.

Production and Pollution Control Technology

1. The production of copper from primary (virgin) sources involves
four stages of processing: (1) mining--where ore containing 0.6-2.0 per-
cent copper is mined; (2) beneficiation or milling--where copper-containing
minerals are separated from waste rock to produce a concentrate containing
about 25 percent copper; (3) smelting--where the concentrates are smelted
to produce 98 percent pure "blister" copper; and (4) refining--where
blister is either fire-refined or refined electrolytically to produce
99.9 percent pure cathode copper. Subsequently, cathode copper is melted
and cast into various shapes for fabrications.

2, The major pollutants at the mining and milling stage are solid
wastes and water effluents. However, in terms of complexity and cost, the
air pollution problems of the smelters are the most important. The smelting
technology in the U.S. evolved in a framework of low energy costs and
in locations distant from sulfuric acid markets and urban population
centers. This smelting technology relies on roasters,1 reverberatory
furnaces (reverbs), and converters to product blister copper. Sulfuric
acid plants (essentially the only economical method for reducing emissions

of sulfur dioxide from smelters) operate efficiently only on concentrated

lRoasters are employed in about 50 percent of U.S. smelters, in the other
50 percent, concentrate is fed directly into reverbs.
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gas streams from fluid bed roasters and converters and not on weak streams
from multiple-hearth roasters and reverbs. Thus, in conventional
smelting, only about 50-70 percent of the sulfur in the raw materials is
captured as sulfuric acid; the rest is emitted to the atmosphere.

3. In the long run, new pyrometallurgical technology would decrease
energy requirements for smelting and also increase sulfur capture to over
90 percent. However, except for electric smelting, the applicability of
these processes to impure concentrates is unproven. New hydrometallurgical
processes for sulfide concentrates are not energy efficient. Their

attractiveness derives from the fact that such plants can be built on a

much smaller scale than conventional smelters; moreover, they convert sulfur

in concentrates to forms other than sulfuric acid.

The U.S. Copper Industry in World Perspective

1. In 1974, the United States accounted for 21.9 percent of world
refined copper production, 18.4 percent of smelter production, and 18.3
percent of mine output. By contrast, in 1964 the U.S. accounted for 31.7
percent of refined copper production, 25.4 percent of smelter production,
and 23.8 percent of mine output. The U.S. share of world consumption of
refined copper dropped from 28.8 percent in 1963 to 23.5 percent in 1974,
reflecting a relatively higher growth in demand for copper in the rest of
the world.

2. At the mining level, copper output is highly concentrated in a
relatively few countries. Along with the U.S.--still the largest single
producer-~five other countries (Canada, Chile, Zaire, Zambia, U.S.S.R.)

together accounted for 71.2 percent of total world mine output in 1974.
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Chile, Zambia, Peru and Zaire, the original four members of CIPEC,1

together account for about 37 percent of Free World mine production in
copper. With recent additions in its membership, CIPEC's participation
in internationally traded copper has increased to over 70 percent.

3. Most major copper mining countries are also major smelters.
Concentration by country in copper refining, by contrast, displays a
different pattern. For example, several leading industrial countries
(e.g., West Germany, the United Kingdom, Japan), with little or no mine
production, and in many cases very little smelter production, are large
copper refiners based on imported smelted copper.

4, During the postwar period, there has been a major change in
the ownership structure of the world copper industry. In 1947, the four
largest private mining companies accounted for about 60 percent of free-
world mine output. This declined to 49 percent by 1956 and to less than
20 percent by 1974, Meanwhile, through nationalization, the share of
government-owned enterprises in free-world mine output increased, reaching
34 percent in 1974. Moreover, governmental ownership of the copper industry
is heavily concentrated in the copper exporting countries--mainly the
CIPEC countries.

5. A substantial portion of the world's large copper firms are
vertically integrated from mining to refining. In the United States at
least one-third of the output of domestic copper refiners is sold to

subsidiaries, and a substantial portion of the output of Japanese and

1The Conseil Intergouvernemental des Pays Exportateurs de Cuivre (CIPEC),

also known as Intergovernmental Council of Copper Exporting Countries.
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and European refiners is also sold to their affiliates. Primary producers
in North America and Japan have important fabricating operations as well.
However, refiners in Europe are only partially integrated forward, and
those in other producing countries have very little fabricating capacity.

6. Copper processing in individual countries or areas is characterized
by a relatively high degree of concentration, which suggests an oligopolistic
industry structure. However, little can be concluded a priori about
possible implications of industry structure for industry behavior and
market competition without consideration of other market forces that affect
industry behavior.

7. The bulk of the world's copper exports is from the developing
countries to Europe, Japan and the United States, with smaller amounts
from Canada, South Africa and Australia. The United States and Western
Europe also export refined copper, but are net importers of copper overall.

Although the United States has been virtually self-sufficient in
copper, except in certain years coinciding with military developments
or unusual "demand crunch" periods, the U.S. has been both a leading importer
and exporter of copper. This, however, may change sharply in the future,
partly as a result of the domestic environmental regulations affecting the
U.S. copper industry.

Industry Structure and Supply Characteristics

1. For the analytical purposes of this study, the domestic copper
industry has been segmented into primary and secondary sectors on the
basis of the pricing hehavior of firms in the industry. By this criterion,
firms in the primary sector are those which sell the bulk of their refined

copper output (mostly refined from mined copper but also including some
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refined from scrap) on the basis of a commonly-followed domestic producers
price. Firms in the secondary sector, on the other hand, are those which
sell their copper output, regardless of its form (i.e., whether refined
or scrap) and regardless of its origin (i.e., whether processed from
mined copper—-from domestic or foreign source--or refined from scrap),

on the basis of one of several "outside market" prices.

2, The primary sector consists of: (1) a core group of seven
large fully-integrated producers (4Anaconda, Kennecott, Phelps Dodge,
Inspiration, Magma,l Copper Range,2 and Asarco,3); (2) one partially
integrated firm (Cities Service Co., integrated through smelting), two
large nonintegrated independent mining firms (Duval, a subsidiary of Penn-
zoil Co., and Cyprus4), and many small independent firms.

3. Through a high degree of vertical integration and firm concen-
tration, the core group of primary producers are able to exercise dis-
cretionary pricing behavior in refined copper markets. In 1974, the seven
vertically-integrated firms supplied 77.0 percent of domestic mine production
of recoverable copper in the United States (79.6 percent in 1973, a peak
year). At year-end 1975, these seven firms accounted for over 95 percent

of total U.S. smelting capacity and B85 percent of refinery capacity.

lSubsidiary of Newmont Mining Corporation.

2Of which White Pine Copper Co. (mining/milling, White Pine, Michigan) and
Quincy Mining Co. (smelting/refining, Hancock, Michigan) are subsidiaries.

3In addition to being, in its own right, a major, fully-integrated primary
producer, Asarco also plays a pivotal role in the domestic copper industry
as a major custom/toll smelter and refiner.

4Of which Cyprus Pima Mining Co. and Cyprus Bagdad Copper Co. are sub-
sidiaries.
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4, Within the secondary sector, two broad segments can be dis-
tinguished. The first comprises a small number of firms processing scrap
into secondary refined copper. Amax and Cerro have been the two most
important of these firms during most of the postwar period. These secondary
refiners sell their product at prices (explicit prices if in the open
market or implicit prices if intra-company transfers are involved) which
are more reflective of current market prices for scrap than of refined
copper prices quoted by the primary producers. They have been responsible
for an average of 12 percent of total refined copper supplied in the U.S.
each year over the period 1950-1974 and have held about 11 percent of
domestic refinery capacity during this same period.

The remainder of the secondary industry is comprised of a large number
of firms, mostly small and individually-owned, engaged in the collection,
processing, and consumption of unrefined scrap as well as in the trading
of refined copper. These include scrap dealers, ingot makers, semi-
fabricators, and merchants. Firms in this segment buy or sell unrefined
scrap directly on the basis of quoted scrap prices.

5. The U.S. primary copper Industry is characterized not only by
a high degree of firm concentration and vertical integration at the mining
through refining stages of production, but also by forward integration
beyond refining. The major domestic producers (particularly Anaconda,
Kennecott, and Phelps Dodge) are integrated forward into wire wmill and
brass mill operations. However, available evidence indicates a significantly
lower degree of firm concentration at the semifabricator level than that

existing at the mining through refining stages--low enough, at least, to
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prevent individual semifabricators from having a significant influence
on pricing or production decisions within the semifabricating industry
as a whole.

6. Barriers to entry for fully integrated operations appear to be
substantial. However, the existing high barrier to entry has apparently
had little effect in moving the discretionary pricing behavior of the
major primary producers, during the past three decades, in the direction
of implicit monopolistic pricing behavior, given the continuous threat
of long-run substitution from aluminum, among other factors.

7. Overall, real costs of refined copper production, although they
have remained stable over a relatively long period, appear to have
increased gradually during the 1950's and 1960's. Evidence exists, more-
over, suggesting a sharp real increase in some factor costs during the
past few years.

Labor productivity in the industry, meanwhile, stagnated through the
1950's and 1960's and registered an actual decline after 1971 in the face
of continued degradation of the average ore grade mined in the U.S.

This, combined with little prospect for improvements in labor productivity
over the next few years, argues in the future for rising production costs
in real terms along with increases in unit labor costs.

8. We have estimated industry-wide (aggregate) average total costs
for producing refined copper (from mining through refining) for the primary
producers in 1974 at 72¢ per pound (at roughly 86 percent of installed
capacity). Of that total, average fixed costs were estimated at 29¢ per

pound and average variable costs were estimated at 43¢ per pound.
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The Dynamics of Demand for Copper

1. For purposes of analyzing market demand, it is generally accurate
to think in terms of a unified market for refined copper, copper scrap,
and copper alloy ingot. This 1s because each type of scrap or alloy ingot
can be processed into unalloyed refined copper at a relatively small
cost.

2, Demand for refined copper and its equivalent (e.g., copper scrap
and copper alloy ingot) is a derived rather than final demand. Semi-
fabricators demand refined copper equivalent not for purposes of final
consumption, but for use in the production of semifabricated products which
are, in turn, demanded by fabricators and end-users as intermediate in-
puts in the production of final consumer goods. Semifabricators' demand
for refined copper equivalent is thus derived from the demand of fabricators
and final consumers.

3. Among semifabricating industries in 1974, wire mills, which use
only refined copper, consumed about 47 percent of total supplies of refined
copper equivalent. Brass mills, which consume refined copper and scrap in
fairly equal proportions, accounted for about 39 percent of total con-
sumption. Ingot makers, who use almost entirely scrap, were the third
largest consumers at seven percent. Foundries, co;suming predominantly
scrap, used about four percent, with powder plants and "other industries"
accounting for the remainder.

4. The major industries consuming semifabricated goods are (in
order of importance): electrical and electronics products; building
construction; consumer and general products; industrial machinery and

equipment; transportation, ordnances and accessories.
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5. The demand for refined copper equivalent is determined by at
least three principal factors: general levels of macroeconomic activity;
the prices of refined copper equivalent; and the prices of potential
substitute goods for refined copper, such as aluminum and plastics,
relative to the price of refined copper.

6. Substitution of aluminum or another material for copper can
occur in either the short-run or the long-run. Substitution in the short
run involves no major alterations in fixed plant and equipment or changes
in product design. For the most part, this type of substitution is
limited to residential and nonresidential construction. In most cases,
the capital fixity of plant and equipment will 1limit possibilities for
substitution in the.short-run. As a result, substitution will only occur
when the relative price of a substitute material becomes low enough to
justify the capital costs of altering plant and equipment. In economic
terms, the long-run own-price and cross-price elasticities will be greater
than the short-run price elasticities.

Among substitute materials, it is generally agreed that aluminum has
been the most serious competitor to copper, having made the most serious
inroads in electrical conductor and heat-exchanger applications. The most
important potential instances of long-run substitution are in telephone
conductor cable and automobile radiators.

Copper Pricing Mechanisms, Price Formation, and the Two-tier Price System

1. The major institutional arrangements governing copper markets
include: two organized exchanges, the London Metal Exchange (IME) and
the New York Commodity Exchange (Comex); merchants; and, of course, the

majoer primary producers.
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2. The term "outside market" is sometimes used to describe all
trade in copper apart from domestic sales made by domestic primary pro-
ducers. As referred to in this study, the outside market encompasses the
secondary industry (including the secondary refiners), sales of U.S. and
foreign producers at other than the prevailing domestic producers price,
merchants, and transactions in physical copper on the LME and Comex.

3. In spite of a number of different pricing bases in existence,
the bulk of refined copper sales during the postwar period have been made
directly or indirectly on the basis of one of two distinct price systems.
The first is the domestic producers price, a set of nearly uniform price
quotations used by the major primary producers. The second is the LME
price, spot and forward quotations prevailing on the London Metal Exchange,
which has been used by most producers most of the time as a basis for
sales outside North America.

In general, IME price movements have been relatively volatile and
sensitive to speculative pressures and short-run shifts in supply and
demand. By contrast, the producers price has tended to change only slowly,
usually lagging significant trends in LME prices by several months.

4. The most significant characteristic of postwar copper markets
has been the existence in nine of the 27 years between 1947 and 1974 of a
two-price system for refined copper, characterized by a wide divergence
between the outside market price for copper (i.e., the LME price) and
the domestic producers price. The two-price system developed during
periods of rising or excess demand for refined copper and was brought

about when participating producers (U.S. and some foreign) chose to ration
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their available copper supplies to customers at a price below the level
which would have cleared the market. Three distinct periods when the two-
price system was in effect can be identified as follows: (1) from late
1954 to mid-1956; (2) from January, 1964 to March, 1966; and (3) from
April 1966 to early 1970. During each period, a different combination of
foreign producers participated along with U.S. producers.

5. There appears to be no complete, simple, logical explanation or
set of explanations for the rationing behavior of the principal U.S. and
foreign producers during the periods of the two-price systen.

Rationing during periods of excess demand and high copper prices (as
reflected in IME prices) is clearly inconsistent with the motive of
short-run profit maximization. The producers, however, suggest that they
have preferred in the past to forego short-run profit maximization in
order to maximize profits in the long-run by avoiding substitution away
from copper.

An alternative explanation for producer rationing suggests that
partially or fully integrated producers acted as monopolists to limit the
availability of refined copper supplies and thereby drive up the market
price at which semifabricated and fabricated goods were sold. In other
words, it 1is argued that by regulating supplies, they increased their
profits at the fabricating stage while foregoing short-run profit increases
at the mining through refining stages. Such behavior, however, could
well stimulate long-run substitution as prices rose.

Neither hypothesis explains why different foreign producers par-

ticipated in the three different two-price systems. Moreover, sufficient
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quantitative data are unavailable to fully support any of the explanations
for the existence of the two-price system.

Financial Characteristics of the Industry and Principal Companies

1. The eleven principal copper producers are publicly-owned com-
panies. The aggregate book value of their corporate assets totaled
approximately $17 billion at year-end 1975, while maiket value of their
common stocks totaled about $8 billion.

2, Overall profitability for the producers, in terms of operating
margin on sales, has declined from about 23 percent in 1967 to 19 per-
cent in 1974. Average after-tax return on stockholders' equity has been
equal to the Federal Trade Commission average for all manufacturing,
but has been characterized, on a year-to-year basis, by much greater
volatility.

3. The copper industry is capital intensive with typically more
than one dollar of assets behind each dollar of annual sales. The major
barrier to entry into the industry is the size of capital requirements.

At least $500 million (in 1974 dollars) would be required to develop a
new integrated copper producing operation from mining through refining at
current minimum efficient operating scale (100,000 short tons annually).

4. Firms are typically long-term profit maximizers, with an operative
target rate of return on investments. The expected economic lifetime of
investments is quite long. Such investment is rendered highly risky because
of crucial dependence for success on the price of copper, which has been
highly volatile in the past. Consequently, joint ventures, which constitute
a means of diversification and pooling of risks, have become quite common

in the industry.
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5. Several of the major copper producers are involved in the pro-
duction of lead and zinc, and others are aluminum fabricators. A number
of producers participate jointly in foreign copper mining companies,
notably in Africa, Canada, and South America; these companies derive
20-25 percent of total sales, and a‘higher percentage of their after tax
earnings, from foreign operations.

6. Capital expenditures by most companies increased sharply in
recent years. About 25 percent of total industry capital expenditures
have been for pollution abatement, mostly assoclated with 802 control at
smelters. About 60 percent of the total for productive investment repre-
sents investment in mining and wmilling capacity. Aggregate capital
expenditures have averaged about 12 percent of gross plant in recent
years; this is about three times the level of depreciation charges.

7. The cash-flow position of most companies has deteriorated in
recent years, with a consequent increase in external financing requirements.
While overall debt for the copper producers has approximately doubled
during the past five years, equity has increased by less than 35 percent.
As a result, debt-equity ratios for most companies have increased signifi-
cantly. Some companies are believed to have temporarily reached prudent
limits to debt in their capital structure, and, as of 1975, awaited higher
earnings and stock prices to restore balance and financing flexibility.

Environmental Regulations

Of all the environmental regulations affecting the four segments
of the domestic copper industry, air pollution regulations affecting

smelters are the most important in terms of cost and potential impact.
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The copper industry has traditionally increased smelting capacity via small
expansions at existing smelter locations. The construction of smelters in new
locations (''grass roots" smelters) or similar major expansions, have been rather
the exception and not the rule in the past. The lead time required for plan-
ning, engineering, construction, shake-down and start-up for small expansions
at existing sites is about three years while that for new grass roots smelters
is about seven years. The Clean Air Act requirements (as interpreted by EPA)
do not allow small expansions of the type used traditionally by the industry.
While there are some uncertainties, the regulations do allow the construction of
NSPS calibre smelters in new or existing smelter locations. At the present time,
we are not aware of any major smelter construction projects that are under active
consideration. Thus, given the time lags in the system, new capacity will not
come on-stream until 1984,

The detailed findings from Chapter 8 are summarized below:

1. Small smelter expansions (which could occur prior to 1983) are not

possible because emissions from a plant cannot increase above the limit defined
by applying '"'Reasonably Available Control Technology'" (RACT). Even if such a
RACT 1limit did not exist the '"Modification and Reconstruction Provisions" of
the New Source Performance standards would prevent any significant modification
of existing reverbs necessary to increase smelting capacity.

2. Existing RACT smelters could expand significantly after 1983 by in-

stalling new smelting technology but by operating under the RACT Limit. There is
some concern that such expansion might be disallowed under New Source Review.

The probability of such disallowance is very low and we assume that this type

of expansion will occur after 1983.

3. Existing BACT smelters have a low expansion poteritial since they cannot

use SCS and they are already close to the constant emission control limitations.
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4, "Grass roots' smelters for clean concentrates have to use Best Avall-

able Control Technology (BACT), such as autogeneous or electric smelting and
therefore cannot use SCS. These smelters would meet NAAQS by using tall stacks
for dispersing collected emissions. We assume that this type of expansion will
occur after 1983. While reverb-based smelters are allowed for smelting impure
concentrates, such smelters cannot be built in most locations since SCS is not
allowed. This is because SCS is usually necessary to reverb-based smelters for
meeting NAAQS. However, there is no demand for smelting capacity of this type.

5. All smelters (reverb-based smelters as well as new smelters based on

the Best Available Control Technology) might exceed NAAQS in the vicinity of

the smelter as a result of low level fugitive emissions. It it not clear whether
SCS can be a useful strategy for dealing with the fugitive problem. This problem
could be dealt with by acquiring land in several kilometer radius around a
smelter. Such a strategy is probably impossible for existing smelters but could
be feasible for new ''grass roots" smelters in remote locations. We assume that
this potential problem will be resolved without major cost consequences to the
industry.

6. While the capacity bottleneck in copper smelting is essentially the
result of various environmental regulations, the industry also faces other regu-
lations that affect its production costs and potentially interrupt its planning
process. Examples include proposed Occupational Safety and Health Administration
(OSHA) regulations on handling of explosives in open pit mines and on the use of
engineering controls for abating noise and inorganic arsenic emissions in the
work-place environment.

Methodological Approach to the Economic Impact Analysis

1. The general methodological approach adopted in this study to

agssess the industry-wide economic impact of environmental regulations can

be charcterized as the development of a dynamic nonlinear simultaneous-equation
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econometric simulation model of the U.S. copper industry. The model is
designed, estimated and programmed to simulate the industry's growth and evo-
lution annually over the impact analysis period (1976-1985) under alternative
scenarios (baseline conditions, as well as alternative environmental policy
scenarios).

2. Very briefly, the model consists of two basic components:

® The Market Clearing Module, and
® The Investment Module.

The Market Clearing Module, which consists of thirteen (13) simul-
taneous equations, simulates every year the production and pricing behavior
of the major producing groups in the industry, the inventory behavior of
the major participants in the industry, the demand behavior of the users
of copper and balance of trade effects. The market is cleared in each year
through materials balancing and price equilibrium equations.

The Investment Module serves as the year-to-year "transit" connecting
the solutions of the Market Clearing Module for successive years, by
simulating how smelting/refining capacity changes over time. Smelting/
refining capacity changes are estimated, then translated into total fixed
costs (along with increases in total fixed costs due to mining and milling
investment, pollution abatement investment, etc.). These are then built
into the cost functions of the primary producers.

Since mining and milling investment decisions typically require profita-
bility considerations extending over quite a long time-horizon (typically
25-30 years), the model treats such investment as exogenous. However,
capacity expansion and replacement investment at the smelting and refining

level is made endogenous. Pollution abatement investment, as well as
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pollution-abatement related increases in variable costs enter the model
exogenously.

3. Once the model is solved for the entire period (e.g., 1974-
1985 or 1974-1990), external checks are performed on the model's results,
focusing directly on the industry's overall financial performance.
Exogenously specified mining and milling investment behavior 1is analyzed
in terms of various measures of profitability, given the price forecasts.
Likewise, overall cash-flow and flow-of-funds (sources vs. uses) analyses
are performed, by analyzing financial data computed directly from the
model's results, as well as on the basis of detailed historical industry-
wide and specific company-by-company financial data. The results of this
procedure can, in principle, be internalized.

4. The model has both a linear and a nonlinear version. The nonlinear
version of the model, which represents a more reasonable approximation
of the variables and relationships being modeled, is by far the more
useful analytical system. In the linear case, for example, demand curves
may intersect cost or supply functions beyond capacity. By contrast, in
the nonlinear case, cost and supply functions appear to model reality
much more accurately, beginning to rise at around 86 percent of installed
capacity (smelting/refining capacity) and continuing to rise very steeply
beyond this region as physical capacity is approached.

5. The structure of the domestic copper industry has been
characterized basically in terms of a core group of oligopolistically-behaving
primary producers surrounded by a "workably" competitive fringe of
secondary refiners, producers/sellers of non-refined scrap, and merchants

(i.e., the outside market).
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Although the model specifically deals with both the primary producers
and with the secondary copper industry (and the interaction between the
two sectors), its major focus in directed at the primary producers,
with careful attention paid to their discretionary price and output
behavior.

6. In a competitive industry or industrial sector, industry-wide
price and output levels will be determined at the intersection of supply
and demand curves. No member of a competitive sector can affect price;
they are all price-takers. Short-run production decisions on the part
of a given firm are made by comparing market price with production costs
along the marginal cost schedule. In oligopolistic markets,l deterministic
market solutions, based upon supply and demand functions, are no longer
possible (a "supply function," by definition, does not in fact exist in
such markets). The reason, is, of course, that members of an oligopolistic
industry are price-setters (i.e., they can exercise discretionary pricing)
rather than price-takers as under perfect competition.

Given that inevitably a range of possible price and output outcomes
can be expected in oligopolistic markets purely on theoretical grounds,
we have chosen to "bound” the "solution space" of possible (and most

plausible) autcomes analytically in our own modeling work. The pricing

lWe should make it clear, for the general reader, that the term "oligopoly"
or "oligopolistic" covers a wide spectrum of markets, technically speaking,
between the polar conditions of perfectly competitive markets in one
extreme and monopolistic behavior in the other.

In our purely technical usage of the terms "oligopoly" or "oligopolistic,"
we refrain from even remotely rendering any value judgment on the behavior
of the firms involved. We are not unaware of the fact that these terms,
common as they are among economists as purely technical constructs, have
semmingly gained among businessmen a certain pejorative connotation. None
is intended by our use of these terms.
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strategies or modes of pricing behavior utilized in the model for analyzing
the primary producers identify, first, the "most likely" or '"normal"
pricing behavior of the primary producers in a given year and, second,
define reasonably solid bounds around that "most likely" or "normal"
pricing behavior.

This approach enables us to examine or measure the industry impacts
both at what might be called extreme points and at points "in-between"
(principally at the "most likely" solution point, based on average cost
pricing behavior). This is what we mean by a parametric approach: we
effectively define the parameters (outer boundaries) of possible
outcomes and assess the sensitivity of the impact results to variations

in behavioral parameters.
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CHAPTER 2

PRODUCTION AND POLLUTION CONTROL TECHNOLOGY

A. INTRODUCTION AND SUMMARY

In this chapter, we discuss the conventional technology for producing
copper, the pollution control technology which interfaces with the former
in order to reduce emissions and new technology which is likely to be
less polluting than conventional technology.

The production of copper from primary (virgin) sources, involves
four stages of processing: mining--where ore containing 0.6-2% copper is
mined; beneficiation or milling--where copper-containing minerals are
separated from waste rock to produce a concentrate containing about 25%
of copper; smelting--where the concentrates are smelted to produce 98%
pure "blister'" copper and refining--where blister 1is refined electrolytically
to produce 99.97 pure cathode copper. Subsequently, cathode copper is
melted and cast into various shapes for fabrication.

In order to minimize transportation cost, mills are located close to
the mines. The concentrates are sufficiently high in value to allow some
flexibility in smelter location. Most smelters are located near the mills
or on tide water or rail head. Refineries can be located anywhere between
smelters and fabricators.

Considerable quantities of copper scrap are recycled by melting and
refining by the primary producers, and by the producers of alloyed and

unalloyed copper ingot.
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The major pollutants at mining and milling stage are solid wastes
and water effluents. However, in terms of complexity and cost, the air
pollution problems of the smelters are the most important. The smelting
technology in the U.S. evolved in a framework of low energy costs and
in locations distant from sulfuric acid markets and urban population
centers. This smelting technology relies on roasters (optional), reverbs
and converters to produce blister copper. Sulfuric acid plants (essentially
the only economical method for reducing emissiors of sulfur dioxide from
smelters) operate efficiently only on concentrated gas streams from fluid
bed roasters and converters and not on weak streams from multiple-hearth
roasters and reverbs. Thus, in conventional smelting, only about 50-70%
of the sulfur in the raw materials is captured as sulfuric acid and the
rest emitted to the atmosphere.

In the long run, new pyrometallurgical technology would decrease
energy requirements for smelting and also increase sulfur capture to over
90%. However, except for electric smelting, the applicability of these
processes to inpure concentrates is unproven. New hydormetallurgical
processes for sulfide concentrates are not energy efficient. Theilr
attractiveness derives from the fact that such plants can be built on a
much smaller scale than smelters and they convert sulfur in concentrates
to form other than sulfuric acid.

B. PRODUCTION TECHNOLOGY

Production of primary copper involves four basic activities: mining,
milling, smelting and refining. Refined copper is then fabricated for

various end-use markets. The four stages of primary production are:
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¢ mining--where ore containing 0.6-2% copper is mined;

e beneficlation--where the copper~containing minerals are separated
from waste rock to produce a concentrate containing about 25%
copper;
¢ smelting--where concentrates are melted and reacted to produce
98% pure "blister" copper; and

o refining--where blister copper is refined electrolytically to
produce 99.9% pure cathode copper. Some of the new hydro-
metallurgical processes combine the functions performed by
smelting and refining.

A generalized flowsheet of copper processing is shown in Figure 1.
Because previous ADL reports and the published literature1 contain
detailed information on copper technology, only a brief summary is
presented here.

1. Mining

Mines are the source of copper bearing materials found near the
surface or deep in the ground. About 85% of the total copper ore mined
comes from open pits, where ore is removed from the surface rather than
from underground workings; the rest comes from underground mines. Under-
ground mining methods for copper ores involve caving and/or cut-and-fill

mining.

See, for example, two previous reports prepared by Arthur D. Little, Inc.
(ADL) for U.S. Environmental Protection Agency (EPA): Economic Impact
of Anticipated Pollution Abatement Costs--~Primary Copper Industry (1972)
and Economic Impact of New Source Performance Standards on the Primary
Copper Industry: An Assessment (October, 1974).
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FIGURE 1

GENERALIZED FLOWSHEET FOR COPPER EXTRACTION FROM SULFIDE ORES
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2. Beneficiation

From a processing viewpoint, copper ores can be classified in three
categories: sulfide ores, native copper ores, and oxide ores. Each
category requires different beneficiation processes.

A sulfide ore 1s a natural mixture containing copper-bearing sulfide
minerals, associated metals, and gangue minerals (e.g., pyrites, silicates,
aluminates) that at times have considerable value (e.g., molybdenum,
silver, gold, as well as other metals).

The sulfide ores are treated primarily by crushing, grinding, and
froth flotation to produce a concentrate (or several concentrates) of
sulfide minerals; worthless gangue 1s rejected as tailings. Generally,
only sulfide ores are amenable to concentration procedures. The output
of this benefication process, concentrate, may contain 11-32 percent
copper. Mine/mill output is typically defined in terms of recoverable
copper content in concentrate form.

In native copper ores copper occurs in metallic form. The Lake Superior
district in Michigan is the only major source of ore in this type. Although
the reserves of this ore are extensive, they contribute only a small portion
of the total U.S. mine production of copper.

Finally, the non-sulfide, non-native ores of copper are termed "oxide"
ores, the oxide copper content being measured by and synonymous with solu-
bility in dilute sulfuric acid. An "oxide" copper ore can contain copper
oxide, silicate or carbonate minerals and gangue. In the Southwest United
States, many deposits have a capping of oxide ore below which is a

transition zone of various mixtures of oxidized and sulfide copper minerals
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and then the primary sulfide deposit. The oxide ores have been treated
metallurgically in a variety of ways, the character of the gangue minerals
having a very important bearing on the type of metallurgical treatment
used. Oxide ores in the U.S. are treated primarily by leaching with
dilute sulfuric acid. Copper 1s recovered in metallic form from leach
solution by precipitation on iron scrap (cementation) or by electrowinning
from the solution.

Commonly associated with copper are minor amounts of gold, silver,
lead, and zinc, the recovery of which can improve mine profitability.
Molybdenum, lead and zinc are recovered as sulfides by differential flotation.
Minor amounts of selenium, tellurium, and precious metals are extracted in
electrolytic refining. On the other hand, arsenic, antimony and bismuth
in the ores cause problems in standard pyrometallurgical processing and
electro-refining, and thus their presence results in a cost penalty.
Nickel and cobalt can interfere with electrolytic refining, but they do
not occur 1in significant amounts with the U.S. copper deposits.

3. Smelting

Because most U.S. copper is extracted from low-grade sulfide ores
requiring concentration, current pyrometallurgical practice for recovery
of copper is fairly uniform from smelter to smelter and is adapted to
treating fine grained sulfide concentrates consisting mainly of copper
and iron sulfides and gangue.

Copper's strong affinity for sulfur and its weak affinity for oxygen
as compared with that of iron and other base metals in the ore form the
basis for the three major steps in producing copper metal from sulfide

concentrates; roasting, smelting and converting. About half of the copper
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smelters roast thelr charge prior to feeding to the reverberatory (reverb)
furnace (calcine smelting), while the other half feed the concentrates
directly (green feed or green charge smelting). The subsequent steps
consist of melting the charge in the reverberatory furnace to form matte,
a mixture of copper and iron sulfides and a slag. The slag is discarded;
the matte is oxidized in converters to blister copper.
4.  Refining
The blister copper produced by smelting is too impure for most appli-
cations and requires refining before use. It may contain silver and gold,
and other elements such as arsenic, antimony, bismuth, lead, selenium,
tellurium, and iron. Two methods are used for refining copper--fire refining
and electrolysis. Electrolytic copper 1s refined by electrolytic deposition,

remelted, and cased in commercial shapes, while fire-refined copper is refined

by using only a pyrometallurgical furnace process.

1From the producers' point of view, the distinction between electrolytic and fire
refining stems from the nature of the impurities present in the blister copper.
If the blister copper contains substantial quantities of the precious metals
(e.g., gold, silver, and the metals of the platinum group), it will be electro-
lytically refined and the precious metals recovered. If, however, the blister
copper has a low precious metal content, it will be fire refined. Most of the
world copper production of primary or mined copper is electrolytically refined.

Fire refined copper is generally slightly less pure than the electrolytic copper
and therefore cannot be used in applications which require high conductivity; in
particular. wire mills generally cannot substitute fire refined copper for
electrolytic copper. Most electrolytic copper is sold to wire mills and most
fire refined copper 1is sold to foundries and brass mills, but, foundries and
brass mills can use electrolytic copper (which 1s slightly more expensive), and
high conductivity fire refined copper (HCFR) can be used at wire mills in place
of electrolytic copper.

The process of casting copper gives rise to another set of distinctions arising
from the fact that molten copper has a fairly high affinity for oxygen. During
the process of casting, cuprous oxide will form is oxygen is available
and the copper properties are affected by the amount of curpous oxide present.
"Oxygen-free copper" is refined copper cast under a deoxidizing atmosphere that
eliminates all cuprous oxide without using metallic or metalloidal deoxidizers.
Deoxidized copper is refined copper freed from cuprous oxide through use of
metallic of metalloidal deoxidizers. '"Tough pitch copper'" is electrolytic or
fire-refined copper cast in refinery shapes and containing a controlled quantity
of oxygen in cuprous oxide. The terms "electrolytic" and "fire refined," when
used alone, generally refer to either electrolytic or fire-refined tough-pitch
copper without elements other than oxygen preegent in significant quantities.
Arthur ) Little Inc
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The fire-refining process employs oxidation, fluxing and reduction.
The molten metal is agitated with compressed air, sulfur dioxide is
liberated and some of the impurities form metallic oxides which combine
with added silica to form a slag. Sulfur, zinc, tin, and iron are almost
entirely eliminated, and many other impurities are partially eliminated
by oxidation. Lead, arsenic, and antimony can be removed by fluxing and
skimming as a dross. After the impurities have been skimmed off, copper
oxide in the melt is reduced to metal by inserting green wood poles below
the bath surface (poling). Reducing gases formed by pyrolysis of the pole
convert the copper oxide in the bath to copper. In recent years, reducing
gases such as natural gas or reformed natural gas have been used. If the
original material does not contain sufficient gold or silver to warrant its
recovery, or if a special purpose silver-containing copper is desired, the
fire-refined copper is cast directly into forms for industrial use. If it
is of such a nature as to warrant the recovery of precious metals, fire
refining is not carried to completion but only far enough to insure homo-
genous anodes for subsequent electrolytic refining.
A major portion of U.S. blister output is electrolytically refined.

In electrolytic refining, anodes and cathodes (thin copper starting sheets)
are hung alternately in concrete electrolytic cells containing the electro-
lyte which is essentially a solution of copper sulfate and sulfuric acid.
When current is applied, copper is dissolved from the anode and an
equivalent amount of copper plates out of solution on the cathode. Such
impurities as gold, silver, platinum-group metals, and the selenides and

tellurides fall to the bottom of the tank and form anode slime or mud.
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Arsenic, antimony, bismuth, and nickel enter the electrolyte. The electro-
lyte has to be treated to prevent the buildup of these impurities since
they would have a deleterious effect on cathode purity. After the plating
cycle is finished, the cathodes are removed from the tanks, melted, and
cast into commercial refinery shapes. Anode scrap is remelted to form

fresh anodes. The copper produced has a minimum purity of 99.9%.

c. FORMS OF COPPER

Both electrolytic and fire refined copper are sold in two basic classes
of refinery shapes: regular or standard shapes (consisting mainly of hori-
zontally case wirebars, cathodes, ingots, and ingot bars, cakes, slabs and

billets). The shapes are largely determined by the requirements of the

fabricators' equipment.1

lThe American Society for Testing Materials (ASTM) defines refinery shapes
as follows:

Wire bar: refinery shape for rolling into rod (and subsequent drawing
into wire), strip, or shape.

Approximately 3-1/2 to 5 in. square in cross-section, usually from 38 to
54 in. in length and weighing from 135 to 420 1lb. Tapered at both ends
when used for rolling into rod for subsequent wire drawing and may be
unpointed when used for rolling into strip. Cast either horizontally

or vertically.

Cake: refinery shape for rolling into plate, sheet, strip, or shape.
Rectangular in cross section of various sizes. Cast either horizontally
or vertically, with range of weights from 140 to 4,000 1lb. or more.

Billet: refinery shape primarily for tube manufacture. Circular in
cross—section, usually 3 to 10 in. in diameter and in lengths up to
52 in.; weight from 100 to 1,500 1b.

Ingot and Ingot Bar: refinery shapes employed for alloy production
(not fabrication).

Both used for remelting. Ingots usually weigh from 20 to 35 1lb. and ingot
bars from 50 to 70 1lbs. Both usually notched to facilitate breaking into
smaller pileces.

Cathode: unmelted flat plate produced by electrolytic refining. The
customary size is about 3 ft. square and about 1/2 to 7/8 in. thick,
weighing up to 280 1lbs.

Copper Powder: finely divided copper particles produced by electrode-
deposition.
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For analytical purposes, the 40 distinct types of refined copper
classified and graded by the American Society for Testing Materials (ASTM)
can be collapsed into "refined copper" as a generic category, for two
reasons. First, fabricators can to some extent substitute the various
types of copper. For example, brass mills and foundries are fairly
flexible. Second, copper producers possess the flexibility to produce
more of one form and less of another. Im the short runm, both producers
and fabricators have much less flexibility. However, for periods greater
than six months there appears little reason to recognize distinctions among
various types of refined copper in explaining the behavior of the market
for refined copper. Further, market institutions indicate that it is
reasonable to work in terms of refined copper, since a considerable degree
of flexibility is allowed in substituting one type of copper for another
and the producers' price for various types of copper is generally stated
in terms of a differential from the price of electrolytic copper wirebars.

D. THE SECONDARY INDUSTRY

The term "primary metal” refers to metal recovered from ores or virgin
sources. The term "secondary metal' came into wide use before it had
acquired a singular meaning and still carries misleading connotations.

It is important to recognize that '"secondary" pertains only to origin and
not to quality. That is, secondary refined copper 1is phycially equivalent
to a corresponding grade of virgin refined copper. The term means only
that the copper was recovered from scrap rather than from copper ore.
Secondary copper loses its identity, except statistically, as soon as it

is produced. It is not possible, for example, to determine whether a
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copper wirebar was derived from the scrap charged to a converter, or
whether a brass ingot is made from remelted brass scrap or primary alloys.

There are three major categories of scrap users: primary producers,
producers of unalloyed copper ingot and producers of alloyed copper ingot.
The primary industry will purchase scrap for process reasons (e.g., cooling
of converters) and also to supplement the production from primary sources.
The producers of unalloyed and alloyed ingots are labelled the secondary
copper industry.

The secondary copper 1industry utilizes a variety of processes to
melt and refine copper scrap. Melting units include blast furnaces, reverba-
tory furnaces and electric furnaces. Refining is achieved via fire-refining
or electrolytic refining. Often, product specifications are reached by
diluting lower grade secondary copper with purer grades in order to
minimize the need for refining.

Copper scrap, as a generic term, refers to a variety of materials.
There are five classifications of unalloyed copper scrap and over 30
classifications of copper base or alloyed scrap. Some types of scrap are
virtually pure copper, while other types are alloys, or mixtures of
alloys with copper contents ranging down to as little as 30 percent. Refinery
slags, dross, skimmings and ash, which sometimes have even low copper con-
tents, are regarded as secondary material, although technically they are not
scrap copper. Small quantities of copper are also recovered from non-
copper-base scrap.

Finally, copper alloy ingot, which refers to alloys of copper and

other metals, consists of 'yellow brass' and other distinctive types of

alloyed copper scrap used by fabricators (primarily by foundries) as a
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convenlent way of arriving at a fabricated product made of a particular
alloy. Rather than purchasing pure constituent metals, making the alloy
and then fabricating it, a fabricator may find it convenient to purchase
one of the many types of copper alloy ingots. These are convenient to
supply, as alloy ingot is generally recovered from copper scrap already
alloyed with one or more of the desired constituents. Producing an alloy
from an alloy usually requires only melting, testing and some dilutionm.

E. POLLUTION CONTROL TECHNOLOGY

1. Introduction

The major pollutants at the mining and milling stage of production are
solid wastes and water emissions. Except for dust emissions, air pollution
is not a problem. Of all the environmental regulations affecting the
four segments of the domestic copper industry, the air pollution regulations
affecting the smelters are the most important. The two pollutants of
major concern at this time at the primary copper smelting stage of pro-
duction are air borne particulates and sulfur dioxide (SOZ). Described

below is the process technology required for pollution control.

2. Pollution Control Technology for Conventional Smelting

At conventional copper smelters, both particular and SO2 pollutants
are generated at several individual sources, with distinctive characteristics
for the off-gas or emissions at each source. For each of these polluting
streams, many factors determine which of the basic abatement methods (or
combinations) can best be used. There are two principal methods by which
pollution abatement is accomplished: physical removal of the pollutant from

the carrying stream before discharge to the environment and subsequent

2-12

Arthur D Little Inc



DRAFT REPORT — The reader is cautioned concerning use,

quotation or reproduction of this material without first

contacting the EPA Project Officer, since the document

may experience extensive revision during review,
non-polluting disposal of the pollutant, or actual reduction in the
amount of pollutant generated by the process. If pollution is defined
and measured in terms of concentration levels in the local ambient air
(or receiving water bodies), a third abatement method is to increase
the amount of final dilution in the local environment.

Figure 2 is a schematic flow diagram of the conventional smelting
and refining process. The emission sources of pollutants are shown in
four categories: air, solid, water and fugitive. The latter are air
emissions that come from diffuse sources. Table 1 shows the magnitude

of these streams and the major constituents.

3. Alr Pollution

Existing copper smelters have to meet Federal Ambient Air Quality
Standards for particulates (50 mg/m3) and sulfur oxides (80 mg/m3——primary;
annual mean). New copper smelters have to meet New Source Performance
Standards in addition. At present there are three methods in use at copper
smelters for reducing the sulfur dioxide concentrations in the vicinity of
a smelter. These are: the production of sulfuric acid by the contact
process from concentrated gas streams; the use of a tall stack to disperse
dilute gas streams; and production curtailment. (See Chapter 8 for a
discussion of the many regulations on pollution control requirements).

The contact sulfuric acid process is well established for treating
SOZ—containing off-gases from metallurgical plants. Modern contact acid
plants require at least 4.5-5% sulfur dioxide in the feed gas in order to
operate autogenously, i.e., without external fuel. For handling lower

concentrations of SO2 an additional fuel input is required. The acid plant

2-13

Arthur D Little Inc



r

___ipj

Concentrate

L

Recycled Dust

L

Optional
Roasting

Dust

-
p——————>

Gas Cooling
&
Dust Catching

N

Reverb
Smelting

_G.ﬂ_q

Hg;le

@)

Gas
Cooling

-

—)@Dust Bleed

l—“" @ Slag

Slag

91-2

upapIn g nyuy

Converting

®

Blister
V3

Gas Cooling

A

Anode Furnace

C)

Casting

Q@

Electrolytic
Refining

@O

Effluent Types:

Electrolytic
Copper

)
ESP = I'lectrostatic Precipitator

————
. @ Stack

SOURCES OF EMISSIONS IN CONVENTIONAL COPPER SMELTING AND REFINING

:@ Stack

Dust
- ESP
Dust
ESP#
]
FIGURE 2

Cold Gas

Cleaning

DJC;

Acid Plant

(:) - Afr; (:) - Water; (:) - Solid Wastes; (:) - Fugitive

sto‘

*maiaa) Bulnp uoisiAaL aalsuaIXa adudlladxa Aew

UBWN30P 3yl 3duIs ‘130130 193[01d Wd3 ays Huioejuod
1S4y InoyIM [eudjew siy) Jo uoidonpoudal 10 uoneionb
‘asn BuIuIadIUOD PaUONNED s1 a3peal 8y — LHO43IY L4VYHA

Stack



ST-¢

U] 3NN g 4nyuy

Stream

Air Pollution
A-1 - Reverb Gas
A-2 - Acid Plant Taill Gas

A-3 - Anode Furnace Gas

Water Pollution

W-1 - Slag Granulation
W-2 - Acid Plant Blowdown
W-3 -~ Contact Cooling
W-4 - Black Acid Bleed

Solid Wastes
S-1 - Reverb Slag
S-2 - Dust Bleed

TABLE 1

EMISSIONS FROM CONVENTIONAL SMELTING

Stream Size Major Constituents

82,000 SCFM SOZ: 1-2%; 0,: 5%; Particulates: 50 ug/NH3
- 38,800 SCFM 302': 0.2%
NA Flue Gas, Some SO2
50,000 liters/kkg TDS, SSS
14,000 liters/kkg TDS, TSS, Acidity
7,800 liters/kkg TDS, TSS
700 liters/kkg Acidity, TDS, TSS
3 tons/ton Cu Iron Silicates
0.3 tons/ton Cu Copper Oxides, Minor Elements

"Malaas Buunp uoisiaa) aaIsuBIXa ddualiadxas Aew

Juswnoop ay} aouis ‘1301430 1931044 W43 syl Builoejuod

1S4y InOyUM |euBlew siyy 4o uonanpoidas 10 uonejonb
asn buiuieduod pauonines si 1apeas ay) — J HOJIY 14VHa



DRAFT REPORT — The reader is cautioned concerning use,
quotation or reproduction of this material without first
contacting the EPA Project Officer, since the document
may experience extensive revision during review.

size is primarily a function of the volume of gas handled. Hence, for a
constant acid output, an acid plant operating on more dilute gases is

much larger (and more expensive) than an acid plant operating on more
concentrated gases. With the currently used vanadium pentoxide catalysts,
the upper level of 802 concentration in the feed gas to an acid plant is
between 7 and 97%. Gas streams more concentrated than this require dilution.

