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I. SUMMARY

Title: Study of Use of Substitute Materials in Lesser Developed Countries
Time Period: Three (3) Years
Total Estimated Cost: Approximately $281,000, first two years
Proposed Contractor: Southwest Research Institute
P. O. Drawer 28510
San Antonio, Texas 78284
Proposed Investigators: J. E. Funnell (Principal)

D. L. Black
E. J. Wolfe

Introduction: The proposed study is designed to establish the economic

and technical basis and rationale for designing projects in materials substitution
for developing countries. It will couple areas of high foreign exchange expen-
ditures due to raw and semi-finished materials importation with techniques and
processes that offer the potential for converting locally available mat‘erials into
usable substitutes for the imported materials. This is expected to provide a
systematic means of identifying substitution opportunities based on developing
country needs which result from high foreign exchange expenditures or large
volume of imports. In order to establish and verify the efficacy of this approach,
one or more projects will be designed to analyze, test and provide the basis for
the substitution of selected indigenous or other more appropriate materials for
more costly imported materials. Successful substitution is expected to result

in one or more of the following: lower capital and/or manufacturing costs, lower
energy demands, better utilization of local labor and resources, and better access
by the poorer segment of the population to materials appropriate for use in houses,

roads, water and sewage systems, and other basic necessities.



II. RESEARCH PURPOSE AND EXPECTED PRODUCTS

A. Purpose

The purpose of this research is to provide an objective analysis of ma-
terials technology with fes pect to its possible application to reducing selected
imports of developing countries by replacing them with materials and products
that may be produced from indigenous resources. This will provide a basis for
designing projects which take advantage of existing knowledge and of recent re-
search and developments in the materials technology field, and which identify,
analyze, appraise and test materials substitution possibilities. The general
goal is to provide a technical basis for reducing LLDC foreign exchange expendi-
tures for imported materials through the use of more appropriate substitutes.

B. Expected Products

The principal products of this program will be 1) a systematic methodology
for ~urveying the spectrum of materials substitution possibilities in developing
countries, 2) a procedure for identifying substitution possibilities that are more
relevant to developing country needs, 3) a basis for recognizing substitution op-
portunities among the possibilities and assigning priorities to those that hold
particular promise for reducing foreign exchange expenditures for imports, and
for identifying areas of deficiency and items in need of research, and 4) guide-
lines for the design of projects to analyze, test and undertake actual substitution
of selected indigenous or other more appropriate materials for more costly im-

ported materials.



The first product (above) will provide guidelines for linking imported
materials with indigenous raw materials and techniques and processes for their
conversion to substitutes for the imports. The second product narrows the field
of sabstitution possibilities by screening the findings obtained for the broader
range of possibilitiés, and identifies substitutions that are attuned to the needs
of the developing country, as, for example, the alleviation of needs for imported
fuels, or need to establish industries that make goods more available to the poorer
segment o.f the population and provide employment. The third product continues
the narrowing process and allows priorities to be placed on substitution possibil-
ities so as to rank them according to the degree to which they hold promise for
reducing foreign exchange costs for imports and/or reducing import volumes.

A further objective is to provide a procedure for bringing into focus the capa-
bilities and facilities required to produce the substitutes, based on the application
of appropriate technology. The fourth product makes possible the orderly under-

taking of projects to pursue the best substitution opportunities.



III, SIGNIFICANCE AND RATIONALE FOR THE RESEARCH

As nations develop, demand for the products of the industrialized
nations rises sharply. Most developing nations have difficulty in satisfying
this demand without creating a éerious drain on their foreign exchange re-
serves. Many nations have attempted to mitigate this problem by importing
the technology required to produce the manufactured goods in greatest demand.
Unfortunately, the imported technologies are often designed for conditions
which prevail in the countries where they originated. They are likely to be
capital intensive and based on resource availability and materials of accepted
usage in those countries. As a result, the developing nations receive only
partial satisfaction for their efforts when they find it necessary to import the
raw or semi-finished materials required for the basic manufacturing industries.

Materials substitution has several advantages in addition to saving of
foreign exchange. Locally made materials frequently offer significant cost ad-
vantages which permit greater availability of products internally, as well as
increasing the possible competitive position on the world market. The use of
locally obtained raw materials or intermediate products can create new in-
dustries that will generate local capital and increase employment. Aléo, the
value added by manufacturing will reside in the locally made materials instead
of having to be paid to a foreign producer whose goods were imported and which
might even have had their origins in raw materials obtained from the developing

country,



All developing nations import some raw materials. Some import raw
materials which could be produced locally, but are not, for a variety of reasons.
Some of these reasons are that the sources of local materials have not been
discovered; the deposits have not been exploited; or the materials have not
been identified as possible substitutes for the imported materials. The po-
tential benefit of substitution and the interest of developing countries in it de-
pend to a large degree upon the cost differential between imported materials and
substitutes for them, plus the quantity of the imported materials consumed which
determines their cost in terms of foreign exchange. One of the important early
steps in this study will be to identify areas of materials substitution in which
potential benefits are significant.

In recent years, there has been a noticeable trend away from materials
specifications to performance specifications for use in many applications in areas
of construction and manufacturing. Thus, in a given situation, the potential exists
to substitute one material for another, provided the end product satisfies service
and performance requirements. Much is known of thousands of different ma-
terials and products and how they behave and perform under the familiar con-
ditions of particular applications. However, this knowledge provides only guide-
lines that have been established from many case histories of the use of materials
of known properties and functional capabilities under reasonably well compre-
hended service conditions. Where the use of alternate materials is contemplated
for those service conditions, detailed analysis and evaluation of the substitutes'

suitability must be undertaken. The analysis and evaluation task becomes more



involved for developing countries that become interested in broad-scale import
substitution; this is because the possibilities and opportunities for substitution
will need identification and locally available materials suitable for use in each
application v}ill have to be found,

In addition to the potential for direct economic savings from substitution,
due attention should also be given to identifying substitute mater.ials that require
less energy in their production than imported and/or presently used materials
and products. This would increase economic savings even further by reducing
the need for and dependence on foreign energy supplies.

