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Foreword

This report presents the findings of OTA’s assessment of Strategic Materials:
Technologies to Reduce U.S. Import Vulnerability. The study was requested by
the House Committee on Science and Technology and the Senate Committee on
Commerce, Science, and Transportation.

The United States imports well over $1 billion worth of chromium, cobalt, man-
ganese, and platinum group metals annually. Many of the uses of these metals are
essential to the industrial economy and the national defense. The United States
imports virtually all of its requirements for these metals; their production is highly
concentrated in two regions of the world: the Soviet Union and southern Africa.
The potential for interruption of supplies from these sources has heightened con-
gressional interest in alternatives to continued import dependence,

This study assesses the technical alternatives to continued reliance on south-
ern Africa and the U.S.S.R, for strategic metals. Promising opportunities for do-
mestic and diversified foreign production and for conservation and substitution
are identified for each metal. Technical, economic, and institutional barriers to
the implementation of the alternatives are reviewed and governmental options to
overcome those barriers are identified and analyzed.

We are grateful for the assistance of the project advisory panel, workshop par-
ticipants, contractors, and the advice of many government agencies in the United
States and Canada. As with all of our studies, however, the content of the report
is the sole responsibility of the Office of Technology Assessment.

6,4“ # gm\

JOHN H. GIBBONS
Director
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CHAPTER 1
Summary

Three nations, South Africa, Zaire, and the
U. S. S. R,, account for over half of the world’s
production of chromium, cobalt, manganese,
and platinum group metals. These metals are
essential in the production of high-temperature
alloys, steel and stainless steel, industrial and
automotive catalysts, electronics, and other ap-
plications that are critical to the U.S. economy
and the national defense,

With minor exceptions, there is no domes-
tic mine production of any of the four metals,
The Government maintains a material stock-
pile but its contents are reserved for national
security purposes only. As a result, the U.S. in-
dustrial economy is vulnerable to a variety of
supply disruptions that may arise in times of
peace. Disruptions of supply, such as the Cana-
dian nickel strike in 1968 and the rebel inter-
ruptions of cobalt production in Zaire in 1978,
can have a major impact on U.S. industries
which must, in times of shortages, either com-
pete for limited supplies of strategic metals or
limit production of products that use strategic
metals. Competition for supplies can result in
price increases that may eventually be passed
on to consumers, while reduction or cessation
of production may result in loss of market
share or permanent withdrawal from some
markets, weakening the competitiveness of
U.S. industries.

In the longer term, there are many techni-
cal alternatives that can provide more secure
sources of supply, improve the prospects for
conservation and recycling of strategic mate-
rials, or speed the acceptance of substitute
materials that reduce the need for strategic
materials.

Few of these technical alternatives can be im-
plemented immediately on the occurrence of
a supply disruption: some are near commer-
cialization, others require further testing and
evaluation, and still others are only in the re-
search and development (R&D) stage. Nearly

all of the alternatives must overcome substan-
tial economic and institutional barriers before
their full promise to reduce U.S. reliance on
southern Africa and the U.S.S.R. for strategic
materials can be realized.

Government actions to assure secure sup-
plies of metals critical to the United States have
been limited largely to reliance on the national
defense stockpile to ensure the availability of
materials required for national defense in time
of war, leaving it to the free market to provide
a diversity of suppliers for the industrial econ-
omy. These actions are appropriate for normal
commerce and for periods of military conflict,
but they are not intended to protect American
industry from disruptions of the supply of
chromium, cobalt, manganese, and platinum
group metals that might occur as a result of po-
litical disturbances, strikes, changes in politi-
cal ideology or other non-war-related factors
affecting supplier nations.

There is no single generic approach to re-
duce materials import vulnerability—to be ef-
fective, different actions must be taken for each
metal under consideration. An overall strategy
to reduce U.S. reliance on uncertain sources
of supply of strategic materials should be based
on a combination of three technical approaches:

+ increase the diversity of world supply of
strategic metals through the development
of promising deposits, both foreign and do-
mestic, outside of southern Africa and the
Soviet bloc and through exploration for
new deposits of strategic materials;

« decrease demand for strategic metals
through the implementation of improved
manufacturing processes and recycling of
strategic materials from scrap and waste;
and

« identify and test substitute materials for
current applications and develop new ma-
terials with reduced strategic material con-
tent for future applications,
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There is a wide range of actions that the Gov-
ernment may draw from to implement some
or all of these approaches. These actions vary
in cost, degree of Government involvement,
probability of success, and contribution to the
overall strategy for reducing vulnerability. The
actions include:

Collection and analysis of data and the dis-
semination of results to industry. Government
already plays a key role in provision of essen-
tial information about strategic materials, An
expanded role, including more emphasis on
identification of foreign investment oppor-
tunities for U.S. firms abroad, sponsorship of
a substitution information “bank,” develop-
ment of better data about domestic mineral
occurrences, and periodic reexamination of
trends in strategic materials recycling and
conservation, would help Government policy-
makers adjust strategies to changing circum-
stances, and encourage private actions to re-
duce vulnerability,

Support for research and development and for
mineral exploration. Implementation of any
technical approach to reduce import vulner-
ability will assume a continuing R&D effort,
most of which will continue to need Govern-
ment support. Strategic materials R&D pro-
grams, decentralized among many agencies,
need better coordination if common objectives,
goals, and purposes are to be met.