The tall stack discharges sulfur dioxide at such heights that the gas
is diluted when dispersed into the lower atmosphere. It is possible to
add preheated air into the stack to achieve additional dispersion and
dilution. Because tall stacks can achieve dispersion and dilution when
used in conjunction with other means of limiting emissions, there is no
simple relationship which can predict ambient concentrations as a function
of percent sulfur recovery. Computer modeling has to be used for this
purpose. The overall control strategy has to be well defined and local
weather patterns have to be considered.

The third method for controlling sulfur dioxide concentrations at
ground level is production curtailment when adverse weather conditions
prevail. This method has been referred to as 'closed loop control" or a
Supplementary Control System (SCS) when it is based on the monitoring of
sulfur dioxide concentrations at ground level at various sites in the areas
surrounding the smelter and using this information to control the smelter
operating rate. When ground level concentrations increase as a result
of adverse weather conditions, the smelter operation is curtailed to reduce

the emission rate.
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Most copper concentrates contain more sulfur than copper, e.g., 317%

sulfur and 25% copper. About 1 to 2% of the sulfur entering the smelter

is lost in the slag and perhaps 3-5% evolves as fugitive emissions. The

remaining sulfur is in gaseous effluents from roaster, reverb and con-

verters. Typical sulfur distributions in conventional smelting are:

Sulfur Distribution - Percent

Calcine Smelting

Green Charge Smelting

Roaster 20
Reverb 25
Converter 50
Slag and Fugitives )

Total 100

40
55
_3

100

The conventional smelting process evolved in geographical areas where

acid markets were unavailable and all SOZ- containing gas streams were

vented to the atmosphere (after particulate control, if necessary). Thus,

conventional technology used gas-handling techniques (for example, dilution

air for cooling of converter gas) which would not be used if the stream

were to be treated for SO2 recovery. However, streams from the roaster and

converted can be handled to minimize air leakage. This results in SO

2

concentrations over 4-5% which 1s adequate for autogenous (i.e., without

using an external heat source) sulfuric acid manufacture--the most cost-

effective control technology for removing SO

2

from such streams. The

reverb gases are a high volume (up to 100,000 SCFM) and low concentration
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(0.5-2% SOZ) stream, not amenable to autogenous sulfuric acid manufacture.

With conventional smelting as well as with the new smelting processes
(discussed in the next section), SO2 control is achieved via an "end-of-
pipe'" treatment facility, i.e., a sulfuric acid plant. However, changes
in processing and in gas handling and gas cooling are necessary for proper
interfacing between process units and pollution control units.

In addition to 802, the reverb gas contains particulates. The use of
electrostatic precipitators permit meeting the particulate emission levels
established for copper smelters.

4. Solid Wastes

Slightly more than three pounds of solld waste per pound of copper
are generated in a copper smelter. These come in the form of slag and
collected flue dust.

o Slag

The converter slage 1s recycled to the reverb in order to recover its
copper content. The slag tapped from the reverbatory furnace (and
granulated In some cases) is disposed of as an inert rock. Reverb slag
is mainly an iron silicate, containing about 0.5 to 0.9% copper and minor
elements in rather dilute form.

e Flue Dust

The flue dust results from entrained particles and condensed effluents
in the gas stream. Typically 3 to 6% of the total weight of solids entering
the smelter are evolved as dust. Coarse particles are caught in the cooling
chambers, while fine particulates are removed by electrostatic precipi-

tators operating slightly above the dew point of the gas stream.
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All flue dusts contain entrained copper and they are mostly recycled
to the reverbatory furnace. They may also contain volatile impurities in
a concentrated form. Excessive impurity bulld-up by dust recirculation
would impair the quality of the blister copper. At times it 1is economical
to process these dusts further in order to recover such metals as zinc,
lead, arsenic, etc. Depending on the composition of the feed, a fraction
of the dust generated may be diverted and either sold to other specialized

smelters which recover the contained metals or stored.

5. Water Pollution

The primary copper industry must control water emissions from three
major sources, the mines, the smelters and the refineries. In controlling
water pollution it is often necessary to remember that in controlling the
air pollution problems, a water pollution problem can be created since some
of the most effective air pollution technologies are based on the use of
water in scrubbing. Furthermore, the water drainage problem from tailings
disposal areas is of considerable concern to the copper industry, but, of
course, much less than in the coal mining industry. Although air and
water pollution control have been considered separately, it is mandatory
that in arriving at solutions to one problem, another one of equal or
greater magnitude is not created.

The water pollution regulatory constaints on the copper industry arise
malnly as a result of Sections 304(b) and 306 of the Federal Water Pollution
Control Act Amendments. Under this Act, the EPA has conducted technical
studies which are published as "Development Documents" which form the basis
for the Effluent Limitation Guidelines. These guidelines refer to three

specific discharge levels.
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e Best Practical Control Technology Currently Available
(BPCTCA)-- to be met by industrial discharges by 1977.

e Best Available Technology Economically Available (BATEA)--to
be met by 1983.

o New Source Performance Standards (NSPS)--to be applied to
all new facilities constructed after the promulgation of these
guidelines.

In order to achieve the effluent limitations, the recommended treat-
ment technology must remove suspended solids, adjust pH, and remove the
specific heavy metals. To perform these functions lime precipitation,
settling, and pH adjustment are recommended

Since all of the heavy metals included in the proposed effluent
limitations have very low solubility in the alkaline pH range, the addition
of lime causes the metal to precipitate out of solution as metal hydroxides
and carbonates. The metal precipitates, along with other suspended solids
present in the wastewater, are separated from the wastewater stream by
means of settling, and are withdrawn as a sludge. Since the wastewater is
still at a high pH after this step, it is necessary to lower the pH by
means of injecting carbon dioxide gas or other acid into the water. This
step 1s usually performed in a separate basin. Other recommended techniques
for improving the effectiveness of the previously mentioned end-of-pipe
treatment are reuse of water in other operations; control of mine water
drainage by modification of mining techniques, construction of diversion
structures, or ditching; and use of solar evaporation to eliminate the

discharge of excess water. In a copper smelter and refinery the sources
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of wastewater are:

e slag granulation (if this 1is practiced);

e acid plant blowdown (i.e., blowdown from wet scrubbers ahead of

the acid plant);

e metal cooling;

e spent electrolyte and washings; and

©o storm water commingling with process wastewater.

The Effluent Limitation Guidelines for primary smelters and refineries
in net evaporation area is zero discharge of process wastewater pollutants,
based on recycle, reuse and solar evaporation. This standard applies to
both the 1977 (BPCTA) and for 1983 (BATEA) guidelines. (The applicability
of this standard to two particular smelters has been challenged in court).

Zero discharge is to be achieved by neutralization of acidic streams,
settling (thickening) of streams containing suspended solids; and cooling

of contact cooling water for recycle.

F. NEW PROCESS TECHNOLOGY

The smelting technology in the U.S. evolved in a framework of low
energy costs and in loactions distant from sulfuric acid markets and urban
population centers. Thus the technology was not aimed at recovering sulfur
values as sulfuric acid (as is the case abroad) and was not particularly
efficient in its use of energy. Several changes have occurred in the past
five years on the economic and regulatory scene which indicate that the
currently used technology is no longer applicable for the construction of

new smelters. These changes are as follows:
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o Energy costs for smelting have increased rapidly. Cheap natural
gas, the fuel used by most smelters is not now available to the
smelters particularly in peak demand months (winter) and might
not be avallable at all in the future.

¢ Emissions of SO2 to the atmosphere have to be controlled, After
several years of debate and litigation, all issues relating to
SO2 emissions are yet to be resolved (details in Chapter 8). These
1ssues are as follows:

- It is generally agreed within EPA and the industry that SO2
emissions from reverbs cannot be controlled economically,

but must be vented from tall stacks. For example, the New

Source Performance Standards would allow the use of uncontrolled

reverbs only for the smelting of "impure" concentrates (concen-

trates containing As, Sb, Bi, etc.). About 307 of the feed
sulfur is emitted from the reverbs. Emissions from streams
contalning high concentrations of SO2 (new smelting furnaces,
converter and fluid bed roaster gases) have to be controlled by
technology such as sulfuric acid plants. Double absorption
plants (or equivalents) are mandatory for new sources. At
existing smelters, the combination of uncontrolled reverbs but
controlled fluid bed roasters and converters can recover from
about 50-70% of the sulfur in the feed in the form of sulfuric

acid. New smelting technology can recover a larger fraction

(over 90%) of the sulfur in the feed.
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- The influence of EPA regulations on different modes of
capacity expansion 1is discussed in Chapter 8.

- Compared to the cost of 802 ctonrol, the costs of complying
with other existing pollution control legislation, e.g.,
water and solid wastes, is quite small. However, this situation
could change as new standards are proposed for controlling
emissions of other substances.

¢ The acid produced by smelters cannot be economically transported

to traditional acid markets and it has to be disposed of (by
selling it at a low price) in the general vicinity of the smelter.
This resulting availability of low-priced acid in the west has
made it possible to use it to make wet process phosphoric acid
from low grade western phosphate rock or to use it to leach mine
dumps and low grade deposits which cannot be leached economically
at higher acid prices for the extraction of the contained copper.
An alternative is its neutralization with limestone. This is
being indirectly on copper ores high in limestone.

New process technology has evolved in response to various shortcomings
of conventional technology and as a result of external constraints. New
technology fall into the following major categories:

e New smelting processes (Outokumpu, Mitsubishi, Noranda, electric,

etc.),

¢ Hydrometallurgical processing of sulfide concentrates (Arbiter,

Clear, etc.),
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@ Hydrometallurgical processing of oxide/sulfide ores, mine dumps,

etc.

The new smelting processes are more energy efficient and can reduce
total energy requirements by 30-50%Z. They produce a concentrated stream
of sulfur dioxide from the smelting unit which can be economically converted
to sulfuric acid. The adoption of this technology would avoid the use of
reverbs which produce dilute SOZ-containing streams. Sulfure capture
would increase from 50-70% for current technology to over 90%. The major
shortcoming of the new processes other than electric smelting is that their
applicability to impure concentrates (concentrates high is As, Sb, Bi, Pb,
Zn, Se, Te, etc.) is unproven. Until this issue 1s resolved, the new
processes would have to be utilized for building large smelters to smelt
clean concentrates in regions where acid markets are available. All hydro-
metallurgical processes, conventional as well as new, offer significant
economies of scale, the smallest economic size being approximately 100,000
tons/year of copper.

The hydrometallurgical processes for sulfide concentrates produce
cathode copper directly, and release sulfur in the concentrates in forms
other than 802. It may be feasible to build hydrometallurgical plants
sized around 40,000 tons of copper per year at a unit cost which is about
the same as the unit cost of a large (over 100,000 tons/year) copper smelter
and refinery. The hydrometallurgical processes, in general, are not energy
efficient and utilize the same or slightly more energy than conventional
smelting and refining which is significantly higher than the energy used by

the new smelting processes. The leached solid wastes will require land
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disposal into areas prepared so as to preveat groundwater leaching of
soluble substances and to prevent airborne particulates. Because the
plants will probably be located generally in the semi-arid western United
States, such a disposal area can be established with some degree of
confidence. Overall, these processes are likely to be utilized in locations
remote from sulfuric acid markets where a large smelter is not justified.
Sulfuric acid leaching of oxides is not a primary copper recovery
process but can be considered as an acid neutralization/disposal technique
that also recovers copper from resources previously considered as marginal.
Since the typical western U.S. smelter locations are distant from major
sulfuric acid markets, the sulfuric acid produced to minimize air pollution
has to be utilized for leaching of marginal resources (mine dumps,
tailings, oxide ores, etc.) or for making wet process phosphoric acid.
The leaching of dumps and surface deposits without contamination of ground-
water 1is possible in the arid west but might not be possible in other parts
of the U.S. As a last resort, neutralization with limestone or the reduction
of SO2 streams to elemental sulfur would have to be considered. These

options would exert their own impacts.
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CHAPTER 3

THE U.S. COPPER INDUSTRY IN WORLD PERSPECTIVE: AN OVERVIEW

A. INTRODUCTION

Although the United States is virtually self-sufficient in copper,
the U.S. copper industry does not exist in 1solation from the rest of
the world. It is possible, therefore, that domestic environmental regu-
lations may have economic effects on the copper industry not only
domestically but also internationally. Fundamental questions are raised
in this connection. What will be the effect of domestic environmental
regulations on the investment behavior of U.S. copper firms internmationally?
What will be the ilmpact of environmental regulations in terms of the
dependency of the United States on imported copper in the future?
These questions gain importance particularly in view of the flurry of
speculation and debate about the possible emergence of new, OPEC-like
cartels following the recent OPEC embargo and oil price increases and the
rapid escalation of basic primary commodities prices in 1973 and 1974.1
Within a broader context, these questions arise in light of the current
debate about the '"new international economic order," inasmuch as non-fuel

primary commodities have remained at the heart of this debate, involving

the twin issues of both supply access and prices.

1See, for example, C. Fred Bergsten, ''The Threat from the Third World,"
Foreign Policy, 11 (Summer, 1973), p. 102-124; Stephen D. Krasner, '"0il

is the Exception," Foreign Policy, 14 (Spring, 1974), p. 68-84; Bension
Varon and Kenji Takeuchi, "Developing Countries and Non-fuel Minerals,"
Foreign Affairs, 52, 3 (April, 1974), p. 497-510; Raymond F. Mikesell,
"More Third World Cartels Ahead?" Challenge (November/December, 1974),

p. 24-31; International Economic Policy Association, U.S. Natural Resource
Requirements and Foreign Domestic Policy, Interim Report (Washington, D.C.:
July 18, 1974).
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The issues arising within this broader context are obviously
important and require attention in an analysis of the economic effects
of domestic environmental regulations.

These broader questions and issues are properly addressed later as
part of our impact analysis (Chapter 10). In this chapter, we provide
a condensed and selective overview of the international structure of
the copper industry, in part as a prelude to an analysis of the inter-
national economic implications of domestic environmental regulations
affecting the copper industry and also in part to convey an understanding
of the intermational setting in which the domestic copper industry operates.
Accordingly, the chapter opens with a review of world copper production and
consumption patterns. This is followed by a description of key aspects of
the copper industry's worldwide structure. International trade in copper
is discussed next, followed by examination of the trade relationships of
the United States with the rest of the world.

The principal conclusions emerging from this chapter can be summarized
as follows:

1. World production of refined copper in 1974 was approximately 8.9
million metric tons (smelter production about 7.7 million metric tons and
mine output about 7.9 million metric tons). The United States accounted
for 21.9 percent of refined, 18.4 percent of smelter, and 18.3 percent
of mine output.

2. The share of the United States in world refined copper production
dropped from 31.7 percent in 1964 to 21.9 percent in 1974. During the
same period, U.S. smelter output share dropped from 25.4 percent to 18.4

percent, while U.S. mine output share dropped from 23.8 percent to 18.3
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percent.

3. At the mining level, copper output is highly concentrated in a
relatively few countries, with the United States still as the largest
single producer. Six countries (i.e., the United States, Canada, Chile,
Zaire, Zambia, U.S.S.R.) together account for 71.2 percent of total world
mine output (1974). This reflects only a slight downward shift in con-
centration over the previous decade, with the same six countries having
accounted for 78.3 percent of total world mine output of copper in 1964.

4, Chile, Zambia, Peru and Zaire, the original four members of
CIPEC,l together account for about 37 percent of Free World mine production
in copper. With recent additions in its membership, CIPEC's participation
in internationally traded copper has increased to over 70 percent.

5. Most major copper mining countries are also major smelters.
Concentration by country in copper refining, by contrast, displays a
different pattern. For example, several leading industrial countries with
little or no mine production, and in many cases very little smelter pro-
duction, are large copper refiners based on imported smelted copper
(e.g., West Germany, Belgium-Luxembourg, the United Kingdom, none of which
has either mine production or large smelter production; Japan, which accounts
for only 1.0 percent of world mine output, accounts for 11.6 percent of

world smelter output and 11.8 percent of world refined copper output).

1The Conseil Intergouvernemental des Pays Exportateurs de Cuivre (CIPEC),
also known as Intergovernmental Council of Copper Exporting Countries.
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6. World consumption of refined copper, which tends to be cyclical,
was about 8.3 million metric tons in 1974. Of this, U.S. consumption
accounted for nearly 2.0 million metric tons or 23.5 percent. The U.S.
share of world consumption of refined copper dropped from 28.8 percent
in 1963 to 23.5 percent in 1974, reflecting a relatively higher growth
in demand for copper in the rest of the world.

7. During the postwar period, there has been a major change in
the ownership structure of the world copper industry. In 1947, the four
largest private mining companies accounted for about 60 percent of free-
world mine output. This declined to 49 percent by 1956 and to less than
20 percent by 1974. Meanwhile, through nationalization, the share of
government-owned enterprises in free-world mine output increased, reaching
34 percent in 1974. Moreover, governmental ownership of the copper industry
is heavily concentrated in the copper exporting countries—-mainly the
CIPEC countries.

8. The copper industry is highly concentrated in individual countries.
In the United States, three companies (Anaconda, Kennecott, and Phelps
Dodge) account for 54 percent of total U.S. mine production (1974) and
eight companies account for 87 percent of U.S. mine production. Most of
the eight companies also smelt all of their own output. Copper refining
in the U.S. is even more concentrated, with six companies (Asarco, Kennecott,
Phelps Dodge, Anaconda, Amax, and Newmont) accounting for nearly 90 percent
of U.S. refining capacity (1974).

9. A substantial portion of the large firms are vertically integrated

from mining to refining. In the United States over half of the output of
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domestic copper refiners is sold to subsidiaries, and a substantial portion
of the output of Japanese and European refiners is also sold to their
affiliates. In the past, & significant portion of the output of the mines
owned by private international firms was sold to parent companies or
affiliates of the mining firms. However, this pattern has been changing
with the nationalization of the private firms in the CIPEC countries and
the assumption of the marketing function by the governments of these
countries.

10. Copper processing in individual countries or areas 1is characterized
by a relatively high degree of concentration, which suggests an oligopolistic
industry structure. However, little can be concluded a priori about
possible implications of industry structure for industry behavior and
market competition without consideration of other market forces that
affect industry behavior. Factors of interest include the extent of ver-
tical integration of smelting and refining firms forward into fabricating,
the importance of trade barriers and transportation costs as constraints
to international trade, entry conditions facing potential new producers,
pricing constraints imposed by secondary metal and the threat of substitution
away from copper, and government intervention in markets.

Meanwhile, it is difficult to measure the extent of vertical inte-
gration of primary copper producers forward into copper fabricating. As
a generalization, primary producers in North America and Japan have
important fabricating operations, refiners to Europe are partially inte-
grated forward, and those in other producing countries have very little

fabricating capacity.
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11. The bulk of the world's copper exports is from the developing
countries to Europe, Japan and the United States, with smaller amounts
from Canada, South Africa and Australia. The United States and Western
Europe also export refined copper, but are net importers of copper overall.

Trade in smelted copper has traditionally flowed mainly from Africa
to Western Europe and from Latin America to the United States. Entry of
Japan as an important importer and increasing refining of blister in the
exporting countries have resulted in greater diversification of trading
patterns in recent years and a gradual decline in the absolute importance
of trade in unrefined compared with refined metal.

12, Most of the copper exported by the developing countries is sold
under contract to smelters, refineries, or fabricators in the developed
countries. The pattern of world trade in concentrates tends to be
governed by long-term contracts which may call for deliveries over periods
up to 15 or 20 years, financial arrangements providing for repayment of
loans in concentrates, and ownership ties between the mining and processing
companies. Long-term contracts for the sale of concentrates or blister
offer important advantages for both the mines and the smelters or refineries
with which they are negotiated. By contrast, trade in refined copper is
for the most part based on short-term contracts of ome-to~twelve month
duration. While more competitive, it is also influenced by nonprice
factors such as ownership ties, technical assistance and marketing con-
tracts, and long standing buyer-seller relationships. Ownership ties
between producing and consuming countries have been declining, and, even

where they exist, governments of producing countries have taken a more
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active role in marketing and are attempting to diversify their markets.
Other nonprice factors, such as strikes, transportation problems, natural
disasters in the producing countries, and recessions in the consuming
countries, frequently affect the pattern of trade in refined copper.

13. Although the United States has been virtually self-sufficient
in copper, except in certain years coinciding with military developments
or unusual "demand crunch" periods, the U.S. has been both a leading
importer and exporter of copper. This, however, may change sharply in
the future, partly as a result of the domestic environmental regulations
affecting the U.S. copper industry. The impact of domestic environmental
regulations on the U.S. copper industry should therefore be examined

with close attention to their international economic implications.
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B. WORLD COPPER PRODUCTION AND CONSUMPTION PATTERNS

Analysis of world copper production patterns 1s somewhat complicated
by the role of secondary copper and the difficulty of separating copper
of primary origin from that originating from scrap, especilally after the
latter has been re-refined.

1. U.S. and World Production Trends

World production of refined copper in 1974 was approximately 8.9
million metric tons (smelter production about 7.7 million metric tons
and mine output about 7.9 million metric tons), as shown in Table 1.

The United States accounted for 21.9 percent of refined, 18.4 percent

of smelter, and 18.3 percent of mine output. The share of the United

States in world refined copper production dropped from 31.7 percent in

1964 to 21.9 percent in 1974 (Table 2). During the same period, U.S.

smelter output share dropped from 25.4 percent to 18.4 percent, while

U.S. mine output share dropped from 23.8 percent to 18.3%. U.S. mine

output has grown at 2.48 percent per year over the 1964-1974 period (compared
to world average of 5.09 percent per year) and at 3.54 percent per year

over the 1963-1973 period (compared to world average of 5.08 percent per
year).

2. Where Copper is Produced

At the mining level, copper output is highly concentrated in a rela-
tively few countries, with the United States still as the largest single
producer (Table 3). Six countries (i.e., the United States, Canada, Chile,
Zaire, Zambia, U.S.S.R.) together account for 71.2 percent of total world

mine output (1974). This reflects only a slight downward shift in
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TABLE 1

WORLD PRODUCTION OF COPPER, 1974a
(thousand metric tons)

Mine production

Country Groups (copper content) Smelter Production

Production of
refined copper

Amount Percent (%) Amount Percent (%) Amount Percent (%)
Total World 7,885.6 100.0 7,733.6 100.0 8,851.5 100.0
United States 1,445.7 18.3 1,424.2 18.4 1,938.3 21.9
Other America 2,042.6 25.9 1,518.6 19.6 1,241.7 14.0
Europe 322.1 4.1 538.1 7.0 1,447.4 16.4
Asia 447.7 5.7 970.4 12.5 1,608.2 12.1
Africa 1,519.1 19.3 1,411.7 18.3 1,051.8 11.9
Australia and Oceania 439.7 5.6 195.6 2.5 189.6 2.1
Communist Block Countries 1,668.7 21.2 1,675.0 21.7 1,914.5 21.6

NOTES : aComponents may not sum up to the totals given due to rounding.

SOURCE: Metallgesellschaft Aktiengesellschaft, Metal Statistics 1964-1974, 62nd. Edition

(Frankfurt am Main, 1975), pp. 26-31.
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TABLE 2

UNITED STATES AND WORLD COMPARATIVE TRENDS IN COPPER PRODUCTION: 1963-1974
(thousand of metric tons)

Mine Production of Copper

(copper content) Smelter Production of Copper Production of Refined Copper

U.S. as U.S. as U.s. as

percent percent percent
Years U.S. World of world U.S. World of world U.S. World of world
1963 1100.6 4624.3 23.8 1176.3  4634.8 25.4 1709.5 5399.7 31.7
1964 1131.1 4798.6 23.6 1214.2  4851.4 25.0 1805.7 5739.0 31.5
1965 1226.3 4962.7 24.7 1300.9 5024.4 25.9 1942.1 6058.5 32.1
1966 1296.5 5215.9 24.9 1330.3 5167.0 25.7 1980.7 6322.2 31.3
1967 865.5 5057.6 17.1 782.3  4891.0 16.0 1384.9 6000.5 23.1
1968 1092.8 5456.5 20.0 1148.9 5507.8 20.9 1668.3 6658.6 25.1
1969 1401.2 5951.2 23.5 1438.3 5972.9 24.1 2009.3 7199.8 27.9
1970 1560.0 6387.3 24.4 1489.0 6309.5 23.6 2034.5 7577.8 26.8
1971 1380.9 6473.9 21.3 1360.8 6380.0 21.3 1780.3 7377.8 24.1
1972 1510.3 7071.5 21.4 1533.5 7003.2 21.9 2048.9 8068.0 25.4
1973 1558.5 7591.4 20.5 1582.1 7445.5 21.2 2098.0 8497.3 24.7
1974 1445.7 7885.6 18.3 1424.2 7933.6 18.4 1938.3 8851.5 21.9
Average Annual
Compound Growth
Rate (Percent)
1963-1973 3.54 5.08 - 3.01 4.85 2.07 4.64 -
1964-1974 2.48 5.09 - 1.61 4.77 - 0.71 4.43

NOTES: 2One metric ton (1,000 kilograms) equals 1.102311 short tons (907.185 kilograms = 2000 pounds
avoirdupois, where one pound avoirdupois equals 0.453592 kilogram or 453.5924 grams).

SOURCE: Metallgesellschaft Aktiengesellschaft, Metal Statistics 1963-1973, 61st Edition (Frankfurt
am Main, 1974), pp. 26-31; and Metal Statistics 1964-1974, 62nd Edition (Frankfurt am Main,
1975), pp. 26-31.
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TABLE 3

WORLD MINE PRODUCTION OF COPPER:
PRODUCING COUNTRIES, 1964 and 1974
(copper content)

Country

United States
Canada

Chile

Peru

Zaire

Zambia

Republic of South
Africa

Japan
Philippines
Australia
Papua-New Gulnea
Yugoslavia

ussr®

Poland

China, gR and North
Korea

Subtotal

World Total

NOTES: 2Estimates.

FIFTEEN LARGEST

Percent Compositionb

Amount
(thousand metric tons) (%)

1964 1974 1964 1974
1,131.1 1,445.7 23.6 18.3
441.7 826.2 9.2 10.5
621.7 902.1 13.0 11.4
176.4 213.2 3.7 2.7
276.6 544.1 5.8 6.9
632.3 698.0 13.2 8.9
61.3 179.1 1.3 2.3
106.2 82.1 2.2 1.0
60.5 209.7 1.3 2.7
106.3 255.6 2.2 3.2

- 184.1 - 2.3
63.2 155.2 1.3 2.0
650.0 1,200.0 13.5 15.2
13.4 198.0 0.3 2.5
83.0 150.0 1.7 1.9
4,423.7 7,243.1 92.2 91.9
4,798.6 7,885.6 100.0 100.0

bComponent:s may not sum up to the totals given due to rounding.
SOURCE: Metallgesellschaft Aktiengesellschaft, Metal Statistics 1964-1974,
62nd. Edition (Frankfurt am Main, 1975), pp. 26-27.
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concentration over the previous decade, with the same six countries having

accounted for 78.3 percent of total world mine output of copper in 1964,
Chile, Zambia, Peru and Zaire together account for about 37 percent

of Free World mine production in copper.1 Mines in these countries were

initially developed by large foreign countries. In recent years, the

governments involved have exerted increasing control over, and participation

in ownership of these mines. Chile initiated a "Chilianization" program

in 1966 which culminated in complete nationalization of the major producers

in 1971. Zambia introduced a "Zambianization" program at the end of 1960

to eventually replace foreign personnel by nations and in 1970, acquired

51 percent ownership of the two major producer groups. Zaire nationalized

its one large producer in 1966 and Peru has recently been insisting on

increased national participation and expansion of mineral processing.

In 1974 the Zambian government terminated both the management and the sale

contracts with the Anglo-American group and AMAX, the former majority

owners (now 49 percent owners). In that same year the Peruvian govermment

nationalized Cerro de Pasco, the second largest copper producer after

Southern Peru Copper Co. (which owns Toquepala and Cuajone). The new copper

refinery at Ilo is wholly government-owned and operated. Finally, in 1975

lln 1968, these four countries formed the Conseil Intergouvernemental des

Pays Exportateurs de Cuivre (CIPEC), also known as Intergovernmental Council
of Copper Exporting Countries. During the November 17-19, 1975 meeting in
Lima, Peru, the four founding members accepted Indonesia as a full member
and Australia and Papua New Guinea as nonvoting associate members (not
subject to CIPEC control directives). The newmembership increases CIPEC
participation in internationally traded copper to more than 72 percent.

More will be said about CIPEC in the impact analysis section of the report.
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the government of Zaire renegotiated its technical assistance and sales

agreements with the Belgium firm SGM (an affiliate of Union Miniere) so

that operations and sales of Gecamines output are entirely under govern-
ment control.

The geographical distribution of world copper productive capacity
(Table 4) closely parallels the distribution of copper mine output. Among
the more striking conclusions that can be drawn here are the following:

e U.S. mine productive capacity (i.e., mine/mill capacity, where

the mill capacity effectively serves as the binding constraint)
only slightly exceeds the estimated combined capacity of the Sino-
Soviet Block countries as a whole,

e about 80 percent of world mine productive capacity 1s located

outside the Sino-Soviet Block countries,

® The CIPEC countries (Chile, Peru, Zambia and Zaire) account for

about 29 percent of world capacity and 36 percent of total Free
World capacity,

e world capacity has remained practically constant during 1974-1975,

reflecting adverse market conditions.

Most major copper mining countries are also major smelters and their
shares of smelter output are broadly comparable with their shares of mine
output (Table 5). However, Canada and to a much lesser extent, Peru, and
Australia have lower shares of world smelter capacity, compared to their
shares of world mine capacity, while the reverse is true for Japan and
West Germany, in particular. The Philippines exports all of its production

in the form of concentrates. However, the degree of concentration in
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TABLE 4

WORLD COPPER MINE PRODUCTIVE CAPACITY,
BY AREA AND COUNTRY, 1974 AND 1975

Estimated Capacity Percent Breakdown
(thousands of short tons) (%)
Area/Country Dec. 31, 1974 Dec. 31, 1975 Dec. 31, 1974 Dec. 31, 1975
North America
United States 1,920 2,050 20.6 21.6
Canada 1,020 980 11.0 10.0
Mexico 95 100 1.0 1.1
Other 10 10 0.1 0.1
Total 3,045 3,140 32.7 33.0
South America
Chile 1,000 1,000 10.7 10.5
Peru 245 245 2.6 2.6
Other 15 15 0.2 0.2
Total 1,260 1,260 13.5 13.2
Africa
Zambia 850 850 9.1 8.9
Zaire 625 625 6.7 6.6
South Africa 200 200 2.1 2.1
South West Africa 35 35 0.4 0.2
Other 80 120 0.9 1.3
Total 1,790 1,830 19.2 19.2
Asia
Philippines 265 280 2.8 2.9
Japan 85 75 0.9 0.8
Indonesia 80 80 0.9 0.8
Iran 5 5 0.1 0.1
Other 100 110 1.1 1.2
Total 535 550 5.7 5.8
Oceania
Australia 285 275 3.1 2.9
Papua New Guinea 200 200 2.1 2.1
Total 485 475 5.2 5.0
Europe 365 375 3.9 3.9
TOTAL FREE WORLD
CAPACITY 7,480 7,630 80.3 80.2
SINO-SOVIET BLOCK ‘
COUNTRIES 1,836> 1,880% 19.7 19.8
TOTAL 9,316 9,510 100.0 100.0

NOTES: @Actual mine production, from World Bureau of Metal Statistics (1974) and
Commodities Research Unit Ltd. (1975), as reported in Enginnering and
Mining Journal (March, 1976), p. 89.

bComponents may not sum up to the totals given due to rounding.

SOURCE: Phelps Dodge Corporation; Arthur D. Little, Inc. Arthur D Little Inc.
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TABLE 5

WORLD SMELTER PRODUCTION OF COPPER: FIFTEEN LARGEST
PRODUCING COUNTRIES, 1964 AND 1974

Amount Percent CompositionC
(thousand metric tons) %
Country 1964 1974 1964 1974
United States 1,214.2 1,424.2 25.0 18.4
Canada 365.9 537.0 7.0 6.9
Chile 586.7 724.3 12.1 9.4
Peru 152.1 179.8 3.1 2.3
Zaire 276.6 469.9 5.7 6.1
Zambia 638.8 709.3 13.2 9.2
Republic of South 56.3 147.8 1.2 1.9
Africa
Japan 280.9 900.0 5.8 11.6
Australia 81.9 195.6 1.7 2.5
Germany, FR 68.3 174.0 1.4 2.3
Spain 21.4 79.0 0.4 1.0
Yugoslavia® 49.4 142.2 1.0 1.8
USSR? 650.0 1,200.0 13.4 15.5
Poland 23.8 190.0 0.5 2.5
China, PR and North 83.0 150.0 1.7 1.9
Korea®
Subtotal 4,549.3 7,223.1 93.8 93.4
World Total 4,851.4 7,733.6 100.0 100.0

NOTES: 2Estimates.

bPrimary copper only.

cComponent:s may not sum up to the totals given due to rounding.
SOURCE: Metallgesellschaft Akiengesellschaft, Metal Statistics 1964-1974,
62nd. Edition (Frankfurt am Main, 1975), pp. 28-29.
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smelting by country is very similar to that in mining, and, as was true
for the latter, concentration in copper smelting changed very little
over the 1967-1974 period, with the exception of a significant increase
in smelter production in Japan.

Concentration by country in copper refining, by contrast, displays
a different pattern, as shown in Table 6.1 For example, several leading
industrial countries with little or no mining production, and in many cases
very little smelter production, are large copper refiners based on imported
smelted copper. The leading examples are West Germany, Belgium-Luxembourg,
and the United Kingdom, none of which has either mine production or large
smelter production. The United States is the leading producer at all three
stages. Japan, which accounts for only 1.0 percent of world mine output,
not only accounts for 11.6 percent of world smelter output but also a
similarly significant 11.8 percent of world refined copper output. Unlike
Western European countries, Japan both smelts and refines most of its
copper imports.

3. Where Copper is Consumed

World consumption of refined copper was about 8.3 million metric toms
in 1974. Of this, U.S. consumption accounted for nearly 2.0 million metric
tons or 23.5 percent. The U.S. share of world consumption of refined copper

dropped from 28.8 percent in 1963 to 23.5 percent in 1974, reflecting a

l'I'he data in Table 6 must be interpreted with some caution, however, because
they include refined copper produced from scrap. Unfortunately, accurate
statistics on scrap inputs in refining are not readily available, on a
worldwide basis.
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TABLE 6

WORLD PRODUCTION OF REFINED COPPER: FIFTEEN LARGEST
PRODUCING COUNTRIES, 1964 AND 1974

Amount Percent Compositionb
(thousand metric tons) 9]
Country 1964 1974 1964 1974
United States 1,805.7 1,938.3 31.5 21.9
Canada 370.1 559.1 6.4 6.3
Chile 277.9 538.1 4.8 6.1
Zaire 140.2 254.5 2.4 2.9
Zambia 497.1 678.8 8.7 7.6
Japan 341.7 996.0 6.0 11.3
Australia 101.7 189.6 1.8 2.1
Germany, FR 324.7 423.6 5.7 4.8
Spain 46.7 123.5 0.8 1.4
Belgium-Luxembourg 275.0 378.7 4.8 4.3
United Kingdom 224.9 160.1 3.9 1.8
Yugoslavia 51.9 150.6 0.9 1.7
Ussr? 750.0 1,350.0 13.1 15.3
Poland 36.6 194.5 0.6 2.2
China, RP and North 110.1 200.0 1.9 2.3
Korea

Subtotal 5,354.2 8,133.4 93.3 91.9
World Total 5,739.0 8,851.5 100.0 100.0

NOTES: aEstimates.

bComponents may not sum up to the totals given due to rounding.
SOURCE: Metallgesellschaft Aktiengesellschaft, Metal Statistics 1964-1974,
62nd. Edition (Frankfurt am Main, 1975), pp. 30-31.
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relatively higher growth in demand for copper in the rest of the world
(Table 7). Accordingly, while refined copper consumption in the United
States has increased by only 1.90 percent per year during the 1963-1974
period (1.47%/yr. over 1964-1974 and 3.39%/yr. over 1963-1974), world
consumption has recorded a substantially higher rate of growth at 3.81
percent per year over the sample period (3.34%/yr. over 1964-1974 and
4.77%/yr. over 1963-1973).

As shown in Table 8, fifteen countries accounted for 88.1 percent of
total world refined copper consumption in 1974, while these countries pro-
duced only 53.6 percent of total world mine output of copper. When the
United States and the U.S.S.R. (two virtually self-sufficient countries)
as well as Canada (a major exporter) are excluded, the picture becomes
substantially different: while the remaining twelve largest consumers
together account for 47.3 percent of total world consumption of refined
copper, their combined mine output amounts to only 9.6 percent of the world
total.

Although not shown in the accompanying tables, annual copper consumption
reported by individual countries tends to be quitelcyclical, particularly
in the United Kingdom, the United States, and West Germany. Year to year
changes of plus or minus ten percent are common and changes exceeding
20 percent have not been unusual. Even though cyclical downturns in some
countries tend to be offset by upswings in others and this may serve to

smooth the trend in total consumption, copper production generally tends to

1
be more stable over time than overall copper consumption.

lIt should be noted that the reduced mine production in 1967 was due to a
lengthy strike in the United States.
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TABLE 7

UNITED STATES AND WORLD COMPARATIVE TRENDS IN
REFINED COPPER CONSUMPTION, 1963-1974
(thousand metric tons)

U.5. as

percent
Years U.s. World of world
1963 1590.0 5519.3 28.8
1964 1690.0 5995.4 28.2
1965 1845.6 6193.2 29.8
1966 2157.8 6444.8 33.5
1967 1797.5 6194.8 29.0
1968 1701.4 6523.3 26.1
1969 1944.3 7148.0 27.2
1970 1854.3 7283.4 25.5
1971 1830.5 7309.9 25.0
1972 2028.6 7944.5 25.5
1973 2218.6 8791.6 25.2
1974 1956.4 8325.4 23.5

Average Annual

Compound Growth

Rate (Percent)

1963-1973 3.39 4.77 -

1964-1974 1.47 3.34 -

SOURCE: Metallgesellschaft Aktiengesellschaft, Metal Statistics
1963-1973 and 1964-1974, pp. 32-33.
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TABLE 8

REFINED COPPER CONSUMPTION AND MINE PRODUCTION OF COPPER,
BY FIFTEEN LARGEST CONSUMING COUNTRIES, 1974

Consumption of Refined Coppera Mine Production of Coppera
Amount
Amount (Copper content,
(thousand metric thousand metric
Country tons) Percent (%) tons) Percent (%)
United States 1,956.4 23.5 1,445.7 18.3
Canada 270.1 3.2 826.2 10.5
Japan 831.0 10.0 82.1 1.0
Germany, FR 731.0 8.8 1.7 -
Belgium-Luxembourg 178.2 2.1 - -
France 414.2 5.0 0.4 -
Italy 308.0 3.7 0.8 -
United Kingdom 496.9 6.0 - -
Spain 143.9 1.8 44,5 0.6
Brazil 162.0 1.9 6.0 0.1
Australia 121.6 1.5 255.6 3.2
U.S.S.R. 1,170.0 14.1 1,200.0 15.2
Germany, DR 105.0 1.3 18.0 0.2
Poland 150.0 1.8 198.0 2.5
China, PR and North 300.0 3.6 150.0 1.9
Korea
Subtotal 7,338.3 88.1 4,229.0 53.6
World Total 8,325.4 100.0 7,885.6 100.0
NOTES:: aComponents may not sum up to the totals given due to rounding.

SOURCE: Metallgesellschaft Aktiengesellschaft, Metal Statistics, 1964-1974, 62nd.
Edition, (Frankfurt am Main, 1975), various pages.
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c. INDUSTRIAL CONCENTRATION

The copper industry's worldwide geographical concentration is paralleled
by its industrial concentration.

Orris Herfindahl estimated that in 1947 four mining firms accounted
for about 60 percent of world output (excluding the U.S.5.R.) and eight
firms accounted for 77 percent of world output. By 1956 these percentages
had declined to 49 and 70 percent respectively.1 All of these companies
were privately owned and most of the stock was held by residents of the
United States, Canada and the principal Western European countries.

Since 1956 there has been a major change in the structure of the world
copper industry. 1In 1974 the four largest private copper producers--Kennecott,
Newmont, Phelps Dodge and Rio Tinto Zinc--had a majority ownership interest
in less than 20 percent of the free world mine copper output, and 10 pri-
vately-owned companies had a majority interest 1n less than 35 percent of
the free world mine copper output.2 Eleven other privately-owned companies
(see Table 9) are majority owners of an additional 10 percent of the free
world copper out:put.3

The majority or wholly-owned government mining enterprises (e.g., in
Chile, Peru, Zaire, Zambia, Turkey, India, Uganda) accounted for about 34

percent of the free world mine output in 1974. According to Sir Ronald

lOrris C. Herfindahl, Copper Costs and Prices: 1870-1957, published for
Resources for the Future, Inc. (Baltimore: The Johns Hopkins Press, 1959),
p. 165.

2The ten companies are Anaconda, Asarco, Cyprus, Duval, International Nickel,
Kennecott, Mt. Isa, Newmont, Phelps Dodge and Rio Tinto Zinc (RTZ). RTZ
controls the Bougainville mine and the Palabora mine (South Africa). Asarco
has a 49% equity interest in Mt. Isa.

3These companies include Atlas, Falconbridge, Freeport, Hudson Bay, Inspira-
tion, Lornex, Marcopper, Noranda, Rio Tinto Patino, Texas Gulf and White Pine.
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TABLE 9

MINE COPPER PRODUCTION OF TWENTY a
LEADING PRIVATELY~OWNED MINING COMPANIES in 1974
(000 metric tons, copper content)

Companies Output
U.S. Companies
Anaconda 179
Asarco? 194
Cyprus 100
Duval 120
Freeportc 65
Inspiration 51
Kennecoat 366
Newmont 215
Phelps Dodge 256
Copper Range 61
Subtotal 1,577
Canadian Companies
Falconbridge 49
Hudson Bay 49
International Nickel 172
Lornex 58
Noranda 45
Texas Gulf 53
Subtotal 426
Other Companies e
Rio Tinto Zinc (UK) 307
Atlas Consolidated (Philippines) 87
Marcopper (Philippines) 47
Mt. Isa (Australia) 160
Subtotal 601
TOTAL (all 20 companies) 2,604
Summary:
8 Total Free World OQutput 6,064
® Leading 20 private companies as percentage 43.0

of world output

NOTES: Includes output of majority-owned subsidiaries. There may be some
understatement by reason of absence of knowledge regarding all
subsidiaries.

bIncludes output of Southern Peru Copper Corporation (owned jointly
with Phelps Dodge, Newmont and Cerro).

cOutput: of Freeport Indonesia.
dIncludes Canadian and South African subsidiaries.