Materials can be converted to usefulness by numerous mechanical, phys-
ical, chemical, and thermal procedures and processes. All of these require
energy in some form and amount. For some the finite energy needs for con-
version are relatively low, as, for a very simple example, in the harvesting
of palm fronds and their use as roofing material. For others the energy re-
quirements are high, as in the mining and conversion of iron ore to metallic
iron and steel, or the production of burned brick from clays. In each of these
cases, there are alternatives. For example, many materials can be used in-
terchangeably in various types of roofing systems, and some of the demands for
iron and steel can be satisfied with wood, concrete, plastics or other materials.
Similarly, burned clay brick can be replaced in many instances with stone,
adobe shapes (adobe can be stabilized by the addition of an emulsified bitumen),
or concrete shapes, or autoclaved calcium silicate building products? all of

these are less energy intensive than burned clay brick. The technologies for



accomplishing any of these substitutions are well known and commercially de-
veloped. Even so, the basic raw materials to be used in substitution must exist,
their presence known, and their general characteristics‘ determined before they
can be considered for utilization.

The matter of what can be substituted for what poses numerous questions,
as inferred above., These must be answered in order to satisfy technical, eco-
nomic, commercial, and other requirements. In addition, confderation must
be given to the capabilities for undertaking the kinds of activities necessary in
substituting locally produced--or producible--materials for imports. If the
capabilities are lacking, then they must be acquired or developed. An economic
imbalance resulting from an excess of foreign exchange costs for imports over
foreign exchange receipts for exports can provide the stimulus for doing this.
Determination of where the best contributions can be made requires examination
of the situation in any given country, specifically with regard to the nature and
am.ounts of imports, the resources available to provide a base for producing
substitutes for selected import items, and the technical and economic require-
ments for the substitution.

As indicate'd above, many specific possibilities for materials substitution
have already been identified and examined. Almost all of these were first iden-
tified as a result of investigations concerned with specific products or materials.
There has been no indication of comprehensive or systematic attempts to iden-
tify substitution opportunities based on developing country needs that are or can

be directly related to high foreign exchange expenditures or large volume of



imports. Wh#t is needed, therefore, is a systematic survey of the entire range
of substitution possibilities using as criteria for assigning priorities the level
of foreign exchange expenditure and raw material availability. The knowledge
thus gained will aid in identifying where the greatest potential for research in
materials substitution lies, and in planning and designing projects which will

explore those opportunities in detail.



IV. PLANS TO COORDINATE AND LINK
RESEARCH--INCLUDING NETWORKS

Under its mandate to explore, on a selective basis, technological in-
novations that can greatly reduce the costs of economic infrastructure activities
that are heavy users of public funds of the developing countries, the Office of
Science and Technology has developed and .managed several related projects
which not only provide useful background data for this project, but which have
developed linkages that will be useful in follow-up projects. Three projects
which have been and/or are the most closely related are Sulfur Surface Bonding,
Low Cost Roofing, and Reducing Cost of Public Works Construction. The first
two deal directly with selected substitute materials and the third explores various
opportunities for reducing costs of public works,including the substitution of less
costly and/or locally produced materials. In addition to these projects are
university grant programs that deal with industrial development in developing
countries. The many foreign linkages that have been developed through these
and other projects will be useful sources of data initially, and later will be po-
tential sources of collaboration during testing of the findings and utilization of the
results.

AID has some sixty engineers in field posts throughout the world, many
of whom have had direct experience in the materials field. These engineers will
be consulted and asked for advice at regular intervals. They will be the chief
source of liaison between the contractor and the missions and country or regional

counterparts during any field testing that is conducted as a follow-up to this study.
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Southwest Research Institute, through years of work iﬁ product develo'p-
ment and evaluation, process studies, industrial ’déveiopment programs ,' and
other activities in the materials area, has als.o developed numerous linkages,
both in the U.S. and abroad, which will aid in collAe<.:ti,ng data and developing a
plan. The Institute has been the principal sponsor of a series of Inter- Ame.rican
Conferences on Materials Technology held to bring together specialists in this
area from throughout the Western Hemisphere. In other activities, members
of the Institute's staff have participated in progra.ms for the United Nations in
technology transfer in metallurgy and other materials areas throughout the world.
Through its work in AID projects in Latin America and Africa, the Institute has
made numerous contacts in a number of countries and had conferences with in-
dividuals and groups in governmental, institutional, research and industrial
sectors; this is a continuing.activity. Additionally, members of the Institute's
staff have engaged in many projects for industries in developing countries, and
they have also developed professional relationships with individuals in research
and educational areas.

Appendix I contains a list of descriptive titles of some current and past
projects of the Institute which relate to potential areas of materials substitution.
The sponsors of these projects, and the recipients of the results already form an

informal network of common interest whick could be exploited later.
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V. PLAN TO FACILITATE UTILIZATION OF RESULTS

The results of this study will provide the basis for the design of one or
more projects to test the findings and stimulate utilization of the results among
the LDCs. One example of a materials testing and utilization methodology which
may be applicable has already been employed in the Sulfur Bonding Project. In
this project, sulfur has been substituted for mortar in block wall construction,
but with a different method of application. In order to test this method in a
development setting, the project has undertaken the construction of test hous =&
in selected developing countries. Economic and social data are collected during
and for one year following construction. Results of the construction portion of
Phase I indicate that the necessary test data can be obtained by this method and
the completed houses provide visible evidence of achievement which in turn
stimulates further interest in utilization.

The interest, participation and assistance of developing country personnel
will be important to achievement of objectives, to the completion of the project
and to the utilization of project findings. It is anticipated that information will
be needed on such subjects as imports, resources, manufacturing capabilities
and types, research facilities and personnel, irfrastructure, and so forth; this
may be available from local sources in developing countries. Also, a reasonable
expectation is that training of local staff may be required in follow-on projects

for analyzing and field testing of substitution opportunities. Further, it is
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probable that regional demonstrations, workshops, and training sessions will
be employed to transfer technology and acquaint professionals and others in
developing countries with strategies, concepts methodologies, problems, and

needs in identifying, evaluating, and pursuing materials substitution opportunities.
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Vi. MANAGEMENT CONSIDERATION

Technical management for this project will be by the AID Technical
Assistance Bureau's Office of Science and Technology. Through the design
and management of several closely related projects described in Section IV,
TA/OST has gained considerable insight and experience in the public works and
materials area that is directly applicable in this project.