Federal funding of strategic materials R&D
in the areas of recycling, substitution, and ad-
vanced materials appears adequate to keep
pace with the changing materials mix in the
economy. In the area of mineral exploration,
prospects for a major domestic discovery of
one or more of these materials are not prom-
ising, but could possibly be enhanced through
greater support of public and private explora-
tion research, including basic research on geo-
logical theories of mineral occurrence, im-
proved geophysical, geochemical, and drilling
equipment, and more intense study of the re-
source potential of Federal lands.

Assistance for education and training. Ad-
vanced materials, now in their infancy, hold
promise of altering the mix of basic materials

used in many applications now dependent on
strategic materials. International competition
for supremacy in these emerging markets is
strong, with some other countries, including
Japan, placing greater emphasis than the United
States on technical education and training of
workers in these fields. Increased Government
support to U.S. educational institutions in con-
junction with the advanced materials industry
may be needed to ensure the long-term com-
petitiveness in these fields.

Development of alternative technologies and
materials. In cases where the principal barrier
to commercialization of a technology is the cost
of demonstration and pre-commercial develop-
ment, or where benefits arise from having the
technology or material “on-the-shelf,” the Gov-
ernment could support the construction and
operation of demonstration plants or the test-
ing and evaluation of substitute materials. This
would reduce industry response time in an
emergency,

Financial assistance for domestic industry.
The economics of nearly all opportunities for
domestic mineral development are discourag-
ing to potential investors. If the benefits of do-
mestic mineral production are desirable from
the public’s perspective, however, assistance
could be provided in the form of subsidies, pur-
chase commitments, loan guarantees, tax in-
centives or other Government financial aid.
Such programs need not be limited to mineral
production: processing of ores and metals, pro-
duction of substitute materials, and operation
of recycling facilities could also be encouraged
by similar programs. Financial assistance pro-
grams could be expensive, however, so that
their cost effectiveness, compared to other
alternatives and to reliance on the free market,
needs to be carefully considered.

Role of Government in reducing materials im-
port vulnerability. The degree to which the Gov-
ernment should actively support activities to
reduce materials import vulnerability ultimately
depends on the perceptions of policymakers as
to the degree of harm that could result from
supply interruptions, the probability that such
interruptions may occur, and the role policy-
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makers see for the Government in dealings
with the private sector. In addition, the effec-
tiveness of the technical approaches that Gov-
ernment chooses to pursue depends, to some
degree, on its commitment to their success and
to the coordination of the approaches in a
unified strategy directed toward reducing ma-
terials import vulnerability. The effectiveness
of Federal policies also depends on establish-
ing goals for strategic materials policy, identi-
fying the most promising technical approaches
to reduce vulnerability for priority materials,
coordinating governmental actions, and en-
couraging industrial and academic activities
in support of the technical approaches. In view

of the multiplicity of Government activities that
already affect the strategic materials issue and
the long time required to implement most of
the technical approaches, the Government
would need a process for the periodic reeval-
uation of strategic materials objectives and of
the effectiveness of programs implementing the
technical approaches.

The following sections summarize the back-
ground to strategic materials issues and the
most promising technical approaches to reduce
the vulnerability of the United States to inter-
ruptions of supplies of strategic materials.

Introduction

The United States is well endowed with
many natural resources. Timber, coal, water,
and agricultural resources are the envy of the
rest of the world. The endowment is not com-
plete, however. The United States is dependent
on foreign suppliers for many mineral resources.
The Soviet Union and the nations of southern
Africa are suppliers of many of the minerals
and metals that the United States must import.
Although in some cases these nations play only
a limited role in the world supply of raw ma-
terials, for some materials they quite literally
dominate the market.