®Includes output of Bougainville mine and Palobora mine in South Africa.
SOURCE: American Bureau of Metal Statistics Yearbook, 1975.
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Prain, in 1970 about 43 percent of copper producing capacity in the non-
Communist world was owned in whole or in part by governments.1 Moreover,
governmental ownership of the copper industry is heavily concentrated in
the copper exporting countries--mainly the CIPEC countries. In some
countries, including Zambia, Mexico and Australia (Mt. Isa), large inter-
national mining companies have reduced their equity holdings from a
majority to a minority position in recent years.

To summarize, 21 private companies have a majority interest in mines
producing about 44 percent of total copper production in the market
economies (including Yugoslavia), and another 34 percent is produced by
majority-owned government enterprises in eight important copper producing
countries. Most of the remaining 22 percent is produced by a fairly large
number of privately-owned companies, some of which have a minority govern-
ment participation. Among the Sino-Soviet Block countries, which account
for slightly over 20 percent of total world mine production (see Table 1),
75 percent 1s produced in the USSR and most of the remainder in Poland,
China and Bulgaria.

Copper production is highly concentrated within the leading copper

producing countries, as described below.

United States. Copper production in the U.S. is highly concentrated,

with three companies--Anaconda, Kennecott and Phelps Dodge--accounting for

54 percent of total U.S. mine production in 1974 and eight companies

lSir Ronald Prain, Copper, The Anatomy of an Industry (London: Mining

Journal Books, 1975).
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accounting for 87 percent of U.S. mine production. Most of the eight
companies also smelt all of their own output. Copper refining in the

U.S. 1s even more concentrated with six companies--Asarco, Kennecott,
Phelps Dodge, Anaconda, Amax, and Newmont--accounting for nearly 90 percent
of U.S. refining capacity in 1974. U.S. smelting and refining companies
also process a limited amount of foreign concentrates and large tonnages
of imported blister copper. The U.S. is currently about 90 percent self-
sufficient in copper; it imports substantial amounts of blister copper,
mainly from Latin America, and refined copper, mainly from Canada and
Latin America. The three largest U.S. mine producers—-Anaconda, Kennecott
and Phelps Dodge--are vertically integrated into the fabricating stage.
Approximately one-third of the copper output of U.S. refineries is sold

to downstream affiliates, and U.S. firms export a substantial amount of
refined copper.

Canada. There are about 20 important copper mining companies in
Canada, with seven companies producing about 56 percent of the total
output in 1974. Only about 61 percent of Canada's mine production was
smelted in Canada in that year. However, Canada's refining capacity was
equal to about 75 percent of her mine output in 1974. Canadian smelting
capacity is concentrated in four firms--Falconbridge, Noranda, Hudson Bay
and International Nickel. Refining capacity is controlled by two firms--
Canadian Copper and International Nickel.

Chile. 'In Chile the bulk of the copper is produced by COELCO's mines

which were nationalized in 1972. Most of Chile's mine output is smelted
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in Chile and about 60 percent of Chile's output is refined in the country.

Zambia. In Zambia all copper is produced by two mining companies
owned 51 percent by the government. Zambia has smelting and refining
capacity for nearly all of her mine output.

Zaire. 1In Zaire the government-owned mining company, Gecamines,
produced 92 percent of the mine output in 1974 with a small but growing
output produced by the Japanese firm, Sodimiza. Sodimiza ships concentrates,
but all of Gecamines' output is smelted and 45 percent is refined in Zaire.

Peru. The Southern Peru Copper Corporation (52 percent owned by
Asarco) currently accounts for over half of mine and smelter production in
Peru and this proportion is expected to rise to 75 percent when the
Cuajone mine begins full operation in 1977. The remainder is produced by
government—owned mines and several small private mines. By 1977 about half
of Peru's mine and smelter production will be refined in government-owned
refineries.

Australia. In Australia 57 percent of the mine copper output in 1974
was accounted for by the privately-owned Mt. Isa mine, and three mines
produced 77 percent of total output. (Mt. Isa is owned 49 percent by
Asarco). Australia has smelter and refining capacity for nearly 80 percent
of its mine output.

South Africa. Nearly 85 percent of South Africa's mine copper is
produced by three private firms, owned largely by international mining
companies—-RTZ, Newmont and U.S. steel. South Africa has smelter capacity
for over 80 percent of her mine output, but has refining capacity for

less than half of her mine output.
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The Philippines. Philippine mine output is produced by six private

mining companies, one of which--Atlas--produces about 40 percent of the
total. There are no smelters or refineries.

Papua New Guinea. PNG's output is produced solely by the majority

foreign-owned firm, Bougainville Copper Ltd. (a subsidiary of Conzinc
Rio-Tinto which in turn is a subsidiary of RTZ). All output is shipped
abroad in the form of concentrates.

Both Japan and Western Europe have smelting and refining capacity
several times their mine output, and import substantial amounts of
concentrates and blister copper.

Majority private owmership in copper mines does not carry with it
full control over production and marketing. For example, although the
majority of Peruvian output is produced by a foreign-owned firm, SPCC,
Peru's mineral output is marketed by MINPECO, a government agency.

In all of the CIPEC member countries--Chile, Indonesia, Peru, Zaire and
Zambia--the government exercises control over marketing and production

in accordance with CIPEC guidelines. (Australia and PNG are Assoclate
Members of CIPEC and are not bound by CIPEC's decisions). 1In 1974 the
original CIPEC members accounted for 38 percent of world mine copper pro-
duction and about 62 percent of world copper exports. If Indonesia and
the new Associate Members of CIPEC are included, these shares rise to 46

and 72 percent respectively.
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D. VERTICAL INTEGRATION

A substantial portion of the large firms are vertically integrated
from mining to refining. In addition, in 1969 about 25 percent of the
refined copper sold on the world market was to affiliates of the copper
producers.l In the United States over half of the output of domestic
copper refiners is sold to subsidiaries, and a substantial protion of the
output of Japanese and European refiners is also sold to their affiliates.
In the past, a significant portion of the output of the mines owned by
private international firms was sold to parent companies or affiliates of
the mining firms. However, this pattern has been changing with the
nationalization of the private firms in the CIPEC countries and the assumption
of the marketing function by the governments of these countries. The buyers
of refined copper are usually semi-fabricators of which there are some 500
company groups plus about 100 merchants. Virtually all refiners sell to
independent fabricators as well as to their own affiliates.

Data on mine production of copper by company are very limited but most
of the larger producing countries have a small number (one to five) of large,
integrated mining and smelting firms, and a larger number of small, independent

non-integrated mining firms.2

1This percentage may also have been reduced by recent nationalization.

This part of our discussion draws heavily upon Glen E. Wittur, "Domestic
Processing of Mine Output in Canada, with Case Studies on Zinc and Copper
Refining," unpublished Ph.D. Thesis, Pennsylvania State University, 1974,
Chapter 6.
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Similarly, no definitive data are available on the split in mine
output between vertically integrated and independent mine producers and
it is not possible to draw conclusions on industry concentration at this
stage. Integrated firms certainly account for a large majority of
production in all major mining countries except the Philippines and,
to a smaller extent, Canada and a few smaller producing countries.
Independent mines may ship concentrates to domestic smelters and since
there are at most only a few smelters in each major producing country.

A possible conclusion is that this market is characterized by many
competitive sellers facing few buyers. The alternative of exporting
concentrates is also available in most countries, however, and this
introduces an important competitive element in domestic smelter buying
practices. As indicated below, while a number of countries import

copper concentrates, major buyers are limited to Japan, West Germany, and
to a lesser extent the United States. Japan was a very aggressive buyer
of copper concentrates during the 1960's and the international market for
copper concentrates was highly competitive during this period. As a result,
smelting and refining charges remained at very low levels for most of the
decade. Processing charges rose sharply between 1968 and 1972, indicating
a considerable change in market circumstances.

The smelting and refining segment of the world copper industry is com-
posed of firms that operate either smelters or refineries, or both. In
1970, some 22 firms with smelters alone operated 23 smelters; 44 firms with
both smelters and refineries operated 69 smelters and 63 refineries; and
22 firms with refineries only operated 24 refineries. Neglecting firms

with smelters of 30,000 tons or less, eight larger firms operated nine
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smelters; 32 firms operated 57 smelters and 51 refineries; and three refining
firms operated three refineries. By eliminating the smaller producers,
many of which operate on scrap, the number of firms is reduced by half
and the number of plants by one third.

Considering copper refining only, industry concentration in the
leading industrial countries (excluding capacity in foreign countries
controlled by firms based in the leading industrial countries) ranges from
high to very high. A complication not adequately accounted for in data
on industry concentration is the many interrelationships among firms,
such as minority ownership, interlocking directionships, joint ventures,
and intercompany processing. Charles River Associates (1970a, p. 51-78)
document some of these interrelationships between international corporatioms,
but it is difficult to draw conclusions on their importance to industry
behavior and performance.

There seems little point in delving very deeply into the copper refining
industries in major consuming countries. With the exception of two or
three of the larger producers in the United States, most producers in large
consuming countries are predominantly custom processors. All but one of
the major refining firms in Western Europe, including the United Kingdom,
are custom refiners with little or no primary smelting capacity. One
West German firm and all but one of the Japanese firms, have both smelters
and refineries and import both concentrates and blister. Some Japanese
firms also have substantial domestic mine production. However, many of
the larger producers outside the industrial countries are assoclated with

producing interests in the industrial countries.
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In conclusion, copper processing in individual countries or areas is
characterized by a relatively high degree of concentration, which suggests
an oligopolistic industry structure. However, little can be concluded
a priori about possible implications of industry structure for industry
behavior and market competition without consideration of other market forces
that affect industry behavior. Factors of interest include the extent of
vertical integration of smelting and refining firms forward into fabricating,
the importance of trade barriers and transportation costs as contstraints to
international trade, entry conditions facing potential new producers, pricing
constraints imposed by secondary metal and the threat of substitution away
from copper, and government intervention in markets.
Meanwhile, it is difficult to measure the extent of vertical integration

of primary copper producers forward into copper\fabricating. As a
generalization, primary producers in North America and Japan have important
fabricating operations, refiners in Europe are partially integrated for-
ward, and those in other producing countries have very little fabricating
capacity. 1In the United States, all of the major primary producers have
fabricating subsidiaries. In the mid-1960's, about 35 companies were
recognized as important copper fabricators, with most of the larger ones
being affiliated with the major primary producers.1 However, there are also
a large number of independent fabricators; in 1966, there were more than
100 wire mills, 60 brass mills, and sever thousand foundries in the
United States. Only about one-third of refined copper fabricating capacity

is captive to domestic refiners.

lA. D. McMahon, Copper--A Materials Survey (Washington, D. C.: U.S. Bureau

of Mines, Information Circular 8225, 1965), p. 253.
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The qualitative pattern of vertical integration through refining in
Japan is similar to that in the United States, although industry concen-
tration in fabricating is higher in Japan. In the United Kingdom and EEC,
the copper fabricating industry is composed predominantly of firms,
independent of copper refiners, which purchase refined copper and sell
fabricated products to manufacturers. The tendency in recent years
however, has been for manufacturers to integrate backwards into fabricating.
A recent technological development--continuous casting of copper rod to
replace rolling of wire bars--has encouraged some European refiners to
extend their operations into production of wire. Substantial excess capacity
exists in copper fabricating in both the United Kingdom and original EEC
member countries, and the United Kingdom's entry into EEC is said to
threaten severe price competition at the fabricating stage.l

In the United Kingdom, three major copper fabricating and manufacturing
groups of companies have evoled, each of which incorporates some domestic
refining capability, but many independent fabricators remain. The largest
copper refiner i1s a subsidiary of the country's leading copper user and the
two other large copper fabricators operate small scrap refineries but none
ofthe three firms appear to be connected with primary copper producers
in other countries.2

Hoboken in Belgium, the leading copper refiner in continental Europe,
has no fabricating facilities of its own but is associated with a number of

metal fabricating firms in Belgium and other European countries. Similarly,

lMetal Bulletin Monthly (August, 1974), p. 1l.
2w1thur, op. cit., p. 331.
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the other major producer, Norddeutsche Affinerie in West Germany, has no
fabricating facilities but is a 'member of the Metallgesellschaft Group
which is a major metal fabricator in Europe. However, both Hoboken and
Norddeutsche have installed continuous rod casting facilities. All of
France's copper imports are purchased by Groupement d'Importation et de
Repartition des Metaux (GIRM), which distributes metal to its member firms.
Two firms associated with Pechiney together fabricate nearly 50 percent
of GIRM's copper supply. The five largest fabricators account for nearly
two thrids of copper fabricating in France. There exist many other fabri-
cators in Western Europe and, while little information is available on
their relative importance, it is apparent that a large independent market
exists for refined copper in Europe.l

In summary, the structure of the copper consuming industry appears to
be broadly similar in all larger industrial countries. In each major copper-
using sector (rolling or barss mills, wire mills, and foundries), national
industries are characterized by a small number of large firms and a much
larger number of medium to small firms. The larger firms in the United
States and Japan are in many cases affiliated with primary producers, while
some fabricators in the United Kingdom and Continental Europea are affiliated
with domestic refiners. The majority of smaller fabricators in all countries
appear to be independnet or primary producers. The important point here is
that a substantial market for refined copper that is not captive to primary

producers, appears to exist inm most industrial countries.

1Ibid., p. 332.
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E. INTERNATIONAL TRADE IN COPPER

Consistent data on international trade flows in copper are lacking.
Nevertheless, a fairly accurate understanding of major trade patterms
can be quite readily developed.

The bulk of the world's copper exports 1s from the developing countries
to Europe, Japan and the United States, with smaller amounts from Canada,
South Africa and Australia. The United States and Western Europe also
export refined copper, but are net importers of copper overall. About 25
percent of world copper exports in 1974 was in the form of concentrates,
16 percent in blister copper and 59 percent in refined copper.l

Trade in smelted copper has traditionally followed mainly from Africa
to Western Europe and from Latin America to the United States. Entry of
Japan as an important importer and increasing refining of blister in the
exporting countries have resulted in greater diversification of trading
patterns in recent years and a gradual decline in the absolute importance
of trade in unrefined compared with refined metal.

Tables 10-12 are organized to convey a summary of world trade patterns
in copper. As shown in Table 10, the leading exporters of unrefined copper
are Canada, Chile, Peru, Zaire and Zambia, and to a much smaller extent,
the United States. These countries, except for Canada and Peru, are also
important exporters of refined copper. The list of leading exporters of
refined copper also includes such countries as Japan, Germany, (FR),

Belgium-Luxembourg, Australia and the United Kingdom. A more detailed view

1Data are from Statistical Bulletin, 1975, CIPEC, Paris, 1976.
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LEADING EXPORTERS OF COPPER, 1974

Country

United States
Canada

Chile

Peru

Zaire

Zambia

Japan
Australia
Germany, FR
Spain
Belgium-Luxembourg
United Kingdom

TABLE 10

(metric tons)

Copper ores (copper
content), concentrates
and matte

Refined Copper

19,944°
343,846
214,500°
197,056°
157,500

31,946
b

12,234
5,015
3,909

1,004
b

114,7822
b

487,800d

38,475
289,100
649,774
279,573

70,536

82,440

5,130
288,880
35,026

NOTES: 221,984 and 126,525 short tons, respectively, as given in
U.S. Bureau of Mines, Mineral Industry Surveys, Copper in
1974 (April 8, 1975), p. 7.

bData not specifically avallable; assumed negligible.

cCopper content; as reported by Corporacion del Cobre, Chile.

dIncluding both fire refined copper (101,700 metric tons) and

electrolytic copper (386,100 metric tons).

eConsisting of blister copper (134,364 metric tons) and copper
ores (copper content), including copper precipitate (62,692
short tons).

SOURCE: Metallgesellschaft Aktiengesellschaft, Metal Statistics
1964-1974, 62nd. Edition (Frankfurt am Main, 1975), various

pages.
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TABLE 11

INTERNATIONAL TRADE FLOWS IN COPPER ORES,
BY MAJOR IMPORTING COUNTRY, 1974

Major Importing Total Volume of Importsb Percent Composition by
Country/Origin (metric tons) Origin (X)
JAPAN TOTAL 3,123,600 100 0
From. Indonesia 161,903 5.2
Phillipines 886,115 28.5
Zalire 87,997 2 8
Chile 183,544 5.9
Canada 1,129,831 36.2
Peru 56,486 1.8
Australia 187,863 60
Papua-New Guinea 381,275 12 2
SUBTOTAL 3,075,014 98 4
GERMANY, FR TOTAL 571,146 100 0
Norway 24,874 4 4
Spain 24,820 4 3
Indonesia 67,943 11.9
Republic of
South Africa 68,112 11 9
Chile 91,397 16 0
Canada 24,751 43
Australia 81,714 14 3
Papua-New
Guinea 141,675 24 8
SUBTOTAL 525,286 92.0
SPAIN TOTAL 128,689 100.0
Irish Republic 27,785 21.6
Cyprus 11,478 89
Mauritania 11,329 8 8
Australia 62,590 48.6
SUBTOTAL 113,182 88 0
UNITED STATES TOTAL 48,463" 100 0
Philippines 12,923 26.7
Canada 18,059 37 3
Peru 6,608 13.6
Honduras 4,169 8 6
SUBTOTAL 41,759 86 2
SWEDEN TOTAL 40,360 100 0
Irish Republic 18,411 45 6
Norway 15,343 380
Canada 5,405 13 4
SUBTOTAL 39,159 97 0
BELGIUM AND
LUXEMBOURG TOTAL 32,406 100 O
Italy 2,992 9 2
Sweden 3,021 93
Morocco 3,441 10 6
Zaire 5,406 16 7
Canada 3,078 95
Mexico 3,066 95
Australia 3,928 121
SUBTOTAL 24,932 76 9
NOTES. 8General imports (copper content), ores, matte, regulus.

b
Components may not sum up to the totals given due to rounding

SOURCE Metallgesellschaft Aktiengesellschaft, Metal Statistics 1964-1974,
62nd Edition (Frankfurt am Main, 1975), various pages.

3-35



DRAFT REPORT — The reader 1s cautioned concerning use,
quotation or reproduction of this material without first
contacting the EPA Project Officer, since the document
may experience extensive revision during review.

TABIF 12

INTERNATIONAL TRADE FLOWS IN REFINED COPPER,
BY MAJOR IMPORTING COUNTRIES, 1974

Major Importing Total Volume of Imp«:ortse Percent Compositioré by
Country/Origin (metric tons) Origin (2)
UNITED STATES  ToTAL® 284,464° 100.0
From Canada 107,439 378
Chile 60,372 21 2
Japan 66,273 23 3
Yugoslavia 13,465 4.7
SUBTOTAL 247,549 87 0
GERMANY, FR TOTAL 440,025 100 0
Belglum-Luxembourg 62,551 14 2
United Kingdom 12,245 28
Yugoslavia 11,307 26
Poland 32,883 75
U.Ss S R 22,724 52
Japan 17,905 4.1
Zaire 21,729 49
Zambia 80,306 18 3
Chile 87,115 19 8
Canada 23,595 5 4
Australia 11,866 27
SUBTOTAL 384,226 87 3
FRANCE TOTAL 417,474" 100 0
Belgium-Luxembourg 117,468 28.1
Germany, FR 17,142 4.1
Yugoslavia 18,383 4.4
U S.S.R 16,690 40
Zaire 46,778 112
Zambia 74,760 17 9
Chile 21,462 51
United States 18,013 43
Australia 16,807 4 0
SUBTOTAL 347,433 83 2
UNITED KINGDOM  TOTAL 380,870 100 O
USSR 11,055 29
Zaire 11,725 31
Zambia 125,861 331
Republic of
South Africa 18,246 48
Chile 50,428 13 2
Canada 95,274 250
United States 18,236 4 8
Australia 14,193 37
SUBTOTAL 345,018 90 6
ITALY TOTAL 106,673° 100 0
Belgium—Luxembourg 21,260 69
Zaire 73,513 24.0
Zambia 75,736 24 7
Chile 61,409 20.0
United States 25,682 8.4
SUBTOTAL 257,600 84 0
JAPAN TOTAL 230,182 100.0
U S.S.R 14,556 63
Z2aire 15,644 6.8
Zanmbia 139,320 605
Chile 42,009 18 3
SUBTOTAL 211,529 91.9
—_— ——
NOTES Includes unrefined copper of 42,176 metric tons

blr\cludea unrefined copper of 3,418 metric tons.

“The data for the United States, believed to be more up-to-date, are
obrained from U.S. Bureau of Mines, Mineral Industry Surveys,
Copper in 1974 (April 8, 1975), p. 6

dFrom all sources

cComponents may not sum up to the totals given due to rounding.
SOURCE  Metallgesellschaft Aktiengesellschaft, Metal Statistics 1964-1974,
62nd. Edition (Frankfurt am Main, 1975), various pages.
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of international trade in copper ore and in refined copper can be
gained by examining Tables 11 and 12.

Generally speaking, the relative importance of trade increases with the
stage of processing, although there 1s an overall trend towards more
trade in concentrates and relatively less in smelted and refined metal.

Trade in concentrates flows mainly from the Philippines, Canada, Peru,
and recently the United States, to Japan. Many other small producing
countries also export to Japan. Most of the remainder flows from Chile,
the United States, and several small exporters to West Germany.

The leading exporters of refined copper all have diversified markets
but Belgium and Zalre export mainly to members of the EEC. Zambia's major
markets are the United Kingdom, countries in Continental Europe, and
since the mid-1960's, Japan. Canada's most important markets are the
United Kingdom and the United States, while Chile exports mainly to
Continental Europe. United States exports are highly diversified
but sales to Europe predominate.

West Germany imports all of its primary copper needs, two thirds in
refined form, one quarter in smelted forms, and about one tenth in copper
concentrates. It 1s also one of the leading importers of scrap.

Neither Belgium nor the United Kingdom has very large smelter outputs
but the former is a large refiner based on imported blister and some scrap,
while the latter 1s also a large refiner based mainly on scrap plus some
imported blister. Belgium, however, exports much of its refinery output
while the United Kingdom also requires large net imports of refined copper.
Refined imports supply three quarters or more of the United Kingdom's
primary copper consumption (smelted imports supply the remainder), and

slightly more than half of total copper usage.
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Other leading consuming countries in Europe, including France, Italy
and the Netherlands, import most of their refined copper requirements in
that form, supplemented by small local refined production from scrap.
Sweden is an important primary producer but also imports refined metal.

Most of the copper exported by the developing countries is sold under
contract to smelters, refineries or fabricators in the developed countries.
The pattern of world trade in concentrates tends to be governed by long-
term contracts which may call for deliveries over periods up to 15 or 20
years, financial arrangements providing for repayment of loans in concen-
trates, and ownership ties between the mining and processing companies.
Also, smelters are frequently geared to processing particular concentrates.

Long~-term contracts for the sale of concentrates of blister have
important advantages for both the mines and the smelters or refineries
with which they are negotiated. Smelters and refineries in Japan and
Europe which lack domestic sources of raw materials want to be assured
of raw material supplies; in the case of private or nationalized mines
that are not vertically integrated, long-term contracts for the sale of
concentrates are frequently important factors in the decision to construct

the mine.l

lFor example, the ability of Bougainville Copper Ltd. (BCL) to negotiate
long-term contracts for the sale of concentrates to foreign smelters in
1969 played an important role in the ability of the company to mobilize
financing for the mine.

This and the following few points made here are drawn from an unpublished
manuscript by Raymond F. Mikesell, entitled "The Nature of the World

Market for Copper" (Eugene, Oregon: University of Oregon, June, 1974),
pPpP. 5-6.
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By contrast, trade in refined copper is for the most part based on
short-term contracts of one-to-twelve month duration. While more com-
petitive, it is also influenced by nonprice factors such as ownership ties,
technical assistance and marketing contracts, such as that between
Belgium and Zaire, and long standing buyer-seller relationships.

Ownership ties between producing and consuming countries have been
declining, and, even where they exist, governments of producing
countries have taken a more active role in marketing and are attempting
to diversify their markets. Other nonprice factors, such as strikes,
transportation problems, natural disasters in the producing countries,
and recessions in the consuming countries, frequently affect the
pattern of trade in refined copper.

The bulk of the world's refined copper is sold directly by the producers
to fabricators and semi-fabricators; only marginal amounts are sold
through the London Metal Exchange (LME) and the New York Commodity
Exchange (Comex).l

Fabricators and semi-fabricators also tend to buy refined copper,
not obtained directly from producers, from dealers or merchants. Merchants,
in turn, deal extensively with independent refineries (not associated with
large integrated firms). They may buy scrap for sale to refineries and
purchase output from refineries not committed under contract for sale

to fabricators or for them to hold as stocks.2

lThis is a little bit running ahead of the story; more is said on the LME

and Comex exchange markets later in the report.

2For a discussion of the role of merchants in the copper market, see
Ferdinand E. Banks, The World Copper Market: An Economic Analysis
(Cambridge, Mass.: Ballinger Publishing Company, 1974), pp. 41-43.
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Since the U.S. copper industry is generally more integrated than in

the rest of the world, merchants are somewhat less important in the

United States than abroad.

1Ibid. s P- 43.
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F. U.S. TRADE PATTERNS IN COPPER

The U.S. is virtually or nearly self-sufficient in copper. As shown
in Table 13, the U.S. has experienced what could be called heavy dependence
on foreign sources of copper only in such years as 1950, a Korean build-~
up year, or 1974, an extreme ''demand-crunch" year. Otherwise, net
U.S. imports have remained well. under ten percent of total domestic
consumption of refined copper.1

Nearly half of U.S. copper imports are in the form of refined copper
as shown in Table 14 (from mainly Canada, Japan and Chile)2 with smaller
amounts imported in the form of blister and cement copper, or in the form
of ore and concentrate.3

Similarly, the bulk of U.S. exports is in the form of refinec copper
(Table 15), most of which is destined to such countries as Brazil (23,990
short tons), France, 19,067 short tons), West Germany (11,716 short tons),

Italy (26,520 short tons) and the United Kingdom (14,541 short tons).4

1These figures would be even less if we defined domestic copper consumption
to include directly consumed scrap.

2Figures for 1974 were as follows: from Canada 118,431 short tons; Japan
73,053 short tons; Chile 66,549 short tons (Source: U.S. Bureau of Mines,
Mineral Industry Surveys, Copper in 1974 [April 8, 1975], p. 6).

3Although some of this material enters the United States as imports, it is
held in "bond" only to be shipped abroad for further processing. This
historically has applied especilally to unrefined copper "imports" from
Chile. Consequently, the import and export statistics, thus subject to
some degree of '"moise," should not be taken too literally.

In 1974 the major sources of U.S. imports of copper, by type, were as
follows (copper content, short tons):

Ore and Concentrate: Blister
(from) Canada 19,917 (from) Chile 65,093
Philippines 14,244 Peru 94,686
Republic of South 37,211
Africa

(Source: U.S. Bureau of Mines, Mineral Industry Surveys, Copper in 1974
[April 8, 1975], p. 6). 1974 figures. Op. cit., p. 7.
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TABLE 13

TRENDS IN U.S. COPPER CONSUMPTION AND TRADE, 1950-1975
(short tomns)

3820
2302
Total imports of Total exports of o 3 8 :
refined and refined and Net Net trade as 855 -
Total refined unrefined copper unrefined coppe Trade Percent of total g-f o m
Years consumption (copper content) (copper content) = (net imports) refined consumption § a . §
1]
2] I'l'l'g‘ -
1950 1,424,434 690,389 154,622 535,767 37.6 § > g L
"_’.32 T
1960 1,599,700 524,344 503,733 20,611 1.3 f % S g
w®
£ "0 &
1970 2,043,303 392,480 299,304 93,176 4.6 §'g ;‘i
1971 2,019,507 359,479 214,215 145,264 7.2 a 8 : g
1972 2,238,867 415,618 225,165 190,453 8.5 3 § g %‘
Qo= A
1973 2,437,048 417,434 262,552 154,882 6.4 g 5 3 g
© < 3
1974 2,194,168 607,992 189,851 418,141 19.1 2 e § 3
o 3.
1975 1,536,694 324,126 227,273 96,853 6.3 5 f;g
23§
NOTES: 4Tncludes refined copper, ore and concentrate, blister and cement copper, matte and scrap.
bIncludes only refined copper, ore and concentrate, etc. (unrefined copper), and scrap; exclusive
of copper semimanufactures or manufactured copper products (e.g., plates, sheets, strips, wire, etc.).
SOURCES: U.S. Bureau of Mines: 1950: Minerals Yearbook, Vol. I, Metals and Minerals (Except Fuels), 1952,

pp. 360-371;
1960: Minerals Yearbook, Vol. I, Metals and Minerals (Except Fuels), 1962,
Pp. 499-509;
1970: Minerals Yearbook, Vol. I, Metals, Minerals and Fuels, 1971, pp. 485-491;
1971-1975: Mineral Industry Surveys, Copper, in 1972, 1973, 1974 and 1975
(separate reports).
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TABLE 14

U.S. IMPORTS OF COPPER, BY TYPE, 1971-1975

(Copper content, short tons)

1971 1972 1973 1974 1975
Refined 163,988 192,380 201,513 313,568 146,807
Ore and
Concentrate 30,848 53,653 42,135 53,422 64,879
Blister and
Cement copper 156,744 157,430 154,104 207,828 88,949
Matte 440 1,367 746 1,944 9,093
Scrap 7,459 10,788 18,936 31,230 14,398
TOTAL 359,479 415,618 417,434 607,992 324,126

SOURCE: U.S. Bureau of Mines, Mineral Industry Surveys, Copper in
1972, 1973, 1974 and 1975 (separate reports).
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TABLE 15

U.S. EXPORTS OF COPPER, BY TYPE, 1971-1975
(short tons)

Type
Refined Copper

Ore, concentrates, etc.

(copper content)
Old and scrap
Ash and residues
Pipes and tubes

Plates, sheets and
strips

Semi-fabricated forms
n.e.c.

Wire: Bare

Insulated

1971 1972 1973 1974 1975
187,654 181,494 189,396 126,526 172,419
8,126 26,231 30,870 21,983 9,853
18,435 17,440 42,286 41,342 45,001
- 9,381 15,087 8,233 6,601
1,249 1,142 7,744 6,738 2,200
287 279 474 793 186
7,746 6,299 7,431 8,332 9,517
1,925 2,767 5,196 5,632 3,720
24,590 28,660 40,046 62,514 79,631

SQURCE: U.S. Bureau of Mines, Mineral Industry Surveys, Copper in 1972, 1973,
1974 and 1975 (separate reports).

3-44

Arthur D Little Inc



DRAFT REPORT — The reader is cautioned concerning use,
quotation or reproduction of this matenial without first
contacting the EPA Project Dfficer, since the document
may experience extensive revision during review,

In summary, although the U.S. has been nearly self-sufficient in
copper, except in certain years coinciding with military developments
or unusual '"demand crunch" periods, the U.S. is both a leading importer
and exporter of copper. The impact of domestic environmental regulations
on the U.S. copper industry should therefore be examined with close
attention to their international economic implications, affecting the
structure of the world copper industry, international trade patterns, and

the role of the United States in the world copper industry.

3-45

Arthur D Little Inc



DRAFT REPORT — The reader 1s cautioned concerning use,
quotation or reproduction of this material without first
contacting the EPA Project Otficer, since the document
may experience extensive revision during review,

Chapter 4

INDUSTRY STRUCTURE AND SUPPLY CHARACTERISTICS

A. INTRODUCTION

Chapter 3 presented an overview of the copper industry in an inter-
national setting, drawing major attention to the structure of the world
copper Industry and patterns of international trade. In this chapter,
the attention shifts exclusively to the domestic copper industry, with
emphasis on its organization and structure, costs of production and related
supply characteristics. This discussion, along with other material
contained in subsequent chapters on industry background, is intended to
provide the necessary informational background for the industry modeling
effort for impact assessment purposes. Accordingly, most of this chapter
will focus on particular characteristics of the domestic copper industry,
including the industry's organization (i.e., primary and secondary producers),
the firms involved, the degree of geographical and firm concentration in
the industry as well as vertical integration, barriers to entry, and
production costs. Our major objective is to lay the groundwork for
an exposition of how these characteristics influence the determination
of available domestic supplies of refined copper and the formation of
copper prices.

Most of the discussion will be concerned with the primary producers
segment of the domestic copper industry (i.e., that portion of the industry
concerned predominantly with supplying refined copper produced from
virgin ore and blister rather than from scrap). We will, however, discuss

relevant aspects of the secondary copper industry, as well.
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The principal conclusions of this chapter can be summarized as
follows:

1. Over the period 1960-1974, about 76 percent, on average, of thel
total U.S. copper supply was in the form of refined copper processed
either from virgin ore or from scrap. Of this, about 80 percent was pro-
cessed from ore and 20 percent from scrap. The remaining 24 percent, on
average, of total copper supplies was in the form of scrap consumed with-
out further refining.

2. Among the semifabricator and fabricator consumers of refined copper,
wire mills and brass mills together consumed on average about 83 percent of
total copper supplies during the 1960-1974 period. Ingot makers consumed
on average about nine percent of total supplies. Foundries used about
five percent, powder plants about one percent, and a group of "other

industries,"

such as chemicals and aluminum, about two percent.

3. For the analytical purposes of this study, we have defined the
primary and secondary copper sectors on the basis of the pricing behavior
of the firms in the domestic copper industry. By this criterion, firms in
the primary sector are those which sell the bulk of their refined copper
output (mostly from mined copper but also including some refined from scrap),
on the basis of a commonly-followed domestic producers price. Firms in the
secondary sector, on the other hand, are those which sell their copper output,
regardless of its form (i.e., whether refined or scrap) and regardless of
its origin (i.e., whether from mined copper--from domestic or foreign

source--or refined from scrap), on the basis of one of several "outside

market" prices.

4-2

Arthur D Little Inc



DRAFT REPORT — The reader 1s cautioned concerning use,
quotation or reproduction of this material without first
contacting the EPA Project Officer, since the document
may experience extensive revision during review.

4. The primary sector consists of: (1) a core group of seven
large fully integrated producers (Anaconda, Kennecott, Phelps Dodge, Inspira-
tion, Magma,l Copper Range,2 and Asarcoa); and (2) one partially integrated
firm (i.e., Cities Service Company, integrated through smelting), two large
nonintegrated independent mining firms (e.g., Duval, a subsidiary of Pennzoil
Company, and CyprusB), as well as many small independent mining firms.
Through a high degree of vertical integration and firm concentration, the
core group of primary producers (including Asarco) are able to exercise
discretionary pricing behavior in refined copper markets. In 1974, the seven
vertically integrated firms (including Asarco) supplied 77.0 percent of
domestic mine production of recoverable copper in the United States (79.6
percent in 1973, a peak year). At year-end 1975, these seven firms
accounted for over 95 percent of total U.S. smelting capacity and 85 percent
of refining capacity.

5. Within the secondary sector, two broad segments can be distinguished.
The first comprises a small number of firms processing scrap into secondary
refined copper. Amax and Cerro have been the two most important of these

during most of the postwar period. These secondary refiners sell their

1Subsidiary of Newmont Mining Corporation.

2Of which White Pine Copper Company (mining/milling, White Pine, Michigan),
and Quincy Mining Company (smelting/refining, Hancock, Michigan) are sub-
sidiaries.

3Of which Cyprus Pima Mining Company and Cyprus Bagdad Copper Company are

subsidiaries.

4In addition to being, in its own right, a major, fully-integrated primary
producer, Asarco also plays a pivotal role in the domestic copper industry
as a major custom/toll smelter and refiner.
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product at prices (explicitly if in the open market or implicitly if intra-
company transfers are involved) which are more reflective of current market
prices for scrap than of refined copper prices quoted by the primary pro-
ducers. They have been responsible for an average of about 12 percent of
total refined copper supplied in the U.S. each year between 1950-1974 and
have held about 11 percent of domestic refinery capacity during this same
period.

The remainder of the secondary industry is comprised of a large number
of firms--mostly small and individually unrefined scrap as well as in the
trading of refined copper. These include scrap dealers, merchants, ingot
makers, and semifabricators (for own-consumption). Firms in this segment
buy or sell unrefined scrap directly on the basis of quoted scrap prices.

6. Within the primary copper sector, over 300 mines produce copper
in the United States, a majority of which are located in five western
states-—-Arizona, Utah, New Mexico, Montana, and Nevada. Most of the copper
smelters in the U.S. are located in these Western states to minimize trans-
portation charges from mine to smelter. About half of domestic refinery
capacity, on the other hand, is located on the Atlantic Coast, close to
major refined copper consumers. Industry smelting capacity extended only
marginally between the early 1950's and 1975; no new smelters were built
after 1956. Refinery capacity, however, expanded by about 38 percent over
the 1958-1975 period.

7. The U.S. primary copper industry is characterized not only by a
high degree of firm concentration and vertical integration at the mining

through refining stages of production but also by forward integration beyond
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refining. The major domestic producers (particularly Anaconda, Kennecott,
and Phelps Dodge) are integrated forward into wire mill and brass mill
operations. However, available evidence indicates a significantly lower
degree of firm concentration at the semifabricator level than that existing
at the mining through refining stages--low enough, at least, to prevent
individual semifabricators from having a significant influence on pricing
or production decisions within the semifabricating industry as a whole.

Barriers to entry for fully integrated operations appear to be sub-
stantial. However, the height or conditions of entry have apparently had
little effect in moving the discretionary pricing behavior of the major
primary producers, during the past three decades, in the direction of implicit
monopolistic pricing behavior, in the face of the continuous threat of long-
run substitution from aluminum, among other factors.

8. In the copper industry, costs of mining and milling have traditionally
formed the largest proportion of total production costs of refined copper.
Smelting and refining costs have represented only a small proportion, with
smelters and refineries functioning mainly as "service" operations on fixed
and relatively low profit margins.

Overall, real costs of refined copper production, although they have
remained stable over a relatively long period (Herfindahl hypothesis), appear
to have increased gradually during the 1950's and 1960's. Evidence exists,
moreover, suggesting a sharp real increase in some factor costs during the
past few years.

Labor productivity in the industry, meanwhile, stagnated through the

1950's and 1960's and registered an actual decline after 1971 in the face
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of continued degradation of the average ore grades mined in the U.S. This,
combined with little prospect for improvements in labor productivity over
the next few years, argues for rising production costs in real terms with
increases in unit labor costs.

9. We have estimated industry-wide (aggregate) average total costs
for producing refined copper (from mining through refining) for the primary
producers, in 1974 at 72¢ per pound (at roughly 86 percent of installed
capacity). Of that total, average fixed costs were estimated at 29¢ per

pound and avei'age variable costs were estimated at 43¢ per pound.
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B. COPPER FLOWS THROUGH THE ECONOMY

Figure 1 is a schematic flowsheet of the production and consumption
of copper in the United States in 1974, tracing the flow of copper from
principal sources (producers of virgin ore and scrap suppliers) through
the various stages of processing to consumption by ingot makers, semi-
fabricators, and final end-users.

On the supply side (left-hand side of Figure 1), we can summarize
some of the more important facts, with reference to the 1960-1974 period,
as follows:

e On average, about 76 percent of total U.S. copper supply was in
the form of refined copper processed either from virgin ore or
from scrap;1 of this (i.e., 76 percent), about 80 percent was processed
on average from domestic ores and imported blister, while the
remaining 20 percent was smelted and/or refined from scrap;

® An average of about 24 percent of total copper supplied was
in the form of scrap consumed directly without further refining
by semifabricators and end-users.1

On the demand side (right-hand side of Figure 1), there are six
major groups of consumers of refined copper and scrap: four copper

semifabricating industriesz--wire mills, brass mills, foundries, and powder

1Approximately 70 percent of the directly consumed scrap was purchased, with-
out any treatment but packaging, by brass mills and foundries; another 22
percent was processed by ingot makers into copper alloy ingot, which was

then sold to brass mills and foundries. About 8 percent was consumed directly
by powder plants and other industries.

2The general task of the semifabricating industries is to alter the shape of
copper inputs into products for final end-use. Wire mills, brass mills, and
powder mills use mechanical means, while foundries use casting means. Ingot
makers produce copper alloy ingot which is then sold to brass mills, foundries,
power plants, and other industries using copper.
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FIGURE 1

COPPER SUPPLY AND CONSUMPTION IN THE UNITED STATES, 1974
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mills; ingot makers; and a group of "other industries" such as chemicals,
steel, and aluminum, which consume refined copper and scrap directly.

Wire mills and brass mills together consumed on average about 83 percent
of total copper supplies in both refined and scrap forms during the 1960-
1974 period.

Wire mills, which use only refined copper, consumed about 46 percent
of total copper supplies, on average, while brass mills, which consume
refined copper and scrap in fairly equal proportions, accounted on average
for about 37 percent of total consumption of copper supplied. Ingot makers,
who used almost entirely scrap, consumed on average about nine percent of
total copper supplies. Foundries, which consumed predominantly scrap,
used on average about five percent of total copper supplied. Powder plants
consumed only about one percent of total supplies, while "other industries"
were responsible for about two percent of total consumption, the bulk of

this in the form of scrap.
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TABLE 1

REFINED COPPER PRODUCTION OF U.S.
PRIMARY AND SECONDARY PRODUCERS, 1950-1974
(Thousands of Short Tons)

TOTAL PRIMARY SECONDARY
REFINED PRODUCER PRODUCER
YEAR PRODUCTION REFINED REFINED
1950 1446.4 1300.8 145.6
1951 1362.5 1247.2 115.3
1952 1320.5 1220.2 100.3
1953 1504.0 1345.6 158.4
1954 1418.4 1249.1 169.3
1955 1562.8 1355.4 207.4
1956 1687.8 1501.3 186.5
1957 1676.1 1467.4 208.7
1958 1579.5 1389.3 190.2
1959 1331.5 1087.9 243.6
1960 1794.6 1565.3 229.3
1961 1813.9 1623.9 190.0
1962 1884.5 1689.4 195.1
1963 1884.4 1648.9 235.5
1964 1990.4 1750.3 240.1
1965 2214.8 1946.6 268.2
1966 2183.3 1905.8 277.5
1967 1526.6 1255.2 271.4
1968 1839.0 1565.4 273.6
1969 2214.9 1951.8 263.1
1970 2242.7 1991.0 251.7
1971 1962.4 1747.6 214.8
1972 2258.5 2006.3 252.2
1973 2312.6 1963.8 348.8
1974 2136.5 1754.4 382.1

Source: Copper Development Association, Inc., Annual Data 1975 and
Arthur D, Little, Inc., estimates.
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TABLE 2

REFINERY CAPACITY OF U.S.
PRIMARY AND SECONDARY PRODUCERS, 1950-1974

(Thousands of Short Tons)

TOTAL PRIMARY
REFINED PRODUCER
PRODUCTION REFINED
1599.0 1399.0
1599.0 1399.0
1647.0 1447.0
1896.0 1696.0
1862.0 1656.0
2070.0 1799.0
2064.0 1793.0
2081.5 1810.5
2108.5 1812.5
2309.0 2013.0
2331.0 2017.5
2341.0 2077.5
2334.0 2016.5
2334.0 2016.5
2334.0 2016.5
2320.0 2102.5
2426.5 2112.5
2527.0 2208.0
2643.0 2339.0
2676.0 2372.0
2676.0 2372.0
2793.0 2489.0
2723.0 2419.0
2850.0 2394.0
2850.0 2394.0

SECONDARY
PRODUCER

REFINED

200.0
200.0
200.0
200.0
206.0
271.0
271.0
271.0
296.0
296.0
313.5
313.5
317.5
317.5
317.5
317.5
314.0
319.0
304.0
304.0
304.0
304.0
304.0
456.0
456.0

American Bureau of Metal Statistics, Yearbook 1954-1975, and

Arthur D. Little, Inc., estimates.
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c. ORGANIZATION OF THE INDUSTRY: DEFINITION OF THE PRIMARY AND SECONDARY
MARKET SEGMENTS AND TYPES OF FIRMS

1. Definition of the Primary and Secondary Market Segments

The domestic copper industry has in the past been segmented into "primary"
and "secondary" sectors on the basis of whether the copper product trans-
acted in the market has originated from mined copper (virgin ore) or from
scrap. By this definition, based on the source of copper, firms in the
primary sector would be those which predominantly transform virgin ore
into refined copper, while firms in the secondary sector would be those
which either predominantly process scrap copper into the secondary refined
copper or prepare it for direct consumption in the form of unrefined
copper scrap.