The Office of Engineering, which will collaborate with TA/OST in the
design and evaluation of this project, also has had extensive experience in this '
area. Engineers in the Office of Engineering have had years of practical ex-
perience in solving engineering problems in developing countries. Many of
these problems have, by necessity, involved the substitution of materials.

The proposed contractor, the Southwest Research Institute of San Antonio,
Texas, had had direct experience in studies involving materials substitution over
the past twenty-five years, the bulk of which has dealt with engineering materials
such as concrete, metals, sulfur, plastics, glass, and others. Some work has
included the use of locally available materials as partial or total replacements
for more costly, problematic, or less available ones. Among these have been
cases that dealt with 1) using a natural pozzolanic material to replace up to 25%
of the portland cement normally used in structural concrete, 2) using lignite in
lieu of wood for the manufacture of activated carbon, 3) using sulfur to replace
cement mortar as a bonding agent in building construction, 4) using the sap from

Ponderosa pine trees instead of that from long leaf and other pine species for
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production of turpentine and other naval stores materials, 5) using ceramics
and polymers.‘instead of metals for the fabrication of bone implants, 6) using
hydrothermally cured building products to replace burned clay brick and tile
which require much higher energy to manufacture, 7) .using lightweight aggregates
in concrete to decrease loads on structure, with attendant reduction in steel
requirements, 8) using sun-cured stabilized adobe buildiné brick and block in
lieu of other construction materials, 9)using plastics for production of synthetic
marble and porcelain enameled steel sanitary ware (bathroom wash basins), and
10) using a wide variety of industrial and mineral wastes for making products to
substitute for numerous materials either imported or available only at higher
costs, and others. All of the preceding required the use of existing knowledge
in areas of materials technology, processing, and research methodology, and
often employed multidisciplinary and interdisciplinary know-how and experience.
Southwest Research Institute is well qualified to conduct the proposed
program for AID by reason of its contacts generated in the Inter- American Con-
ferences on Materials Technology, its work for the United Nations in technology
transfer, the experience gained in Latin America in the Sulfur Surface Bonding
Project, and the numerous past programs that it has carried out involving the
use of existing knowledge to develop and use substitute materials. Further, the
multidisciplinary makeup of the Institute's staff makes available a broad spectrum
of capabilities, experience and knowledge for undertaking studies of virtually
unlimited variety in the area of materials science and engineering,which en-

compasses materials substitution. Also, the Institute has extensive facilities
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for undertaking investigations concerned with the occurrence and properties

of raw materials, their treatment and processing for conversion to useful
products, the design of processes and products, and determination of the eco-
nomics of materials, processes and products. In view of these attributes and
its reputable standing gained over nearly 30 years of activities in the materials
technology field, it is felt that the Institute merits consideration as a sole source
for procurements that develop in the area of materials substitution in developing

countries, particularly as related to this report.
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VII. TECHNICAL REVIEW

Import substitution as means of reducing foreign exchange outflow has
been pursued on a policy basis in many developing countries for inducing
domestic production through fiscal incentives, including tax exemptions, sub-
sidies and tariff protection. The policy aims to ease the foreign exchange
constraint facing developing countries by reducing import expenditures. In-
stead of importing a given commodity the country attempts to produce the
commodity itself. Import substitution recently became a factor in Venezuela's
industrial development program(lg,nd for a number of years has played a major
role in Thailand's economic development strategy. One recent project in-
volving replacement of imports by domestically made products established an
electrolytic tinplate plant in Thailand to supply can-making materials to that
country's large food processing industry; markets are both domestic and
foreign. Another case of import substitution was Colombia's development of
palm oil production beginning about 1960 to replace imported edible oils. This
involved the planting of African oil palms and the eventual establishment of
a palm oil industry based on acquired knowledge of appropriate technology.

The Thailand example reflects materials substitution wherein the

utilization of an indigenous raw material (tin) made possible the replacement of

(1)Dr. Rafael Sandrea, Foundation for Research and Industrialization, Caracas,
Venezuela, at National Academy of Engineering/National Academy of Science
Conference on Materials and the Development of Nations, Washington, D.C.,
April 28-29, 1976.
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an import with a domestically made product (tinplate/tinsheet). The palm oil
project in Colombia, while not based on a native raw material but rather on

the exploitation.of an introduced resource, accomplished a similar purpose,
Thé economic aspects of these two programs are not fully known, but it is
reasonable to assume that they were appraised ahead of any actual implemen-
tation of plans and found to be favorable. The concept of using indigenous
materials through appropriate means and technology to provide domestically
produced substitutes for imports would therefore appear to be a viable approach
to economic development in developing countries. Whether the import sub-
stitutes are entirely consumed domestically or,once home demand is satisfied,
partly exported, is indicated to be less important than whether their production
serves to stem foreign exchange expenditures and, at the same time, expands
the industrial base, and improves the quality of life, all over a sustained period.
At present, the upsetting effects of high costs of imported energy materials, as
compared to three (3) years ago, is an added stimulus to import substitution,
especially where alternatives exist between low- energy intensive products and
high-energy intensive products. The matter of what substitutes may be madé
for imports on a basis that is technically and economically feasible and practicable,
and which is socially, politically and traditionally acceptable obviously requires
considerable study. Also, the criteria for appraising and judging how well a
given substitution meets these requirements need to be identified and defined in

the light of a given country's situation.
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Information on types and costs of developing countries' imports can provide
a partial basis for selection of materials which, because of their high cost in
foreign exchange, are candidates for substitution. If types of imports and the
basic materials composing them can be correlated with resources of the
countries, the basis for selection may be strengthened. Beyond this, detailed
information on many technical and economic facets of individual substitution
candidates must be utilized in making more complete appraisals of the pos-
sibilities. A portion of this information pertains to the technologies, method-
ologies, processes, and other means by which materials are extracted, refined,
purified and converted to their first marketable form.