Mine production of cobalt, chromium, man-
ganese, and platinum group metals, all essen-
tial to defense and to the civilian economy, is
concentrated in the Soviet Union and south-
ern Africa (see map on pp. 8-9 for the world-
wide distribution of mine production of these
metals), Reliance on a potential adversary such
as the Soviet Union for materials essential to
defense and industry is an obvious area for
concern. Nor is it certain that supplies from
nations in southern Africa will continue with-
out interruption: the division of nations on
racial grounds, the role of Soviet influence and
Cuban military involvement, the internal po-
litical division of key mineral-producing coun-
tries, and the vulnerability of mines and trans-

portation systems to sabotage and guerrilla
actions combine to raise questions about the
reliability of mineral supplies, regardless of the
good intentions or financial needs of the gov-
ernments in power.

Dependence of the United States on a few
nations of uncertain reliability for materials
that are essential to many industrial and de-
fense uses has heightened concern over mate-
rials and minerals policy in recent years. This
concern is not new; since World War Il U.S.
policy makers have sought ways to reduce U.S.
vulnerability to interruptions of supplies of
strategic materials.

The most visible policy taken by the United
States to guard against disruptions of supplies
of strategic materials is the National Defense
Stockpile (see box A). The objective of the
stockpile is to support U.S. defense, industrial,
and essential civilian requirements during a
prolonged military conflict or declared national
emergency, If properly stocked and maintained,
the stockpile can be effective in coping with
a disruption of supplies during a war or ex-
tended military conflict.

However, the defense stockpile does not pro-
tect, nor is it meant to protect, American in-
dustrial and other civilian consumers from
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Box A.-The Strategic Materials Stockpile

For over four decades, the strategic and critical materials stockpile has been seen as a kind
of insurance policy for safeguarding the United States against the effects of a supply emergency.
The stockpile, however, is only intended to safeguard military, industrial, and essential civilian
needs in times of war or declared national emergency, and is not a general-purpose source in an
emergency.

First established in 1939, the stockpile was built up rapidly in the post-World War 1l and Ko-
rean War era, when the goal of the stockpile was to accumulate a 5-year supply of critical materials.
Many of the materials now in the stockpile date from this period, and maybe antiquated due to
changes in material specifications. During the Vietham War period, substantial amounts of stock-
piled material were declared excess to stockpile needs and sold by successive administrations—a
circumstance that led to charges that the stockpile was being used to keep metal prices stable dur-
ing the Vietnam War. (Stockpile goals had been reduced from the initial 5 years to 3 years in 1958,
and to 1 year in 1972, before being raised back to 3 years during the Ford Administration.)

In 1979, Congress reaffirmed its commitment to stockpiling through enactment of the Strate-
gic and Critical Material Stockpiling Revision Act (Public Law 96-41). The law stated that the stock-
pile “should be sufficient to sustain the United States for a period of not less than 3 years in the
event of a national emergency. . . “ and “is to serve the interest of national defense only and is
not to be used for economic or budgetary purposes.” The 1979 law also established a stockpile
transaction fund, under which materials can be purchased for the stockpile from sales of excess
materials. At the time the law was passed, stockpile inventories in excess of the 3-year require-
ment were valued at $4.9 billion. Acquisition needs were estimated to be $12.9 billion. In March
1981, President Reagan announced a major new stockpile acquisition program, aimed at meeting
stockpile goals for 15 priority materials. For fiscal year 1985, the Administration is seeking to sell
$78 million in excess materials and to purchase s120 million for the stockpile. However, the re-
quest is significantly below the amount required to meet stockpile goals. At present spending rates,
it would take 100 years to meet stockpile goals.

The Federal Emergency Management Agency (FEMA) oversees the stockpile, and submits to
Congress the Annual Materials Plan (AMP) for the buying and selling of materials for the stockpile.
An AMP steering committee, comprised of 12 agencies and chaired by FEMA, develops the an-
nual plan. Actual management of the stockpile sites, which are dispersed throughout the United
States, is conducted by the General Services Administration.

Alternatives to acquisition and sale of stockpile materials are under consideration, including
the potential for technology to upgrade stockpiled materials to today’s standards. For example,
most of the cobalt in the stockpile does not meet current industry requirements, and therefore may
need replacement. The American Society of Metals, in a recent report to FEMA, suggested that
U.S. firms be given stockpile samples to demonstrate whether the out-of-date materials could be
processed to meet current standards. If so, some materials already in the stockpile could be readied
for use in an emergency, and some materials may not need to be replaced through purchase.