For an economic analysis of the domestic copper industry, such a
segmentation of the industry into primary and secondary sectors, on the
basis of the source of the copper transacted in the market, is not very
useful. First, the pricing behavior of the firms in the industry does not
fall neatly into two non-overlapping categories based on whether the copper
product transacted is derived from primary or secondary streams. Second, once
refined, there is no physical difference between primary and secondary
refined copper. Third, the major primary producers do often smelt and refine
scrap in their operations, mostly for technological reasons, while at least
one major secondary smelter/refiner has processed some blister from virgin
ore. Further, there exist merchants, importers or firms which perform a
combination of functions involving scrap, refined scrap or toll smelting/

refining of mined copper.
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We have hence segmented the domestic copper industry into "primary"
and "secondary" sectors, for our analytical purposes, on the basis of the
pricing behavior of the firms on the sellers' side.1 By this criterion,
the primary sector consists of firms which sell the bulk of their refined
copper output (mostly from mined copper but also including some refined
from scrap) on the basis of a commonly-followed domestic producers price.
Firms in the secondary industry, on the other hand, are those which sell
their copper output regardless of its form (i.e., whether refined or
scrap) and regardless of its origin (i.e., whether processed from mined
copper--from domestic or foreign source--or refined from scrap) on the basis
of one of several "outside market" prices.

Within the secondary sector, two broad segments can be distinguished.
The first comprises a small number of firms processing scrap into secondary
refined copper. The remainder of the secondary industry is comprised of a
large number of firms--mostly small and individually owned--engaged in the
collection, processing and consumption of unrefined scrap as well as in the
trading of refined copper. These include scrap dealers, ingot makers,
semifabricators, and merchants. Firms in this segment of the secondary
market buy or sell unrefined scrap directly on the basis of quoted scrap

prices.

1In the case of a few firms, there is some ambiguity concerning the type
of copper input (e.g., mined copper or scrap) predominantly processed by
these firms over the past three decades; moreover, where firms process
inputs of both blister and scrap, the specific proportions have often
reportedly changed over time. 1In all such ambiguous cases, we have used
pricing behavior as the overriding yardstick for classifying firms into
either the primary or the secondary industry.
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These two segments of the secondary copper sector (or industry) comprise
two "workably competitive" markets which together represent a competitive
fringe to the domestic primary producers market.

2. Firms in the Primary Copper Sector

The primary sector consists of: (1) a core group of seven large fully-
integrated producers (Anaconda, Kennecott, Phelps Dodge, Inspiration, Magma,l
Copper Range,2 and Asarco3); (2) one partially integrated firm (Cities
Service Co., integrated through smelting), two large nonintegrated independent
mining firms (Duval, a subsidiary of Pennzoil Co., and Cyprusa), and many
small independent mining firms.5

Since Asarco, which 1s both a major primary producer and a large

custom/toll6 smelter and refiner, has held a somewhat anamalous position

1Subsidiary of Newmont Mining Corporation.

20f which White Pine Copper Company (mining/milling, White Pine, Michigan),
and Quincy Mining Company (smelting/refining, Hancock, Michigan), are sub-
sidiaries.

3In addition to being, in its own right, a major, fully-integrated primary
producer, Asarco aiso plays a pivotal role in the domestic copper industry
as a major custom/toll smelter/refiner.

4Of which Cyprus Pima Mining Company and Cyprus Bagdad Copper Company are
subsidiaries.

5Including UV Industries, Incorporated (Bayard Operations, New Mexico,
24,167 short tons of recoverable copper output in 1974); Idarado Mining
Company, which is 80.1 percent owned by Newmont Mining Corporation
(Idarado Mine, Colorado, 2,181 short tons of recoverable copper output
in 1974); also including the following (among others): Rancher's Explora-
tion and Development Corporation, Earth Resources Company, E1 Paso Natural
Gas Company, 'Hecla Mining Company, McAlester Fuel Company, Federal Re-
sources Corporation, Eagle-Picher Industries, Incorporated, Keystone
Wallace Resources, Micro Copper Corporation.

Custom smelting/refining: purchasing ores or concentrates from other pro-
ducers for own-account smelting and refining. Toll smelting/refining:
smelting and/or refining (ores, concentrates) for a fee and then returning
the resulting metal to the mining company for marketing.
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in the domestic copper industry, a brief digression may prove helpful in
clarifying our treatment of it for analytical purposes.

Until recently, Asarco differed from other primary producers in four
respects:

¢ The firm was historically not backward integrated into domestic
mining and milling operations;

® Asarco processed a large amount of concentrate and/or blister
on a toll basis;

e The company frequently used large volumes of scrap as inputs to
its refinery operations;

e Asarco's output until 1967 was reportedly sold on the basis of its
own "custom smelter" price, an outside market price which frequently
deviated from the domestic producers price basis on which the
primary producers marketed their output.

In recent years, however, Asarco has made significant expansions,
backward into mining and milling and forward into refining. Moreover, as
far as the processing of concentrate or blister on a toll basis is concerned,
Phelps Dodge and other producers have also carried out this function for
independent producers. Asarco, in addition, has reportedly significantly
increased over the years the proportion of mined copper and blister used in
its smelting and refining operations. Finally, and perhaps most importantly,
since 1967 Asarco has followed the producers price quotations in setting
the selling price for its own output. For all of these reasons, it is
accurate to include Asarco within the primary copper industry along with

the other primary producers.
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3. Firms in the Secondary Copper Sector

The firms in the secondary copper industry, following our definition
of the secondary market, consist of the secondary refiners plus many small,
individually-owned firms (scrap dealers, ingot makers, semifabricators
engaged in scrap processing for own-consumption, merchants). The classi-
fication of these firms in terms of whether they sell refined copper
(mostly from scrap, some from mined copper, imports) or unrefined scrap
is difficult because of the diversity or multiplicity of functions performed
by the latter group of firms. .

While there are a number of secondary copper refiners, several of them
integrated forward into captive fabricating facilities, Amax and Cerro
have been the two most important of these during most of the postwar period.
These secondary refiners sell their product at prices (explicit prices if
in the open market or implicit prices if intra-company transfers are involved)
which are more reflective of current market prices for scrap than of refined
copper prices quoted by the primary producers. They have been responsible
for an average of 12 percent of total refined copper supplied in the U.S.
each year between 1950-1974 and have held about 11 percent of domestic
refinery capacity during this same period.

Since 1971 three other refiners, Chemetco, Southwire, and Reading In-
dustries, have gradually come on-stream with substantial secondary refining
and, in the case of Southwire, smelting capacity.

Amax, known widely in the industry as the other major custom refiner
besides Asarco (approximately 60 percent of the material refined by Amax

in 1974 was reportedly done so on a toll or custom basis), is considered a
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secondary refiner because most of its copper refinery inputs are in the
form of scrap and because it sells its output on the basis of its own
individually-determined price which, however, reflects prevailing prices
on the outside market.

Amax, similar to Asarco, has integrated backward into domestic mining
and concentrating operations in recent years (a joint-venture mining project
with Anaconda known as Anamax).1 Concentrate from this operation is toll
smelted at Western smelters and a proportion of the resulting blister is
refined at Amax's New Jersey refinery. This blister forms only a small
proportion, however, of total material processed at Amax's refinery.

Cerro and the other newer secondary refiners are all so classified on
the basis that thelr inputs are mostly if not entirely in the form of scrap.
Although most, if not all, of their refined copper output is consumed in
their own captive fabricating facilities rather than being sold on the
outside market, they, in effect, must charge their own fabricating facilities
an inputed price for their refined output reflecting the prevailing price(s)

2
on the outside market. In other words, similar to Amax, they

1Also, in November, 1974 Amax announced an agreement in principle with Copper
Range to acquire the assets of Copper Range including its White Pine mining
and refining facilities. The proposed merger is currently being challenged
by the U.S. Department of Justice. Amax had previously held 19.95 percent
of Copper Range's outstanding shares.

In terms of microeconomic theory, as price-takers the secondary refiners will
maximize profit by producing refined copper until their marginal cost of
producing an additional unit of output is just equal to the prevailing price
in the market, in this case the outside market. If they charge their captive
fabricators an imputed prices less than the full market price, they will be
foregoing revenues (by absorbing costs) which they could obtain by selling
the copper on the outside market.
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are price-takers in an essentially competitive market.
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TABLE 3

ESTIMATED SECONDARY REFINED COPPER PRODUCED BY PRIMARY PRODUCERS
AND SECONDARY REFINERS, 1960-1974

(Thousands of Short Tons) Percentage of
Total Copper Refined Copper Refined Copper Refined
Production of from Scrap by from Scrap from Scrap by
Refined Copper Secondary by Primary Secondary

Year from Scrap Producers Producers Producers
1960 291.7 229.3 62.4 78.67%

1961 270.4 190.0 80.4 70.3

1962 289.7 195.1 94.6 67.4

1963 302.0 235.5 66.4 78.0

1964 351.1 240.1 111.0 68.4

1965 445.1 263.2 176.9 60.3

1966 491.3 277.5 213.8 56.5

1967 436.6 271.4 135.2 66.8

1968 416.6 273.6 143.0 65.7

1969 499.1 263.1 236.0 52.7

1970 511.6 251.7 259.9 49.2

1971 400.7 214.8 185.9 53.6

1972 423.2 252.2 171.0 59.6

1973 465.1 348.8 116.3 75.0

1974 496.9 382.1 114.9 76.9

SOURCE: U.S. Bureau of Mines, Minerals Year Book, 1960-1973; Mineral Industry Surveys,
Copper Industry in December 1975, (March, 1976), p. 3; Arthur D. Little, Inc.,
estimates.
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D. GEOGRAPHICAL CONCENTRATION AND CAPACITY GROWIH TRENDS IN THE COPPER
INDUSTRY

1. Copper Mining

In the United States, over 300 mines produce copper. Copper ore was
the principal product of almost 200 mines, and among the others, mostly lead
and zinc mines, producer copper was a by-product and co-product. The top
five mines each produced more than 100,000 tons of contained metal. The
ore is beneficiated (crushed, ground and metal sulfides recovered by
flotation) in mills that are located near the mines.

Most of the copper is mined in five western states--Arizona, Utah, New
Mexico, Montana and Nevada--(94 percent in 1974) and essentially all of the
remainder came from Michigan, Tennessee, and Missouri, as shown in Table 4
for the years 1972, 1973, and 1974.

The major copper mines and their production levels in 1973 and 1974 are
shown in Table 5A. Table 5B indicates estimated 1974 reserves of the major
producers.1

2. Copper Smelting and Refining

Traditionally, smelters have been situated near the mines in order to
minimize transportation charges for concentrates. With the major copper
mines centered in the Western states, most of the smelting capacity is in
that area. In 1974, out of 18 operational smelters (two of these owned

and operated by secondary refiners), 13 were located west of the Mississippi.

llt must be kept in mind here that figures on reserves could be quite
misleading, since reserves are not static but change with the amount of
exploration activity and with the price of copper.
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State

Arizona
Utah

New Mexico
Montana
Nevada
Michigan
Other

TOTAL

Source:

Surveys:

TABLE 4

UNITED STATES MINE PRODUCTION OF RECOVERABLE COPPER

BY MAJOR PRODUCING STATES:

1972

Amount Ramk  Percent
908,600 1 55
259,500 2 16
168,000 3 10
123,100 4 7
101,100 5 6
67,300 6 4
37,200 - 2
1,664,800 100

(Short Tons)

1972, 1973, 1974

1973

Amount Rank Percent
931,100 1 54
257,900 2 15
208,000 3 12
133,000 4 8
95,900 5 5
72,100 6 4
28,900 - 2
1,726,900 100

Copper Production in July, 1975.

American Bureau of Metal Statistics, Yearbook 1973;

1974
Amount Rank Percent
858,783 1 54
230,593 2 14
196,585 3 12
131,131 4 8
84,101 5 5
67,012 6 4
28,797 - 2
1,597,002 100

U. S. Bureau of Mines, Mineral Industry
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TABLE 5A

MINE PRODUCTION OF RECOVERABLE COPPER IN THE UNITED STATES, 1973 and 1974°

Ampunt Parcent
Mine (Short_tons) Composition (%)
Company and Mine Location Type 1973 1974 1973 1974
Kennecott Copper Corporation 471,721 402,213 27.46 25 19
Chino New Mexico OP 67,836 60,557 3.95 379
Nevada Arirzona oP 50,012 37,562 29 2.35
Ray Minea Arizona opP 98,908 74,764 5.76 4,68
Utah Utah OP 254,965 229,330 14.84 14.36
Phelps Dodge Corporation 319,358 280,211 18.59 17.55
Morenci Arizons or 119,535 112,790 6 96 7 06
Tyrone New Mexico oP 104,011 97,030 6 05 6 08
Ajo (New Cornelia) Arizona oP 53,797 43,501 313 2172
Bisbee (Copper Queen) Arizona
Lavender Pit oP 19,387 11,833 1.13 074
Underground Mines UG 22,628 15,057 1132 0 9
Ma Copper Compan:
(Subsidiary of Newmont Mining Corporation) 158,263 149,645 9.21 9 37
San Manuel Arizona uG 22,474 29,437 1.3 1.84
Superior Arizona uc 135,789 120,208 7 90 753
The Anaconda Company 200,454 190,059 11 67 11 90
Twin Buttes (Anamax Mining Co ,
under equal partaership with e e
Amax Inc ) Arizona op 36,824 20,071 2 14 126
Berkeley Pit Montana oP 104,474 98,889 6.08 6 19
Anaconda Vein Mines (Lecnard,
load Haul Dump, Mountain Con,
Steward Mines) Montana uG 21,674 17,454 126 1.09
Continental East Pit Montana opP 1,647 15,676 001 0.98
Yerington Nevada op 35,835 37,969 2 09 2 38
White Pine Copper Company
(Subsidiary of Copper Range Company)
White Pine Michigan U6 78,506 66,898 4 57 419
Cyprus Mines Corporation 107,292 100,268 6 23 6.28
Cyprus Pimn Mining Co.,
Pima Mine Arizona oP 88,140 81,889 513 513
Cyprus Bagdad Copper Company,
Bagdad Mine Arizona oP 19,152 18,379 112 115
Asarco_Incorporated 73,100 79,200 4.26 4 96
Mission Arizona op 45,600 40,300 2.711 2 52
Silver Bell Arizona oP 23,800 23,500 1.39 1.47
San Xavier Arizona oP 2,700 5,900 0.16 0.37
Sacaton Arizona oP - 9,500 - 0.59
Inspiration Consolidated Copper
Company 65,196 61,238 3 80 3 83
Christmas Arizona QP 9,508 5,698 0 55 0 42
Inspiration (Thornton, Live
Oak , Red Hill) Arizona op 51,332 49,700 2.99 in
Ox Hide Arizona op 4,356 4,840 025 0.30
Cities Service Company 33,280 33,855 198 2,12
Copperhill Tennessee UG 4,025 970 024 0.06
Miami (Copper Cities, Diawmond H,
Pinto Valley) Arizona opP 29,255 32,885 L.70 2 06
Duval Corporation
(Subsidiary of Pennzoll Company) 131,214 131,843 7 64 8 26
Battle Mountain, Nevada
Esperanza, Mineral Park Arigona op 55,619 52,249 3.24 37
Sierrita _ Arizona oo opP 75,595 79,594 4 40 4.98
AMAX
{Anamax Mining Co , under
equal partnership with Anaconda)
Twin Buttes Arizona op 36,824° 20,0n1° 2.14 126

UV_Industries, Incorporated
Bayard Operations New Mexico oP 26.2#0': 25,167 1.81 1.51

Idarado Mining Company
(80.1X owned by Newmont Mining Corporation)

Idarado Mine Colorado UG 2,118 2,181 012 0.14
SUBTOTAL (of ABOVE COMPANIES) 1,701,566 1,541,849 99.03 96.55
OTHERS (Calculated Ruiduany)b 16,374 35,153 0 95 3.45
'l'()'l‘Al.d 1,717,940 1,597,002 100 00 100.00

NOTES_AND SOURCES: SIndividual company data have been obtained from the 1973 and 1974 corporate annual reports
and fron American Bureau of Mstal Statistics, Inc. (ABMS), Nonferrous Metal Data 1974, p. 22.
The "Other" category was celculated as the residual of tha total less the subtotal for tha
individual companies reported above. This category includes, for example, Rancher's
Bxploration and Development Corporation, Barth Resocurces Company, El Paso Natural Gas Company,
Hecla Mining Company, McAlester Puel Company, Federal Resources Corporation, Bagle-Picher
Industries, ILncorporated, Keystone Wallace Resources, Micro Coppar Corporaticn and others.
COne-half of total Anamax production.

d\‘he total is obtained from U.S5. Bureau of Mines, Mineral Indust Surveys, Copper in 1974
(Apr1l 8, 1978) for 1973 data (p. 3) end Copper in 1975 (March 26, 1976; for 1974 data (p 3).
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ESTIMATED RESERVES OF MAJOR U.S5. COPPER PRODUCERS
(1974)

Ore Reserves
(millions of short tong) Ore Grade

Average

Recoverable Copper
(short tons)

naconda

namax (Twin Buttes)
Sulfide
Oxide
TOTAL

sarco

Mission

Silver Bell

San Xavier
Sulfide
Oxide

Sacaton
Underground
Open Pit

TOTAL

Cities Service
_opper Range

yprus
Bagdad
Pima
Johnson
Bruce

TOTAL

uval
Esperanza
Mineral Park
Battle Mountain
Copper Canyon
Copper Basin
Sierrita

TOTAL

nspiration
Inspiration area
Christmas
Underground (operations
suspended)
Open Pit
Sanchez

TOTAL

900.

426.
55.
481.

87.
29.

152.
7.

16.
32.

326.

350.

95.

300.
200.
19.

519.

31.
60.

522.
618.

0

O OO

N O NOOC

NN

Vi U oo~y
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0.80

0.63
.20
0.70

—

0.68
0.66

.51
.06

= O

1.23
0.74

0.64

0.44

1.20

.49
.49
.50
75

.49

O WO oo

.40
.29

oo

.59
.99
.32

.33

o OO0

5,800,000

2,150,000
530,000
2,680,000

475,000
160,000

620,000
70,000

165,000
195,000

1,685,000
1,250,000

910,000

1,200,000
780,000
75,000
6,000

2,061,000
100,000
140,000

17,000

6,000
1,350,000

1,613,000

942,778
283,802

125,698
142,852

1,495,130
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TABLE 5B
(continued)
Ore Reserves Average Recoverable Copper
(millions of short tons) Ore Grade (shiort tons)
Kennecott 3350.0 0.75 20,100,000
Magma 1130.0 0.76 7,050,000
Phelps Dodge 1920.0 0.78 11,900,000

Sources: Corporate Annual Reports, Annual Reports to the SEC, 10-K Forms, and

ADL estimates.
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The 13 western smelters are operated by five of the six integrated companies
(Kennecott, Phelps Dodge, Anaconda, Inspiration, and Magma) who mine a
major portion of their respective smelter input, and by Asarco--a major
portion of whose input comes from ores mined by other companies.

The ownership of the primary copper smelters and the approximate
capacity of each plant in 1975 are shown in Table 6.

Tables 7A and 7B show smelter capacity growth trends for the period

1950-1975.1

Smelting capacity during the past two and one-half decades has
never been as great as it was at the beginning of the 1950's. In spite of
an expansion of capacity in the late 1950's and early 1960's, by 1967
capacity had declined to a level only slightly above that existing in 1953.
During the following eight years total capacity fluctuated sharply, but

by 1975 was only 300,000 tons (or 3.5 percent) greater than that exicting
in 1953.

Since 1956, no new smelters have been opened by the industry; all
expansion has represented additions to existing smelter operations. Changes
in total smelter capacity--both additions and curtailments--have been lumpy
in nature. The largest was the shutdown of the 1,400,000 short ton Phelps
Dodge smelter in Clarksdale, Arizoma in 1950. More recently, Asarco expanded

its Hayden (Arizona) and El Paso (Texas) smelters in 1968 by 969,000 short

tons representing an eight percent addition to total industry capacity.

1Growth in smelting capacity of Lake Superior District producers of Lake
copper are broken out in Table 7B because capacity figures are reported
in tons of product rather than tons of charge material.
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TABLE 6

COPPER SMELTING WORKS OF UNITED STATES
(At the End of 1975, Short Tons of Material)

Company Location

Asarco El Paso, Texas
Asarco Hayden, Ariz.
Asarco Tacoma, Wash.
The Anaconda Company Anaconda, Mont.
Cities Service Company Copperhill

Operations Copperhill, Tenn.
Chemetco Inc. Alton, Illinois
Inspiration Consolidated Copper Co. Miami, Ariz.
Magma Copper Company

San Manuel Division San Manuel, Ariz.
Kennecott Copper Corporation

Nevada Mines Division McGill, Nev.

Chino Mines Division Hurley, N.M.

Ray Mines Division Hayden, Ariz.

Utah Copper Division Garfield, Utah
Phelps Dodge Corporation

Douglas Smelter Douglas, Ariz.

Morenci Branch Morenci, Ariz.

New Cornelia Branch Ajo, Ariz,

United States Metals Refining Co.,

a subsidiary of Amax Inc. Carteret, N.J.
a
Total
Quincy Mining Co. Hancock, Mich.
“hite Pine Copper Co. White Pine, Mich.
'l.‘ot:alb

NOTES: “Tons of material.
Tons of product.

Annual Capacity

576,000
960,000
600,000

750,000

75,000
150,000

450,000

800,000

400,000
400,000
420,000

1,000,000

700,000
900,000
250,000

180,000
8,611,000

15,000

90,000
105,000

SOURCE: American Bureau of Metal Statistics, Inc. (ABMS), Yearbook 1974,

and company annual reports.
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TABLE 7A

GROWTH OF UNITED STATES COPPER SMELTING CAPACITY?

1950-1975

(Short Tons of Material; End of Year Figures)

Change in
Copper Smelting

Change in Capacity due

Change in Copper Smelting to Expansion
Copper Smelting Copper Smelting Capacity due (Contraction)
Year Capacity Capacity to new Plants of Existing Plants
1950 9,551,000° - - -
1951 9,653,000° 102,000 0 102,000°
1952 9,653,000° 0 0 0
1953 8,318,000 1,335,000 0 -1,335,000¢
1954 8,368,000 50,000 0 50,000
1955 8,348,000 -20,000 0 -20, 000°
1956 8,225,000 ~123,000 70,0008 ~193,000"
1957 8,415,000 190,000 0 190,000*
1958 8,600,000 185,000 0 185,000
1959 8,600,000 0 0 0
1960 8,600,000 0 0 0
1961 8,700,000 100,000 0 100,000*
1962 8,623,000 -77,000 0 -77,000"
1963 8,423,000 -200,000 0 -200,000™
1964 8,423,000 0 0 0
1965 8,371,000 -52,000 0 -52,000"
1966 8,371,000 0 0 0
1967 8,383,000 12,000 0 12,000°
1968 9,079,000 696,000 0 696,000
1969 8,689,000 -390,000 0 -390,000%
1970 8,704,000 15,000 0 15,000t
1971 8,821,000 117,000 0 117,000°
1972 8,521,000 -300,000 0 -300,000°"
1973 8,496,000 - 25,000 0 - 25,0004
1974 8,626,000 130,000 0 130,000
1975 8,611,000 - 15,000 0 - 15,000"
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NOTES :

8Excludes producers of Lake Copper.

bIncludes the capacity of the Phelps Dodge Corporation, United Verde
Branch, Clarksdale, Arizona, smelter (1,400,000 short tons of annual
capacity) which closed down June, 1950.

cExgansion in the capacity of Kennecott Copper Corporation, New Mexico
plant at Hurley, New Mexico (from 288,000 to 400,000 short tons),
minus the contraction in the capacity of the Kennecott Copper Corpora-
tion, Nevada plant at McGill, Nevada (from 450,000 to 440,000 short
tons).

dExpansion in the capacity of the American Metal Company, Ltd., Carteret,
New Jersey smelter (from 200,000 to 265,000 short tons) minus the shut-
down of the Phelps Dodge Corporation, United Verde Branch, Clarksdale,
Arizona smelter (1,400,000 short tons annual capacity), which closed
down June, 1950.

eExgansion in the capacity of the American Smelting and Refining Company,
El Paso, Texas, smelter (from 300,000 to 350,000 short toms).

fContraction in the capacity of the American Metal Company, Ltd.,
Carteret, New Jersey, smelter (from 265,000 to 245,000 short tons).

gThe new San Manuel Copper Corporation, San Manuel, Arizona, smelter,
a wholly owned subsidiary of Magma Copper Company.

hExgansion in the capacity of the American Smelting and Refining Company,
El Paso, Texas, smelter (from 350,000 to 400,000 short tons) minus
the contraction in the capacity of the following smelters:

Asarco, Garfield, Utah (from 1,608,000 to 1,440,000 short tons).
Asarco, Tacoma, Washington (from 675,000 to 600,000 short tons).

iExgansion in the capacity of the San Manuel Copper Corporation, San
Manuel, Arizona, smelter (from 70,000 to 360,000 short tons) minus

the contraction in the capacity of the Magma Copper Company, Superior,
Arizona, smelter (from 250,000 to 150,000 short tons).

jThe new Kennecott Copper Corporation, Ray Mines Division, Hayden,
Arizona, smelter (400,000 tons annual capacity) minus the contraction
in the capacity of the smelting facilities at Garfield, Utah, purchased
by Kennecott Copper Corporation from American Smelting and Refining
Company (from 1,440,000 to 1,225,000 short tons).

kExgansion in the capacity of the following smelters:
Asarco, El Paso, Texas (from 400,000 to 420,000 short tons).
Asarco, Hayden, Arizona (from 300,000 to 360,000 short tons).

Tennessee Copper Company, Copperhill, Tennessee (from 70,000 to
90,000 short tons).

1Contraction in the capacity of the American Metal Climax, Inc.,
Carteret, New Jersey, smelter (from 245,000 to 168,000 short tons).
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BShutdown of the Phelps Dodge Refining Corporation, Laurel Hill, New
York smelter (200,000 short tons annual capacity).

nExgansion in the capacity of the following smelters:
Asarco, Hayden, Arizona (from 360,000 to 420,000 short toms).

Inspiration Consolidated Copper Company, Miami, Arizona (from
360,000 to 450,000 short tons).

Magma Copper Corporation, San Manuel Division, San Manuel,
Arizona (from 360,000 to 403,000 short tonms).

Kennecott Copper Corporation, Ray Mines Division, Hayden,
Arizona (from 400,000 to 420,000 short tons).

Minus the contraction in the capacity of the following smelters:

Kennecott Copper Corporation, Nevada Mines Division, McGill,
Nevada (from 440,000 to 400,000 short tons).

Kennecott Copper Corporation, Utah Mines Division, Garfield, Utah
(from 1,225,000 to 1,000,000 short tons).

oEgpansion in the capacity of the American Metal Climax, Inc.,
Carteret, New Jersey, smelter (from 168,000 to 180,000 short tons).

pExgansion in the capacity of the following smelters:
Asarco, El1 Paso, Texas (from 420,000 to 576,000 short tomns).

Asarco, Hayden, Arizona (from 420,000 to 960,000 short toms).

9Contraction in the capacity of the Phelps Dodge Corporation smelter
at Douglas, Arizona (from 1,250,000 to 860,000 short tons).

rExpansion in the capacity of the Phelps Dodge Corporation smelter
at Douglas, Arizona (from 860,000 to 875,000 short tons).

sExpansion in the capacity of the Magma Copper Corporation, San Manuel
Division, San Manual, Arizona, smelter (from 403,000 to 670,000

short tons) minus the permanent shutdown of the Magma Copper Corpora-
tion, Superior Division, Superior, Arizona, smelter (150,000 short
tons annual capacity).

tContraction in the capacity of the Anaconda Company, smelter at
Anaconda, Montana (from 1,000,000 short tons to 750,000 short toms)
plus contraction in the Phelps Dodge Corporation, New Cornelia Branch,
Ajo, Arizona, smelter (from 300,000 short tons to 250,000 short tons).

YThe new Chemetco, Inc., Alton, Illinois, smelter (150,000 short tons
annual capacity) minus the contraction in the Phelps Dodge Corporation
smelter at Douglas, Arizona (from 875,000 short tons to 700,000 short
tons).

vExpansion in the capacity of the Magma Copper Corporation, San Manuel
Division, San Manuel, Arizona, smelter (from 670,000 to 800,000 short
tons).

YContraction in the capacity of the Cities Service Company, smelter at
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Copperhill, Tennessee (from 90,000 to 75,000 short toms).

SOURCE: Yearbook of the American Bureau of Metal Statistics, Inc.,
(ABMS), annual yearbook volumes, 1958-1975.
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TABLE 7B

GROWTH OF LAKE COPPER SMELTING CAPACITY® IN THE UNITED STATES,
1950-1975

(Short Tons of Product; End of Year Figures)

Change in
Copper Smelting
Change in Capacity Due
Change in Copper Smelting To Expansion
Copper Smelting Copper Smelting Capacity Due (Contraction)
Year Capacity Capacity To New Plants of Existing Plants
1950 197,000 b - -— -
1951 197,000 b 0 0 0
1952 112,000 -85,000 0 -85,000 ©
1953 112,000 0 0 0
1954 92,000 -20,000 0 -20,000 d
1955 128,000 36,000 36,000 © 0
1956 128,000 0 0 0
1957 137,000 9,000 0 9,000 £
1958 157,000 20,000 0 20,000 &
1959 162,000 5,000 0 5,000
1960 167,000 5,000 0 5,000 1
1961 177,000 10,000 0 10,000 ]
1962 177,000 0 0 0
1963 177,000 0 0 0
1964 177,000 0 0 0
1965 177,000 0 0 0
1966 202,000 15,000 0 15,000 k
1967 132,000 -70,000 0 -70,000
1968 132,000 0 0 0
1969 135,000 3,000 0 3,000 "
1970 135,000 0 0 0
1971 135,000 0 0 0
1972 105,000 ~30, 000 0 -30,000 "
1973 105,000 0 0 0
1974 105,000 0 0 0
1975 105,006 0 0 v
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NOTES:

a
Includes Lake Superior District producers only.

bCapacity figure includes the idle capacity of the Cojper Range Company,
Smelting Department, Houghton, Michigan (85,000 short tons of product
annual capacity).

®Shut down of the capacity of the Copper Range Company, Smelting
Department, Houghton, Michigan (85,000 short tons of product annual
capacity).

dContractions in the capacity of the Calumet and Hecla, Inc.,
Hubbell, Michigan, smelter (from 100,000 to 80,000 short toms).

®The new White Pine Copper Company, White Pine, Michigan, smelter.

fEERansion in the capacity of the White Pine Copper Company, White
Pine, Michigan, smelter (from 36,000 to 45,000 short toms).

gEgpansion in the capacity of the Calumet and Hecla, Inc., Hubbell,
Michigan, smelter (from 80,000 to 100,000 short toms).

hEggansion in the capacity of the White Pine Copper Company, White
Pine, Michigan, smelter (from 45,000 to 50,000 short tons).

iE:_cpansion in the capacity of the White Pine Copper Company, White
Pine, Michigan, smelter (from 50,000 to 55,000 short toms).
jExpansion in the capacity of the White Pine Copper Company, White
Pine, Michigan, smelter (from 55,000 to 65,000 short tons).

kEzpansion in the capacity of the White Pine Copper Company, White
Pine, Michigan, smelter (from 65,000 to 90,000 short tons).

1ContractiOn in the capacity of the Calumet and Hecla, Inc., Hubbell,
Michigan, smelter (from 100,000 to 30,000 short toms).

mEggansion in the capacity of the Quincy Mining Company, Hancock,
Michigan, smelter (from 12,000 to 15,000 short tonms).

"Shut down of the capacity of the Universal 01l Products Company,
Calumet Division, Hubbell, Michigan, smelter (30,000 short tons

annual capacity).

SOURCE: Yearbook of the American Bureau of Metal Statistics, annual
volumes, 1958-1975.
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In 1972, reported smelter capacity declined by 300,000 tons (3.4 per-
cent of total industry capacity), as the result of a 250,000 ton contraction
of capacity at Anaconda's Montana smelter as well as a 50,000 ton con-
traction at the Phelps Dodge Ajo smelter.

The major portion of the smelter output of blister copper is electro-
refined. Copper electrolytic refineries have traditionally been located near
consumers on the Atlantic Coast, but several refineries have been built
in the West. The East Coast refineries still account for a major portion--
about half--of electrorefining capacity. A smaller portion of smelter out-
put 1s fire refined, principally in New Mexico and Michigan.

As indicated in Table 8, reported figures on refinery capacity vary
(In some cases significantly) depending on the published source of data.
The primary copper refineries, their ownership, and the location, type
and capacity of each refinery at the end of 1975 are shown in Table 9,
based on American Bureau of Metal Statistics data. Table 10 shows capacity
growth among domestic refineries over the 1958-1975 period.

Overéll, refinery capacity expanded by about 38 percent over the
1958-1975 period. Unlike the fluctuating growth trend in smelter capacity,
net changes in refinery capacity have been positive with the exception of
two years, 1962 and 1972. The figures in Table 10 indicate how responsive
producers have been to general conditions in the business cycle and the
demand cycle for copper, with the bulk of refinery capacity expansion
occurring in response to business expansion and rising copper demand over

the period 1964-1970.
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TABLE 8

COPPBR REFINERY CAPACITY IN THE UNITED STATES, 1973/1974,
BY COMPANY AND LOCATION, AS GIVEN IN DIFFERENT SOURCES

American Bureau of Engineering nng
Metal Statiatice® ° Mining Journal Metal E!Q!s:!n
1973/1976° 1973/1974% 1978% 1974%
Type, Company, Location {in tons of 2,000 1bs.) (in tons of 2,000 1lbs ) (in metric tons) (in tons of 2,000 1bs [
Electrolytic
The Anaconda Company
Great Falls, Montana 180,000 180,000 220,000 242,500
Rarftan, Perth Amboy, N J 115,000 115,000 100,000 110,200
Asarco
Baltimore, Md 318,000 312,000 180,000 198,400
Perth Amboy, N J 168,000 168,000 155,000 170,900
Tacoma, Wash 156,000 150,000 141,000 155,400
Cerro Copper & Brass
Mv of Cerro Corp
St Louis, Mo 44,000 NA 40,000 41,100
Chemetco, Iac.
Alcon, Illinois 40,000 NA 30,000 33,100
Inspiration Consolidated Copper
Inspiration, Arizona 70,000 72,000 65,000 71,700
Kennecott Copper Corp h
Garfield, Uzah 186,000 192,000 165,000 161,900
Kennecott Refining Corp
Anne Arundel County, Md 276,000 276,000 250,000 275,600
Magma Copper Company,
San Manual, Arizona 200,000 200,000 181,000 199,500
Phelps Dodge Refining Corp.
Fl Paso, Texas 420,000 445,000% 400.000; 600.900;
Laurel Hill, L I., N.Y. 72,000 92,000 85,000 93,700
Reading Industries, Inc
Reading, Penna 20,000 NA 18,000 19,800
Southwire Company, Copper
Division
Carrollton, Georgia 72,000 NA 65,000 71,700
United States Metals Refining Co
Carteret, N.J , a subaidiary of
Amax, Inc. 175,000 215,0008 160,000 176,400
TOTAL TANK CAPACITY_  ___  _ . 2,512,000 NA FA NA
Lake and Pire Rafining
Kennecott Copper Corp
Hurley, New Mexico 103,000 83,000 65,000 71,000
Phelps Dodge Rafianing Corp. o o
Bl Paso, Texas 25,000 NAG A Ay
Laurel Hill, L.I., N.Y. 20,000 KA HA RA
Quincy Mining Co
Hancock, Mich. 15,000 NA 11,000 12,100
United States Metals Refining Co
Carteret, N J , a aubsidiary of
Amax, Ioe. 85,000 s 75,000 82,700
White Pine Copper Co. N
White Pine, Mich. 90,000 85,000 81,000 89,300
TOTAL LAKE AND FIRE REFINED 338,000 NA NA NHA
TOTAL REPINED COPPRR CAPACITY 2,850,000 NA RA NA

NOTES AND SOURCES:

Samarican Bureau of Metal Statistics, Inc, (ABMS) as reported in the Yearbook of the American Bureau of Matal Scatistica,
1973 (Rew York. ABMS, June 1974) p. 28 and Nonferrous Metals Data 1974 (New York ABMS, 1975), p 32.

b?igum rafer to annusl capacity at the end of the year(s) noted, 1973 and 1974 figures are exactly alike io the sources
cited.

cBnEneuLng and Mining Journal International Directory of Mining, 1973/1974, Section 2A--U.8 Mine/Plant Units.
!

Pigures refer to circa 1973/1974; no specific time designationa (e.g , mid-191_3.. etc.) are provided,

®lacludes data for the Bl Pago, Texas, furnace refining plent

tIm‘.l\xdn data for the Laurel Hill, L.I., N.Y., fire ret!.n.tng plant.

81ncludes data for (at least part) of the Carteret, N J , fife refining (smelting) plant.
ho:her products produced include selenium, gold, eilver, platinum, and palladium.

"I.uud an amlter capacity (reverbatory matte smelting and converting), the refinery operation described pertain to fire
refining, vhere the major product is listed as high conductivity silver bearing cast copper shapes.
Jcogger. 1974, a special issue pudblished by Metal Bulletin Limited (London: No date), p. 183.
In addition to the data already listed, chis source provides refinery capacity d.a:a not given in r.hn o:her sources cited
(for 1973 or 1974), consisting of the following,refi.nery operationn. ot -
t‘ (1) International Smelting and Refining Co., hdtgn N J. (104,000 metric tons per year = 114,600 short tons).

'(2) Hecla/Bl Paso, Lakeshore, Michigan (36,000 m:r/ic tons = 39,700 short tons). Nota: This appears!to be the
sare 89 the Calumet Divieion, Universal Oil Products Company refinery in Hubbell, Michigen (formerly known as
Calumat and Hacla Corp., Universal 01l Products Company, 1968~1971, and simply as Calumet and Hecls, Inc., _
prior to 1968). This plant was idle in 1970 and 197) and/appéars to have been cloaod ~down by the end of 1971.

(3) Ranchers, Bluebird (6,000 metric tons = 6,600 short toms).

ita refer to "generally recognizad capacity" (eee footnote "j," p. 165)

Lpata convurted from metric toms of 2,000 lbs. (i.e., short tons), by using the following relationship:
catric ton = 1000 kilograms
short ten = 907.185 kilograms
Ratio: 1000.000/907.185 =;1.102311
Figures are rounded-off to the nearest hundred
NA: Not available. Arthur DLittle Inc.
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TABLE 9

UNITED STATES COPPER REFINERY CAPACITY
(Annual Capacity at End of 1975 in Short Tons of Product)
Annual Capacity,

Company Location Tons of Product
Electrolytic:
The Anaconda Company Great Falls, Mt. 252,000
Asarco Amarillo, Texas 420,000

" Perth Amboy, N.J. 168,000

" Tacoma, Wash. 156,000

Cerro Copper & Brass

Division of Cerro Corporation St. Louis, Mo. 44,000
Chemetco, Inc. Alton, Ill. 40,000
Inspiration Consolidated Copper Inspiration, Ariz. 70,000
Kennecott Copper Corporation Garfield, Utah 186,000
Kennecott Refining Corporation Anne Arundel County, Md. 276,000
Magma Copper Company San Manuel, Ariz. 200,000
Phelps Dodge Refining Corporation El Paso, Texas 420,000

" " " " Laurel Hill, L.I., N.Y. 72,000
Reading Industries, Inc. Reading, Pa. 20,000

Southwire Company
Copper Division Carrollton, Ga. 72,000

United States Metals Refining Co.
Subsidiary of American Metal
Climax, Inc. Carteret, N.J. 175,000

Lake and Fire Refining:

Kennecott Copper Corporation Hurley, N.M. 103,000
Phelps Dodge Refining Corporation El Paso, Texas 25,000

" " " " Laurel Hill, L.I., N.Y. 20,000
Quincy Mining Co. Hancock, Mich. 15,000

United States Metal Refining Co.
Subsidiary of American Metal

Climax, Inc. Carteret, N.J. 85,000
White Pine Copper Co. White Pine, Mich. 90,000
Total 2,909,000

SOURCE: American Bureau of Metal Statistics, Inc., (ABMS), Nonferrous
Metals Data, 1975.
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TABLE 10

COPPER REFINERY EXPANSION IN THE UNITED STATES,
1958-1975

(Short Ton of Product; End of Year Figures)

Change in
Change in Copper Refinery

Copper Refinery Copper Refinery Capacity due

Change in
Copper Refinery
Capacity due
to Expansion
(Contraction)

Years Capacity Capacity to New Plants of Existing Plants
1958 2,108,500 - - -
1959 2,309,000 200,500 198,000% 2,500°
1960 2,331,500 22,500 0 22,500
1961 2,341,500 10,000 0 10,0004
1962 2,334,500 - 7,000 0 7,000
1963 2,334,500 0 0 0
1964 2,364,500 30,000 0 30,000°
1965 2,420,500 56,000 0 56,0008
1966 2,430,500 10,000 0 10,000"
1967 2,522,000 91,500 0 91,500%
1968 2,643,000 121,000 0 121,0007
1969 2,676,000 33,000 0 33,000%
1970 2,676,000° 0 0 0
1971 2,793,000° 117,000 200,000" -83,000™
1972 2,723,000 -70,000 0 -70,000"
1973 2,850,000 127,000 132,000° - 5,000
1974 2,850,000 0 0 0
1975 2,909,000 59,000 420,000 " -361,0008
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NOTES :

%The new Kennecott Refining Corporation, Anne Arundel County, Maryland,
refinery.

bExpansion in the capacity of the White Pine Copper Co., White Pine,

Michigan, refinery (from 45,000 to 50,000 short tons) minus the
contraction in the capacity of the Inspiration Consolidated Copper,
Inspiration, Arizona refinery (from 47,500 to 45,000 short tons).

cExpansion in the capacity of the Lewin-Mathes Co., Division of Cerro
de Pasco Corporation, St. Louls, Maryland, refinery (from 25,000 to
42,500 short tons).

dEgpansion in the capacity of the White Pine Copper Corporation, White
Pine, Michigan, refinery (from 55,000 to 65,000 short tons).

eExgansion in the capacity of the American Metal Climax, Inc.,
Carteret, New Jersey, refinery (from 121,000 to 125.000 short tons)
minus the contraction in the capacity of the American Smelting and
Refining, Tacoma, Washington, refinery (from 114,000 to 103,000
short tons).

fEannsion in the capacity of the Inspiration Consolidated Copper,
Inspiration, Arizona refinery (from 45,000 to 65,000 short tons)

plus expansion in the capacity of the Phelps Dodge Refining Corporation,
El Paso, Texas, refinery (from 290,000 to 300,000 short tons).

gEgpansion in the capacity of the following refineries:

The Anaconda Company, Great Falls, Montana (from 150,000 to
180,000 short tons);

Inspiration Consolidated Copper, Inspiration, Arizona (from 65,000
to 70,000 short tons);

Kennecott Copper Corporation, Hurley, New Mexico (from 84,000 to
103,000 short tons);

minus the contraction in the capacity of the Kennecott Copper Corpora-
tion, Garfield, Utah, refinery (from 204,000 to 186,000 short tons).

hEgpansion in the capacity of the following refineries:

The Anaconda Company, Great Falls, Montana (from 180,000 to
190,000 short tons);

White Pine Copper Company, White Pine, Michigan (from 65,000
short tons to 90,000 short tons);

minus the contraction in the capacity of the International Smelting
and Refining Company, Raritan, Perth Amboy, New Jersey (from 240,000
to 215,000 short toms).
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iEggansion in the capacity of the following refineries:
Asarco, Baltimore, Maryland (from 198,000 to 318,000 short tons);
Asarco, Tacoma, Washington (from 103,000 to 108,000 short tons);

Phelps Dodge Refining Corporation, El Paso, Texas (from 300,000 to
320,000 tons);

minus the contraction in the capacity of the following refineries:

Lewis Mathes Co., Division of Cerro Corporation, St. Louis,
Missouri (from 42,500 to 39,000 short tons);

Phelps Dodge Refining Corporation, Laurel Hill, Long Island,
New York (from 175,000 to 155,000 short toms);

Calumet and Hecla, Inc., Hubbell, Michigan (from 60,000 to
30,000 short tons).
jE}_cpansion in the capacity of the following refineries:

United States Metals Refining Co., Carteret, New Jersey, a
subsidiary of American Metal Climax, Inc. (from 150,000 to
175,000 short tons);

Asarco, Tacoma, Washington (from 108,000 to 126,000 short tonms);

Kennecott Refining Corporation, Anne Arundel County, Maryland
(from 198,000 to 276,000 short tons);

Phelps Dodge Refining Corporation, El Paso, Texas {(from 320,000
to 420,000 short tons);

minus the contraction in the capacity of the following refineries:

International Smelting and Refining Co., Raritan, Perth Amboy,
New Jersey (from 215,000 to 150,000 short tons);

United States Metals Refining Co., Carteret, New Jersey, a sub-
sidiary of American Metal Climax, Inc. (from 125,000 to 85,000
short tons).

kExgansion in the capacity of the Asarco, Tacoma, Washington, refinery

(from 126,000 to 156,000 short tons) plus expansion in the capacity of
the Quincy Mining Co., Hancock, Michigan, refinery (from 12,000 to
15,000 short toms).