The following sections review and discuss the imports and resources of
a number of developing countries and discuss the state-of-the-art and technology
of materials substitution within the framework of the multidisciplinary field
of materials science and engineering. The role of economic and other non-
technical considerations in the state-of-the-art of materials substitution is
recognized though not discussed in significant depth because they may not be the
same from one situation to another. From an original eleven (11) lesser de-
veloped countries (LDCs) which were considered for review, six (6) were
selected among the LDCs in Africa, Latin America and Southeast Asia. These
six (6) are Ghana and Tanzania in Africa, Bolivia and Guatemala in Latin
America, and The Philippines and Thailand in Southeast Asia. Although lying
in widely separated areas of the world and having numerous distinctly different

features, they are similar in many respects, particularly in terms of growing
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populations, low gross national product (GNP) per capita, undeveloped resources,
and the need to expand industrially and improve the quality of life.

A. Imports of Lesser Developed Countries

1. Value

Of the six (6) LDCs for which information was reviewed, one (1)
imported materials and goods in 1973 with a value in excess of $2 billion
(Thailand, at $2.09 billion) and another had imports valued at well over $1 billion
(Philippines, at $1.6 billion). In 1974, total Philippine imports had a value
almost twice that for 1973, reaching $3.1 billion. The total value of 1973 imports
for the other four (4) counties were in the range of nearly $250 million to over
$400 million- - Bolivia, $249.5 million; Ghana, $426.7; Guatemala, $431; and
Tanzania, $439.5 million. However, if the increases for 1974 over 1973 followed
a pattern similar to that of the Philippines, then the total value of imports for
the five (5) other LDCs can be presumed to have increased markedly. This
presumption is supported by data showing that the value of materials and goods
imported by practically all of the six (6) LDCs from the United States in 1974 was
higher than in 1973, being more than triple in the case of Tanzania, almost double
for Guatemala, and 77% higher for Thailand. In all except Bolivia, the increased
costs of imported mineral fuels-- petroleum and petroleum-based items--have
impacted heavily and caused inordinate drains on foreign exchange, beginning
in late 1973. For example, mineral fuels, lubricants and related materials ac-

counted for nearly 21% of the value of all Philippine imports in 1974.
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2. Types of Imports

Imports of the six (6) LDCs, as indicated by available data, include
an extremely broad spectrum of goods and materials. Those obtained from the
United States are identified in the ten (10) Commodity Groupings of the Schedule
B Code published by the U.S. Department of Commerce's Bureau of Census.
These groupings are:

000 Food and Live Animals

100 Beverages and Tobacco

200 Crude Materials - Inedible, Except Fuels

300 Mineral Fuels, Lubricants, etc.

400 Oils and Fats - Animal and Vegetable

500 Chemicals '

600 Manufactured Goods by Chief Material

700 Machinery and Transport Equipment

800 Miscellaneous Manufactured Articles, N.E.C.

900 Items Not Classified by Kind

None of the few import listings obtainable from LDC agencies
contacted in the U.S. was as detailed as the Schedule B Code lists that cover
this country's exports with regard to kinds of goods and materials and their
values. Also, information on the types and values of the LDC's imports from
other countries was not readily available. Therefore, such listings of imports
as were obtained provided only a part of the picture and, in some cases, a
very small part. For example, only 3.1% of Tanzania's total imports in 1973
were supplied by the United States; for the other LDCs the percentages were:
Guatemala-31%, Bolivia-28.3%, Philippines-28,1%, Ghana-16%, and Thailand-
14%. The Schedule B Code lists 163 major commodity groupings and 268 sub-
groupings for Philippine imports from the United States in 1974, but that

accounted for only about 23% of the total Philippine imports from all countries
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in that year. This represented the widest variety of goods and materials im-
ported from the United States by any of the LDCs. Unknown Philippine imports
undoubtedly were in the same categories as many of the items in the Schedule B
Code groupings. Besides these, it can be assumed that some of the imports
from other countries included items not obtained from the United States, among
which are petroleum and related products. All things considered, listings of
goods and materials imported from the United States by the LDCs are believed
to provide a somewhat limited view of the total import picture, except for those
cases in which such listings account for significant proportions of their total
imports. A more complete picture would be necessary for comprehensive ap-
praisal of substitution possibilities and identification of opportunities for high
pay-off. It seems likely that an effective means for obtaining this would be
through a cooperative effort with appropriate agencies in each of the LDCs.
Appendix II contains tables of data on the LDCs imports from the
United States in 1974, by commodity groupings and value; also there are two
tables from agencies of the Philippines (1974) and Thailand (1972-73) that list
imports of those countries by commodity categories and value. Summaries
of information on the six (6) LDCs reviewed for imports, resources, present
state of industrialization, and import substitution possibilities are presented
at the end of this section, after the following product/source materials correlations.
The imports of the LDCs cover a wide spectrum of foods for which

the basic materials are easily identifiable--animal meats, dairy and poultry
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products, cereal grains, fruits, beans, fish and sheillfish, animal feedstuffs, etc,
For imported wood pulp, paper and paperboard the basic raw materials are
trees (mainly long fiber softwoods); however, paper making consumes sub-

stanti .1 energy and co;xsiderable amounts of chemicals, including lime, sodium
compounds, and others. Fertilizers are based on phosphate rock, potash
(potassium mineral salts) and nitrogen; the bulk of the nitrogen produced today

is based on natural gas, though coal is also a basic material of importance.
Sulfuric acid and/or phosphoric acid are used for making regular superphosphate
and triple superphosphate. Thread, yarn and textile fa;brics are based on both
natural cellulosic fibers, manmade cellulosic fibers, and noncellulosic man-
made fibers. Cellulosic fibers are based on natural cellulose materials such

as cotton, straw, wood, etc. The more common noncellulosic fibers are or can
be based on petroleum, natural gas, coal, vegetable oils, etc. Primary iron
and steel production requires iron ore either of acceptable equivalent iron con-
tent as-mined or amenable to beneficiation, limestone or dolomitic fluxstone,
coke (from coal) or even charcoal (from wood) and much energy. Clay products
and indﬁstrial refractories are based on fireclays (with aluminum oxide often
added), kaolin, bauxite, magnesium minerals (or magnesia from seawater or
brines), chrome ore, silica or quartz, kyanite, and other materials; the specific