Barter is an alternative means of obtaining materials for the stockpile. The U.S. Government
operated a barter program under the Department of Agriculture from 1950 to 1973, which disposed
of surplus agricultural commodities and acquired strategic materials for the stockpile. The total
value of agricultural exports under this program was $6.65 billion. The barter program was
suspended in 1973 when agricultural surpluses were drawn down, and stockpile goals were
changed. In 1981, the U.S. Government again became involved in barter on a limited basis when
it concluded three Jamaica bauxite-dairy barter agreements worth $47 million, but a formal barter
program has not been reestablished. Approximately 20 barter bills have been introduced in the
98th Congress. The Administration has established a working group on barter to review proposals
on a case-by-case basis.
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Table A.— Domestic Consumption and Production of Strategic Metals

Domestic production

Apparent
consumption primary scrap Price
Chromium: (tons x 1,000) $/M.T.
1979 . . 586 0 67 54-58
1980 . . . . .. 567 0 72 54-58
1981 ... . 533 0 70 51-55
1982 . . 333 0 63 48-52
1983 . . .. 334 0 78 48-52
Cobalt: (pounds x 1,000) $/pound
1979 . 18,806 0 1,170 24.58
1980 . ..o 17,054 0 1,183 25.00
1981 . . .. 12,532 0 972 19.73
1982 . .. 11,452 0 871 12.90
1983 .. 15,712 0 724 12,50
Manganese: (tons x 1,000) $ILTUC
1979 . . 1,250 31 0 1,40
1980 . ..o 1,029 23 0 1.70
1981 ... .. 1,027 24 0 1.72
1982 . . 672 4 0 1,58
1983 .. 730 4 0 NA
Platinum group $/troy ounce
metals: (troy oz x 1,000) Platinum Palladium
1979 . 2,992 9 309 352 113
1980 .. ..o 2,846 3 331 439 214
1981 ... 2,445 7 392 475 130
1982 . .o 1,822 9 344 475 110
1983 . . .. 2,464 9 287 475 130

dApparent consumption equals totalimports minus exports plus domestic production pius tncreases of stocks and Inventories

bChromium Pr'ce1s for metric tonnes of Transvaal ore. fob South Africa

CLTullongtonunitysthemetalcontent of one long ton of one percent grade ore It Is equivalent to 224 pounds of contained metal

NA —not available
SOURCE US Department of the Interior, Bureau of Mines

supply disruptions that result from economic
or foreign political disturbances. The concen-
tration of supply of important minerals in a few
countries, combined with anxieties aroused by
the success of the oil producers’ cartel in the
1970s, has led to calls for materials policies that
protect the Nation against supply disruptions
in a wider range of scenarios than those con-
templated under Defense Stockpile policies.

Two general approaches have been proposed
to reduce materials import vulnerability in non-
war scenarios. One is to establish uneconomic
stockpile, similar to the defense stockpile, but
which maybe used in times of economic dis-
ruption rather than military conflict. The pur-
pose of such a stockpile would be to reduce the
impacts to the U.S. economy from peacetime
market and supply disruptions. However, there
is considerable skepticism on the part of indus-
try that an economic stockpile could be man-
aged without causing market disruptions itself.

The advantages and disadvantages of various
types of economic stockpiles have been the sub-
ject of much study. (See, e.g., OTA’S, An As-
sessment of Alternative Economic Stockpiling
Policies, OTA-M-36, August 1976.)

The second approach is technological. Through
a combination of technical advances in mineral
production, conservation, and materials sub-
stitution, the requirements for imported stra-
tegic materials can be lessened and the reli-
ability of supplies can be increased.

This assessment concentrates on the role of
technology in reducing the vulnerability of the
United States to interruptions of supply of stra-
tegic materials. The technical approaches may
be directed either toward developing alterna-
tive sources of supply and alternative technol-
ogies for use in cases of supply interruption or,
in the longer term, toward developing new
materials and processes that significantly re-
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Distribution of Mine Production of Cobalt, Ch

CaBalda 0 Finland Turkey Philippines
CO alt gn//o Chromium 4% Chromium 6 % Chromium 5%
PGM ° Cobalt 3%0 China Cobalt 4%
Cupa USSR Manganese 6 % Australia
0,
CObalt 6/0 Chromium 33% India Cobalt 5%
Mexico Cobalt 8% Chromium 3% Manganese 8%
M 2% Manganese 32% 6%
anganese 0 PGM 29% Manganese
0
Brazil )
Chromium 4% Albam_a
Manganese 11% Chromium 5%

[ Manganese

rJ Cobalt

Chromium

Platinum

SOURCE Office of Technology Assessment, from U S Bureau of Mines data
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m, Manganese and Platinum Group Metals—1981

Zaire South Africa
Cobalt 47% Chromium 34%
Gabon Manganese 23%
Manganese 9 % PGM 44%
Botswana Zimbabwe
Chromium 5%

Cobalt 1%

Zambia
Cobalt 15%

A
7/
4

CI

China
Turk ;
"‘“\.—qey

?

Philippines

%
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Ch. 1—Summary .11

duce the need for strategic materials, The va-
rious technological approaches identified are
distinct from, but may be combined with, the
nontechnical alternatives, that is, continuation

of the current policy of supporting the defense
stockpile 