1Magma Copper Company, San Manuel, Arizona.
PContraction in the capacity of the Phelps Dodge Refining Corporation,
Laurel Hill, Long Island, New York, refinery (from 155,000 to 72,000

short tons).

“Contraction in the capacity of the following refineries

The Anaconda Company, Great Falls, Montana (from 190,000 to
185,000 short toms);
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International Smelting and Refining Company, Raritan, Perth Amboy,
New Jersey (from 150,000 to 115,000 short tons);

Shutdown of Calumet Division, Universal Oil Products Company,
Hubbell, Michigan (annual capacity 30,000 short tons at the end
of 1971), which was idle in 1970 and 1971.

®Includes the "idle" capacity of the Calumet Division, Universal
01l Products Co., Hubbell, Michigan refinery (30,000 short tons annual

capacity).
PThe following new refineries started operations in 1973:
Chemetco, Inc., Alton, Illinois (40,000 short tons annual capacity);

Reading Industries, Inc., Reading, Pennsylvania (20,000 shorts tons
annual capacity);

Southwire Company, Copper Division, Carrollton, Georgia (72,000
short tons annual capacity).

9contraction in the capacity of The Anaconda Company, Great Falls,
Montana, refinery (from 185,000 to 180,000 short tons).

r
The new Asarco, Amarillo, Texas, refinery.

s
Expansion in the capacity of the Anaconda Company, Great Falls,
Montana, smelter (from 180,000 to 252,000 short tons) minus the shut
down of the following smelters:

Anaconda Company, Raritan plant, Perth Amboy, New Jersey
(115,000 short tons annual capacity)

Asarco, Baltimore, Maryland (318,000 short tons annual capacity).

SOURCE: Yearbook of the American Bureau of Metal Statistics, annual
volumes, 1958-1975.
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Prior to 1971, most of the capacity expansion was in the form of
additions to existing plants; no new plants were built in .the U.S.
during the period 1959-1971. 1In 1971, however, Magma opened a new
200,000 annual short ton refinery in San Manuel, Arizona. By 1973,
three secondary refiners--Chemetco, Reading, and Southwire--had come on-
stream with a total capacity of 132,000 annual short tons. Further,
in 1975, Asarco began operations at its new 420,000 annual short ton
capacity refinery in Amarillo, Texas; at the same time, however, it
shut down operations at its 318,000 annual short ton capacity Baltimore

refinery.
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E. VERTICAL INTEGRATION, CONCENTRATION, AND BARRIERS TO ENTRY IN THE
PRIMARY COPPER INDUSTRY

The degree of vertical integration and concentration in an industry
as well as the existence of barriers to entry are important considera-
tions in analyzing pricing behavior of firms. The degree of industry
concentration provides an indication as to whether or not firms in
the industry are capable of exercising discretionary price behavior
(1.e., influencing market prices), as opposed to being entirely
price-takers. Where concentration is low, there will normally be
such a large number of firms and each individual firm's share of
the market will be so small that no individual firm would be able to
influence prices significantly (i.e., firms are entirely price-takers).
Where concentration is high, the pricing and production decisions of any
one firm will have some effect on the pricing and output of other firms
in the relevant market; consequently, price-output determination by
the firms will be interdependent.

Next, the degree of vertical integration is important for two reasons.
First, in an industry which is highly integrated, producers' material
costs are somewhat insulated from the forces of market demand at inter-
mediate stages of production. This does not mean that producers, in
making pricing and output decisions, can ignore market forces, but
rather that the relevant demand forces emanate from downstream markets.
Second, economies of vertical integration or an existing high degree of
integration can constitute an effective barrier to entry into the

industry.
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The existence of barriers to entry into the industry is important
since the absence of barriers to entry can mitigate the effect that
a high degree of concentration would normally have on pricing and

production behavior of the major producers.

1. TIndustry Concentration

The U.S. copper industry is indeed highly concentrated, as shown
in Table 11. At the mining level, the three largest integrated producers
in 1974 accounted for 56.1 percent of total mine production, while the
seven integrated producers (including Asarco) together produced 78.3
percent of the total.

At the smelting level, the three largest producers accounted for
53.3 percent of total smelting capacity, while the seven integrated
producers (including Asarco) held 94.7 percent of the tot:al.1

At the refining level, Anaconda, Kennecott, and Phelps Dodge
held 48.9 percent of refinery capacity, while the seven integrated
producers combined accounted for 83.8 percent.

As suggested previously, concentration in the semifabricating and
fabricating industries has, in the past, varied among different
semifabricating industries, but nowhere has it been high enough to allow
semifabricators to have a significant influence on pricing or production
policies in the industry. The domestic foundry and powder mill industries
are highly competitive; in the early 1960's there were approximately 535

foundries in the United States, and the eight-firm concentration ratio

1For the copper industry as a whole, concentration ratios at the smelting
stage may be slightly overstated in Table 11, since a large number of
small secondary smelters/ingot makers are not represented in capacity
totals. However, including these figures would not significantly alter
the degree of smelting concentration in the entire industry.
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TABLE 11

COPPER INDUSTRY CONCENTRATION
AT VARIOUS STAGES OF PRODUCTION, 1974

Mine Smelting Refining
Production Capacity Capacity
(Short tons {Short tons {Shert tons
cf Recoverzble " of of Ref%ned Percentage of Total a FPercentage of Total Percentage of Total
Company Copper) Materizl) Copper) Mine Production(%) Smelting Capacity(2)® Refinery Capacity (%)

Anacorda 212,788 750,000 295,000 11.3 8.2 10.3
Kennecott 402,213 2,220,000 565,000 25.2 24.5 19.8
Phelps Dodge 281,338 1,850,000 537,000 17.6 20.5 18.8
Magma 149,645 800,000a 200,000 9.4 8.8 7.1
Copper Range 66,623 360,000 90,000 4.2 4.0 3.1
Inspiration 56,336 450,000 70,000 3.5 5.0 2.5
Asarco 81,062 2,136,00D 642,000 5.1 23.6 22.5
Seven Integrated Producers’ Total 1,250,005 8,566,000 2,399,000 78.13 947 81.8
Partially Integrated Producers

and b

Independent Mining Companies 324,288 60,000 15,000 20.3 0.7 0.5
Primary Industry Total 1,574 293 8,626,000 2,414,000 98.6 96.3 84.3
Amax 22,729 180,000 260,000 1.4 2.0 9.1
Cerro —_— —-— 44,000 —_— —— 1.5
Chemetco —-— 150,000 40,000 -— 1.7 1.4
Southwire _— —_— 72,000 -— -— 2.5
Reading -—= -—= 20,000 -—= -— 1.2
Secondary Industry Total 22,729 330,000 436,000 1.4 3.7 15.7
Grand Total 1,597,002 8,956,000 2, 850,000 100.0 100.0 100.0

NOTES : aComponents may not add up to the totals given due to rounding.

bADL estimates.
refined copper.

input/tons of copper product of 4.0.

SOURCES :

Data 1975, p 6-7.

American Bureau of Metal Statistics, Yearbook 1974, p. 22; Copper Development Association, Copper Supply and Consymption:

Smelter capacity figures are given in short tons of copper material "feed"; refinery capacity figures represent output of
Capacity figures in short tons of material "feed' were estimated using an Industry-wide average ratioc of tons of material

Annual
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in the foundry industry was only about 25 percent.1 Concentration
in the wire and brass mills was substantially higher, with reported

eight-firm concentration ratios between 65 and 81 percent.2

2. Vertical Integration

In addition to a high degree of concentration, there is as well
a high degree of vertical integration in the primary copper industry,
particularly through the refining stage of production. Although most
of the major primary producers are vertically integrated through the
semifabricating and fabricating stages of production, and it is fre-
quently acknowledged that there is a significant degree of vertical
integration in the copper fabricating industry, no recent accurate
estimates are available concerning the actual degree of vertical

integration at the fabricating stage.

lThe number of foundries was reported in U.S. Department of Commerce,
1963 Census of Manufactures, p. 33D-10, p. 33D-20. The concentration
ratios were originally reported in Report by the Bureau of the Census
for the Sub-committee on Antitrust and Monopoly of the Committee on
the Judiciary, U.S. Senate, 89th Congress, 2nd Session, Concentration
Ratios in Manufacturing Industry (Washington, D.C.: U.S. Government
Printing Office, 1966). See also Charles River Associates, Inc. (CRA),
Economic Analysis of the Copper Industry (March, 1970), pp. 58-60;
and David McNicol, The Two-Price Systems in the Copper Industry,
unpublished doctoral thesis, Massachusetts Institute of Technology
(February, 1973), pp. 59-60.

2However, effective concentration in the wire and brass mill sectors has
likely been significantly lower, for two reasons. First, published
ratios were formulated from value-added data which did not discriminate
between copper and non-copper-related production of a firm. In

several instances, larger fabricators produce non-copper products; to the
extent that smaller.firms do not do this, the value-added of the larger
firms would be overstated, relative to that of the smaller firms, thereby
inflating the importance of the large firms in terms on industry con-
centration. Second, U.S. tariffs on semifabricated copper products

have been low; sources of supply for the domestic market have therefore
been considerably expanded beyond domestic production, and the effective
degree of concentration in the industry thereby lowered.
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Data in Table 12 indicates product flow for individual companies
from the mining to refining stages of production. The integrated primary
producers largely supply their smelters and refineries with company-
mined ores. Partially-integrated primary producers and independent
miners account for only a modest part of domestic production and
most of the output of the major firms is sold directly under
long~term contract to either Asarco or Phelps Dodge for smelting
and refining.

Past studies of the copper industry have suggested that as much
as one-third of refined copper fabricating capacity was captive
to vertically-integrated firms, but these estimates apparently
included both primary producers and secondary refiners as we have
classified them.l

The major domestic producers (particularly Anaconda, Kennecott,
and Phelps Dodge) are integrated forward into the production of copper
wire and brass mill products. David McNicol has estimated that as
much as 40 to 50 percent of the domestic copper wire and brass mill
industry may have been captive to the major producers during the past
10 to 20 years.2 There is relatively little, if any, forward inte-
gration into other semifabrication industries such as powder mills,

ingot makers, and foundries.

1
Charles River Associates, Inc. (CRA), Economic Analysis of the Copper
Industry, 1970, p. 58.

2 ,
David McNicol, The Two-Price Systems in the Copper Industry, unpublished
thesis, Massachusetts Institute of Technology, February, 1973, p. 60.
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TABLE 12

PRODUCT FLOW FOR MAJOR INTEGRATED AND NON-INTEGRATED PRODUCERS

IN THE PRIMARY COPPER INDUSTRY

Company

Where Smelted

Where Refined

Sold By

The Anaconda Co., Butte, Mont.
The Anaconda Co., Yerington,
Nevada

Kennecott Copper Corp.

Phelps Dodge Corp.

Inspiration Consolidated Copper

Co.

White Pine Copper Co.
Copper Range Co.

Asarco

Duval Corporation

Cyprus Pima Mining Co.

Cyprus Bagdad Copper Corp.

Cities Service Company
Miami Operations

Copperhill Operations

Quincy Mining Co.

Anamax Mining Co., Twin Buttes,
Ariz.

SOURCE -

Anaconda, Anaconda, Mont.
The Anaconda Co., Anaconda,
Mont.

Own smelters, Garfield, Utah;
Ray, Ariz; McGill, Nevadaj;
Hurley, N.M.

Own Plants, Douglas, Morenci,
and Ajo, Ariz.

Own Plant, Miami, Ariz.

White Pine, Mich.

White Pine, Mich.

Own plants.

Asarco, Tacoma, Washington,
Hayden, Ariz., and El1 Paso
Tex.

Phelps Dodge Corp., Magma
Copper, San Manuel, Ariz.

Phelps Dodge, Ariz., Copper
Range, White Pine, Michigan

Inspiration Sm., Miami, Ariz.
Own Plant, Copperhill, Tenn.

Quincy, Mining Co., Hancock,
Mich.

Inspiration Consolidated Copper
Co., Miaml, Ariz. Asarco.
Hayden, Ariz.

Anaconda, Great Falls, Mont.
The Anaconda Co., Anaconda,
Mont,

Own refineries at Garfield,Utah;

Hurley, N.M.Kennecott Refin-
ing Corp. at Ann Arundel

Phelps Dodge Ref. Corp.

Own plant, Inspiration, Ariz.
and Raritan Copper Wks.

White Pine, Mich.
White Pine, Mich.

Own refineries.

Asarco, Perth, Amboy,
N. J., Tacoma, Washington
Baltimore, Md.

Phelps Dodge at Laurel Hill,
N. Y. Magma Copper,
San Manuel, Arizona

Phelps Dodge, Laurel Hill,
N.Y.Copper Range, White Pine
Michigan

Asarco Refiperies and Phelps
Dodge at Laurel Hill
Southwire

Quincy, Mining Co., Hancock,
Mich.

The Anaconda Co., Perth Amboy

N.J. Asarco, Perth Amboy,N.J.

U.S. Metals Refining Co.
Carteret, N.J.

American Bureau of Metal Statistics, Inc. (ABMS), Nonferrous Metal Data, 1974.

Anaconda Sales Co.
Anaconda Sales Co.

Kennecott Sales Corp.

Phelps Dodge Sales Com—
pany Incorporated

Copper Range Sales Co.
Copper Range Sales Co.

Asarco

Asarco, Duval Sales Corp

Ametalco, Inc.

Cyprus Mines Corp.
Copper 'Range Sales Cc

Cities Service Company
Metal Sales Dept.
Cities Service Company
Metal Sales Dept.

Quincy Mining Co.

Anaconda and Amax
Copper Inc.
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Little doubt exists, however, that the copper industry is less
vertically-integrated in the fabricating stage than in previous
stages (i.e., mining through refining), sufficiently so that a very
substantial market for refined copper exists outside of the major
producer-captive facility supply channels.

3. Barriers to Entry

Barriers to entry for fully integrated operations in the copper
industry appear to be substantial. Perhaps the most persuasive evidence
of this lies in the lack of new entry by a major integrated producer
during the last three decades.

Barriers to entry for nonintegrated operations at the mining and
milling level have been less of a constraint; many smaller independent
mining and milling facilities have been operating in the industry for
years, supporting themselves through factors such as regional markets,
lower processing costs due to richer ore bodies, or the use of regional
smelters and refineries owned by the major producers for toll or custom
smelting and refining of their output.

However, the significance of entry by smaller mines on primary
producer behavior is open to doubt. The output of these individual mines
is usually an extremely small part of total supplies, and the life
of such mines is frequently short. More importantly, the overall size
of the independent mining sector relative to mining production by the

primary producers has not significantly increased in the recent past.
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In his study Barriers to New Competition, J. S. Bain argued that the

major barrier to entry into the copper industry was the high absolute cost
of obtaining a sufficiently large ore body, although the existence of scale
economies as well as high capital costs were important factors as well.1
The importance of ore reserves as a barrier to entry is in part
related to the competitive advantage derived from vertically integrated
operations. A firm contemplating entry at the smelter and/or refinery
stage must find some sources of concentrate supplies. It 1s unreasonable
to suppose that an integrated producer in possession of an ore body
will want to foster the growth of a competitor by selling concentrate
on a large scale. Therefore, a new entrant must either rely on the pur-
chase of concentrate from a number of independent miners or must bear
the costs of discovering new ore reserves of sufficient size to support
integrated operations.
Once having discovered new ore reserves, a new entrant would still
be faced with extremely high capital costs for development of an
integrated mine-through-refinery operation. We estimate that minimum
efficient scale for an integrated operation would be an estimated
productive capacity of approximately 100,000 short tons of copper (Cu
content) on an annual basis. Assuming an estimated capital cost of

$5,000 per annual short ton of capacity (in constant 1974 dollars)

lSee J. S. Bain, Barriers to New Competition (Cambridge, Massachusetts:

Harvard University Press, 1956) and 0. C. Herfindahl, Copper Costs and
Prices: 1870-1957, Published for Resources for the Future, (Baltimore:
John Hopkins Press, 1959).
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to develop an integrated operation, the total minimum capital cost
of an integrated operation would be in the neighborhood of $500 million.
Projects of this magnitude almost certainly will be undertaken only

by large, well-established firms, or jointly by a group of firms.
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F. COSTS OF PRODUCTION

1. Primary Producer Costs

The primary producers are faced with two kinds of costs--variable
and fixed costs-~at each of the four stages of processing of primary
metal--mining, milling, smelting, and refining. In some cases, cost
categories as viewed by copper industry management may not necessarily
reflect the economists' definition of fixed and variable costs; how-
ever, considering such cost categories in these terms will prove im-
portant for later analysis of the manner in which production costs
and shifts in such costs due to costs of compliance with EPA regula-
tions influence the pricing behavior of the primary producers.

Five relevant categories of annual operating costs or variable
costs can be identified: materials; energy and fuels; operating
supplies; plant maintenance; and part of sales, administration and
overhead.

Fixed costs are defined to include the following: general ad-
ministration costs (some portion); exploration and research costs;
interest expense; property taxes and insurance; depreciation; in-
come taxes; net income (i.e., a desired rate of after-tax return on
assets). The first four capital charges are real costs borne by each
producer. Costs of depreciation do not represent actual costs, that
is, they are not cash charges, but rather are balance sheet items
reflecting a cash flow. Net income is treated as a fixed cost by the
producers in pricing decisions (i.e., they.must insure they receive
an increment to revenue at least equal to the opportunity cost of their

invested capital).

4-50
Arthur D Luttle Inc



DRAFT REPORT — The reader i1s cautioned concerning use,
quotation or reproduction of this matenial without first
contacting the EPA Project Dfficer, since the document
may experience extensive revision during review.

2. Past Trends in Primary Producer Costs

Accurate estimation of production costs for copper in the United
States is a difficult undertaking, both because of the variations in
actual costs facing individual producers and because individual pro-
ducers do not normally disclose detalled cost-of-production data.

However, there is general agreement that:

e Costs of mining and concentrating have traditionally formed,

by far, the largest proportion of total production costs of
refined copper. Smelting and refining costs have represented
only a small proportion of the total cost, with smelters and
refineries functioning mainly as "service' operations on fixed
and relatively low profit margins.

® Overall, real costs of refined copper production appear to

have remained stable or to have increased only gradually during
the 1950's and 1960's. There is evidence, however, that real
costs have begun to rise sharply in the last few years.

o Labor productivity growth, on the other hand, stagnated through

the 1950's and 1960's and productivity has actually registered

a slight decline since 1971 in the face of continued degradation
of average ore grades being mined in the U.S. The industry,

in effect, may have come close to exhausting possible productiv-
ity gains from existing technology.

Orris C. Herfindahl in the late 1950's advanced the hypothesis
that the long-run price of copper tends to equal the long-run economic

cost of copper or the price sufficient to induce continued investment
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at all stages of production, from exploration to refining.1 According
to Herfindahl's estimates, the long-run economic cost of producing
copper in the United States was fairly stable at 25-30 cents per pound
between the early 1920's and 1957. Herfindahl argued that copper pro-
ducers, through technological change, were able to keep pace with real
increases In factor costs during this period.

Over the period 1957-1968, as pointed out in a paper by Raymond
Mikesell,2 the deflated average U.S. producers price for refined cop-
per remained reasonably close to the upper range of Herfindahl's es-
timated long-run cost of copper. After 1968, however, the average pro-
ducers price in real terms, climbed substantially higher.

Productivity growth in the copper industry, on the other hand, has
been relatively stagnant since the early 1960's, with productivity gains
lagging behind those experienced by other U.S. industries. Table 13
indicates that output per man-hour at the mining and milling stage rose
only slightly between 1963 and 1971 and registered a slight absolute
decline in the period after 1971.

The combination of a long-term trend towards escalation in the pro-
ducers price (in real terms) and stagnant or negative productivity
growth suggests that the long-run real economic cost of producing copper
has been rising in recent years. In economic terms, producers appear
to have begun operating on the sharply rising portion of the industry's
long-run average total cost curve, whereas previously they were opera-

ting on the relatively flat portion of the curve.

10rris C. Herfindah, Copper Costs and Prices: 1370-1957, publishned for
Resources for the Future (Baltimore: The Johns Hopkins Press, 1959).

2Raymond F. Mikesell, "A Note on Orris Herfindahl's Hypotheses Regarding
the Long-Run Price of Copper from the Vantage Point of 1975", unpublished
draft paper, (November 7, 1975).
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TABLE 13

INDEX OF OUTPUT PER MAN-HOUR SERIES FOR PRODUCTION OR NONSUPERVISORY
WORKERS, SIC 1021 (COPPER MINING AND MILLING), 1963-1975
(1967=1.000)

U.S. domestic
mine production

Total average of recoveragle Index of
Average Average annual Index of copper Output output per
employmenta weekl man-hours man-hours (thousands of index man-~hour
Year {thousands) hours (millions) (1967=1.000) short tons) (1967=100.0) (1967=1.000)
1963 22.7 43.1 50.875 1.291 1213.166 1.272 0.985
1964 22.1 42.9 49.301 1.251 1246.780 1.307 1.045
1965 24.7 43.4 55.743 1.415 1351.734 1.417 1.001
1966 26.2 43.5 59.264 1.504 1429.152 1.498 0.996
1967 19.1 43.0 39.394° 1.000 954.064 1.000 1.000
1968 21.3 47.0 48.053° 1.220 1204.621 1.263 1.035
1969 26.9 46.3 64.764 1.644 1544.579 1.619 0.985
1970 29.3 44.7 68.105 1.729 1719.657 1.802 1.042
1971 26.8b 42.9 59.785 1.518 1522.183 1.595 1.051
1972 30.7b 41.6b 66.410 1.686 1664.840 1.745 1.035
1973 33.7b 42.3b 74.126 1.882 1717.940 1.801 0.957
1974 33.8° 41.1° 72.237 1.834 1593.590° 1.670 0.911
1975 28.4b 39.2b 57.891 1.470 1410.989° 1.479 1.000

NOTES AND SOURCES:

ay.s. Department of Labor, Bureau of Labor Statistics (BLS), Employment and Earnings, United States, 1909-72,
Bulletin No. 1312-9, pp. 10, 11 (for years 1963-1970 only).

BLS, Employment and Earnings: 1971: Vol. 18, No. 9 (March, 1972), pp. 50, 81.
1972: Vol. 19, No. 9 (March, 1973), pp. 50, 81.
1973: Vol. 20, No. 9 (March, 1974), pp. 54, 85.

9

9

b

1974: Vol. 21, No. (Maxrch, 1975), pp. 52, 85.
1975: Vol. 22, No. (March, 1976), pp. 56, 89.
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®To avoid errors due to prolonged strikes in these two years, total annual average man-hours have been computed
on a monthly basis before summing up to obtain the annual total.

Data refer to mine production of recoverable copper (copper content) in the form of blister. Source (1963-1973):

Copper Development Association, Inc¢. (CDA), Copper Supply and Consumption, 1955-1974 (New York: CDA, 1975),
rp. 8, 9.

€1974: U.S. Bureau of Mines, Mineral Industry Surveys, Copper in 1974 (April 8, 1975), p. 3. 1975: 1Ibid.,
Copper in 1975 (March 26, 1976), p. 3.
£

The indexes of output per man-hour are computed by dividing the output index by the 1index of total average annual
man~hours.
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Other evidence exists suggesting a rise in real factor costs in
recent years. First, average smelter and refinery charges in the copper
industry have escalated dramatically. In the 1960's, the traditional
rule of thumb in determining concentrate value was to assume about 9
cents per pound for smelting and refining charges. By 1973, average
smelter and refinery charges in the U.S. had risen to nearly 12 cents,
and in the ensuing two years the average figure increased to more than
20 cents per pound. Thils was an increase well in excess of the general
rate of inflation in the economy during the 1973-1975 period. Second,
as shown in Table 14, the costs of purchased energy in the copper indus-
try have increased substantially faster than the general rate of inflation
since 1973.

The industry's productivity problem lies in the lack of development
of radically new technologies to take the place of conventional mining
practices associated with open-pit mines. The average copper content
of the ore mined in the United States declined from about .85 percent
in 1957 to .55 percent in 1972.1 Conventional stripping technology has
been unable to offset the increased cost associated with mining lower
grade ores.

Several new approaches may be utilized in the future to overcome
some of the potential constraints on growth of productivity in the in-
dustry. First, newly-developed pit slope engineering techniques may
be employed to steepen slopes and thereby decrease stripping ratios,
as well as to increase the amount of ore in a given mine which is
economically recoverable. In addition, the same design concepts asso-

clated with steepening slopes can be utilized for predictable controlled

lRaymond Mikesell, "A Note on Orris Herfindahl's Hypothesis Regarding
the Long-Run Price of Copper from the Vantage Point of 1975," unpublished

draft paper (November, 1975). Arthur DL
r
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TABLE ~ 14

WHOLESALE PRICE INDEX SERIES FOR MAJOR COMPONENTS OF
OPERATING AND MAINTENANCE COSTS, U.S. COPPER INDUSTRY
(SIC 1021-COPPER ORES AND SIC 3331-PRIMARY COPPER),

1963-1975
Materials and
components, parts,

containers and Purchased

supplies (excl. electréc Purchasgd
Years energy)a b power b fuels b

(1967=100.0) (1974=100.0)" (1967=100.0) (1974=100.0)" (1967=100.0) (1974=100.0)

1963 94.3 61.2 101.3 62.1 96.1 52.0
1964 94.8 61.5 100.4 61.6 93.8 50.7
1965 96.3 62.5 100.1 61.4 95.6 51.7
1966 99.1 64.3 99.6 61.1 99.6 53.9
1967 100.0 64.9 100.0 61.3 100.0 54.1
1968 102.6 66.6 100.9 61.9 98.6 53.3
1969 106.3 69.0 101.8 62.4 100.1 54.1
1970 110.2 71.5 104.8 64.3 104.3 56.4
1971 113.8 73.8 113.6 69.7 110.0 59.5
1972 117.9 76.5 121.5 74.5 112.7 61.0
1973 129.2 83.8 129.3 79.3 125.6 67.9
1974 154.1¢ 100.0 163.1% 100.0 184.9 100.0
1975d 171.1e 111.0 176.5e 108.2 225.9 122.2

NOTES AND SOURCES:

aWholesale price index (W?I) for total manufactured goods.
bThe base year is shifted from 1967 to 1974, by dividing the series by the 1974 index.
“WPI 054-Electric powver,

dU.S. Department of Labor, Bureau of Labor Statistics, Monthly Labor Review (January,
1976), various tables.

°u.s. Department of Labor, Bureau of Labor Statistics, Wholesale Prices and Price Indexes
for January through December; average of data for January through December.

fWPI 05 (Fuels and related products and power) minus WPI 054 (Electric power) minus WPI

0561 (Crude petroleum). This measurement provides a broad coverage of various types of
fuel used by the copper industry, in mining through refining (i.e., included, among
others, are natural gas, distillate, and residual fuels).
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AP W, + AP W, + AP W

171

272 33

change in WPI 05 (Fuels and related products and power) between

1967 (1967=100.00) and a given year;

change in WPI 054 (Electric power) between 1967 and a given year;

change in WPI 0561 (Crude petroleum) between 1967 and a given year;

change in "rest of WPI 05" (i.e., WPI 05 minus WPI 054 minus WPI 0561)
between 1967 and a given year;

We can solve for P_.W, as follows:

AP3W3

where Z?, AP

1

373

= AP - AP.W

and AP

2

T T

can be computed from the following series on F, P

weights in WPI 05 associated with Pl P
b4

2

Years P
1963 96.3
1964 93.7
1965 95.5
1966 97.8
1967 100.0
1968 98.9
1969 100.9
1970 105.9
1971 114.2
1972 118.6
1973 134.3
1974 208.3
1975 245.1
SOURCES
1963-1973:

1974:

Pq Py
101.3 98.7
100.4 98.3
100.1 98.2

99.6 98.9
100.0 100.0
100.9 100.8
101.8 105.2
104.8 106.1
113.6 113.2
121.5 113.8
129.3 126.0
163.1 211.8
176.5 245.7

and P3, respectively;

1

i

and P2:

U.S. Department of Labor, Bureau of Labor
Statistics, Handbook of Labor Statistics 1974, Table 129;

1975), Table 5;
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1975: U.S. Department of Labor, Bureau of Labor Statistics,
Wholesale Prices and Price Indexes, monthly January through
December, 1975, Tables 6.

The weights W., W, and W, are computed as follows:

1’ 72 3
wl = 1.728/7.697 = 0.2245
w2 = 0.635/7.697 = 0.825
w3 = 1.000 - 0.2245 - 0.825 = 0.6930
where

1.728 is the weight in the total WPI associated with WPI 054 (Electric power);
0.635 is the weight in the total WPI associated with WPI 0561 (Crude petroleum); and,

7.697 is the overall weight in the total WPI associated with WPI 05 (fuels and relatec
products and power).

SOURCE:

U.S. Department of Labor, Bureau of Labor Statistics, Wholesale Prices and Price Indexes,
Supplement 1975 (September, 1975), Table 4.
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caving of slopes as an alternative to drilling and blasting under some
conditions. Finally, the development of self-propelled crushers and
belt-conveyors would eliminate the need for use of trucks in hauling
ore and overburden. All of these techniques, however, require substan-
tial, and initially expensive, alterations in traditional mining prac-
tices and are unlikely to be adopted in the near future by the industry.

3. ADL Estimates of Primary Producer Costs

As described in greater detail in the Technical Appendix to this
report, ADL has made engineering and financial cost estimates of histor-
ical and future average variable and fixed costs borne by the primary
producers, as part of the construction of an econometric simulation
model of the U.S. copper industry to assess the future impacts of en-
vironmental regulations and associated compliance costs on the industry.

As suggested earlier in the chapter, variable costs represent costs
incurred for inputs which can be varied in the short-term by changing
the firm's output; they increase as the firm's output increases, since
larger output normally requires increased variable inputs such as labor,
raw and intermediate goods, energy, etc.

Fixed costs, on the other hand, represent total obligations over a
given unit of time (e.g., year) incurred by a firm for fixed capital
inputs which are independent of the level of output. A firm's fixed
capital includes plant equipment, and associated depreciation of build-
ings and equipment, property taxes, rental payments, capitalized

maintenance costs, and part of general administration.

lFor a number of reasons discussed in the Technical Appendix, our
exploratory attempts at an econometric analysis of cost functions
facing the primary producers convinced us to use engineering and fi-
nancial cost estimates.
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In making our cost estimates, we have assumed constant returns to
scale when firms are operating at between roughly 45-86 percent of
installed capacity; beyond this region, diminishing returns to scale
are assumed to set in. In other words, in the 45-86 percent range, av-
erage variable costs are equal to marginal costs; beyond 86 percent
of capacity the average variable and marginal cost schedules (functions)
not only rise sharply but also, of course, diverge.

Our estimate of the average variable costs for producing refined
copper (over all four stages of production) for the primary producers
in 1974 was 43¢ per pound, representing the welghted average of company-
specific production cost data for eleven major producers (including both
integrated and non-integrated companies.2

Where production cost data were not available directly from companies
themselves, estimates of average variable costs were made by taking into
account differential ore grades, stripping ratios, recovery rates and

mining technology. Since smelting and refining processes involve quite

1 Refer to the Technical Appendix for more detail.

2 Based on production cost data for Kenmnecott, Phelps Dodge, Newmont,
Duval, Cyprus Bagdad, Amax, Asarco, Copper Range, Inspiration, Cities
Service and Anaconda. The data refer to production costs before credits
for by-products (e.g., gold, silver, molybdenum; credits for gold
in 1974 have been estimated at about 2.5¢/1b.; total credits in 1974
for all three major by-product metals have been estimated at about 4¢/1b.).

This approach would tend to slightly overstate the average variable
costs facing the primary producers in 1974. However, it does make an
implicit allowance for ore grade degradation over time. Also as a
basis for econometric simulation of future market and investment ac-
tivity in the industry, the exclusion of by-product credits avoids

the assumption that in the future (a) the prices of the by-product
metals will remain constant at their 1974 levels(which is not really
desirable) or that (b) the prices of the by-product metals will grow at
certain rates (which introduces new and unnecessary complications and
sources of error in the analysis).
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standard technologies with known input requirements, the cost differen-
tials observed were generally reflective of different ore grades and
mining costs among the different companies.

Our estimate of the average fixed costs for the primary producers
(over all four stages of production) for 1974 was about 29¢ per pound.
This figure, 1if anything, errs on the high side, by one or two cents
per pound; it was obtained by cross-checking from a number of different
sources historically observed average fixed cost figures for the pri-
mary producers.

Fixed costs facing the primary producers in any given year in the
future have been estimated by separating out fixed costs due to all sunk
costs prior to 1974, new productive investments (both expansion and
replacement) over the 1974-1985 period and new pollution abatement invest-
ments over the period 1974-1985. This is necessary because total fixed costs
will increase as new investment 1s undertaken in the future; the increase
in total fixed costs will correspondingly cause an increase in average
fixed costs.

In summary, average total costs for the primary producers in 1974
were estimated at 72¢ per pound.l Costs of new capacity expansion have
been estimated at $5,000 per annual short ton (in constant 1974 dollars),
$1,600 per annual short ton of smelting and refining capacity and $3400

per annual short ton of mining and milling capacity.

1
“Corresponds to the minimum point on the industry's average total cost
(ATC) function, at roughly 86 percent of installed productive capacity.
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CHAPTER 5
THE DYNAMICS OF DEMAND FOR COPPER

A, INTRODUCTION AND SUMMARY

While the discussion in Chapter 4 concentrated on industry structure
and patterns of supply in the domestic copper industry, in this chapter
the focus is on patterns of copper consumption and the dynamics of demand
for refined copper. We first define explicitly both the relevant market
for refined copper and the concept of market demand used in this analysis.
Next, we review past patterns of consumption among domestic semifabricators
and fabricators. We then discuss the various factors affecting demand levels
over the period under analysis, with reference to an econometric analysis
of demand for refined copper. Finally, based on econometric analysis, we
pregsent some estimates as to the relative sensitivity of demand to changes
in various price and income variables identified as having a causal influence
on quantities demanded.

Two appendices accompany this chapter. Appendix A presents a review of
trends in long-run substitution for copper {(primarily from aluminum).
Appendix B provides tabulations on interindustrial relationships of copper.

The principal conclusions emerging from this chapter can be summarized
as follows:

1. For purposes of analyzing market demand, it is generally accurate
to think in terms of a unified market for refined copper, copper scrap, and
copper alloy ingot. This is because each type of scrap or alloy ingot can

be processed into unalloyed refined copper at a relatively small cost.
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2. By accounting definition, total output of refined copper and its
equivalent (e.g., unrefined scrap or copper alloy ingot must equal total
uses in a given year. The principal categories of use for refined copper
and its equivalent are: (1) consumption by semifabricators; (2) net
additions to inventories; (3) net exports. Net additions to inventories
can be further broken down among various types of users (e.g., stock
changes of primary refiners, stock changes of secondary refiners, changes
in Federal Government stockpiles, and stock changes of semifabricators).

3. The uses of copper and the demand for copper are not definitionally
identical. While "uses" refers to the disposition of copper on hand, demand
is an economic concept which refers to the quantities the buyers are wil-
ling to purchase at different prices, everything else remaining constant.
Demand may be defined to include different use components; however,
because we are concerned principally with the dynamics of demand on the part
of domestic semifabricators, we have simply defined semifabricated demand to
include both semifabricators' consumption and net additions to semifabricators'
inventories. The resulting demand series represents the amount of refined
copper and its equivalent actually demanded in the market by semifabricators
during a given year.

4, Demand for refined copper equivalent is a derived rather than final
demand. GSemifabricators demand refined copper equivalent not for purposes
of final consumption, but for use in the production of semifabricated products
which are, in turn, demanded by fabricators and end-users as intermediate
inputs in the production of final consumer or producers' goods. Semi-

fabricators' demand for refined copper equivalent is thus derived from the
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demand of fabricators which in turn is derived from demand for final
products (consumer goods, investment goods--including construction).

5. Among semifabricating industries in 1974, wire mills, which use
only refined copper, consumed about 47 percent of total supplies of refined
copper equivalent. Brass mills, which consume refined copper and scrap in
fairly equal proportions, accounted for about 39 percent of total consumption.
Ingot makers, who use almost entirely scrap, were the third largest
consumers at seven percent. Foundries, consuming predominantly scrap,
used about four percent, with powder plants and "other industries" accounting
for the remainder.

The major industries consuming semifabricated goods are (in order of
importance): electrical and electronics products; building construction;
consumer and general products; industrial machinery and equipment; trans-
portation; ordnance and accessoriles.

6. The demand for refined copper equivalent is determined by at
least three principal factors: general levels of macroeconomic activity;
the prices of refined copper equivalent; and the prices of potential sub-
stitute goods for refined copper, such as aluminum and plastics, relative
to the price of refined copper.

Substitution of aluminum or another material for copper can occur in
either the short-run or the long-run. Substitution in the short-run involves
no major alterations in fixed plant and equipment or changes in producer
design. For the most part, this type of substitution is limited to residential
and nonresidential construction. In most cases, the capital fixity of plant

and equipment will 1limit possibilities for substitution in the short-run.

5-3
Arthur D Little Inc



DRAFT REPORT — The reader is cautioned concerninguse,

quotation or reproduction of this material without first

contacting the EPA Project Officer, since the document

may experience extensive revision during review,
As a result, substitution will only occur mostly over the longer-run when
the relative price of a substitute material becomes low enough to justify
the capital costs of altering plant and equipment. Consequently, we would
expect the long-run own-price and cross-price elasticities to be greater
than the short-run price elasticities.

Among long-run substitute materials, it 1s generally agreed that
aluminum has been the most serious competitor to copper, having made the
most serious inroads in electrical conductor and heat-exchanger applications.
The most important potential instances of long-run substitution are in
telephone conductor cable and automobile radiators.

7. Most of the available empirical econometric studies of demand
for copper indicate substantial short-run inelasticity (or insensitivity)
with respect to price and activity levels. The long-run elasticity
estimates are all greater than the short-run elasticities.

Among the various price and income variables affecting quantities
demanded, our own econometric analysis indicates that a 1.0 percent increase
in the price of copper will lower demand of refined copper equivalent by
.47 percent in the short-run and .64 percent in the long-run. Furthermore,
a 1.0 percent decrease in the market price of aluminum will stimulate
substitution to aluminum, leading to a corresponding decrease in demand for
refined copper equivalent of .61 percent in the short-run and .84 percent
in the long-run.

We also estimate that a 1.0 percent increase in the production of durable
manufactured goods will generate a 1.3 percent increase in refined copper

demand in the short-run and a 1.8 percent increase in the long~run.
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B. CONSUMPTION PATTERNS AND DYNAMICS OF DEMAND

1. Definition of the Market for Copper

For purposes of analyzing market demand, it is generally accurate to
think in terms of a unified market for refined copper, copper scrap, and
copper alloy ingot.

As noted at the beginning of Chapter 4, except for wire mills, semi-
fabricators and fabricators use not only refined copper but also various
types of scrap and copper alloy ingot in their operations. While there
are significant physical differences among these products, and the various
types of copper cannot be regarded as perfect substitutes, each type of
scrap or alloy ingot can be processed into unalloyed refined copper at a
relatively small cost. Therefore, typically the difference between
refined copper prices and prices of various types of scrap and copper
alloy ingot wonld be roughly indicative of the added costs to the user of
substituting the latter form of copper for the former. Since there are
buyers for all possible combinations of products, arbitrage can be fully
effective, especially since copper merchants stand ready to trade in
virtually all types of copper.

2. Uses of Copper Versus the Demand for Copper

The principal use categories for refined copper and refined copper
equivalent (e.g., unrefined scrap or copper alloy ingot) are:

e consumption by semifabricators;

e net additions to inventories;

® net exports.
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The category of net inventory additions can be further subdivided into:
(a) stock changes of primary refiners; (b) stock changes of secondary
refiners; (c¢) changes in Federal Government stockpiles, and (d) stock
changes of semifabricators.

By definition, the total amount of copper supplied by the primary
producers, secondary refiners, and scrap suppliers in any year must equal
total uses of copper for that year.

The "materials balancing" identity or accounting equation can be
represented as follows:

QPR + QSR + QSNR = QC + NE + AIGOV + AIF + AIRR + AIRS
where QPR represents the quantity of primary refined copper produced, QSR
is the quantity of secondary refined copper produced from scrap, and QSNR
represents the quantity of unrefined scrap supplied (and used directly);
QC 1s consumption by semifabricators; NE is net exports; AIGOV is the
change in government stockpiles; AIF 1s the change in semifabricator
inventories; AIRR represents the change in inventories of primary refiners;
and AIRS is the change in inventories of secondary refiners.

Table 1 indicates the relative importance of alternative uses of refined

copper or refined copper equivalent for selected years from 1954 through
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TABLE 1

DISPOSITION OF COPPER SUPPLIES IN THE UNITED STATES FOR
SELECTED YEARS BEIWEEN 1954-1974
(Thousands of Short Tous of Cu Content)

Total Supplies of Primary and
Secondary Refined Copper and
Scrap (QPR + QSR + QS5NR)

NOTES : E‘Prel.iminary.

1954 1960 1965 1966 1967 1970 1971 1972 1973 19742
1,916.5 2,079.3 2,995.4 3,36B.6 3,164.2 2,930.5 2,956.0 3,266.3 3,481.7 3,106.2
- 26.0 8.0 9.0 63.0 16.0 64.0 -13.0 -62.0 0.0 5.0
- 40.6 74.5 15.2 4.9 - 10.7 114.7 - 57.6 54.4 -108.3 145.8
- 25.0 - 9.0 - 40 3.0 15.0 11.0 -17.0 -5.0 -4.0 1.0
199.3 6.0 -122.5 -445.0 - 8.¢ 0.0 - 1.8 0.0 -33.8 - 182.5
124.7 438.0 256.1 135.1 130.7 168.9 74.4 29.5 72.6 ~-108.5
115 29.4 17.2 - 66.8 - 3.4 -~ 67.9 - 6.7 37.6 23.9 124.6
2,160.4 2,626.2 3,166.4 3,196.4 3,297.8 3,221.2 2,934 3 3,320.7 3,432.1 3,161.6

SOURCE: Copper Development Association, Copper Supply and Consumption, Annual Data, 1973, 1975.
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1974.1’2 Clearly, consumption by semifabricators dominates among uses of

refined copper equivalent. Inventory changes at the semifabricator level

have represented only a marginal proportion of total uses. Although in

some years net exports and changes in primary producer inventories and

government stockpiles have represented a somewhat larger proportion of

total uses, their net impact on total quantities demanded has been marginal.
The uses of copper and the demand for copper are not definitionally

identical. The term "uses" refers to the disposition of copper on hand into

various categories such as consumption, inventory accumulation, etc.

Demand, on the other hand, is an economic concept which refers to the

quantities the buyers are willing to purchase at different prices, every-

thing else remaining constant.

1U.S. copper production and consumption data developed by the U.S. Bureau of
Mines and U.S. Bureau of Domestic Commerce of the Commerce Department inevitably
involve inconsistencies due to differences in reporting coverage, etc. 1In
order to reconcile these inconsistencies and obtain a consistent accounting

flow of copper from production through consumption, the Copper Development
Assoclation adjusts inventory data developed by the Bureau of Domestic Commerce.
For purposes of our overall materials balancing equation, we have used the
adjusted "apparent change'" inventory figures of the Copper Development Associ-
ation; but in analyzing individual inventory components, we have preferred to
use the original U.S. Government data.