refractory application defines the raw material requirements. Organic and
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inorganic chemicals, usually imported in large quantities, are based on nu-
merous raw materials and need to be individually identified in order to determine
traditional or cpnventional source materials. However, many organic chemicals
are derived from petroleum and natural gas, coal, wood and agricultural ma-
terials. Many inorganic chemicals are based on sulfur, salt, limestone,
various metallic mineral ores, phosphate rock, boron minerals, fluorspar, and
others. Glass and glassware typically are made from high purity silica sand,
limestone and/or dolomitic limestone, and sodium compounds (carbonate and
sulfate), plus small amounts of special inorganic ingredients; energy require-
ments are relatively high. Ceramic sanitary ware (sinks, toilets) are based on
feldspar, silica, kaolin and special, high-strength, white-firing clays. Numerous
metal items can be related to their basic raw materials by their identifying
names--copper wire, lead and lead alloys, zinc metal, tin plate and tin coated
sheet, etc. Aluminum products are based on bauxite which is the common
source of aluminum oxide; aluminum is highly energy intensive. Machinery,
boilers, motors, road motor vehicles, railway locomotives and ca‘rs, aircraft,
etc. are finished items based on many raw materials. For these, the realistic
approach would be to associate individual components with basic raw materials.
Summaries follow for the six (6) LDCs reviewed. Thgse show
profiles with regard to area, population, Gross National Product (GNP), etc.;
imports/exports, major trade partners, imports susceptible to substitdtion, and
resources. The data and information given afe for years covered by available

published statistics and literature.
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BOLIVIA

A, Profile

°Area: 424,000 square miles (compares to the total combined area
of Texas, Oklahoma, Arkansas and Louisiana)

°Population: 5,329,000 (1973)

°GNP (1973): $1,185,700,000

°GNP per capita: $222

°I.abor Force: 2.5 million (1973) of which 69% are in agrzcul’cure.

B. Imports /Exports

°1973: Exports - $268,300,000
Imports - 249,500,000
Balance - +$ 18,800,000

°Major Trade Partners (1973

Exports: United States, 24%; United Kingdom, 41%; Latin
American Free Trade Association (LAFTA), 12%.
Imports: United States, 28.3%; Japan, 17.1%; LAFTA, 13.5%.

Note: Bolivia is a land-locked country with no direct access
to the sea. Transportation, therefore, constitutes a

large portion of the cost of imports and exports.

°Imports Most Susceptible to Substitution

Paper and Paper Products (Based on 1974 imports from

U. S. only.)

. . Pulps and waste paper $ 530
«++Paper and paperboard 814,437
«+.Paper, paper pulp and paper-

board articles 188,136

$1,003.103 (1,318 tons)
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BOLIVIA (Continued)

Iron and Steel (Based on 1974 imports from U. S. only. Unknown
quantities imported from Japan, West Germany
and the United Kingdom.)

«+.Iron and steel scrap $ 190,650
.+. Pig iron and ferroalloys 158,648
«+ o Primary forms 3,409
...Bars, rods, angles 334,142
..+ Plates and sheets 571,158
.« .Hoop/strip 3,648
.« .Rails/track material 55,787
+ oo Wire 13,200
.+ Tubes, pipes, fittings 424,511
...Castings, forgings, rough 60,384

$1,815,534 (5,085 tons)

Resources

°Agriculture

In 1973, products of agriculture were valued at $179.9 million; 15.2%
of GNP. Principal crops are cotton, sugar, corn, potatoes, wheat and
rice. Currently, the production of coffee, bananas and livestock is
increasing. Crops showing the greatest increase during the period
1970-73 were cotton and sugar. Sugar production is mainly in the hands
of the state. Agriculture has been growing slowly in recent years, re-
flecting a low level of investment and a structure based on small land-
holdings and subsistence farming.

‘Industry

In 1973, products of industry were valued at $163.7 million; 13,8% of
GNP. Handicrafts and small industry constitute 80% of enterprises in
operation, while 77% of manufacturing production consists of nondurable
consumer goods. '

Principal manufactures include food products, textiles, leather goods,
cement and glass ceramics. Bolivia's industry is in an incipient phase of
development, with a predominance of small production units oriented
toward the domestic market. The level of investment is low, production
techniques are not too far advanced and, above all, the magnitude of the
domestic market is insufficient to accommodate economies of scale.
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BOLIVIA (Continued)

~Minerals

In 1973, the mining sector (metallic, nonmetallic, petroleum and
natural gas) contributed $148.2 million, or 12.5% of the GNP, while
accounting for 89% of total export income.

Tin production in 1973 accounted for $89 million, or 40.3% of the total
mineral production. Other metals produced included antimony, bismuth,
cadmium, copper, gold, silver, iron ore, lead, manganese ore, tungsten
and zinc. Nonmetallic mineral production included cement, gypsum,
calcite, salt, and a variety of construction materials such as clays, stone,
sand and gravel. Cement production in 1973 was 166,000 tons,

°Forests

About 45% of the total land area of Bolivia (180,000 sq. mi.) is covered
with natural tropic and subtropical forests of excellent species of hardwoods.
The heights of the Yunga region are covered with great forests of green
pine, black walnut, aliso, laurel, cedar, tarco, cauco and quina. The
tropical area of the great plains, dividing the Amazon and La Plata River
basins is covered with tall trees consisting of rubber, Brazil nut and
mahogany. All in all, Bolivian forests have more than 100 types of trees
suited to the wood industry, while there are 14 kinds of palm trees, many of
which have fruits suited to the extraction of oils, as well as 11 varieties
of resinous trees. Limited access and long distances to the nearest sea-
ports have delayed the development of the rich forest resources.