2It: 1s impossible to obtain an entirely accurate breakdown on inventories of
primary and secondary refineries as we have defined them. U.S. Department of
Commerce data on refinery stocks of refined copper and scrap reproduced by
the Copper Development Association have been used as proxies for stocks held
by primary and secondary refiners. Because of the reporting coverage of the
Commerce Department's Bureau of Domestic Commerce, some refined copper stocks
which we have attributed to the primary producers might logically be attributed
to secondary refinery inventories, while some scrap stocks which we have
attributed to the secondary refiners might actually be associated with primary
refinery inventories. However, these redistributed quantities would without
doubt be marginal and use of the Bureau of Domestic Commerce data does not
seriously affect the reliability of modeling results obtained.
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Data on copper flows are usually collected in terms of production,
consumption, and inventories. Therefore, demand must be estimated from
these figures, by adjusting either overall production or consumption
figures for changes in inventories and/or net exports. How this is
precisely accomplished depends on one's analytical objectives. From a
theoretical point of view, the choice of approach might be important, but
for the objectives of this study, this becomes relatively inconsequential.

When demand is defined as the demand of domestic semifabricators
(definition 1), the relevant figure (QD) can be derived from the consumption
side as follows:

QD = QC + AIF

Demand could also be defined, more broadly, to include net exports

and changes in government inventories (definition 2):

QD* = QC + AIF + NE + AIGOV
These two additional components, when positive, clearly represent additional
demand for domestic supplies of refined copper equivalent.

The net result of adjusting semifabricator consumption figures for
net exports and government stockpile changes, as well as semifabricators
inventory changes, will be as follows: QD* > QD in years when net exports
and government stockpile changes are positive and QD > QD* when net exports
and government inventory changes are negative.

Because we are concerned principally with the dynamics of demand on
the part of domestic semiﬁabricators, we have chosen to focus directly on
the demand for refined copper equivalent on the part of domestic semi-

fabricators. Aggregate demand figures for the domestic semifabricators

5-9

Arthur D Little Inc



DRAFT REPORT — The reader 1s cautioned concerning use,
quotation or reproduction of this material without first
contacting the EPA Project Officer, since the document
may experience extensivé revision during review,

TABLE 2

UNITED STATES SEMIFABRICATOR DEMAND FOR REFINED
COPPER AND SCRAP, 1954-1974
(Thousands of Short Tons of Cu Content)

qQcC +  _AF = QD
1954 1,916.5 -26.0 1,890.5
1955 2,418.7 24.0 2,442.7
1956 2,365.0 7.0 2,372.0
1957 2,106.4 - 2.0 2,104.4
1958 1,974.6 4.0 1,978.6
1959 2,318.6 -39.0 2,279.6
1960 2,079.3 8.0 2,087.3
1961 2,170.0 4.0 2,174.0
1962 2,361.1 5.0 2,366.1
1963 2,565.7 - 8.0 2,557.7
1964 2,775.0 10.0 2,785.0
1965 2,995.4 9.0 3,004.4
1966 3,368.6 63.0 3,431.6
1967 2,850.4 -49.0 2,801.4
1968 2,813.5 -14.0 2,799.5
1969 3,164.2 10.0 3,174.2
1970 2,930.5 64.0 2,994.5
1971 2,956.0 -13.0 2,943.0
1972 3,266.2 -62.0 3,204.2
1973 3,481.7 0.0 3,481.7
19743 3,106.2 75.0 3,181.2

NOTES: 2Preliminary.

SOURCE: Copper Development Association, Copper Supply and
Consumption, Annual Data, 1973, 1975.
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industries under definition 1 are presented in Table 2.

3. Patterns of Consumption and Demand Among Domestic Semifabricators
and Fabricators

Demand for commodities can be classed broadly into two categories:
(1) demand for finished products (i.e., consumer goods); and (2) derived
demand for intermediate goods used in the production of finished goods.
The demand for refined copper and its equivalent 1s such a derived demand.

The right side of Figure 1 in Chapter 4 graphically illustrates the
fact that semifabricating industries demand refined copper and its
equivalent not for final consumption, but as intermediate inputs in the
production of semifabricated products. The demand for semifabricated

products on the part of fabricators and end-use industries is, in turn, a

derived demand, derived from the demand for final goods being produced by
fabricators and end-use industries.

While we focus, in the remainder of this chapter, on patterns of
consumption and the dynamics of demand for refined copper and its equivalent
on the part of semifabricators, it is important to keep in mind the important
role played by end-use industry demand for semifabricated products in
determining semifabricators’ demand for refined copper and scrap.

As indicated briefly at the beginning of Chapter 4, there are six
major groups of direct consumers of refined copper and scrap: four copper
semifabricating industries--wire mills, brass mills, foundries, and powder
mills; ingot makers; and a group of "other" industries such as chemicals,
steel, and aluminum.

Ingot makers are, in effect, intermediate processors of refined copper

and scrap, producing copper alloy ingot, the bulk of which they sell to
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TABLE 3

CONSUMPTION OF COPPER PRODUCTS BY
DOMESTIC SEMIFABRICATORS, 1974%
(Thousands of Short Tons of Cu Content)

Refined b
Copper Scrap Total
1,433.4 - 1,433.4
670.3 563.2 1,233.3
28.7 115.4 144.1
12.0 17.7 29.7
4.7 215.0 219.7
2.5 _38.5 46.0
2,156.6 949.6 3,106.2

NOTES: &Preliminary.

b

0l1d and new scrap.

Percentage

of Total

(46.1)
(39.7)
( 4.6)
(1.0
(7.1)

(1.5
(100.0)

SOURCE: Copper Development Association, Copper Supply and Consumption,
Annual Data, 1955-1974.
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the other semifabricating industries, principally brass mills and foundries.
While ingot makers and other industries are not copper semifabricators as
commonly defined, for convenience we shall refer to the aggregate demand
schedule of the six consuming groups as the demand for refined copper and
its equivalent on the part of semifabricators.

The one characteristic shared by the four semifabricating industries
is their use of copper as a basic input. Their production technologies
are almost completely different, and their products are not substitutes
or complements in any important ways.

Wire mills and brass mills have traditionally been the largest consumers
of refined copper and its equivalent accounting for about 86 percent of
total consumption in 1974 (refer to Table 3). Wire mills, which use only
refined copper, consumed about 47 percent, with brass mills, which consume
refined copper and scrap in fairly equal proportions, accounting for about
39 percent. Ingot makers, who used almost entirely scrap, were the third
largest consumers at seven percent. Foundries, which consume predominantly
scrap, used about four percent of total supplies, with powder plants and
"other industries" accounting for the remainder.

Over the last two decades, brass mills have generally accounted for
39-42 percent of total consumption; wire mills, on the other hand, have
gradually increased their proportion of total consumption from 37 percent
in 1956 to the above-mentioned 47 percent. The proportion of total con-
sumption attributable to ingot makers and foundries has declined somewhat

over the last two decades.
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TABLE 4

PRODUCTION OF FABRICATED COPPER PRODUCTS, 1966, 1970, 1974
(Thousands of Short Tons)

1966 1970 19742
Metal Percent Metal Percent Metal Percent
Content of Total Content of Total Content of Total
Wire Mill Products
Bare Wire 134.5 3.9 113.0 4.0 109.5 3.5
Insulated Communi-
cation 323.0 9.4 350.0 12.4 383.0 12.4
Other Insulated 789.5 22.9 701.5 24.9 830.5 26.8
Total 1,247.0 36.2 1,164.5 41.3 1,323.0 42.7
Brass Mill Products
Sheet 656.5 19.0 441.5 15.7 530.0 17.1
Rod and Mechanical
Wire 521.0 15.1 402.0 14.3 493.5 15.9
Plumbing Tube 236.5 6.9 189.0 6.7 176.0 5.7
Commercial Tube 249.0 7.2 224.0 7.9 207.5 6.7
Total 1,663.0 48.2 1,256.5 44.6 1,407.0 45.4
Foundry Products
Sand Castings 428.0 12.4 310.0 11.0 282.5 9.1
Permanent Mold 23.0 0.7 24.5 .9 12.5 .4
Die Castings 15.0 0.4 11.0 .4 9.0 .3
Other 37.0 1.1 30.0 1.0 28.5 .9
Total 503.0 14.6 375.5 13.3 332.5 10.7
Powder Products
Granular 30.0 21.5 7 31.5 1.0
Flake 3.5 2.0 1 3.0 1
Total 33.5 1.0 23.5 8 34.5 1.1
Grand Total 3,446.5 100.0 2,820.0 100.0 3,097.0 100.0

NOTES: ZPreliminary.

SOURCE: Copper Development Association, Copper Supply and Consumption, 1955-1974.
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TABLE 5

U S COPPER CONSUMPTION BY BROAD END-USE CATEGORIES, 1960-1974
(Thousands of Short Tons)

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1870 1971 1972 1973 1974
Building Construction 478 5 539 5 623 0 648 0 750 5 779 5 780 0 647.5 637 5 711 0 632 0 696 0O 749 5 820 5 626.5
Transportation 293 5 297 O 338 5 352 0 398 0 429 5 452 0 351 0 400 5 414 0 333 5 379 0 411 0 459.0 380 0
Consumer and General
Products 3462 5 358 5 384 O 397 S5 469 0 513 5 741.0 752 5 812.5 784 5 601 5 587 0 664 O 702.0 604 0O
Electrical and
Electronic Products 619 5 604 5 627 O 673 5 752 5 818.0 947 5 797 0 795 0 899.5 835 0 853 5 979 0 1,118.5 1,017.5
Industrial Machinery
and Equipment 452 0 446 5 484 O 506 0 556 0 569 5 634 S 519 0 543.0 529 5 484 0 479 5 554 5 586.0 501 0
TOTAL 2,186 3 2,246 0 2,456 5 2,577 0 2,926.0 3,110 0 3,555.0 3,067 O 3,188 5 3,338 5 2,8200 2,910 0 3,240 0 3,596.0 3,097 0

PERCENTAGE COMPOSITION

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 197f
Building Construction 2. 9 24 0 25 4 251 25 6 25 1 21 9 211 20 0 21 3 219 23 2 22 3 22 3 20 0
Transportation 13 4 13 2 13 8 13 7 13 6 13 8 12 7 11 &4 12 5 12 4 11 6 12.7 12 2 12 5 12 1
Consumer and General
Products 15 7 16.0 15 6 15 4 16 0 16 5 20 8 24 5 25 5 23 5 20 8 19 6 19 8 19 1 19 3
Electrical and
Electronic Products 28 3 26 9 25 5 26 1 25 7 26 3 26 6 26 0 250 26 9 28 9 28 5 29 2 30 3 32 5
Industrial Machinery
and Equipment 20 7 19 9 19 7 19 7 19 1 18 3 18 0 16 9 17 0 15 ¢ 16 8 16 0 16 5 15 8 16 )
TOTAL 100 0 100 © 100 0O 100 0 100 0 100 0 100 0 100 0 100 0 100 0 100 0 100 © 100 0 100 0 100 0

NOTES “Preliminary

SOURCE 1969-1974 Copper Development Association, Conper Supply and Consumption,1935-1974, 1960-1968  Charles River Associates, Inc (CRA), Economic Analvsis
of the Copper Industry (March, 1970), p 12
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As mentioned above, the demand for semifabricated products is a derived
demand; "semis" are used as inputs in the production of durable consumer
and investment goods. Table 4 provides a breakdown of the various semi-
fabricated products of the four semifabricating industries and gives production
levels for 1966, 1970, and 1974 in terms of metal content. Although total
output appears to have declined by 10 percent between 1966 and 1974,
fluctuations in intervening years not shown make it difficult to discern
any secular declining trend. Production of wire mill products increased
in absolute terms and as a percentage of the total. Powder mill output
remained fairly stable in both absolute and percentage terms, while total
production of brass mill products and foundry products declined. Brass
and wire mill products account for approximately 85 percent of total pro-
duction by metal weight for the entire period.

Table 5 presents data on consumption of copper by end-use industries
while Figure 1 charts the growth trends evidenced in that consumption.
The end-use (fabricating) industrial categories that predominate in the
consumption of semifabricated copper are the following in order of importance:

@ Electrical and electronics products;

e Building construction;

o Consumer and general products;

e Industrial machinery and equipment;

e Transportation;

e Ordnances and accessories,

The electrical and electronics products industry group has grown to

be the principal consumer of copper accounting for somewhat less than
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one-third of all annual copper consumption. Building construction continues
to be a significant consumer of copper for electrical wiring and pipe. The
consumer products industry group grew significantly during the late 1960's;
however, its use of copper declined after 1969. While part of this decline
reflected macroeconomic slowdown, part of it may have reflected substitution
of plastics for copper. The industrial machinery and equipment industry
and the transportation industry increased their consumption of copper
through 1966; however, by 1970, both industries returned to consumption

levels found in 1960.

4. Dynamics of Demand

In Table 2, we presented an aggregate demand series for refined copper
and its equivalent on the part of domestic semifabricators between 1954-1974.
Economic theory and knowledge of the industry suggests that quantities of
refined copper and its equivalent demanded during this period were determined
by at least three principal factors:

e General levels of macroeconomic activity;

e The prices of refined copper and its equivalent;

e The prices of potential substitute goods for refined copper, such

as aluminum and plastics, relative to the price of refined copper.

Other factors, such as the prices of complementary commodities and
factors of production, probably had some influence on quantities of refined
copper demanded, but there is little a priori evidence to suggest a degree
of influence substantial enough to require their inclusion as explanatory
variables in an analysis of demand for copper.

For the most part, the economic theory behind these variables acting

as demand determinants is straightforward. As economic activity and income
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increase, greater quantities of producers' durable goods and consumer
durables using copper inputs will be demanded; this will, in turn, lead
to a greater derived demand for copper on the part of semifabricators.
Similarly, as copper prices increase, semifabricators and end-users will
react by cutting back their consumption in most instances. When prices
decrease, in most instances semifabricators and end-users will demand more.

The manner in which fabricators and end-users react to changes in the
relative prices of substitute goods 1s often more complex, however.

There exist a number of substitutes for copper in its various uses.
These substitutes include aluminum, stainless steel, zinc and plastics.

Each substitute is a competitor to copper in limited situations. For
example, aluminum is a substitute for copper mainly in wire products and
electrical machinery, given its similarly high conductivity. For consumer
products, plastics are the more important substitutes.

Substitution of aluminum or another material for copper can occur in
either the short-run or the long-run. Short-run substitution for copper
can take place whenever an alternative material can be used without requiring
major alterations in fixed plant and equipment, or changes in product design.
The major instances of this sort of substitution are probably to be found
in residential and nonresidential construction. For example, the leading
substitutes for copper drainage pipe are plastic and cast iron pipe. Copper
pilpe is preferred omn technical grounds, but if the price becomes too high
or copper is simply unavailable, contractors can readily use plastic or
cast iron. Decisions on what sort of pipe to use are made frequently, so
substitution 1s short-run in the sense of requiring no investment and the

effects of a change in price probably occurring rapidly.
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Short-run substitution can also take place through variations in the
copper content of alloy semifabricated products. That is, a consumer who
normally uses semis of pure copper or alloys with a very high copper content
might switch to alloys with a lower copper content when prices are high.
There are also many ways in which the quantity of copper used per unit of
output can be reduced.

While it appears that there can occur, in some instances, a noticeable
short-run response to changes in price, in many other situations, the
capital fixity of plant and equipment will limit the possibilities for
substitution in the short run. While copper and its substitutes may exhibit
the same required physical properties in use, the capital in place in the
using industry cannot generally be used in processing the substitutes for
copper. As a result, substitution for copper will occur only when the
relative price of a substitute for copper becomes low enough to justify
engineering and tooling costs required to alter the capital equipment of
the using sector. The full substitution from copper to a competing commodity
will occur only in the long run. In economic terms, the long-run own-price
and cross-price elasticities will be greater than the short-run price
elasticities.

Technological advances can contribute to long run substitution (LRS)
in two ways. On the one hand, fabricators and end-users are responsive to
technical as well as economic considerations in choosing to use copper versus
a substitute. Thus, LRS may be stimulated by changes in the technic..l
and practical feasibility of substitution (i.e., mechanical and physical

properties achieved in using a substitute material, safety, ease of handling
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and storing, size or weight limitations). Technological developments can
also alter the relative price ratios at which substitutes for copper may
be economical. For example, developments in the last decade in the use
of aluminum telephone cables1 and automobile radiators2 made aluminum,

in theory at least, a realistic substitute at prevailing relative prices.

Long-run substitution has been a serious concern on the part of
the copper industry especially since 1947, when the price of copper went
above the price of aluminum for the first time. Although the relative
price of copper has fallen sharply on occasion in the past (e.g., during
1957 and again during the last half of 1970), the upward trend was resumed
shortly thereafter.

Industry observers are not in complete accord on the prevalence and
importance of LRS, and comprehensive and detailed quantitative information
is unavailable on the degree to which LRS has actually occurred in the
industry during the past thrity years. However, it is generally agreed that
aluminum has been the most serious competitor to copper, having made the
most serious inroads in electrical conductor and heat-exchanger applications.

The most important potential instances of LRS are in telephone conductor
cable and automobile radiators. Conductor cable and automotive radiators
account for roughly 25-30 percent of total demand for primary copper in the
United States. There is also clearly LRS in the demand for copper electric

transmission cable, and the possibility of LRS in the demand for several

ljmerican Methl Market, January 4, 1968, p. 1.

2American Metal Market, January 11, 1968, and May 25, 1967; Modern Metals,
May, 1966, p. 33.
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other markets has been mentioned in the trade press. In general, LRS is
present in most of the markets for copper wire, and these constitute
60 percent of the demand for refined copper. More detailed information
on LRS in specific cases is provided in Appendix A.

During the last two decades, world market prices for refined copper
have often experienced substantial and at times violent fluctuations as
noted in the next chapter. Producers in the industry have at times voiced
fears that, regardless of the relative price of refined copper, a lack
of stability in that price over time would by itself stimulate fabricators
and end-users to substitute other materials for copper.

It seems unlikely, however, that price fluctuations alone encourage
LRS for copper. Most copper consumers base their purchasing plans not
on daily price fluctuations occurring on a free market such as the London
Metal Exchange (see Chapter 6), but rather on fluctuations of the monthly
or quarterly average price. Short-term fluctuations leading to unusually
favorable or unfavorable dates for buying can be expected to cancel each
other out in the long run, regardless of the general buying practices of
most firms. Thus, expectations of future long-term relative price trends
are likely to be the most important determinant of LRS, as part of long-

term investment planning on the part of user industries.
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C. ECONOMETRIC MODELING OF THE GENERAL DEMAND FOR COPPER

To reiterate, the demand for refined copper and its equivalent can
be said to be a function of macroeconomic activity levels (driving the
activity levels of the end-user industries), the price of refined copper,
and the price of substitute products. In an econometric analysis of demand
for copper, these would serve as the independent variables.

Demand equations can be specified showing the relationship between
the quantity (of copper) demanded and only one of these variables or between
quantity demanded and all of these variables simultaneously. In the former
case, for example, the relationship between the total quantity demanded
and the unit price for refined copper equivalent--assuming other variables
are held constant--can be stated as:

Q = F(P)
or
Q= +=P (1)

This equation can be represented graphically by a demand curve (schedule)
which indicates the total quantity of refined copper equivalent demanded by
a group of users (in this case domestic semifabricators) for various possible
changes in price. Thus, in Figure 1 the demand curve indicates that if
everything else is held constant and the price of refined copper is Pl’
semifabricators will demand Q1 units of refined copper equivalent. If the
price were to fall to P2, Q2 would be demanded.

The other factors affecting the quantity demanded are held constant in
order to isolate the relationship and quantity. If these factors were

included, the relationship in Figure 1 would be:
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1

FIGURE 1
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Q = F(2, %, ¥) (2)

This equation simply indicates that although price (P) affects the
quantity demanded (Q), the quantity demanded is also a function of the
prices of substitute commodities (Ps), and the income or activity levels
(Y) of the users.

The demand curve suggested by Equation 2 is quite general: it indi-
cates only that the variables are causally related in some way to quantities
demanded. In order to introduce greater specificity into the demand
equation, it is necessary to look at the production function for semi-
fabricators. This production function is simply a technical relationship
indicating the maximum amount of output which can be produced by a pro-
ducer or industry with each and every set of possible factor inputs
(capital, labor, materials). The exact form of the demand schedule for
refined copper equivalent, because it is a derived demand, will reflect
the relationships expressed in the aggregate production function for
semifabricators.1

Even given the need to reflect the production function for semifabricators
however, the exact form of the equation can still be specified in different
ways, each of which involves different assumptions concerning price and
income responsive behavior on the part of semifabricators (and, by
implication, fabricators and end-users) over time. For example, the demand

equation introduced above could be specified in a linear or log-log form.

1Technically speaking, the derived demand schedule will fall out of the
first order conditions for cost minimization subject to the production
constraint. Derived demand equations are derived for Cobb-Douglas pro-
duction functions under conditions of perfect and imperfect competition in
both factor and product markets. See ADL working paper entitled ''Overview
of Theoretical and Econometric Foundations of Statistical Cost Analysis"
(July 2, 1975).
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If a log-log form is used, and the equation is estimated on an
annual basis, the nature of the log~log form will cause the estimated
price and income elasticities (represented by coefficient estimates
associated with each variable) to be constant annually over the entire
sample period. This imposed constancy of the elasticity estimates can
be undesirable if it is felt that in reality price elasticities change
from year to year, given changes in such factors as taste and market
conditions. The linear form requires no such assumption, and permits the
estimation of differing elasticities as they may change from year to year.

On the other hand, the linear form requires the assumption that,
whatever the price level, and absolute increase in price of a certain amount
will lead to a corresponding absolute decline in the quantity demanded.
Thus, a $1.00 increase in price will lower the quantity demanded bv the
same amount whether the initial price is $10 or $100. 1In reality, one

would expect that a $1.00 price increase would lead to a proportionally

smaller decline in quantity demanded i1f the initial price were $100
rather than $10.

The log-log form, on the other hand, allows one to assume that a pro-
portional increase in price from any price level will lead to a corresponding
proportional decrease in quantity demanded. In the log-log specification,

a $1.00 price increase from a $100 price level would have a proportionally
much smaller impact on the quantity demanded than a $1.00 increase from a
$10 price level.

Any model of demand applied to a body of data imposes certain structural
constraints. If the range of price variation has historically been small,

the assumption of a fixed incremental quantity response to an incremental
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price change (as in the linear form) may not be worrisome. In fact, in
such a case, the ability of the linear formulation to estimate differing
elasticities over the sample period may be analytically helpful. In
light of these considerations, we have chosen to use the linear form of
the demand function in our own analysis.1

The linear form of Equation 2 can be written as follows:

Q==+ P+ «ZPS + =¥ (2a)

The general demand curve in Equation 2a could be utilized to model the
demand for refined copper equivalent for each semifabricating industry
(wire mills, brass mills, foundries, powder mills, ingot makers, and

other industries) separately or for the group of all semifabricating
industries consuming refined copper equivalent. Since a derived demand
curve reflects the characteristics of the production function of the con-
suming industry, a demand curve estimated for the aggregation of the semi-
fabricating industries would reflect an amalgamation of each of the pro-
duction functions of these industries. If the objective is to estimate
the parameters of the individual production functions, such an aggregation
would probably generate aggregation errors.2 However, in order to

examine the relationship between aggregate demand for copper and price and

activity variables, such a disaggregation is not necessary. Furthermore,

lAs discussed in Chapter 6, the Engineering and Mining Journal producers'
price series has been used in estimating the demand equations. Changes in
the real (i.e., deflated) E/MJ price have been of measurable magnitude.
Therefore, the use of the linear form of the demand curve was deemed
justified.

2See Theil, H., Principles of Econometrics (New York: John Wiley & Sons,
1971), p. 556-573.
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attempts in the literature to disaggregate demand analysis to individual
semifabricating industries have not proved successful.l

One final issue remains: the existence of long-run substitution in
demand that characterizes derived demand for copper. The demand equation
above represents the short run (in this case, a year). The resultant
elasticity coefficients are short-run in nature.

The fact that long-run substitution in demand can require a period of
years as changes in capital equipment take place implies that end-users of
copper only "partially adjust" to a new copper price level each year. Their
equipment will only depreciate so fast each year and because such equipment
will net be replaced immediately, the derived demand for copper is more
elastic in the short run than in the long run. In the long run, the end-
use industries can fully adjust to new factor prices (price changes being
assumed once-for-all) through structural and equipment alterations; hence,
demand will be more elastic over the long run.

This difference in short-run and long-run elasticities in price respon-
siveness can be seen graphically in Figure 2. DL in Figure 2 is the long-
run demand schedule of group of copper using industries and Ds is the short-
run demand curve. The curves are assumed to be in equilibrium at (Ql, Pl).

If we assume there is a once-for-all price decrease from P, to P2’ the long-

1
run desired quantity demanded would be Qz. However, in the short-run,
equipment and structural requirements cannot be altered quickly enough.

The copper-using industries would therefore end up operating on a new short-

run demand curve 5;, demanding 6&, which represents only partial adjustment

1See Charles River Associates, Inc. (CRA), Economic Analysis of the Copper
Industry (March, 1970).
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FIGURE 2
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to the new price situation.

Eventually, as the copper-using industries continue to adjust by
altering plant and equipment, their short-run demand schedule will move
outward from 5; until it reaches a new short-run demand curve D's.
Equilibrium is again achieved at (QZ’ PZ) by producers operating at the
intersection of the short-run demand curve D'S and the long-run demand
curve DL.

Using equational form, these concepts can be articulated explicitly.1

Equation (3), given below, 1s similar to Equation (2a) except that it
relates the desired quantity demanded Qt*’ by semifabricators, in a given
year (rather than the actual quantity demanded Qt) to prices and activity
levels:

* +
= <« o<
Q [o}

S
[+ + « .
. P, +,P Y (3)

1 2 3

Where the desired quantity demanded and the actual quantity demanded are the
same, there is no problem. However, as discussed above, users of copper

may not be able to consume Qt* (the desired quantity) because of technological
constraints. Although, in the long-run, they shall move toward Qt*’ they

can only adjust partially to that level over the short run. We can repre-

sent this latter situation as follows:

*
Qt - Qt"l = A (Qt - Qt-l) ’ of_)\il )]

1A number of demand formulations have been introduced to take this process
into account. They fall under a class of models known as the "adaptive
expectations" ('partial adjustment' models). The econometric specification
of such models works out to be equivalent to that of a Koyck lagged model.
Of course, the stochastic specification will be different for different
models. For a discussion of such models, see Henri Theil, Principles of
Econometrics (New York: Wiley and sons, Inc., 1971), pp. 258-268.
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which means simply that the users of the factor (i.e., copper) adjust the

level of their actual demand from year t-1 to year t (estimated as

Q - Qt-l) in some proportion A of the difference between desired demand

t
*
(Qt) and actual demand during the preceding period (Qt-l)' If no tech-

*
nological constraints existed, » = 1 and Qt = Qt' In that case, the short-
run and long-run demand responses (and elasticities) would be equivalent.

Using Equation (3) and (4) we can write:

Q = =) + AP+«

2
1 APt + 3AYt + (1 - }\)Qt_1 (5)

2

We can see that in Equation (3), =, determines the long-run own price

1

elasticity. If that equation were linear in the logs, = would be that

elasticity. In Equation (5), =.) helps quantify the short-run elasticity,

1
since the equation is specified with actual prices and actual quantity

demanded, rather than desired quantity demanded. If Equation (5) were

estimated in log-log form, the short-run elasticity would be A= Hence,

1.
a knowledge of A indicates the difference between the short-run own-

elasticity (eSR)l and the long-run own-price elasticity (eLR) of demand, as

follows:

| eght = legg] oA 1

1The difference between short-run and long-run elasticity also applies to

cross-price elasticities and to the differential impact of Y in Equatiomn 5.

2For a more detalled discussion, refer to the Technical Appendix to this
report, Supporting Paper 1, "Econometric Analyses of the Copper Industry:
General Theoretical Considerations and Critical Review of Selected
Empirical Studies."
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D. APPLICATION OF THE GENERAL DEMAND MODEL TO THE COPPER INDUSTRY: SOME
RESULTS

Equation (5) introduced a technique for estimating the price effects
for both the long-run and the short-run. Furthermore, the impact of
production levels of the industries using copper can be estimated. However,
in order to estimate these elasticities, proper data series are required.

An aggregate demand series for domestic semifabricators was presented
in Table 2. Equation (5) states that the amount of refined copper equivalent
demanded by semifabricators is affected by the price of refined copper (Pt)’
the price of competing substitutes (P:), and the production levels of
the consuming industries (Yt)' The price series used for Pt is the deflated
EMJ price of copper.

We have focused our analysis of copper substitutes on aluminum because
of its overriding importance as a potential competitor to copper. The
price series used for P: is therefore the monthly average New York dealers'
buying price of new aluminum clippings. Production levels of consuming
industries have been represented by the Federal Reserve Board (FRB) index
of industrial production (durable manufacturers' production). We could
have also utilized production levels (or indices) for the semifabricating
and fabricating industries. Other analysts have examined some of these

alternatives.

1For example, an index of construction activity was examined by Fisher-

Cootner-Baily in "An Economic Model of the World Copper Industry," The
Bell Journal of Economics and Management Science, 3, 2 (Autumn, 1972),
568-609.
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While the detailed estimation of the sensitivity of the demand for
copper to prices and macroeconomic activity is contained in the Technical
Appendix to this report, it is useful to present some preliminary estimates
from our research of others. Table 6 contains price and activity elasticity
estimates for Equation (5). The activity variables utilized in the four
studies differ. The aluminum price estimates also differ. These different
data series will lead to different elasticity estimates. Further, the long-
run elasticity estimates depend crucially upon the estimate of A. In fact,
the major reason for the different long-run elasticity estimates in the
four studies 1s alternative estimates of A.

There exist technical econometric reasons why some data series are more
appropriate than others in estimating price sensitivity. These technical
details are examined in the Technical Appendix. However, a cursory examina-
tion of Table 6 does confirm some of the insights introduced earlier in
this chapter. For example, 17 out of 18 short-run elasticity estimates
indicate substantial inelasticity (or insensitivity) with respect to price
and activity. The long-run elasticity estimates are all greater than the
short-run estiamtes, indicating that the response of demand to relative
prices and acitivity is, indeed, more sensitive in the long run. However,
about half of the long-run estimates are still in the inelastic range (i.e.,
less than 1.0). The long-run elasticity estimates of Charles River Associates,
Inc. (CRA) are quite high. However, there exist econometric reasons why

these estimates may be suspect.1

1

For details, see the Technical Appendix to this report, Supporting Paper 1,
"Econometric Analyses of the Copper Industry: General Theoretical Con-
siderations and Critical Review of Selected Empirical Studies."
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TABLE 6

P
FROM VARIOUS STUDIES
Elasticities (At the Mean)
Short-Run Long-Run Source Period of Analysis
Own—-Price (EMJ Price) -.47 -.64 ADL (Model)?® 1950-1973
Cross-Price (Aluminum) .61 .84
Activity Variable (FRB Index of
Durable Manufacturers) 1.30 1.78
Own~Price (EMJ Price) -.21 -.90 FisherECootner- 1950-1958; 1962-1966
Baily
Cross-Price (Aluminum) .24 1.01
Activity Variable (FRB Index of
Industrial Production) .33 1.40
Own-Price (EMJ Price) -.17 -.82 FisherECootner- 1957-1958; 1962-1966
Baily
Cross—-Price (Aluminum) .20 .98
Activity Variable (U.S. Index of
Construction Materials) .15 .73
Own-Price (EMJ Price) -.21 -2.88 Charles River 1950-1967
Associates, Inc.
Cross Price (Aluminum) .46 6.30 (CRA)
Activity Variable (FRB Index of
Durable Manufacturers .26 3.56
Own~-Price (EMJ Price) -.33 -.77 D. McNicold 1949-1966
Cross-Price (Aluminum) .66 1.57
Activity Variable (FRB Index of
Durable Manufacturers) YA 1.06
Own~Price (EMJ Price) -.12 -.39 D. McNicold 1949-1966
Cross-Price (Aluminum) .35 1.13
Activity Variable (FRB Index of
Durable Manufacturers) .32 1.05

NOTES AND SOURCES:

®Refer to the Technical Appendix to this report.

bF. Fisher, P. Cootner, M. Baily, '"An Economic Analysis of the World Copper Industry,' The Bell Journal of Economics
and Management Science, 3,2.(Autumn, 1972), 568-609.

CCharles River Associates, Inc. (CRA), Economic Analysis of the Copper Industry (March, 1970), pp. 278-315.

d i .
D. McNicol, "The Two Price Systems in the Copper Industry,' Unpublished Ph.D. dissertation,
Massachusetts Institute of Technology (February, 1973), pp. 68-69.
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The ADL estimates indicate a 1.0 percent increase in the price of
copper will lower demand (consumption) of refined copper equivalent by
.47 percent in the short run and .64 percent in the long-run. Further-
more, a 1.0 percent decrease in the market price of aluminum will stimulate
substitution to aluminum (i.e., a decrease in demand for refined copper
equivalent of .61 percent in the short-run and .84 percent in the long-
run). The ADL income (activity) elasticities are both greater than unity,
indicating that a 1.0 percent increase in the production of durable

manufacturers generates a 1.3 percent short-run and 1.79 percent long-

run increase in the demand for refined copper.1

11t must be mentioned that the two-tiered price system and rationing existed
at various times over the historical period. Alternative estimates of
demand elasticities for differing sample periods which did not include
rationing years, ylelded similar estimates for the short-run elasticities.
However, the estimate of A did change since the long-run elasticities differ.
Information on rationing is not thorough enough to introduce it effectively
into the analysis. None of the analyses in Table 6 appear to have accounted
for rationing.
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APPENDIX A

LONG-RUN SUBSTITUTION FOR COPPERl

This appendix presents detailed information on trends in long-
run substitution for copper in markets.

A. CONDUCTOR APPLICATIONS

Aluminum has made significant inroads into copper markets in cer-
tain electrical conductor applications, specifically in busbar and
switchgear, building wire, communication cable, and power cable. To a les-
ser degree, aluminum has been substituted, on occasion, for copper in motor
and motor control parts and in automotive electrical apparatus and consumer
electronics goods.

In the building wire industry, substitution of aluminum for copper
has been increasing rapidly since 1964. The amount of substitution is
directly related to the conductor size: the larger the conductor, the
greater the percentage of aluminum building wire.

Substitution of aluminum for copper in the small building wire sizes
is minor because little monetary savings per unit length can be realized
in these sizes. In addition, mechanical connectors of aluminum to aluminum
or aluminum to copper are a problem, particularly in the smaller wire
sizes. Training of electricians on how to make proper connections when
installing aluminum building wires has not always been done, and the resul-
tant troubles have caused many building contractors to abstain from the use

of aluminum conductor building wire in small sizes.

lThe material in this appendix draws heavily on National Materials Advisory
Board, Mutual Substitutability of Aluminum and Copper, Report of The Panel

on Mutual Substitutability of Aluminum and Copper of tne Committee on

the Technical Aspects of Critical and Strategic Materials, National Materials
Advisory Board prepared for the General Services Administration, (Wash-
ington D.C.: April, 1972).
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The use of aluminum conductors in the communications industry is
minimal at present. However, there is much research activity in this field
by both manufacturers and end users because large savings in communication
conductor costs are indicated if a number of technical problems can be
solved.

The substitution of aluminum for copper in the power-cable field has
progressed expeditiously and, in recent years, approximately 4C percent
of the insulated power cables and almost 100 percent of the bare conductors
have been aluminum. Aluminum has such a weight advantage over copper that
aluminum-conductor, steel-reinforced cable has been used for most long-
transmission lines for more than a decade. Recently introduced aluminum
alloys are being used as conductors on overhead transmission lines.

Copper remains the first choice for automotive wiring at current prices.
In areas where space in an existing design is not a problem, the use of
the larger sizes of aluminum wire will increase. Examples of such applica-
tions are battery cables, air conditioners, clutch coils, alternators,
anti-skid devices, horn coils, and some accessory motors.

Copper and aluminum are used widely as electronic consumer items
(TV receiver, radios, record players, tape recorders, etc.) For many
years the normal electrical conductor in consumer items was an insulated
copper wire. However, with the advent of solid-state electronics, a large
increase in aluminum usage occurred because of its excellent heat-sink
capabilities. With the increasing usage of printed circuits or wiring
boards of epoxy glass and epoxy coated steel, and of thin and thick film
ceramic units, nickel, gold, silver, tantalum, and rhodium, as well as

aluminum have begun competing with copper for this application.
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B. HEAT-EXCHANGER APPLICATIONS

Substitution of aluminum for copper in radiators is possible given
the fabrication techniques and the available supply of metal in the required
sheet and strip forms. Automotive radiators have been built of aluminum
in limited quantities and are similar in appearance and heat-transfer
characteristics to copper radiators.

All but a small proportion of the motor vehicles currently in service
use radiators constructed of copper and copper alloys. Copper has been
traditional for this application because of its heat transfer properties,
corrision-resistance, ease of fabrication, and ease of joining the various
components by conventional "soft" soldering techniques.

Experience has shown that copper radiators are quickly and economically
repairable with the use of minimal additional copper. Present repair tech-
niques for aluminum radiators are either unreliable or available only at
great expense at a limited number of shops. Most aluminum radiators today
are replaced when leaks occur.

The major deterrent to volume production of aluminum radiators seems
to be high capital equipment costs plus the unamortized cost of equipment
presently used for production of copper radiators. Total cost of industry
conversion has been estimated to be more than $200 million.

Currently, more than 90 percent of the primary surfaces in automotive
alr-conditioner evaporators and condensers are aluminum, and domestic
refrigerators and freezers have used all-aluminum evaporators and steel
condensers for years. Copper and aluminum are completely substitutable in

this area.
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Copper tubing is still the predominant primary surface in heat exchangers
for commercial refrigerators and freezers, and room, central residential,
and commercial air conditioners. Aluminum tubing is used in less than
10 percent of these products. Extensive manufacturing development is
necessary before aluminum could be considered completely substitutable for
copper in these applications.

Aluminum-alloy tubing in air conditioners has up to twice the wall
thickness of copper, but still maintains a weight and cost advantage.

Production processes for most aluminum tube commercial and residential
air conditioners and commercial refrigerator and freezer heat exchangers
are similar to those for copper tube heat exchangers with the exception
of joining or assembly methods. The cost of converting an assembly line
for copper-tube heat exchangers to aluminum is relatively low because most
of the production equipment could be used with either metal, but not
simultaneously.

Additional field experience is required before aluminum will be sub-
stituted widely for copper in room-air-conditioner condensers and commercial
heat exchangers using water as a secondary refrigerant or as a heating medium.
These products account for approximately 25 percent of the total tubing
requirements and pose specific corrosion problems to aluminum. Codes now
limit the use of aluminum-tube heat exchangers mounted in ducts. However,
these codes are being re-evaluated and soldered aluminum—-tube heat exchangers
may be accepted in the near future,

Aluminum has been tried in five different U.S. power plants. In two
cases, failure occurred in about a year; in another instance, failure
occurred in five years; and in the other two, condenser tubes lasted

ten years. Fresh water was used for cooling in all cases.
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There are problems, seemingly insurmountable, that must be overcome
to use aluminum in the main condenser of power generating stations. The
necessary volume of circulating or cooling water is very great and its
quality is extremely variable. To insure against attack of aluminum tubing
by water, controls and conditioning equipment not customarily used in
electrical generating stations would be required.

Applications Requiring Corrosion Resistance

Copper and aluminum compete directly in many conductivity and heat-
exchanger applications, and in some structural applications, but rarely
in applications in which corrosion resistance is the prime requisite.

In many applications, copper and aluminum are not mutually substi-
tutable. Even where an overlap exists (valves and fittings for example),
a serious decline in copper usage has not occurred.

C. ELECTROPLATING AND COATINGS

Copper has been, and will continue to be, widely used in coatings
applied by electroplating and in forms made by electrodeposition. Aluminum
coatings by electroplating are not easlly applied and currently are in
negligible use. In coating applications, copper and aluminum are not in-
terchangeable because the electro-deposition of aluminum requires highly
special procedures. In recent years, electrodeposited coatings of aluminum
would have cost 6 to 10 times those of copper, technical difficulties would
require major changes in equipment.

Recent developments in the thermal decomposition of 1liquid and vapor
phase aluminum organometallic compounds may, however, permit the use of

aluminum in coatings for steel and in protective paints in the future.
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D. ALLOYING APPLICATIONS AND COATINGS

Copper is essential in all U.S. coins because of the requirements
of the large automatic vending machine industry. These machines are
designed to accept coins with the properties of coin silver. To match
these properties, silver-free coins must contain a high percentage of
copper. ‘

Aluminum is not used in any U.S. coins., It is too light in weight
to operate coin-operated machines and has less wear resistance than current-
ly used metals in coins. Thus, aluminum is an unlikely candidate for use

in this field in the foreseeable future.

E. ORDNANCE AND ACCESSORIES

Although other materials have been employed for certain fuse compon-
ents, copper alloys continue to be the major ingredient. Periods of critical
shortage in copper supplies have prompted efforts to substitute other
materials in fuses for several years. Efforts to replace copper with aluminum
also have been related to reducing weight.

In recent years, more than 30 different fuses have been used by the
U.S. Army. Among standard models, the number of copper and/or aluminum
components variles from practically none to a significant proportion. 1In
some, the original functioning requirements were such that other materials
(such as steel) were satisfactory for almost all components. In others,
aluminum alloys have replaced copper alloys to a certain extent as the
result of a gradual substitution program. In still others, especially
the recent models developed for entirely new projectiles, aluminum alloys
comprigse a comparatively large proportion of the materials used. Thus,

a part-by-part analysis of the’degree to which copper alloys have been or

may be replaced by aluminum alloys becomes impractical.
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For the manufacture of cartride cases, no commercially available

aluminum alloy has proven ideal enough to seriously threaten the use of

copper.
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APPENDIX B

INTERINDUSTRY RELATIONSHIPS OF PRIMARY COPPER,

UNITED STATES, 1967

($ millions)
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From To Description

38.01 27.01 Industrial Inorganic and Organic
Chemicals

38.01 37.01 Blast Furnaces and Basic Steel
Products

38.01 37.02 Iron and Steel Foundries

38.01 37.04 Primary Metal Products, n.e.c.

38.01 38.01 Primary Copper

38.01 38.02 Primary Lead

38.01 38.03 Primary Zinc

38.01 38.04 Primary Aluminum

38.01 38.05 Primary Nonferrous Metals, n.e.c.

38.01 38.06 Secondary Nonferrous Metals

38.01 38.07 Copper Rolling and Drawing

38.01 38.08 Aluminum Rolling and Drawing

38.01 38.09 Nonferrous Rolling and Drawing, n.e.c.

38.01 138.10 Nonferrous Wire Drawing and Insulating

38.01 38.11 Aluminum Castings

38.01 138.12 Brass, Bronze, and Copper Castings

38.01 38.13 Nonferrous Castings, n.e.c.

38.01 40.02 Plumbing Fittings and Brass Goods

38.01 42.03 Heating Equipment, except Electric

38.01 42.08 Architectural Metal Work

38.01 48.05 Printing Trades Machinery

38.01 48.06 Special Industry Machinery, n.e.c.

38.01 49.01 Pumps and Compressors

38.01 49.05 Power Transmission Equipment

38.01 53.04 Motors and Generators

SOURCE: U.S. Department of Commerce, Input-Output Structure of the U.S.

Economy :

1967, Volume I, Transactions Data for Detailed Industries,

A Supplement to the Survey of Current Business, 1974.
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INTERINDUSTRY RELATIONSHIPS OF PRIMARY COPPER,

To
53.05
68.01
71.02
83.00
88.00
93.00
94.00
97.10
97.20
99.02
99.03
99.04

SOURCE:

UNITED STATES, 1967
(Continued)

Description

Industrial Controls

Electric Utilities

Real Estate

Scrap, Used and Secondhand Goods
Total Intermediate Output

Net Inventory Change

Net Exports

Federal Government Purchases, Defense
Federal Government Purchases, Others
Total Final Demand

Total Output

Transfers-Out

($ millions)

6.1

1.2

1.5

1.5
2,547.8
14.1
171.8
-106.3
18.8
98.3
2,646.1
83.9

U.S. Department of Commerce, Input-Output Structure of the U.S.
1967, Volume I, Transactions Data for Detailed Industries,

Economy :

A Supplement to the Survey of Current Business, 1974.
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INTERINDUSTRY RELATIONSHIPS OF COPPER ROLLING AND DRAWING,
UNITED STATES, 1967

From To Description ($ millions)
38.07 9.00 Stone and Clay Mining and Quarrying .8
38.07 11.01 New Construction, Residential Buildings

(Nonfarm) 138.4
38.07 11.02 New Construction, Nonresidential

Buildings 87.8
38.07 11.03 New Construction, Public Utilities 17.7
38.07 11.05 New Construction, All Other 7.6
38.07 12,01 Maintenance and Repalr Construction,

Residential Buildings (Nonfarm) 34.2
38.07 12.02 Maintenance and Repair Construction,

All Other 23.9
38.07 13.01 Complete Guided Missiles .2
38.07 13.02 Ammunition, Except for Small Arms, n.e.c. 6.2
38.07 13.03 Tanks and Tank Components .3
38.07 13.05 Small Arms .5
38.07 13.06 Small Arms Ammunition 100.4
38.07 13.07 Other Ordnance and Accessories .6
38.07 17.06 Coated Fabrics, Not Rubberized .3
38.07 20.01 Logging Camps and Logging Contractors .5
38.07 27.01 Industrial Inorganic and Organic Chemicals .2
38.07 27.04 Miscellaneous Chemical Products 2.7
38.07 32.04 Miscellaneous Plastics Products .3
38.07 36.02 Brick and Structural Clay Tile .1
38.07 37.01 Blast Furnaces and Basic Steel Products 6.0
38.07 38.01 Primary Copper 45.3
38.07 38.04 Primary Aluminum o7

SOURCE: U.S. Department of Commerce, Input—Output Structure of the U.S.
Economy: 1967, Volume I, Transactions Data for Detailed Industries,
A Supplement to the Survey of Current Business, 1974.

B-3

Arthur D Little Inc



DRAFT REPORT — The reader is cautioned concerning use,
quotation or reproduction of this material without first
contacting the EPA Project Officer, since the document
may experience extensive revision during review.

INTERINDUSTRY RELATIONSHIPS OF COPPER ROLLING AND DRAWING,

From To
38.07 38.07
38.07 38.08
38.07 38.09
38.07 38.10
38.07 38.12
38.07 38.14
38.07 40.01
38.07 40.02
38.07 40.03
38.07 40.04
38.07 40.05
38.07 40.06
38.07 40.07
38.07 40.08
38.07 40.09
38.07 41.01
38.07 41.02
38.07 42.01
38.07 42.02
38.07 42.03
38.07 42.05
38.07 42.08
38.07 42.11
38.07 43.01
38.07 43.02
SOURCE:

UNITED STATES, 1967
(Continued)

Description

Copper Rolling and Drawing

Aluminum Rolling and Drawing
Nonferrous Rolling and Drawing, n.e.c.
Nonferrous Wire Drawing and Insulating
Brass, Bronze, and Copper Castings
Nonferrous Forgings

Metal Sanitary Ware

Plumbing Fittings and Brass Goods
Heating Equipment, Except Electric
Fabricated Structural Steel

Metal Doors Sash and Trim

Fabricated Plate Work (Boiler Shops)
Sheet Metal Work

Architectural Metal Work
Miscellaneous Metal Work

Screw Machine Products and Bolts, Nuts,
Rivets, and Washers

Metal Stampings

Cutlery

Hand and Edge Tools Including Saws
Hardware, n.e.c.

Miscellaneous Fabricated Wire Products
Pipe, Valves, and Pipe Fittings
Fabricated Metal Products, n.e.c.
Steam Engines and Turbines

)
Internal Combustion Engines, n.e.c.

($ millions)

77.1
82.5
13.3
579.9
11.5
24.9
1.8
50.2
24.1
2.3
1.5
26.7
8.1
4.8
2.7

93.9
68.4
1.3
3.5
35.9
14.1
98.1
7.1
17.2
8.7

U.S. Department of Commerce, Input-Output Structure of the U.S.

Economy

1967, Volume I, Transactions Data for Detailed Industries,

A Supplement to the Survey of Current Business, 1974.
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From To
38.07 44,00
38.07 45.01
38.07 45.02
38.07 45.03
38.07 46.01
38.07 46.02
38.07 46.03
38.07 46.04
38.07 47.01
38.07 47.02
38.07 47.03
38.07 47.04
38.07 48.01
38.07 48.02
38.07 48.04
38.07 48.05
38.07 48.06
38.07 49.01
38.07 49.02
38.07 49.03
38.07 49.04
38.07 49.05
38.07 49.06
38.07 49.07
SOURCE:

UNITED STATES, 1967
(Continued)

Description

Farm Machinery

Construction Machinery

Mining Machinery

0il Field Machinery

Elevators and Moving Stairways
Conveyors and Conveying Equipment
Hoists, Cranes, and Monorails
Industrial Trucks and Tractors
Machine Tools, Metal Cutting Types
Machine Tools, Metal Forming Types

Special Dies and Tools and Machine
Tool Accessories

Metalworking Machinery, n.e.c.
Food Products Machinery
Textile Machinery

Paper Industries Machinery
Printing Trades Machinery
Special Industry Machinery, n.e.c.
Pumps and Compressors

Ball and Roller Bearings
Blowers and Fans

Industrial Patterms

Power Transmission Equipment

Industrial Furances and Ovens

General Industrial Machinery, n.e.c.

INTERINDUSTRY RELATIONSHIPS OF COPPER ROLLING AND DRAWING,

($ millions)
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U.S. Department of Commerce, Input-Output Structure of the U.S.

Economy:

1967, Volume I, Transactions Data for Detailed Industries,

A Supplement to the Survey of Current Business, 1974.
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INTERINDUSTRY RELATIONSHIPS OF COPPER ROLLING AND DRAWING,

UNITED STATES, 1967
(Continued)

Description

Machine Shop Products

Computing and Related Machines
Typewriters

Scales and Balances

Office Machines, n.e.c.

Automatic Merchandising Machines
Commercial Laundry Equipment
Refrigeration Machinery
Measuring and Dispensing Pumps
Service Industry Machines, n.e.c.
Electric Measuring Instruments
Transformers

Switchgear and Switchboard Apparatus
Motors and Generators

Industrial Controls

Welding Apparatus

Carbon and Graphite Products

Electrical Industrial Apparatus, n.e.

Household Cooking Equipment
Household Refrigerators and Freezers
Household Laundry Equipment

Electric Housewares and Fans
Household Vacuum Cleaners

Sewing Machines

Household Appliances, n.e.c.

From To
38.07 50.00
38.07 51.01
38.07 51.02
38.07 51.03
38.07 51.04
38.07 52.01
38.07 52,02
38.07 52.03
38.07 52.04
38.07 52.05
38.07 53.01
38.07 53.02
38.07 53.03
38.07 53.04
38.07 53.05
38.07 53.06
38.07 53.07
38.07 53.08
38.07 54.01
38.07 54.02
38.07 54.03
38.07 54.04
38.07 54.05
38.07 54.06
38.07 54.07
SOURCE:

($ millions)

30.6
2.9
.2
.2
.9
.2
.3
135.2
1.2
1.6
4.3
17.6
46.2
27.7
6.8
9.5
.6
c. 4.4
1.4
1.4
1.3
3.2
.9
.3
3.6

U.S. Department of Commerce, Input-Output Structure of the U.S.

Economy :

1967, Volume I, Transactions Data for Detailed Industries,

A Supplement to the Survey of Current Business, 1974.
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INTERINDUSTRY RELATIONSHIPS OF COPPER ROLLING AND DRAWING,

UNITED STATES, 1967
(Continued)

Description

Electric Lamps

Lighting Fixtures

Wiring Devices

Radio and Television Receiving Sets
Telephone and Telegraph Apparatus

Radio and Television Communication
Equipment

Electron Tubes

Semiconductors

Electronic Components, n.e.c.
X-Ray Apparatus and Tubes
Engine Electrical Equipment
Electrical Equipment, n.e.c.
Truck and Bus Bodiles

Truck Trailers

Motor Vehicles and Parts
Aircraft

Alrcarft Engines and Parts
Aircraft Equipment, n.e.c.
Shipbuilding and Repairing
Boatbuilding and Repairing
Locomotives and Parts
Railroad and Street Cars
Motorcycles, Bicycles and Parts

Trailer Coaches

From To
38.07 55.01
38.07 55.02
38.07 55.03
38.07 56.01
38.07 56.03
38.07 56.04
38.07 57.01
38.07 57.02
38.07 57.03
38.07 58.03
38.07 58.04
38.07 58.05
38.07 59.01
38.07 59.02
38.07 59.03
38.07 60.01
38.07 60.02
38.07 60.04
38.07 61.01
38.07 61.02
38.07 61.03
38.07 61.04
38.07 61.05
38.07 61.06
SOURCE:

($ millions)

9.0
35.7

28.1

6.1
2.5
1.8
27.4
.9
9.9
4.9
3.8

119.9
1.6
2.1
8.8

14.4
.7
9.1
2.3
.2
4.4

U.S. Department of Commerce, Input-Output Structure of the U.S.

Economy :

1967, Volume I, Transactions Data for Detailed Industries,

A Supplement to the Survey of Current Business, 1974.
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INTERINDUSTRY RELATIONSHIPS OF COPPER ROLLING AND DRAWING,
UNITED STATES, 1967

(Continued)

From To Description ($ millions)
38.07 61.07 Transportation Equipment, n.e.c. 1.0
38.07 62.01 Engineering and Scientific Instruments 1.2
38.07 62.02 Mechanical Measuring Devices 12.7
38.07 62.03 Automatic Temperature Controls 16.6
38.07 63.03 Photographic Equipment and Supplies 1.0
38.07 64.01 Jewelry, Including Costume, and Silver-

ware 19.8
38.07 64.02 Musical Instruments and Parts 2.0
38.07 64.03 Games, Toys, Etc, .7
38.07 64.04 Sporting and Athletic Goods, n.e.c. 3.2
38.07 64.07 Buttons, Needles, Pins and Fasteners 22.6
38.07 64.12 Miscellaneous Manufactures, n.e.c. 15.0
38.07 65.01 Railroads and Related Services 6.0
38.07 68.01 Electric Utilities 7
38.07 69.01 Wholesale Trade 2.4
38.07 71.02 Real Estate 4.1
38.07 83.00 Scrap, Used and Secondhand Goods 33.2
38.07 88.00 Total Intermediate Output 2,582.0
38.07 93.00 Net Inventory Change - .3
38.07 94.00 Net Exports 18.5
38.07 97.10 Federal Government Purchases, Defense 4.5
38.07 97.20 Federal Government Purchases, Other 3.9
38.07 99.02 Total Final Demand 26.6
38.07 99.03 Total Output 2,608.6
38.07 99.04 Transfers-Out 258.9

SOURCE: U.S. Department of Commerce, Input-Output Structure of the U.S.
Economy: 1967, Volume I, Transactions Data for Detailed Industries,
A Supplement to the Survey of Current Business, 1974.
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CHAPTER 6

COPPER PRICING MECHANISMS, PRICE FORMATION
AND THE TWO-TIER PRICE SYSTEM

A, INTRODUCTION AND SUMMARY

An adequate understanding of the manner in which supply and demand
forces have interacted in the copper industry in the past cannot be
attained without a firm grasp of the rather complex set of institutional
arrangements which characterize copper markets, the process of price
formation among firms in the industry, and, as a directly related matter,
the emergence and rationale of the '"two-price system" for copper which
in the past has been a dominant phenomenon impinging upon the pricing
behavior of the domestic primary producers. This chapter therefore focuses
on these three closely interrelated subjects.

After a discussion of the various important copper market institutions,
their functional bases and the significance of the varilous price series
associated with them, we will review historical trends in prices. This
will set the stage for a description and analysis of the pricing behavior
of the primary producers within the context of a important characteristic
of postwar copper markets, namely, the predominance of the so called
"two-price system" for copper. Finally, we will examine the various
theoretical explanations that have been advanced for the pricing behavior
of the primary producers during periods when the two-price system has

been in effect.

The principal conclusions of this chapter can be summarized as follows.
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1. The major institutional arrangements governing copper markets
include: two organized exchanges, the London Metal Exchange (LME) and
the New York Commodity Exchange (Comex); merchants; and, of course, the
major primary producers. The LME and Comex are basically hedge and
speculative, rather than physical markets. Metal merchants are trading
firms which typically trade in all types of copper products as well as
in various other metals.

2. The term "outside market" is sometimes used to describe all
trade in copper apart from domestic sales made by domestic primary producers.
As referred to here, the outside market encompasses the secondary industry
(including the secondary refiners), sales of U.S. and foreign producers
at other than the prevailing domestic producers price, merchants, and
transactions in physical copper on the LME and Comex.

3. In spite of a number of different pricing bases in existence,
the bulk of refined copper sales during the postwar period have been made
directly or indirectly on the basis of one of two distinct price regimes.
The first is the domestic producers price, a set of nearly uniform price
quotations used by the major primary producers, and frequently, by Noranda,
one the the Canadian producers, for sales in the U.S. The second is the
IME price, spot and forward quotations prevailing on the London Metal
Exchange, which has been used by most producers most of the time as a basis
for sales outside North America.

4. Within the U.S. during the past three decades, about 76 percent
of average annual consumption has been transacted at the domestic pro-

ducers price; about 12 percent on average has been marketed by the principal
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secondary or custom refiners at their own established prices reflecting
the prevailing price for scrap and the remaining 12 percent has consisted
on average of imports and merchant copper sold at a price identical to
or close to the LME price. Because movements in the price of domestic
scrap tend to follow closely movements in the LME price, however, an
average of 24 percent of refined copper consumption can be said to have
been marketed at prices closely reflecting movements in the LME prices.

5. The significant aspects of the pricing behavior of the copper
industry during the postwar period can thus be adequately described by
focusing on the history of the LME and domestic producers prices. In
general, LME price movements have been relatively volatile and sensitive
to speculative pressures and short-run shifts in supply and demand.
By contrast, the producers price has tended to change only slowly, usually
lagging significant trends in LME prices by several months.

6. The most significant characteristic of postwar copper markets
has been the existence in nine of the 27 years between 1947-1974 of a
two-price system for refined copper, characterized by a wide divergence
between the outside market price for copper (i.e., the ILME price) and
the domestic producers price. The two-price system developed during periods
of rising or excess demand for refined copper and was brought about when
participating producers (U.S. and some foreign) chose to ration their
available copper supplies to customers at a price below the level which
would have cleared the market. Three distinct periods when the two-
price system was in effect can be identified as follows: (1) from late
1954 to mid-1956; (2) from January, 1964 to March, 1966; and (3) from

April 1966 to early 1970. During each period, a different combination of
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foreign producers participated along with U.S. producers.

7. There appears to be no complete, simple, logical explanation or
set of explanations for the rationing behavior of the principal U.S. and
foreign producers during the periods of the two-price system. All of the
proposed explanations are either logically inconsistent or ane unable to
explain certain "anomalous" behavior on the part of the producers.

Rationing during periods of excess demand and high copper prices (as
reflected in IME prices) 1s clearly inconsistent with the motive of short-
run profit'maximization. Since the major producers themselves commonly cite
the fear oé long-run substitution for copper by end-users if copper prices
are allowed to rise too high or are too volatile, the explanation might lie
in an analysis of longer-term motives. Here, the producers suggest that
they have #referred in the past to forego short-run profit maximization in
order to maximize profits in the long-run by avoiding substitution away
from copper.

8. The long-run substitution explanation for rationing is supported by
evidence that producers have at times rationed markets selectively--fully
supplying semifabricator customers with a high propensity for long-run
substitution, such as wire mills, while rationing severely customers with
a low propensity for long-run substitution, such as brass mills., Such
behavior occurred only at certain times during the periods of the two-price
systems, however; at other times, markets were apparently rationed across-
the-board.

9. A second explanation for producer rationing suggests that
partially or fully integrated producers acted as monopolists to limit the
availability of refined copper supplies and thereby drive up the market

price at which semifabricated and fabricated goods were sold. 1In other
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words, it 1is argued that by regulating supplies, they increased their
profits at the fabricating stage while foregoing short-run profit increases
at the mining through refining stages. Such behavior, however, could
well stimulate long-run substitution as prices rose.

Neither hypothesis explains why different foreign producers par-
ticipated in the three different two-price systems. Moreover, sufficient
quantitative data are unavilable to fully support any of the explanations

for the existence of the two-price system.
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A. COPPER MARKET INSTITUTIONS AND REFINED COPPER PRICES

Although there are many distinguishable copper prices and the
institutional arrangements of the copper markets are complex, we can
briefly identify the following major institutional arrangements governing
the copper markets: two organized exchanges, the London Metal Exchange
(IME) and the New York Commodity Exchange (Comex); merchants; and the
major (primary) sellers themselves.

The IME and Comex are basically hedge and speculative, rather than
physical markets. Their principal function is hence to provide hedging
facilities for both producers and fabricators rather than as markets for
spot sales for physical deliveries. Comex's trading rules virtually
preclude 1ts use as a physical market. However, the LME can be, and some-
times is, used as a physical market, but even in Europe its role as a
physical market is very limited.

Metals merchants, meanwhile, are trading firms which typically trade
in all types of copper products, ae well as in various metals, and organize
the refining of numerous small lots of material (i.e., scrap, secondary
blister, and the output of small mines and smelters).

As indicated earlier, the term "outside market” 1s sometimes used to
describe all trade in copper apart from sales made by the producers.

The outside market encompasses the secondary industry (including the
secondary refiners), some of the smaller foreign producers, merchants,
and transactions in physical copper on the IME and Comex.

The great bulk of refined copper sales by the major producers are

handled through their own subsidiary sales agencies. Some sales agencies
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handle not only the refined output of their parent companies, but also
copper refined by several other domestic and foreign primary producers,
and it is not uncommon for the output of a small primary producer to be
sold through the sales agency of a larger producer. Sales by these
agencies represent current orders by buyers for future physical delivery
of copper at an agreed upon price.

While a number of price bases have been employed at different times
during the post-World War II period in the buying and selling of refined
copper, the bulk of refined copper sales have been made directly or
indirectly on the basis of one or two distinct price regimes:

e The domestic producers' price, a set of nearly uniform price
quotations used by the major U.S. primary producers and, for a
good part of the postwar period, by Noranda, one of the Canadian
producers, for sales in the U.S.; and

o The IME price, spot and forward quotations prevailing on the
London Metal Exchange, used by most producers most of the time as
a basis for sales outside North America.

Practically the whole of the world's mine production which is traded
internationally is sold at prices based on the IME. The actual price is
not necessarily the daily spot quotation, nor the forward price, nor yet
an average of the two, but in most cases it is arrived at by application

of a formula which is related directly to Exchange quotations.l

1S:lr Ronald Prain, Copper: The Anatomy of an Industry (London: Mining
Journal Books Limited, 1975), p. 95.
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Within the U.S., refined copper has been bought and sold on average

in the following proportions during the postwar period:

e About 76% of average annual consumption has been sold by U.S.
primary producers at the domestic producers' price;

e About 13%7 of average annual consumption has been marketed by the
principal secondary or custom refiners at their own established
price generally reflecting the prevailing price for copper scrap
plus operating margins;

e The remaining 11% of consumption on an average annual basis has
consisted of imports from foreign producers and the LME, and
copper handled by U.S. metals merchants, mostly sold at the LME
price or a price closely reflécting that price.

Because movements in the price of domestic scrap tend to follow closely

movements in the IME price, however, an average 24% of refined copper
consumption in the U.S. can be said to have been marketed on the basis

of IME prices.

1. The Copper Exchanges: The IME and Comex1

Of the two exchange markets on which copper is quoted, the LME is
certainly the more important in terms of volume of transactions, physical

deliveries, and influence on world copper prices generally. As has already

The discussion presented here draws upon the following principal sources:
(1) Raymond F. Mikesell, "The Nature of the World Market for Copper,"
unpublished paper (Eugene, Oregon: University of Oregon, June, 1974);
(2) Ferdinand E. Banks, The World Copper Market: An Economic Analysis
(Cambridge, Mass.: Ballinger Publishing Co., 1974), pp. 41-49;

(3) Charles River Associates, Inc. (CRA), Economic Analysis of the

Copper Industry (March, 1970), Chapters 5 and 6.

(4) Sir Ronald Prain, Copper: The Anatomy of an Industry (London:

Mining Journal Books Limited, 1975), Chapters 7 and 8.
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been noted, producers' prices outside the United States tend to follow LME
quotations rather closely and long-term contracts employ a variety of
formulas for pricing copper related to IME prices. Although there is
frequently a price differentiasl of several cents per pound for the same
type of copper between the two markets as a consequence of the time and
cost of shipping copper, government trade controls, and other factors,
arbitrage transactions between the Comex and the LME tend to limit the
amount of the differential. There are a number of important differences
in the two markets that require explanation.

The London Metal Exchange (LME)

The IME dates from 1882, although copper and other metals had been
quoted in London much earlier. During World War II and the immediate
post-war period, when the government controlled the price of strategic
metals, the exchange was closed; but it reopened in 1953, and since that
time a steady increase in activity has been noted.

The LME deals exclusively in nonferrous metals--copper, lead, zinc,
tin and silver. Two copper contracts are traded on the LME: one for
electrolytic wirebar, and one for electrolytic cathode.1 Cathodes nor-
mally trade at a discount under wirebar, reflecting conversion costs.
Contracts may be traded for "spot", "ninety days", and any market day in

between. The minimum contract is for 25 long tons and dealings are

lLME permits trading in electrolytic wirebars, cathodes, and fire refined

ingot or ingot bars. HCRF wirebar may be delivered for electrolytic
wirebars at a discount, but with this exception substitutions are not
permitted.
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conducted in multiples of 25 tons. Dealings on the LME are not simply
paper transactions. Purchasers can always obtain delivery of metal on
the day agreed-upon (and in the case of spot tramsactions, the following
day) at any of the registered IME warehouses at the seller's option.
Copper for delivery on contract terms is held in warehouses in London,
Birmingham, Liverpool, Manchester, Hull, or Glasgow in the United Xingdom;
Rotterdam in the Netherlands; Hamburg in Germany; and Antwerp in Belgium.
Insistence on delivery has remained paramount and is reflected in the

fact that contracts may not contain any force majeure provisions.

Trading on the IME takes place through representatives of member
firms who are seated in a circle around the exchange floor and who made
bids and offers to each other across the ring. Deals are made when a
bid or offer is accepted and contracts are issued promptly. Dealers may
hold a position in the metal traded on any market day between the current
day and three months forward, with the final day for liquidation being
the last market day before the contract matures. Dealing members accept
the responsibility of honoring their own contracts. (This differs from
the Comex where the Clearing Assoclation has responsibility for homoring
transactions). Two rings operate daily, Monday through Friday. Trading
commences at noon and at 3:45 p.m. Copper, like the other metals on the
exchange, 18 traded for a period of five minutes with two-five minute
sessions. During each trade period or ring, one five-minute session
is devoted to copper wirebar and the other to cathode. Closing prices in

the noon session become the official prices and form the basis for the
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major share of long-term contracts on which LME quotations are based.l

No official prices are announced as a result of the afternoon session.
Dealings outside the market ("kerb" dealings) are permitted both in the
morning and in the afternoon, and trading is allowed outside regular
market hours.

The LME price, although it is determined by a small number of trans~
actions daily, is important as it has been used as a transaction price by
a number of major producers. During the postwar period, with the exception
of five and one-half years, it has been the policy of the Anglo-American
Corporation (AAC) and Rhodesian Selection Trust (RST), both of whose

properties are in Zambia, to sell at the LME price.2 Union Miniere du

1

The LME Price quotes daily are based either on the last transaction entered
into or on the closing bids and offers made during the short period in

which dealings occur, and these prices reflect business done in what are
usually only small tonnages of copper. Yet these same quotations are used

as a basis for pricing infinitely greater quantities of metal which are sold
directly by producers to fabricators outside the Exchange. In other words,
producers and fabricators use the LME quotations in much the same way as

one might use an official stock exchange quotation for a private share

deal, and the transaction in no way represents physical copper actually

being dealt in across the floor of the Exchange. (See Prain, op. cit., p. 95).

N

The African producers have departed from the policy of selling at the LME
price on two occasions. First, during the period 1955-1957, RST sold at
announced producer prices, while AAC, UMdHK, the Canadian producers and
Chile sold at a common producers' price.

In the period 1964-1966 RST and AAC sold at a common producer price.
Union Miniere, the other major African producer, sold at an announced
price. In 1958, Sir Ronald L. Prain stated that the UMdHK price followed
the Metals Week weighted average export refinery price more closely than
the IME price (see Sir Ronald L. Prain, "Copper Pricing Systems;" address
to the Organization for European Economic Co-operation, Paris, June 25,
1958, reprinted in, Selected Papers of Sir Ronald Lindsay Prain, Vol. II
[London: B. T. Batsford], p. 15).

Furthermore, during the two years prior to the "second producers' price
experiment”" AAC and RST had supported the LME price at a fixed level. These
periods are discussed in more detail below. The Korean War must also be ex-
cluded here, as in this period the maximum domestic producers' price was set
by the government (see Charles River Associates, [CRA], op. cit., p. 122).
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Haut Katanga (UMdHK), whose properties are in Zaire, has also generally
sold at a price closely related to the LME price. Also, sales of Canadian
and Chilean copper made outside the United States have usually been based

on the IME prices.
The New York Commidity Exchange (Comex)

The Comex copper contract are for 25 short tons of either electro-
lytic wirebar, high conductivity fire-refined copper (HCFR), Lake Copper,
electrolytic cathode, or 99.88 percent fire-refined copper, all specified
according to American Society for Testing Materials (AFTM) standards.1
Electrolytic cathodes and high conductivity fire-refined (HCRF) copper
may be substituted at fixed differentials.

Price movements on Comex have a daily limit of 2 cents per pound

for all trading months except the spot months. This limitation,

1Trading on the Comex is done by floor brokers working in a ring through
bid and offer procedures daily from 9:45 a.m. to 2:10 p.m. At the end
of the day purchases and sales on the Comex are "cleared" through the
Clearing Association composed of commission houses and trading firms.
The Association guarantees fulfillment of all contracts handled by its
members. This procedure differs from that of the LME which is a market
of "principals" (i.e., the participating brokers underwrite the per-
formance of each contract).

All members of the Clearing Association maintain guarantee funds and fixed
original margins within the Association. Trading takes place for delivery
in seven specified monthe--January, March, May, July, September, October
and December.

Delivery on Comex contracts may be made on any day during these months,

at the seller's option, to any registered Comex warehouse. Warehouses
are located in Chicago, St. Louis, and Franklin Park in Illinois; El Paso,
Texas; Reading, Pennsylvania, New York City; and Tacoma, Washington.

A semi-fabricator who purchased a contract on Comex might receive fire
refined copper in Tacoma on May 31, while it wanted electrolytic wire-
bars in New York on May 1.

6-12
Arthur D Little Inc



DRAFT REPORT — The reader is cautioned concerning use,
quotation or reproduction of this material without first
contacting the EPA Project Officer, since the document
may experience extensive revision during review.

together with the system of trading for delivery in seven selected months
and at any day during the month at the seller's option, is designed to
prevent the price from being disproportionately affected by a few large
transactions. However, this system complicates the use of Comex as a
hedging medium and as a basis for establishing prices for contracts
outside the market. It also complicates the problem of comparing LME
and Comex spot and forward prices and or arbitrage between the two exchange
markets. However, formulas have been adopted to compare the prices in the
two markets in a manner which will eliminate to the maximum degree possible
the distortions arising from the different trading and delivery arrange-
ments.

On the Comex, cathode trades at a discount of one-eighth of a cent
a pound below electrolytic wirebar, and the lower grades of fire-refined
copper at a discount of a quarter of a cent per pound. Since the cost of
casting cathode into wirebar is generally more than one-eighth of a
cent a pound and the actual market value of lower grade fire-refined is
less than one-fourth of a cent per pound discount from electrolytic
wirebar, it is to the producers' advantage to deliver these lower grades
against Comex contracts. Hence, the Comex warehouses contain mainly the
lower grades of copper. Such grades serve as a source of direct supply
to brass mills and foundries. Other U.S. fabricators tend to purchase
wirebar from merchants, whose prices fluctuate at a premium above the
Comex quotations. By pricing their copper in close relation to Comex
prices, both merchants and consumers are able to employ the Comex for

hedging purchases and sales for future delivery against price changes.
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In summary, Comex is considerably less important in world copper
markets than is the IME. Like IME, Comex is basically a hedge and specu-
lative market, but Comex 1s even less of a physical market than LME, and
the Comex price is not generally used for sales on the "outside'" market.
Arbitrage between the LME and Comex generally keeps the prices close
together.

2., The Merchant Marketl

Generally merchants buy and sell copper outside the principal pro-
ducer-consumer channels. Merchant copper traded in the U.S. is related
to the Comex price. Merchants for the most part do not invest in pro-
duction facilities, but they can and will hold or finance stocks. In the
United States, where there i1s more integration in the copper industry,
merchants may be experiencing somewhat less scope for their activity
than in Europe. For one thing, Comex has a smaller physical turnover than
the IME, and although its facilities for hedging and speculating are
quite as developed as those to be found in London, it is not especilally
oriented toward the international market.

Merchants tend to make extensive use of independent refineries.
They also buy a great deal of scrap for refineries handling secondary
materials. Many of the physical deliveries on the LME result from the
transactions of merchants; and by the same token they carry out arbitrage
operations on a worldwide basis. They are usually busiest when the demand

for copper is highest, since during these periods more copper than ever

lSee Banks, op. cit., pp. 41-43.
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will come from the smallest mines (i.e., mines that under normal circum-
stances are only marginal producers and possibly have not committed their
production to any given refinery) or scrap. There are also the periods
when buyers or sellers are most likely to misjudge requirements and thus
need the service of merchants.

U.S. merchants are able to sell in European markets; but for the
most part American producers frown on these operations, and it is believed
that they have taken steps to see that their regular customers do not
succeed in transferring any large amount of the excess copper to mer-
chants and thus to the "free" market.

3. The U.S. Producers' Price

Since shortly after World War II, the major U.S. primary producers
have, in effect, used a common basis for determining the price at which
they sell refined copper to affiliated and independent fabricators within
the U.S. This domestic producers' price has represented a common set of
price quotations for delivery of wirebars, ingots, and ingot bars to any
consuming destination within the continental United States.2 Cathodes

have until recently been available at a slight discount, indicating the

1On this point it is interesting to note that some producers, before 1961,
reserved a portion of their output for sales to merchants. These trans-
actions were later largely terminated (mostly at the insistence of the
copper companies operating in Africa) on the grounds that sales of this
type contributed to destablizing the market, and many producers inserted
"no resale'" clauses in their contracts. It is probably true that similar
no resale clauses are still employed by many American producers (see

Banks, op. cit., p. 43).

2The domestic producers' price was quote delivered Connecticut Valley

until July, 1950. Kennecott thereafter quoted its price as delivered any-
where within the continental United States; the other major producer did
not follow suit until January, 1954.
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absence of melting and casting costs. Cakes and billets, on the other
hand, have sold at premiums which cover additional casting costs. In
1973, however, two major producers began referring to their cathode price
as the standard producers' price in response to the use of the cathode
price by the Cost of Living Council in setting ceilings on refined copper
prices in the U.S.

Metals Week (formerly E/MJ Metal and Mining Markets) publishes a daily

weighted average producers' price quotation based on U.S. mine production

and current selling prices of U.S. producers, reduced to a delivered wire-
bar basis.l An f.o.b. refinery quotation is also published, which represents
the producers' delivered price quotation minus a standard shipping cost.

This Metals Week price, or its weekly or monthly arithmetic average, pub-

lished in Engineering & Mining Journal (E/MJ) is often referred to when

speaking of the domestic producers' price for refined copper.2 U.S.
producers usually sell on the basis of the price prevailing on the date
of shipment, regardless of when the buyer placed his order. Some sales,
however, are made at the average weekly or monthly price quotation as

published in E/MJ or American Metal Market; other sales may be made at a fimm

price prevalling on the date of the sale.

lPrior to 1971, the "E/MJ domestic refinery price" represented a weighted
average of the U.S. producer price and the LME price, with the U.S. pro-
ducers' price getting more than 97.5% of the weight.

2An additional producers' price quotation is published daily in the American

Metal Market; the monthly arithmetic average of these quotations is published
annually in Metal Statistics. The E/MJ price reportedly reflects the prices
at vhich copper i1s actually traded in the U.S. somewhat more accurately than
the U.S. producers' price series; moreover, Fisher-Cootner-Baily have indi-
cated in a past econometric study of the world copper industry that modeling
results they obtained using the E/MJ price were uniformly better and more
reasonable than those obtained using the U.S. producers' price series.
(Franklin M. FIsher, Paul H. Cootner, Martin N. Baily, "An Econometric Model
of the World Copper Industry," The Bell Journal of Economics and Management,
3, 2 [Autumn, 1972]).
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During the 1947-1974 period, approximately 76% on average of U.S.
fabricators' total annual consumption of refined copper was purchased at
the domestic producers' price; excluding the strike years of 1959 and
1967-1968, this average figure would rise to about 78%. About 73% of
total annual production of refined copper was sold at the producers' price
on average; this figure is slightly lower than the consumption figure
because it excludes that proportion of domestic annual production by
Kennecott and Anaconda which was refined from Chilean copper and re-
exported abroad to be sold at prevailing intermational prices.

The Outside Market and U.S. Secondary Refiners

The term "outside market" has often been used to denote all trade in
copper in the U.S. other than sales of the major U.S. producers. The term
has been so applied because of the dominant role played by the major
producers in providing the bulk of refined copper supplies to U.S. fabri-
cators.

Although refined copper within the U.S. could be bought on the outside
market at a number of different prices during this period, including the
London Metal Exchange spot and forward price, the Comex price, the E/MJ
export refinery price, the U.S. merchants or dealers' price, and the
custom smelter price, the two most important prices bases at which the bulk
of outside market sales of refined copper quoted were the LME Price and
the price set by custom refiners.

Asarco, Amax, and Cerro have been widely recognized as the principal
custom refiners in the U.S. secondary copper industry during the postwar

period. While the secondary character of most if not all of Amax's and
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Cerro's refined copper production is beyond dispute (i.e., nearly all of
their refined copper is produced from scrap), the same is not true for
Asarco, which has over the years reportedly used an increasing proportion
of primary ore and blister as inputs in its smelting and refining operatioms.

The ambiguity of Asarco's position in the copper industry is reflected

in its pricing policies as well. Prior to August, 1967, Asarco sold at

least some proportion of its output at a "custom smelter" price published

in both Metals Week and Engineering and Mining Journal. After August, 1967,

Asarco suspended the practice of quoting a custom smelter price, and
generally followed producers' price quotations in its sales. Asarco
executives and other industry observers have privately indicated that prior
to 1967, less than 50% of Asarco's output was actually sold at the custom
smelter price.

Given the ambiguity of Asarco's position prior to 1967, and the fact
that Asarco has behaved essentially as a primary producer since 1967, we
have classified Asarco as a primary producer in this study and have included
Asarco's output in the figures for total primary refined copper production
in the U.S. sold at the producers' price during the postwar period.

With Asarco thus excluded, Amax and Cerro have accounted for at least
715% of U.S. secondary refined copper production from scrap in most years
since 1946, with the remainder divided among a number of small secondary
refiners. These two firms can thus be considered '"representative" of the
U.S. secondary copper industry.

Amax and Cerro sold their refined copper output on their own individual

pricing basis. We have estimated that refined copper sold on this basis
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accounted for an average of about 13% of tontal annual domestic production
of both primary and secondary refined copper in the U.S. during the post-
war period; sales by Amax and Cerro accounted for roughly 12% of total
annual consumption of refined copper during the period.

Because both custom refiners have depended heavily on the copper scrap
market for material inputs in the production of refined copper, the
profitability of their operations has been dependent on maintaining
flexible pricing policies which enable them to respond to fluctuations in
the price of copper scrap.

A recorded historical price series for sales by Amax and Cerro is
unavailable; in lieu of this, we have developed an estimated price series
based on the dealers' buying price for #2 heavy copper scrapl and estimated
annual operating margins for the two customer refiners which reflect
commercial costs, operating costs, and gross profits before taxes. This is
a "fictitious" price series in the sense that it does not necessarily
represent actual prices charged by these custom refiners at any one point
in time, but rather an approximate estimate of their average pricing behavior
over the study period.

The OQutside Market: Foreign Producers, the IME and Metals Merchants

The remaining 11% of annual U.S. refined copper consumption has
generally come from one of three sources: directly purchased imports
from foreign producers, sales on the London Metal Exchange, or purchases

from U.S. metals merchants. With the exception of refined copper exported

]'Dealers' buying price for #1 heavy copper scrap prior to 1956.
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from Noranda in Canada to the United States (which has usually been sold
at the domestic producers' price), imported refined copper and merchant
copper has generally been sold in the U.S. on the basis of the price
prevailing on the London Metal Exchange or at a price closely reflecting
that price.

The major producers have refrained from selling copper in large
quantities on the IME not only because their customers often require non-
standardized grades and shapes of copper to suit their specific needs,
but also because the Standard Contract on the IME requires physical delivery
of the copper in European warehouses, a requirement which is economically
prohibitive for selling copper to customers in other parts of the world.

Moreover, the major producers normally insist on the inclusion of

a force majeure clause in their sales agreements; such clauses are not

Permitted under the IME contract system.

B. HISTORY OF REFINED COPPER PRICES

The history of refined copper prices since World War II is compli-
cated, because of the number of different pricing bases in existence and
the variety of influences of both a market and administered nature leading
to changes in these different prices over time. However, in spite of the
number of different prices in effect over the study period, most refined
copper sales by the major U.S. and foreign producers were made directly or
indirectly on the basis of either the domestic producers' price or the
LME price (spot or forward quotation). Although the refined copper output
of U.S. secondary refiners such as Amax and Cerro was sold at prices re-
flecting the price of scrap, a good deal of the movement in copper scrap

prices occurred either in response to or in anticipation of movements in
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the IME price. The significant aspects of pricing behavior in the postwar
copper industry can thus be adequately described by focusing on the
history of the IME and domestic producers' prices.

Table 1 provides average annual figures for the E/MJ domestic refinery
price, the IME spot price, the price for #2 heavy copper scrap (#1 heavy
copper scrap prior to 1956) and the secondary refinery price, all in 1974
dollars.

As a general rule, LME Price movements have been relatively volatile
and sensitive to speculative pressures and short-run shifts in copper
demand and supply. By contrast, the producers' price has tended to change
only slowly, usually lagging signficant trends in LME Prices by several
months.

The essential facts concerning price movements and the pricing
behavior which underlay them can be fairly easily grasped by dividing
the entire study period into a number of smaller periods on the basis of
changing supply and demand conditions in the copper industry and the
particular response of copper producers to those changing conditions.

® 1947-1953: A period marked by government controls of both prices.

The IME price was administered by the British Govermment until
August, 1953. A price ceiling on the domestic producers' price
was in effect from January, 1951 to February, 1953 in response to
Korean War requirements.

® November, 1953-July, 1956: The period of the first so-called

"two-price system" for refined copper. A sudden and excessive

increase in the demand for copper led to a rapid rise in the IME
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TABLE 1

PRICES OF REFINED COPPER AND COPPER SCRAP, 1947-1974
(Average Annual ¢/1b. in Constant 1974 Dollars)

EM/J Domestic LME Secondary #2 Heavy Copper
Year Refinery Price Spot Price Refinery Price Scrap Price
1947 52.44 58.74 57.94 40.43
1948 50.08 54.81 55.24 39.33
1949 42,39 48,36 46.04 30.58
1950 45.35 47.72 80.42 37.72
1951 47.13 53.63 90.22 41.54
1952 46.88 62.67 85.24 36.81
1953 54.59 60.99 86.11 42.51
1954 55.57 58.53 64.65 45.93
1955 67.77 79.36 77.04 60.77
1956 71.03 69.75 68.90 53.62
1957 48.36 44,78 54.10 32.84
1958 41.20 39.70 48.91 28.12
1959 49.29 47.14 53.04 35.65
. 1960 50.62 48.69 50.79 33.42
1961 47.50 45,64 52.04 34.58
1962 48.63 46.63 52.47 34.30
1963 48.63 46.65 53.54 35.27
1964 50.20 69.10 56.51 \ 40.81
1965 54.32 90.97 73.66 53.50
1966 54.90 104.93 87.52 67.79
1967 56.81 76.15 ] 68.58 49.26
1968 60.09 80.42 67.14 47.04
1969 65.58 91.46 78.48 59.16
1970 76.56 84.77 70.92 52.34
1971 65.32 62.58 60.42 35.02
1972 62.12 59.58 72.43 47.88
1973 68.67 94.26 84.24 58.57
1974 76.65 93.10 , 79.89 54.88

SOURCE: E/MJ Domestic Refinery Price: Metals Week, Engineering & Mining Journal.
LME Spot Price: American Bureau of Metal Statistics Yearbook.
Secondary Refinery Price: Arthur/D. Little, Inc.
{#2 Heavy Copper Scrap Price: Metal Statistics.

6-22

Arthur D lttle Inc.



DRAFT REPORT — The reader i1s cautioned concerning use,
quotation or reproduction of this material without first
contacting the EPA Project Officer, since the document
may experience extensive revision during review,

price; the domestic producers' price, on the other hand, was kept
substantially below the market-clearing level by U.S. producers,
who rationed their customers. One foreign producer, RST, also

sold copper at substantially below the IME price.

e July, 1956-early, 1964: Except for a brief period of rising demand

in 1958-1959, a period of generally slack world demand for refined
copper characterized by decline or relative stability in both the
domestic producers' price and IME prices and general equilibrium
between the two price series (with LME prices maintained below the
domestic producers' price, reflecting the differential cost of
tariffs and transport).

e Early 1964-Late 1970: The period of the second and third "two-

price systems,"

characterized by excess demand for copper, a very
dramatic increase in the IME Price, and a wide differential between
the LME price and the producers' price, which was again kept well
below the market-clearing level.

The second and third two-price systems are distinguished principally
by the difference in the group of firms which participated in
selling copper below the free or open market price. During the
second two~price system between January, 1964 and March, 1966, all
of the major foreign producers joined U.S. producers in selling

at essentially the domestic producers' price.1 Between April,

1966, and late 1970, during the third two-price system, the major

1Foreign copper was sold at a slight premium (generally 1.5¢/1b) reflecting
U.S. tariff and transportation charges.
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foreign producers returned to selling at the LME price,l while
U.S. producers continued to sell at the domstic producers' price.

e Late 1970-early 1973: A period of slack demand and declining or

fluctuating prices in which ILME price quotations were generally
below the producers' price. U.S. price controls on refined copper
were instituted in August, 1971, but the producers price remained
below the established price ceiling until April, 1973.

e Early 1973-Late 1974: A period of great instability in world copper

markets characterized initially by a sharp increase in world demand
and prices and ultimately by a similarly sharp decline in both
demand and prices. Some increase in the producers' price was
permitted by the U.S. government in December, 1973; price ceilings
were formally abolished in May, 1974. Controls on the domestic
producers' price remained in effect through April, 1974.

C. THE TWO-PRICE SYSTEM AND PRICING BEHAVIOR OF THE PRIMARY PRODUCERS

With respect to the pricing behavior of the primary U.S. and foreign
producers, probably the most significant characteristic of postwar copper
markets has been the existence in nine of the 27 years between 1947-1974 of
a two-price system for refined copper, characterized by a wide divergence
between (1) the free or outside market price for refined copper as repre-
sented by the LME price and (2) the price at which domestic U.S. producers

and some of the major foreign producers sold their output.

1Noranda returned to selling within the U.S. at the domestic producers price
in 1968.
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The two-price system developed during periods of rising or excess
demand for refined copper and was brought about when participating pro-
ducers chose to ration their available copper supplies to customers at
a price below the level which would have cleared the market.

As noted above, there were actually three two-price systems in effect
during three different periods: (1) from November, 1954 to July, 1956;
(2) from January, 1964 to March, 1966; and (3) from April, 1966 to early
1970. Each of these was distinguished principally by differences in the
foreign producers who participated along with U.S. producers.

During periods when the two-price system was not in effect, either a
general equilibrium existed between the LME price and the domestic pro-
ducers' price, or government controls were in effect on either one or
both prices.