Energy

Bolivia has tremendous energy resources in its hydro potential and its
reserves of oil and natural gas. The great lifferences in altitude between
the snow-capped peaks, which rise to 21,000 feet, and the plains, which
are nearly at sealevel, offer a great potential for the future development
of hydroelectric power. In 1973, installed electric generation capacity in
Bolivia was an estimated 277,000 kilowatts, of which 172,000 kilowatts were
hydroelectric. Gross electric production (1972) was 884 million kilowatt
hours, or consumption of 166 Kwh per capita.

In 1973, Bolivia produced 17.3 million barrels of crude oil and 151.2
million Mcf of natural gas, of which 55.4 million Mcf was exported (via
pipeline) to Argentina. Also, Bolivia exported crude oil to both Argentina
and Peru. Known reserves (1973) were 286 million barrels of crude oil
and 10 billion Mcf of natural gas,
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GHANA

Profile

°Area: 92,000 square miles (compares in size to Oregon)
(Area characteristics: grassy coastal plain, wet forest
belt, and northern dry savanna covering 2/3 of the country.)
*Population (1973): 9,600,000
°GNP (1973): $2,900,000,000
°GNP per capita: $291
*Labor force: Estimated at 3.4 million, with 1.3 million wage earners
and 3 million under-employed or unemployed.

Imports/Exports
°1973: Exports - $573,000,000
Imports - 457,600,000

Balance - +$115,400,000

‘Major Trade Partners (1973)

Exports: United Kingdom, 19%; Japan, 12%; W. Germany, 10%.
Imports: United Kingdom, 19%; United States, 16%; West
Germany, 12%; Japan, 7%.

°Imports Most Susceptible to Substitution

Chief imports include machinery and transportation equipment, cloth
and yarn, crude petroleum, cereals, sugar, agricultural chemicals,
pharmaceuticals, and paper products.

Some Examples of Major Imports in 1973 % of
Value Total

Total Imports $457,600,000 100.0

Fish and fish preparations 25,839,000 5.6
Chemical elements and compounds 37,932,000 8.3

Paper, paperboard & manufacturers 12,876,000 2.8

Iron and steel 13,311,000 2.9
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GHANA (Continued)

Imports from United States in 1974 Included

Ammonia, inorganic bases, hydroxides $ 15,734,252

Paper products:

. . Paper & paperboard $ 824,798
.. Paper, paper pulp and paper-

board articles 132,819
. « Pulps and waste paper 9,565

$ 967,182

Clay Products
.. Bricks & other refractory

construction materials $ 592,025
. « Pottery 5,613

$ 597,638

Iron and Steel

..Pig iron & ferroalloys $ 39,055
..Bars, rods, angles 751,258
. . Plates and sheets 737,421
. .Hoop and strip 46,602
. .Rails and railway track materials 648
.. Wire 24,711
.. Tubes, pipes, fittings 956,129
..Castings and forgings, rough 1,203
. .Nails, bolts 50,585
$ 2 , 607 ,612
Resources .
°Agriculture

In 1973, $1.3 billion, or 45% of GNP was represented by agriculture,
including forestry and fishing.

The Ghanaian economy is based primarily upon small-scale sub-
sistence agricultural production. Approximately 60% of the population
is engaged agriculture, forestry and fishing.

The major commercial crops include cocoa, fats and oils, kola nuts ’
coffee and rubber. The main food crops include corn, sorghum, millet,
yams and plantain,
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Ghana's agricultural policy is centered around a government self-
reliance program called '""Operation Feed Yourself." The overall
objective of this program is to accelerate self- sustained growth to
produce food for domestic consumption and for export. Expatriate
firms are being encouraged to invest in agricultural projects with
offers of accelerated conversion of profits into fucreign exchange as
an incentive.

It is interesting to note that fish is a major source of protein to the
Ghanaian diet with fish consumption exceeding that of meat. (The total
value of food produced for domestic consumption in 1970 was about
$200 million; fish accounted for $20 million, or 10% of the total.)

°Industry
In 1973, industry represented $435 million or 15% of the GNP,

The industrial base in Ghana is more sophisticated than in most
African countries and includes, in addition to the usual range of consumer-
oriented import plants, an aluminum smelter, steel mill, tire factory,
vehicle assembly plants, and an oil refinery. Some manufactured goods
are exported.

Ghana's principal industrial groups by value are wood, paper, textiles,
tobacco, food and beverages.

There is currently a variety of new industrial projects at relatively
advanced stages of preparation and include such diverse ventures as the
manufacture of soap, pencils and stationery, nuts and bolts, high pres-
sure water and sewage pipes. The establishment of rice and vegetable
oil mills are also under consideration.

Ghana's National Investment Bank (NIB) provides major support to the
government's efforts to encourage private initiative in the economy. It
also supports the priority the government has given to investments that
provide raw materials for local industries, or utilizes local raw materials;
increases foreign exchange earnings through exports and enables sub-
stitution of imports.
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GHANA (Continued)

°Minerals
The mining industry is third in importance to cocoa and timber.

By African standards, Ghana has a diversified and beneficial mineral
resource base. Gold, manganese, diamonds and bauxite are important
mineral exports. Cheap hydroelectric power has justified the construction
of a huge aluminum smelter. Bauxite deposits are estimated at 1 billion
tons, and include 300 million tons at Kibi, and 700 million tons at Nyinahin
in the Ashanti region. Ghana is also believed to have rich untapped de-
posits of iron ore in the Upon Manso area of Western Ghana and limestone

in the Tano basin.

In 1972, available data indicate that Ghana produced 415 metric tons
of cement, exported 415 metric tons and imported 5,877 metric tons of
portland cement and 347,189 metric tons of clinker. It was announced
in late 1975 that Ghana and neighboring Togo and Ivory Coast have joined
efforts for integrated cement production facilities near Tabligo, Togo.
Initial production of 1.2 million tons per year is planned.

°Forests

Timber ranks second to cocoa as a leading contributor to Ghana's
foreign exchange earnings. Its importance may be reduced, due mainly
to the gradual depletion of the primary species of timber and Ghana's
inability to utilize non- primary species. In an attempt to alleviate this
potential danger, the government has allocated nearly $3.2 million towards
the development of reforestation programs.