The First Two-Price System (November, 1954-July, 1956)

The first two-price system was set off by a sudden increase in world
copper demand at the end of 1954. Between October, 1954 and April, 1955,
the LME price ranged from 4¢ to 11¢ above the domestic producers' price.
Although U.S. producers raised their price twice, in January, 1955, and
again in March, rationing by the producers during these months was reported
in the trade press as the IME price still remained 5¢/1b. above the pro-
ducers' price in April.

Then, in May, 1955, RST initiated what has been frequently called in

" when it announced that it

Europe the first "producers' price experiment,
would sell refined copper at a price approximately in balance with the

then prevailing domestic producers' price-—about 10¢/1b. below the existing
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IME price. The announced purposes, of this policy were to stabilize the
price of copper and keep the pricezlow enough to prevent long-term
substitution away from copper.

During this period, Noranda adopted the policy of selling in the U.S.
at the domestic producers' price and abroad at the LME price. All of
the other major foreign producers continued to sell directly or indirectly
on the basis of LME prices. Althoﬁgh the producers' price was subsequently
increased somewhat, rationing by RST and the major U.S. producers continued
until mid-1956, when declining demand for copper led to a rapid decline in
the LME price which eventually undercut the producers' price. In October,
1937, RST returned to its earlier policy of selling at the IME spot price
on the date of delivery.

Slack Demand and Support of the IME (July, 1956-January, 1964)

The demand for copper both worldwide and in the U.S. was generally
slack during the 1957-1964 period. In the recession year of 1958, both
the LME Price and the producers' price were lower than they had been in
nearly a decade. Although demand increased somewhat in 1959 and again in
early 1960, producers continued to operate at substantially below capacity.

Most notable between late 196ﬁ and mid-1963 was an attempt by two
of the African producers, RST and A#C, to prevent the LME price from
slipping below equilibrium with the. producers' price by cutting back on
production and shipments. The result was, in effect, a single, stable
world price for copper, as UMdHK and the Canadian producers continued to

sell at the supported IME Price.
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The Second and Third Two-Price Systems (January, 1964-Late 1970)

The second two-price system developed in January, 1964 in response to
a sudden, unanticipated surge in worldwide copper demand and the LME
price. The two Zambian producers-—AAC and RST--had insufficient inven-
torles to alleviate upward demand pressures; however, rather than follow
the LME upward, AAC and RST initiated what came to be known as the second
"producers' price experiment." The LME price was allowed to rise, and
both U.S. producers and the Zambian producers began rationing their
customers at a selling price well below the world free market price.
UMdHK, INCO, and Noranda adopted the Zambian producers' price.1 Excluding
tariff and transport differentials, the major producers thus continued to
sell at essentially a common world producers' price during the January,
1964 to March, 1966 period.

This second two-price system or "producers' price experiment" was
seriously weakened by pressure from the Chilean government on Anaconda and
Kennecott to increase the price at which they sold copper refined from
blister imported from Chile.2 The Chilean government was anxious to maxi-
mize short-term revenues in a period of expanding world copper demand.

Following several smaller increases, the second two-price system
collapsed in early April, 1966, when Anaconda and Kennecott were forced to
increase the price of their Chilean copper from 42¢/1b. to 62¢/1b. (the

monthly average IME spot price in April, 1966 was 86¢/1lb.). The foreign

1Noranda continued to sell in the U.S. at essentially the domestic producers
price.

2The bulk of this copper was reexported for sale on the international market
after being refined in the U.S.
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producers refused to follow this increase, AAC, RST, INCO, and Noranda
began selling at the IME three months forward price on the date of delivery,
while UMdHK resumed its traditional policy of selling at an announced

price which closely followed the IME price.

A third two-price system maintained only by the U.S. producers in
the U.S. market was in effect more or less continuously from April, 1966
until late, 1970. Noranda sold at the LME price until August, 1968;
thereafter it sold in the U.S. at the domestic producers' price and abroad
at the ILME price.

The third two-price system was interrupted by a strike in the domestic
copper industry from August, 1967 to April, 1968. During much of this
period, the domestic producers' price was suspended. Demand reportedly
fell off early in 1967 because fabricators had already accumulated very
large inventories in anticipation of the strike. At other times, however,
demand for copper remained excessive, as reflected by the wide differential
between the LME price and the price .at which domestic fabricators were
obtaining rationed supplies.

Declining Demand and the End of the Third Two-Price System (Late

1970-1974)

IME prices fell off dramatically in mid-1970 as refined copper supplies

exceeded demand for the first time since 1964. This was due more to
simultaneous recessionmary trends in several of the developed nations than
to any spectacular increase in productive capacity among the major

U.S. and foreign producers.

6-28

Arthur D Little Inc



DRAFT REPORT — The reader is cautioned concerninguse,
quotation or reproduction of this matenal without first
contacting the EPA Project Officer, since the document
may experience extensive revision during review.

The return of the IME price to a level below the domestic producers'
price marked the end of the third two-price system. Until early 1973,
the market was nearly in equilibrium as measured by the differential
between IME and producers' prices; substantial incrased capacity which
had been developed by the primary producers in response to the excess
demand conditions of the late 1960's was sufficient to absorb growth in
demand during this period. Although U.S. price controls were in effect,
the producers' price remained below the effective price ceiling.

Between early 1973 and early 1974, a sudden sharp increase in demand
led to a record increase in the LME. This was followed by an equally
sharp decline in the LME price during the remainder of 1974. Price move-~
ments during this period were a direct reflection of simultaneous boom
and recessionary cycles which developed in the world's major economies:
unsettled economic conditions as well as international monetary instability
led to wide-scale hoarding the speculation which exaggerated price move-
ments during this period. Prices of the U.S. primary producers remained
under government control until May, 1974; thereafter, producers increased
their prices only to be met by a plummeting IME price which forced down
the domestic producers' price.

D.  EXPLANATIONS FOR THE TWO-PRICE SYSTEM

At least on the surface, rationing by the major copper producers during
periods of excess demand and high copper prices seems totally inconsistent
with the motive of profit maximization. The major producers themselves
have revealed little in detail about their motives: the common rationale
cited by the producers is the fear of long-run substitution for copper by

end-users 1f copper prices are allowed to rise too high or are too volatile.
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The May, 1970, report of the Houthakker Subcommittee on Copper to
the Nixon Administration's Cabinet Committee on Economic Policy cited
three principal explanations advanced by the industry for the second and
third two-price system.l

In the first explanation, some industry sources argued that the per-
sistent post-1964 gap between the IME price and the domestic producers'
price was simply a matter of delayed recognition of a long-run secular
rise in the equilibrium copper price on the part of producers used to
ignoring short-run demand fluctuations. Producers were, in effect,
continually trying to catch up with what looked like a short-run increase
in the IME Price during this period.

The second and third explanations were justifications for rationing
on the basis that high and volatile outside market prices were nonreflective
of actual long-term trends in demand, but were rather caused by strikes,
government intervention, and other short-run pressures on the market.
Following the IME price under these circumstances would have invited

unjustified substitution away from copper.2

1Report of the Subcommittee on Copper to the Cabinet Committee on Economic
Policy, May, 1970, pp. 9-10.

2Fisher—Cootner-Baily have argued that producers, in addition to fearing
long-run substitution, may resist a short-run rise in the producers' price
out of fear that independent miners and new entrants to the industry

may take the price rise as a signal of a long-run rise in demand in

the market. These independents would then open new mines and/or step up
production in response to the higher price, leading to a long-run over-
supply of copper and depressed prices during a subsequent period of dampened
demand. They cite little evidence in support of this hypothesis, however.
Fisher-Cootner-Baily, "An Econometric Model of the World Copper Industry,"

op. cit., p. 573.
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Long-Run Substitution as an Industry Problem

Long-run substitution (LRS) has been a concern in the copper industry
since 1947, when the price of copper went above the price of aluminum
for the first time. Industry observers are not in complete accord on
the prevelance and importance of LRS, but it is generally agreed that
LRS is an important consideration in some of the markets for copper but
not in others,

The most important instances of LRS are in telephone conductor cable
and automobile radiators. Both of these require technological changes and
are, as yet, largely potential areas of substitution. Conductor cable and
automobile radiators account for roughly 25% to 30% of total demand for
primary copper in the United States. There is also clearly LRS in the
demand for copper electric transmission cable, and the possibility of
LRS in the demand for several other markets has been mentioned in the
trade press. In general, LRS is present in most of the markets for copper
wire, and these constitute 60% of the demand for refined copper.

The defining characteristic of LRS for copper is the need for new
investment to effect the substitution. Investment may simply be a matter
of purchasing existing types of equipment or may require technological
innovation. 1In either case, it is a high-cost move which is likely to be
undertaken only in the face of consistently high and/or fluctuating copper
prices which indicate that substitution will be justified in the long run
on a cost basis. Similarly, the substitution process 1is unlikely to be
reversed unless copper prices fall sufficiently below former levels to
both cover the costs of reinvestment in copper-using equipment and provide

significant long-run savings.
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Excess Demand and the Producers' Dilemma

David McNicol in his study of the two-price systeml argues that in
the face of a sudden unanticipated surge in demand for the refined
copper, producers have three alternatives:

e They can choke off demand by letting refined copper prices rise

freely, in the process stimulating LRS (and, by implication,
a loss of long-run profits);

e They can maintain the price at a level below that which they
believe will stimulate LRS and still continue to supply the
entire market demand by stepping up output; or

e They can maintain the price at a level below that which will
stimulate LRS and ration their production at existing levels,
at the same time expanding long-run capacity to bring down
the equilibrium price level.2

The first alternative implies an unacceptable loss of substantial

long-run profits. Under the second alternative--assuming the producers

1David McNicol, The Two-Price Systems in the Copper Industry, unpublished
Ph.D. thesis, Massachusetts Institute of Technology, February, 1973.

2Short-run production planning in tﬁe copper industry is generally done on a
five to six months' basis. Orders for semi-fabricated products are usually
placed a month in advance of delivery and the processing of refined copper
from mine output typically involves a three-month period.

Expanding capacity in an existing mine generally requires eighteen months

to three years; however, this involves effectively shortening the life
of the mine.

Although there is generally a ten to fifteen year lag between the decision
to bring a major copper deposit into production and the beginning of
production, the major producers typically have one or more mining projects
through the "exploration" stage of development. From that point, the
development period is generally the same as that required to expand
capacity in an existing mine.

Thus, for planning purposes, the short run involves at least a period of
6-18 months from a given date, and possibly as long as three years, while
the long run would prevail at some point between 18 and 36 months in the
future and would continue into the indefinite future.
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have the capacity to meet existing demand in the short-run--McNicol argues
it is entirely possible that producers will have to operate so near to
capacity that their short-run marginal costs will rise above the mamimum
price level at which they can sell and still avoid LRS.

Rationing would appear to be the desirable alternative. However, the
problem with explaining rationing as a producer response to the threat of
long-run substitution is that, as the rationing process is usually described
by the producers, rationing would be a self-defeating process.1

The key to preventing long-run substitution lies not in keeping down
the price of the producers' refined copper per se, but in preventing an
unacceptable rise in the price of semifabricated and fabricated copper
goods, since substitution decisions will be made at this latter stage of
the manufacturing process.

Yet according to McNicol as soon as producers begin to ration semi-
fabricators these semifabricators will either be unable to supply the demand
of their fabricator customers for semifabricated inputs, or they will have to
turn to the outside market to obtain their remaining refined copper needs
to meet the fabricators' demand. In both cases, the price of fabricated
goods will rise: 1in the former instance, because of excess demand for
fabricated output; in the latter instance, because semifabricators will
price their output along their new or shifted (industry) marginal cost
schedule2 at the point where the new marginal cost schedule intersects the
industry demand schedule. Their marginal cost will equal the outside

market price for refined copper.3

1Producers have, undoubtedly, been aware of this fact, as it has been fre-
quently mentioned by industry observers in the trade press.

2The upward shift in the marginal cost schedule is occasioned by the difference
between the outside market price and the pre-rationing primary producers price.

3This assumes a largely competitive market for semifabricated goods, a not

unreasable assumption given the relatively low degree of concentration in

the domestic industry.
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Assuming a general policy of across—-the-board rationing on the part
of the major producers, in the face of excess demand, rationing might
turn out to be a less beneficial policy than simply letting the price of
refined copper cise freely.1 At least in the latter case, producers would
be able to take advantage of the significant short-run profit gains.

The producers' dilemma thus arises from the fact that no matter which
alternative policy a producer adopts in the face of a sudden unanticipated
increase in demand, the economics of the industry (specifically, the low
short-run elasticity of supply and the high long-run elasticity of demand)
dictate that a producer may suffer negative consequences.

This assumes that producers ration their customers across-the-~board
and do not discriminate among types of fabricators. The specific procedure
used in allocating producer copper during the two-price systems have never
been explained in detail by the producers. However, the Houthakker Sub-
comnittee report described a de facto allocation system in effect during
the second and third two-price systems based on two general principals.
First, all of the producers reportedly used some historical supply pattern
from the period 1961-1963 as the basis for determining allocations: customers
as of that period were to be retained, if possible. In addition, however,
producers reported that they made additions to and deletions from this
base list on the basis of "the best long-run interests of the firm."

This second principal obviously left producers a great deal of room for
altering historical supply relationships when it was considered necessary
or desirable to do so.

Thus, the Subcommittee found through direct communication with semifabri-

cators that, although a general correlation did exist between the pattern

1Whether or not it is ultimately less beneficial depends on the precise cost
schedule facing fabricators, as well as the degree of discretionary pricing
which fabricators (as opposed to semifabricators) are capable of practicing--
two areas which McNicol does not specifically analyze.
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of allocation and the pattern of supply during the 1961-1963 period, at
times significant changes had occurred as well. Some customers received
only 40% of their refined copper needs from the major producers, whereas
earlier they had met 75-80% of their needs through producer copper.
Other firms found their allocations sharply increased.1

McNicol's Solution to the Producers' Dilemma

David McNicol has proposed a solution to the producers' dilemma based
on the fact that (1) some refined copper markets, such as wire mills, have
a much higher propensity for LRS than other markets, such as brass mills,
and (2) indirect price evidence indicating that production have at times

rationed markets selectively on the basis of their propensity for LRS.2

1Evidence concerning allocation procedures during the first two-price system
is equally spotty. In the 1964 Federal Court decision requiring Kemnecott
Copper Corporation to divest itself of Okonite, a wire and cable firm which
it had acquired in 1958, the Court found no evidence supporting the Govern-
ment's contention that Kennecott had favored its own subsidiaries at the
expense of its independent customers during the first two-price system

and again in a high demand period in 1959.

2Briefly, McNicol argues that, given existing conditions in the U.S. wire

mill and brass mill industries, the differential between the price of wire mill
products and refined copper and the price ot brass mill products and refined
copper should remain constant if fabricators are not rationed. On the other
hand, if either wire mills or brass mills are rationed, the differential
between the prices of their products and that of refined copper should widen,
since the marginal price of copper inputs will be the price on the outside
market. This argument assumes that: (1) The unconcentrated nature of the wire
and brass mill market results in the price of fabricated goods equalling
marginal cost; (2) Marginal cost i1s equal to the price of metal inputs plus
marginal processing costs; (3) Marginal processing costs remain constant

until capacity is reached; and (4) Capacity is generally greater than output

in the two industries.

McNicol's argument requires that producers' markets be segmented; in other
words, that it be impossible for unrationed fabricators to resell part of
their supplies to rationed fabricators at a price approaching the outside
market price. RST and AAC reportedly inserted ''no resale" clauses on their
sales contracts during the second two-price system; no apparent legal
restrictions exist to prevent foreign producers from following this policy.
U.S. producers might face antitrust prosecution if they did the same, but
it is likely that producers were able to discourage resales by firms in
unrationed markets, given their control over the supply of primary copper.
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Brass mills and wire mills have, together, accounted for roughly 83%
of refined copper demand in the past. If producers were to ration brass
mills while continuing to supply most, if not all, of the needs of wire
mills, producers could continue to produce at the same level of output,
while avoiding both LRS gnd the need to operate in the short run at a loss
or near loss. In other words, selective rationing would allow producers
to significantly improve their short- and long-run profit position com-
pared with the profit potential of the three alternative policies mentioned
above.

Domestic U.S. brass mills were, indeed, rationed and wire mills not
rationed during the first two~price system (1955-1956) and during the
first half of the second two-price system (1964-mid-1965).

Unfortunately, the same evidence forces McNicol to conclude that
domestic wire mills were rationed along with brass mills through the second
half of the second two-price system (mid-1965 to 1966) and throughout the
third two-price system (1966-1970). Besides the existence of across-the-
board rationing after 1965, the revised LRS explanation cannot explain
why producers continued to ration supplies after 1966, by which time they
should presumably have been able to overcome short-run capacity limitations
and increase output to meet the stepped-up demand.

McNicol's Second Explanation for Producer Rationing

Faced with this problem, McNicol develops a second alternative explana-
tion for producer rationing designed to explain both the rationing of
wire mills after 1965 and continued rationing beyond the period required

to expand long-run capacity. This second solution, termed the 'quantity

6-36

Arthur D Little Inc



DRAFT REPORT — The reader i1s cautioned concerninguse,
quotation or reproduction of this material without first
contacting the EPA Project Officer, since the document
may experience extensive revision during review,

discrimination"” (QD) motive for rationing, is based on the observation
that all of the U.S. producers and some of the foreign producers are
partially integrated, possessing their own captive semifabricating
subsidiaries, for the most part, in the form of wire mills.

McNicol argues that during periods of rising or high demand, semi-
integrated producers would have found it possible to increase their
profits at the semifabrication stage by cutting back on the total quantity
of refined copper they would supply to both their own subsidiaries and
to independent fabricators. The price of fabricated goods would be bid
up, either because fewer fabricated goods would be brought on the market
or because the cost of purchasing marginal quantities of outside market
refined copper would force an increase in the marginal cost of producing
fabricated goods.

In essence, the semi-Integrated producer would be acting as a mono-
polist to regulate the availability of supplies and thereby the market
prices at which fabricated goods were sold. While the producers' costs
of refining copper inputs to fabrication would remain the same, the
increased selling price of his subsidiary's fabricated output would provide
him with an increased profit margin.l

It should be noted, of course, that this profit gain would be obtained
at the possible expense of LRS among wire mill customers, who might be
stimulated to switch to alternative materials because of the increased price

of wire mill products.

lThe actual profit gain which a semi-integrated producer could realize would

depend on the demand elasticity for fabricated goods and his own marginal
cost schedule. Also relevant would be the marginal cost schedule of the
producer's semifabriactor subsidiaries, which might, or might not, purchcase
additional copper on the outside market.
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The Problem of the Pattern of Participation

While the revised IRS motive and the QD motive in combination offer
at least a theoretically logical explanation as to why U.S. producers
rationed during the three two-price systems, the use of neither motive
can fully explain the irregular pattern of participation by the major
foreign producers during these periods.

AAC, INCO, and UMdHK rationed during the second two-price system
between 1964 and 1966, but not during the first and third. The non-integrated
nature of these firms means that they would not have rationed for the QD
motive. However, if they did ration during the second two-price system
for the LRS motive, why not during the first and third? McNicol suggests
that because producers do not have identical costs and do not sell in
precisely the same markets, rationing might have been profitable at times
for some of the major producers while not profitable for others. In other
words, these three producers might have been faced with less of a threat
of long-run substitution in their European markets or might have been
better able to expand production levels in the short run without a
corresponding loss of short-run profits. But this line of reasoning is
primarily conjectural, with little firm evidence offered to support it.l

RST and Noranda, on the other hand, are both partially-integrated
firms which would have had both the LRS and QD motives for participating.
While both participated in the first and second two-price systems, RST

failed to participate in the third two-price system after 1966.

lMcNicol refers to Fisher-Cootner-Baily's estimates of a much lower European
long-run demand elasticity for copper compared with long-run demand elasticity
in the United States. As McNicol points out, however, the weakness of this
line of argument lies in the absence of barriers dividng the European market
from the domestic U.S. market.
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McNicol explains this by suggesting that the "Zambianization" of
the RST and AAC firms from early 1967 onward might have had an effect on
the willingness of the firms to participate, since the government of
Zambia was probably concerned with maximizing short-term revenues. How-
ever, RST went off the producers' price in April, 1966; and the Zambian
Government did not acquire the legal power to regulate the price of Zambian
copper until 1968. McNicol cites no other evidence to support the impli-
cation that the producers were attempting to placate the Zambian Govern-
ment in 1966 by shifting back to the producers' price.

Weaknesses of Availlable Explahations for the Two-Price System

In summary, there appears to be no complete, simple, logical explana-
tion or set of explanations for the rationing behavior of the principal
U.S. and foreign producers during the periods of the two-price system.

The producers themselves, if they are aware of such an explanation, have
declined to discuss it publicly. All of the available explanations are
either logically inconsistent and/or are unable to explain certain
"anomalous" behavior on the part of the producers.

The underlying weaknesses of both the revised LRS explanation and the
QD explanation for rationing lies in the difficulty of obtaining or
developing quantitative data to support these theories. In terms of the
LRS motive, as McNicol himself points out, it is almost impossible to
accurately estimate, for any one point in time, the price at which copper
end-users will begin switching to alternative materials (i.e., the long-
run elasticity of demand for copper).

To assume that producers themselves based their pricing behavior on

any more perfect knowledge of potential behavior on the part of copper
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end-users may be misleading. In addition, the revised LRS explanation
ignores a multitude of non-price factors, such as institutional rigidities,
expectations of technological change, and the like, which may be reasonably
expected to have exerted an important influence on LRS decisions.

In terms of the QD motive, it is similarly impossible to accurately
estimate at just what combination of copper prices, long-run demand
elasticity in fabricator markets, and producer marginal cost schedules
producers would have faced a situation where they could gain more profit
from practicing quantity discrimination than they would lose from LRS
as the price of copper rose or remained relatively high.

This lack of quantitative data leaves a number of questions unanswered.
For example, since rationing for the QD motive has a stimulative effect on
LRS (by forcing up copper prices or maintaining them at a high level),
accepting the QD motive for rationing requires accepting the idea that
after 1965 producers felt that they would gain greater profits by rationing
wire mills as well as brass mills than they would lose through LRS for wire
mill products. But, if this was the case, why did producers not ration
wire mills prior to 1965? Did their perception of long-run demand elasticity
change? Were they proceeding on a trial-and-error basis? Questions such as

these cannot be satisfactorily answered given present information.1

1
McNicol hypothesizes that domestic producers may have initially begun rationing
wire mills in the autumn of 1965 in response to a foreign producers' price in-

crease which U.S. producers were not allowed to match because of U.S. Government
pressure to maintain price guidelines then in effect. Although the needs of
domestic wire mills were assumedly being met, the price differential between
U.S. and foreign refined copper led to a price differential between U.S. and
foreign wire mill products. Higher wire mill product prices abroad would have
stimulated a significant growth in wire mill product exports from the United
States. This, in turn, would have strained the capabilities of U.S. producers
to continue to meet all of the demand of the U.S. wire mills for refined copper.
Rationing would have solved this problem by bidding up the price of U.S. wire
mill products. The problem lies in explaining domestic rationing of wire mills
after January, 1966, when U.S. controls were placed on wire mill product exports.
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CHAPTER 7

FINANCIAL CHARACTERISTICS OF THE U.S. COPPER INDUSTRY
AND THE PRINCIPAL COMPANIES

A. INTRODUCTION AND SUMMARY

In this chapter we present data on and discuss the operations of the
principal companies which account for most of the primary copper production
in the United States. We have in certain cases assembled data covering
the decade 1964 through 1974, and in other cases have chosen the year
1974 for comparisons. Full data for 1975 were not yet available during
the course of our work, although they became avallable for most of the
companies just before golng to press. We incorporate 1975 information as
appropriate (e.g., in regard to EPA matters) and to the extent it was
feasible to do so. In any event, the use of 1974 as the base and/or last
year for much of the analysis is consistent with the calculations and
perspective employed elsewhere throughout this study.

The remainder of this chapter is organized into three major sections.
First, Section B contains an overview of the financial performance of the
principal firms in the industry, based on comparisons of company financial
and operating data. This is followed, in Section C, by a discussion of
patterns of ownership structure, inter-firm relationships and extent of
vertical integration. Next, Section D presents a review of the capital
needs of the major firms in the industry and sources of capital. An
analysis of foreign sales and earnings of the major producers is addressed
next in Section E. Finally, Section F contains a detailed examination of

trends in debt and debt-equity ratios, the term structure of debt, and the .
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amount and means of pollution control financing.

A detailed description of the activities of each of the major pro-
ducing companies is provided in Appendix A to this chapter which has
been prepared for further reference.

The basic points emerging from this chapter can be summarized as
follows:

1. Eleven principal companies account for most of the primary copper
production in the United States. The largest producers are vertically
integrated from the mining stage through fabrication of cbpper and brass
mill products. The principal producers are publicly-owned companies
whose shares are traded principally on the New York Stock Exchange. The
aggregate ‘-book value of their corporate assets was approximately $17 billion,
and the market value of their common stocks totalled about $8 billion at
year-end of 1975.

2, Overall profitability for the copper producers, in terms of
operating margin on sales, has declined from about 23% in 1967 to 19% in
1974. Over the same period, profit margins for large industrial companies
and manufacturers in general was rather stable. In terms of after-tax
return on stockholders' equity, copper producers have shown a rate of
return equal to the FTC average for all manufacturing. However, the copper
industry has been characterized by much greater volatility in its rate of
return.

3. The copper industry is capital intensive with typically more
than one dollar of assets behind each dollar of annual sales. Inventory

turnover, however, is relatively high. By-product recovery operations,
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especlally for precious metals, and co-products such as molybdenum, have
been at times relatively significant to several companies; however, they
play a minor role in long term investment decisions regarding industry
growth and new copper mining capacity and at best an imperceptible role
in short-run price-output decisions.

4. Several of the major copper producers are also normally involved
in the production of lead and zinc, and others are engaged in primary
aluminum production and/or fabrication. A few producers participate
jointly in foreign copper mining companies, notably in Africa, Canada, and
South America; these companies derive 20-25% of total sales, and a higher
percentage of their after tax earnings from foreign operations.

5. Given access to ore bodies, the major barrier to entry into the
industry is the size of capital requirements, where the long-term investment
is highly risky in the face of a great deal of uncertainty surrounding
copper prices.

The minimum efficient scale of operations today would involve about
100,000 annual short tons of capacity. Investment requirements amount to
approximately $1,600/ton for the mining and milling stage, and $3,400/ton
for smelting and refining capacity (in 1974 dollars), so that provision
for integrated or full coverage of new capacity through refined metal
production would require a commitment of about $500 million.

The expected economic lifetime of investments is typically very long.
Such investment is rendered highly risky because of crucial dependence of the
success of such investment on the price of copper, which has been highly

volatile.
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Because ore bodies frequently involve lead, zinc, silver, and/or
other metals of potential interest in addition to copper, and because of
the riskiness of massive investments, the interests of the companies in
nonferrous metals projects are frequently intertwined. Joint ventures,
which constitute a means of diversification and pooling of risks, have
consequently become quite common in the industry.

6. Several major oil companies, which have considerable cash flow
for investment, and which have been diversifying their own holdings of
mineral resources, have, not surprisingly, recently taken an interest in
developing copper properties or have made investments in some of the
principal producing companies.

7. The financial performance of the companies suggests that firms
in the industry are typically long-term profit maximizers, with an operative
target rate of return on investments. Their pricing behavior as discussed
elsewhere, is always with an eye toward constant long-term competition
from aluminum. Their own interests in aluminum, while this represents a
small percentage of the aluminum industry, constitutes for them a natural
long~term diversification strategy.

8. Capital expenditures by most companies increased sharply in
recent years. A significant portion of the total industry capital expendi-
tures (i.e., about 25%) has been for pollution abatement, mostly associated
with 802 control at smelters. About 60% of the total, however, represents
investment in mining and milling capacity. Aggregate capital expenditures
have averaged about 12% of gross plant in recent years; this is about

three times the level of depreciation charges.
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9. With capital expenditures increasing faster than intermal cash
generation (from earnings, depreciation, and defined taxes), the cash-flow
position of the companies has deteriorated. Consequently, there has
occurred in recent years a sharp increase in external financing.

10. Long~term debt and stockholders' equity have both been increasing
for the copper producing companies over the last five years. However,
while overall debt has approximately doubled during this period, equity
has increased by less than 35%. As a result, debt-equity ratios for most
companies have increased significantly. Indeed, some companies are
believed to have temporarily reached prudent limits to debt in their capital
strucutre, and, as of 1975, awaited higher earnings and stock prices to

restore balance and financing flexibility.
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B.  FINANCIAL PERFORMANCE

1. General

Table 1 presents a financial overview of the U.S. primary nonferrous
metals industries for the most recent five-year period, based on Federal
Trade Commission data complied for Enterprise Standard Industry Classi-
fication number 33. The picture has been one of modest growth in sales,
lower turn on invested capital, eroding profit margins, and higher debt.
Of course, this composite is the net effect of aluminum, copper, lead,
and zinc combined. Aluminum and lead-zinc subindustries have to be analyzed
separately but in general the composite accurately reflects the pressures of
the last five years of inflation, higher costs of capital, increased capital
requirements for environmental controls, and the worst recession in many years.

2. Copper Companies

a. Summary Comparisons

Tables 2 and 3 present selected financial statistics for the principal
U.S. copper producers. These tables compare parameters which are believed to
be particularly important from the standpoint of the impact analysis. More
detailed summary financial data for each company are presented in the Appendix.

b. Profitability

Table 4 presents a 10-year record of return on stockholders' equity by
company. Table 5 compares the company data to the FTC average for all
manufacturing companies. Because the FTC data and the company data are
not necessarily on the same accounting basis (e.g., the latter are likely
to be inflated by inventory profits to a lesser degree) and cover a period
when wage and price control anomalies existed, it cannot be asserted that
differences in the average rates of return observed are statistically

significant. However, the indications are that the volatility of returns
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FINANCIAL STATISTICS--PRIMARY NONFERROUS METALS CORPORATIONS

TABLE 1

Sales
Net Bef. Fed. Inc. Taxes

Net Income

% Net Income to Sales

Rate of Profit on Stock-
holders' Equity %

Before Fed. Inc. Taxes

After Fed. Inc. Taxes

Cash Dividends
% Dividend to Net Inc.

Balance Sheet Data

Cash and Govt. Secs.
Receivables

Inventories

Total Current Assets

Bank Loans

Total Current Liab.
Current Ratio
Cash Ratio

Long-term Debt

1969 1970 1971 1972 1973 1974
(in billions of dollars)

21.45 21.00 18.61 18.82 24,77 28.98
2.24 1.87 0.88 1.05 2.11 2.67
1.42 1.29 0.62 0.69 1.34 2.04
6.6 6.1 3.3 3.7 6.9 7.0

20.7 10.3 4.8 9.0 21.6 12.7

13.0 7.6 3.8 5.6 15.3 8.6
0.57 0.61 0.51 0.37 0.54 0.48

40 47 82 54 40 24
1.08 0.99 0.91 0.92 1.15 1.27
2.94 2.83 2.32 2.88 3.27 3.14
4.29 4.59 4.10 4,27 3.75 4,84
9,02 9.04 7.85 8.66 8.59 9.57
0.64 0.73 0.53 0.64 0.38 0.59
3.86 4.13 3.28 3.69 3.77 4.62

2.3-1 2.2-1 2.4-1 2.4-1 2.4-1 2.1-1

0.3-1 0.2-1 0.3-1 0.3-1 0.3-1 0.3-1
5.48 6.14 5.91 5.99 5.54 5.79

Source: Federal Trade Commission and Standard and Poor's Corporation.

Arthur D Little Inc.
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NOTES :

*
The figures are presented on a pre-tax basis, ceteris paribus. Excludes foreign price change effects, which would be important

in some cases.

2 as computed by Value Line Investment Survey, February 27, 1976, for the Metals & Mining companies; and as computed by

ADL for Cities Service and Pennzoil. Growth in Earnings/Share 1964-1974 for the Fortune 500 largest industrial

companies averaged 9.5%/year.
b Share of Conalco production.
¢ Excludes United Gas Pipe Line Co., which was spun off.
d Includes minority shares of Pima's production.

€ Before effects of expropriation by Peru of Marcona subsidiary assets.

£
Mostly refined under toll agreements. Asarco equity in mine production amounts to 0.3 oz per share.

& 50% share of Alumax production.

h Amax now reports sales on a restated basis to include Alumax, Inc. (1974 sales of $464 million) on an equity basis.

1 Refined copper for own account, approximately 25% of which is derived from U.S. mines, 75% from scrap and/or foreign material.

] Actually 17% of 1974 sales, due to sale at higher prices.

SOURCE: Arthur D. Little, Inc. estimates.

The information presented above has been obtained from company annual reports and SEC filings, statistical services,
financial manuals, and other sources believed to be reliable, but its accuracy and completeness are not guaranteed.

While reasonable care has been taken in data compilation and presentation, we cannot guarantee absolute comparability
from one company to the next, due to differences in the nature of earnings, and differences in accounting. However,
to the best of our knowledge, the above data present an accurate and meaningful basis for selective comparisons.
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TABLE 3

SUIMMARY OF SALIENT FINANCIAL ASPECTS OF U S COMPANIES

Level of
1971-1974 Operating Profit Normal
1974 Production Average @ 75¢/1b. Employmegc
Sales Value Operating Total Average Copper, Co. Levels Long Term Debt Common Stock at 12/31/75
Primary Copper Margin on Capital Spending| Average Margin Mining, 12-31-75 Book Market
@ 75¢/1b Total Company 1972-1974 Only on Primary Smelting % Total Value Value
Company SMM Sales SMM SMM and Refining | Capitalization $/Share 2 Book
Amax $149 15.1% $ 227 22.5 1,500 27% 42,17 111
Anaconda 285 10.2 145 29.1 5,500 28¢ 54.8 3
Asarco 159E 6.7 101 10.7f 3,400 28 32 2 41
Cities Service 61 17.5° 370 10.7 2,000 32 60 5 64
Copper Range 101 13 &4 6 135 2,800 23 44.9 41
Cyprus Mines 150 31.7 43 47.6 2,000 23e 29 4 74
Inspiration Consolidated 113b 24 4 29 27 6 2,200 26 35.1 59
Kennecott 603 19.0 187 114.6 11,000 2n¢ 42.2 73
Newmont 225 29.9 48 67.3 4,400 27¢ 26.4 87
Pennzoil (Duval) 197 15.9 267 31 3 2,600 SSe 15.5 125
Phelps Dodge 421 20 4 182 85.9 7,500 37 43.4 84

NOTES:

bFigure used is 1973 deliveries basis, 1974 figure not representative due

Mmoo o N

Based on total Asarco mine production.
If prorated based on sales, copper would have accounted for $12.8 million.

SOURCE.

Arthur D. Lictle,

Inc. estimates.

8F:l.gure used in Standard and Poor's Copper Composite Average.

The employment level in U.S primary copper production totals 45,000 for
Total capitalization includes capitalized lease obligations

Total capitalization includes minority interests.

the above companies

to production difficulties.

U S. only was 78% of this. Average earnings from primary metals sales were $44 million pre-tax.

The information presented above has been obtained from company annual reports and SEC filings, statistical services,
financial manuals, and other sources believed to be reliable, but 1ts accuracy and completeness are not guaranteed

While reasonable care has been taken in data compilation and presentation, we cannot guarantee absolute comparability
from one company to the next, due to differences in the nature of earnmings, and differences in a-counting However,
to the bes. of our knowledge, the above data present an accurate and meaningful basis for selective comparisons
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Company

AMAX
(Tax Rate)

Anaconda
(Tax Rate)

Asarco
(Tax Rate)

Copper Range
(Tax Rate)

Cyprus Mines
(Tax Rate)

Inspiration
Consolidated
(Tax Rate)

Kennecott
(Tax Rate)

Newmont
(Tax Rate)

Phelps Dodge
(Tax Rate)

Averages:

Pre-Tax Returns
After Tax Returns

Tax Rate

OVERALL RATE OF RETURN:

TABLE 4

PERCENTAGE NET INCOME TO NET WORTH

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
18.9 16.9 13.0 13.1 12.5 13.7 8.9 10.1 12.5 15.8
(25) (21) @19) (22) (28) (23) (20) 27) 300 (@7
7.2 11.2 8.8 8.0 8.5 5.7 =30 13.6 8.3 19.5
(50) (49 (57  (54) (54) (11)  (credit) (4) (24)  (34)
14.6 17.7 13.3 12.5 15.5 13.1 6.8 7.2 14.7 14.6
(Na)  (30)  (23) (15 (21 (22) (11) an a7 @y
12.4 11.4 0.8 11.5 15.9 8.9 . - 3.4 -2.5 10.0 15.0
(24) (22) (45) (21) (19) (29) (Credit) (Credit) (37) (28)
10.9 12.6 13.1 13.7 13.6 14.4 13.4 12.8 15.4 17.2
30) (27) @7y (@23) (31) (26) (35) (20) (31)  (36)
13.3 12.1 6.0 11.6 24.1 27.1 12.5 15.8 16.7 10.4
(22) (25) (@10) (Q14) (43)  (33) (28) 27) (4) (14)
12.3  13.6 7.9 10.9 14.9 15.8 7.3 7.3 12.2 11.7
(50) (52) (36) (26) (28) (30) (15) (16) (26) (29)
* * * *  17.4  18.1 12.3 9.8 18.3 17.8
(34)  (32) (19) (22) @n  @n
14.6 16.4 9.9 11.9 15.2 16.4 10.4 11.0 13.4  12.6
(38) (41) (34) (33) (32) (37 (35) (35) (38) (25)
19.7% 20.9% 13.0% 17.2% 22.5% 20.3% 5.5% 12.0%  18.2% 18.9%
13.0% 14.0% 9.1% 11.7% 15.3% 14.8% 4.2% 9.5%2  13.5% 13.8%
34 % 33 % 30 % 32 % 32 % 27 % 23 % 21 %4 26 % 27 %

*Newmont became an operating company with the merger of Magma Copper in 1969.
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1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
Averages
Standard

Deviation

(%)

Sources:
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RATES OF RETURN ON STOCKHOLDERS' EQUITY

TABLE 5

$imple Average of

MEMO -

FTC Major Copper Inflation Rate
All Manufacturing Companies (Based on GNP
deflator,
Pre-Tax After Tax Pre-Tax After Tax Index 1958 = 100)
(%) (%) (%) (%) (%)
21.9 13.0 19.7 13.0 1.8
22.5 13.5 20.9 14.0 2.7
19.3 11.7 13.0 9.1 3.5
20.8 12.1 17.2 11.7 3.3
20.1 11.5 22.5 15.3 4.9
15.7 9.3 20.3 14.8 5.5
16.5 9.7 5.5 4.2 4.4
18.4 10.6 12.0 9.5 3.6
21.8 13.1% 18.2 13.5 5.5
23.4 16.9°  18.9 13.8 0.4
20.0 11.9 16.8 11.9 N.A.
2.6(13%) 1.8(15%) 5.2(31%) 3.4(29%) N.A.

Division of Financial Statistics, Federal Trade Commission,
Quarterly Financial Report for Manufacturing, Mining, and
Trade Corporations, 1975 eds.; and Arthur D. Little, Inc.

3Fortune 500 ALL-INDUSTRY MEDIAN was 12.4% in 1973 and 13.6% in 1974.
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has been greater over the period for the copper companies--i.e., their
business would appear to be risker than the FTC average.

Table 6 indicates furthermore that profitability in the copper
industry, in terms of operating margins on sales, has declined over the
last ten years whereas that for industrials generally has been maintained.

c. Special Characteristics

Table 2 indicates that:

® The industry is capital intensive, with typically more than $
of assets behind each $ of annual sales.

® By-product gold and silver production can be quite important
to the earnings of Asarco, Amax and Copper Range (silver);

Kennecott and Newmont (gold). By the same token, industry joint-

cost allocation and custom smelter contract practices can obscure

the economies at various levels.

e A 5¢/1b. change in the price of copper has a major impact on
Copper Range, Inspiration, and Pennzoil earnings per share.
e Aluminum production is now also a major factor in Anaconda's

and Phelps Dodge's earnings outlook.
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TABLE 6

TRENDS IN OPERATING PROFIT MARGIN

Percent of Sales

Year Large Industrial Companies1 Major Copper Companies2
1964 15.9% 22.7%
1965 16.2 26.5
1966 16.4 29.3
1967 15.5 23.9
1968 15.8 22.9
1969 15.4 27.8
1970 14.5 23.4
1971 14.6 15.5
1972 15.0 16.6
1973 15.8 19.1
1974 15.4 18.7

lStandard and Poor's composite data, 425 industrials.

2 .

Standard and Poor's composite data, based on Anaconda, Copper Range,
Inspiration Consolidated, Kennecott Copper, Newmont Mining, and
Phelps Dodge.
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c. OWNERSHIP PATTERNS

1. Ownership

The principal producers of copper are publicly-owned companies whose
shares are traded on the New York Stock Exchange (and some on the regional
exchanges). The aggregate book value of their total corporate assets
waw approximately $17 billion, and the market value of their common stocks
totaled approximately half this (i.e., $8 billion) at year-end 1975.

We have not made a detalled study to determine the major shareholders
of these companies. However, in view of several major recent proposed
changes in ownership which have been widely publicized, we shall review
briefly the pattern which has emerged and offer such comments as seem
appropriate.

a. Asarco, Kennecott, Newmont and Phelps Dodge

Shares are widely held, as are Cities Service and Pennzoil.

b. Amax - Copper Range

For a number of years Amax held a 20% equity position in Copper Range.
In late 1974, an agreement in principle was reached between the companies
to merge Copper Range Into Amax. In 1975, the Department of Justice sued
to block the merger on antitrust grounds. Also in 1975, Amax sold a block
of its stock to Standard 0il of California, which now holds approximately
20% interest in Amax. An additional 127 is held by Selection Trust Ltd.

(Selection Trust Ltd., a diversified mining and financing company
primarily concerned with minerals development, is affiliated with Charter
Consolidated, Ltd., in London, which in turn is prominently identified
with such companies as Rio Tinto Zinc Corporation, Ltd., and Anglo-

American Group companies).
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Amax has stated that if consummated, the proposed acquisition should
enable Amax to develop a portion of the Michigan copper deposits it has
under lease near the Copper Range holdings. The proven ore reserves in
Michigan that would be mineable upon the acquisition would total 121 million
tons with an average grade, fully diluted, of 1.20% copper. Of this total,
18 million tons are now under lease by Amax.

An even greater tonnage of possible reserves is estimated to lie
deeper than the current maximum mining depth of 2,200 feet.

c. Cyprus Mines - Pima

A major shareholder block in the case of Cyprus Mines is the family of
H. Mudd, who, together with associates, represent about 31.5% of the voting
power.

Cyprus consolidates the operations of Pima Mining Company--the 7th
largest U.S. copper producer--in its financial statements. Cyprus owns
50.04% of Pima's stock. The balance is split between Union 0il and Utah
International.

d. Pennzoil - Duval

Duval is now a wholly-owned subsidiary of Pennzoil Company. Pennzoil
got into the copper business via its 1968 merger with United Gas Corporation,
of which Duval was a subsidiary. Duval is the fifth largest producer.

e. Inspiration Consolidated - Anaconda - Crane et al.

In early 1975, Crane Company, through a subsidiary, acquired 5.5%
of Inspiration'’s stock, and subsequently made a bid to obtain control of
Inspiration. Anaconda had for some time held 27.6% of Inspiration's common
stock, and was its largest stockholder. Anaconda did not exercise control

over Inspiration, but, agreeing with the management of Inspiration, voted

to permit the sale of a substantial block to the Anglo-American Group of
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South Africa (Hudson Bay Mining, Anglo-American Corporation, et al.)
thus precluding Crane's attempt to take control. Anaconda now owns 20.4%,
and the Anglo American Group 30% of Inspiration's stock.
Later in 1975, Crane made a tender offer for 23% of Anaconda's shares.
Anaconda's management was opposed to the offer. Shortly thereafter, Tenneco

proposed a merger of Anaconda through an exchange of securities, and
Anaconda's Board approved. But, in early 1976, Atlantic Richfield (ARCO)
made a cash offer for 27% of Anaconda, with an agreement with Crane Company,
giving ARCO a right of first refusal on Crane's holdings (then actually
about 197) for a stipulated period. ARCO and Anaconda subsequently agreed
to merge Anaconda with ARCO and the required approvals for the merger are

pending.

f. Principal Joint Holdings

The following tabulation indicates the principal joint holdings of

the major U.S. companies in copper production as of 1975.

1974 Copper

Producer and Location Production Participations
(tons)
Southern Peru 