—~Energy

At present over 90% of Ghana's electrical power is provided by the
Volta River Authority. The electric power system includes the main
hydroelectric powerplant, located at Akosomo, which contains six 147
Mw generators - a total of 882 Mw. In 1972, the Akosomo plant began
supplying electrical power to the neighboring countries of Togo and
Dahomey. The Ivory Coast will eventually be included.
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GHANA (Continued)

In January, 1976 the Volta River Authority invited proposals from
qualified construction companies for a new hydroelectric project at
Kpong on the Volta River. The Kpong station will accommodate four
40 Mw (160 Mw total) generating units. In 1972, Ghana's gross pro-
duction of electricity was 3,344,000,000 Kwh or 348 Kwh per person.

In 1972, Ghana imported 8,971,000 barrels of crude and partly re-
fined petroleum. A number of companies, most of which are American-
owned, are presently exploring for oil both onshore and offshore. They
are hoping to supplement the small find of oil at Saltpond in 1970 by the
Signal/Amoco/Occidental Consortium.
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GUATEMALA

A.  Profile

°Area: 42,040 square miles (compares in size to Tennessee)

°Population (1974): 5,623,000

°GNP (1974): $2,340,000,000

°GNP per Capita: $420

°Labor Force: In 1974, it was estimated that 56% was dependent on
the agricultural sector and 11% on industry.

B. Imports/Exports
°1973: Exports - $436,100,000
Imports - 431,000,000

Balance - +$ 5,100,000

°*Major Trade Partners (1973)

Exports: United States, 33%; Central American Common
Market (CACM), 30%; Federal Republic of Germay,
6%; Japan, 6%.

Imports: United States, 31%; Federal Republic of Germany,
10%; Japan, 10%; Venezuela, 6%.

°Imports Most Susceptible to Substitution

Value (based on 1974 imports from U.S. only)

... Paper and paper products $16,527,774
... Fertilizers 7,717,664

...Iron and steel manufactured
goods 8,184,708
.+.Clays and clay products 1,854,026
$34,284,208

Volume (1971 import data)

... Fertilizers (primarily nitrogenous)

From: Metric Tons
El Salvador 33,930
West Germany 23,121
United States 20,475
Various countries 37,126

114,652
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GUATEMALA (Continued)

« «+Steel and Iron

Types: Metric Tons
Steel, primary forms 19,847
Bars, rods, angles, shapes 16,140
Universals, plates/sheets 39,444
Hoop and strip 904
Wire 5,649
Tubes, pipes, fittings 3,386
85,370
...Clays/Clay Products Metric Tons
Bricks & other refractory
construction materials 1,606
Crude clays 1,761
3,367
Resources
°*Agriculture

In 1973, products of agriculture were valued at $654.7 million;
28.2% of GNP.

Principal cropa are corn, beans, sugar cane, coffee, cotton,
cattle, bananas and essential oils.

]

Industry

In 1973, products of industry were valued at $367.2 million;
15.8% of GNP.

Industrial activities included cement, sugar refining, flour,
alcoholic beverages, soft drinks, canned food, textiles, tobacco,
tires, medicines, chemical products, lumber, and vegetable oils.

°Minerals

Mineral resources in 1973 contributed $1.8 million to the economy;
0.1% of GNP. Mineral resources are in the process of being developed.
Exploratory/development work is actively progressing and indicates
sizable deposits of copper, lead, zinc, and nickel. Cement production
(1971) was 251,000 tons, of which 5,072 tons were exported. Gold, silver,
antimony, chromium, asbestos, and sulfur deposits have been reported.
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GUATEMALA (Continued)

°Forests

60% of land area (25,200 sq. miles) is forested. Tree varieties
include cedar, mahogany, and pine. Presently not exploited primarily
because of inaccessibility of the forested areas. Also, capital re-

quirements to develop are lacking.

°Energy

Guatemala has large hydroelectric potential in its rivers and mountains.
Imports all crude oil, primarily from Venezuela; in 1971, some 2,678,000
barrels were imported. Oil was recently discovered in the Peten Basin.
Also, some coal reserves are indicated. Gross production of electric
energy in 1972 was 910 million Kwh - about 160 Kwh per person.
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PHILIPPINES

A, Profile

Area: 115,075 square miles (slightly larger than Arizona). The
archipelago consists of 7,100 islands and islets.
Population: 40,200,000 (1973)
GNP (1973): $8,620,000,000 (U.S. Dollars, 1973)
GNP per capita: $220
Labor Force: Estimated 13.2 million, growing by 375,000 annually.
Unemployment rate in 1973 estimated to be 8.5%.

B. Imports /Exports
1973; Exports: $1.8 billion 1974: Exports: $2.7 billion
Imports:  $1.6 billion Imports: $3.! billion
Balance: +$0.2 billion Balance: -$0.4 billion

Major Trade Partners (1974)

Exports: United States, 42.3%; Japan, 34.8%; Netherlands, 5. 9%.
Imports: United States, 23.3%; Japan, 27.5%; Saudi Arabia,
11.0%; Kuwait, 4.7%; Australia, 4,3%.,

Major Exports (1974)

Percent of

Commodity Total Exports
Sugar and sugar preparations 28.2
Metalliferous ores and metal scrap 16.3
Animal & vegetable oils, fats, greases 14.2
Wood, lumber and cork 9.2
67.9

——

Major Imports (1 974)

Percent of

Commodity Total Imports
Mineral fuels and lubricants 20.8
Machinery, other than electric 13.5
Base metals 9.4
Transport equipment 8.4
Chemical elements and compounds 6.9

wm
0
o

|



36

PHILIPPINES (Continued)

Major Imports from the United States, 1974

Percent of Total

Commodity Imports from U.S.
Machinery and transport equipment 35.1
- Chemicals 16.0
Food and live animals 15,6
Manufactured goods 14.9
81.6

Imports Most Susceptible to Substitution

Paper and Paper Products. Although the Philippines have a

sizeable pulp and paper industry whose beginning dates back

to 1941, the supply/demand gap is expected to rise to 380,000
metric tons by 1985. The industry relies on supplies of bagasse,
abaca fibers and pulpwood for its raw materials. In 1974, the
Philippines imported the following paper and paper related products:

Fertilizers

Paper, paperboard and manufactures thereof

Pulp and waste paper

$ 55,999.160
23,891,958

$ 79,891,118

In 1974, imports from the United States included:

Paper waste and old paper

$ 2,579,932

Woodpulp, sulphate 2,058,624
Woodpulp, sulphite 850,474
Paper and paperboard 13,849,757
Paper, paper pulp & paperboard articles 1,886,959

In 1973, produced the following fertilizer materials:

Crude Phosphatic

$ 21,225,746

Metric Tons

Guano 10

Phosphate rock 12,228
Manufactured

Nitrogenous 60,000

Mixed and unspecified 56,896

129,134
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PHILIPPINES (Continued)

In 1974, the Philippines imported fertilizer materials valued at
$96,572,899, as follows:

Manufactured $ 83,674,117
Crude 12,898,782
$ 96,572,899

In 1974, imports of fertilizer materials from the United States only
were valued at $23,467,557 as follows:

Natural phosphates $ 3,322,347
Nitrogenous 6,115,366
Phosphatic 4,367,028
Potassic 4,031,207
Fertilizers, n.e.c. 5,631,609

$ 23,467,557

Iron and Steel. In 1972, the Philippines produced 2,205,000 metric
tons of iron ore and concentrate and 256,000 tons of pyrite, while
exporting 2,306,180 metric tons of iron ore and concentrate in-
cluding roasted pyrite, principally to Japan.

In 1974, iron and steel imports from the United States were as

follows:
Iron and steel scrap $ 2,167,446
Pig iron and ferroalloys 63,681
Primary forms 7,145,908
Bars, rods, angles, etc. 1,081,012
Plates and sheets 1,109,387
Hoop and strip 451,061
Rails and railway track materials 91,181
Wire 181,186
Tubes, pipes and fittings 3,251,997
Castings and forgings, rough 3,264,172

$ 18,807,031
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PHILIPPINES (Continued)

Resources

Industry. In 1973, industry (mining, manufacturing, construction) con-
tributed 26% to the GNP and employed 15% of the labor force. In the
manufacturing sector, food and beverages were the largest groups,
followed by chemicals and petrochemicals and textiles. Over 65% of the
manufacturing enterprises are concentrated in the Greater Manila and
Southern Luzon area. Industrial production in the past has been geared
primarily toward meeting the needs of the domestic consumer market.
Reliance on the industrial sector as a major vehicle for enha.ncmg export
earnings is a relatively recent development.

Industrial growth is inevitable if only because of the country's vast
natural resources. Mining is thought to have barely scratched the surface
of the mineral wealth available. Copper and gold are the most active
minerals, while production of nickel, chromium, platinum, palladium,
pyrite and manganese, and such nonmetallics as asphalt, marble, coal
and limestone are increasing.

Farming. Arable farm lands comprise an estimated 28.2 million acres,
about 38% of the total land area. Philippine farming consists of production
of food crops for domestic consumption and cash crops for export. Al-
though food crop production (mainly rice and corn, but also some important
fruits and vegetables) has increased substantially in recent years, total
output of rice and corn as of 1973- 74 still represented only about 93% of
domestic consumption requirements. In an effort to narrow this gap, the
government has made self-sufficiency in food crops a major development
goal and has been working on programs to enlarge the land area under
irrigation, expand rural credit, improve distribution of fertilizers and
pesticides, and carry out agrarian reform.

Forests. Hardwood forests cover about 40% of Philippine's land area - an
estimated 46,000 square miles. In addition to the lumbering industry and
the manufacture of plywood paneling, the forests also supply the raw ma-
terials for a sizeable pulp and paper industry. The Philippines are lacking
in a long fiber pulpwood resource, but have large short fiber pulpwood and
bagasse resources.
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Fisheries. An important industry in the Philippines. Canned tuna is the
principal fish exported. Fish provides an important part of the protein

in the Filipino diet. Although the Philippines lie in a fertile fishing belt,

the domestic fishing industry has remained underdeveloped. Obsolescent
methods, inadequate refrigeration and marketing facilities and lack of
investment capital have so handicapped the industry that production cannot
meet domestic needs. In an effort to curtail the resulting imports of

canned fish, the government is making a determined effort to improve the
fishing fleet, modernize methods and establish adequate storage, processing
and marketing facilities.

In 1974, imported "fish & fish preparations'' valued at $31,600,000
In 1974, exported 'fish & fish preparations'' valued at 18,400,000
$13,200,000

Minerals. In 1973, Philippines mineral production was valued at $528.8
million. Metallic minerals were dominant, comprising four out of the
five top valued products. The four (copper, gold, iron ore and chromite)
generated $421.6 million, or 80% of the total mineral value in 1973,
Portland cement production, the leading nonmetallic, was 4.1 million tons
but was extremely sensitive to the energy crisis. To conserve bunker fuel
oil, all cement exports were suspended as of December 13, 1973,

Other metallic production included cadmium, lead, manganese, mercury,
rackel, palladium, platinum, silver and zinc. In addition to portland ce-
ment, nonmetallic production included clays, feldspar, guano, phosphate
rock, gypsum, lime, perlite, pyrite, salt, stone, sand/gravel, sulfur and
talc.

Energy. In 1974, the Philippines imported $653.4 million in mineral fuels,
lubricants, etc. Fuels represented 20.8% of the total imports. There is
no domestic production of crude oil. Coal production in 1973 was a mere
39,000 tons. Hydroelectric power in the past has supplied only a small
portion of the country's electrical output, with thermal plants, most of
which burn imported oil, supplying the major portion. But with completion
of the Binga and Ambuklao dam projects on Luzon and the expansion of the
Maria Christina project on Mindanao, hydroelectric potential is being put to
use. In 1972, the Philippines consumed 10.4 billion Kwh of electricity for
an average of 259 Kwh per capita.
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Government Policy

.. .Government policies are presently geared toward the creation of a
climate conducive to industrial growth and the provision of necessary
social overhead capital and services for the accelerated growth and
development of the industrial sector.

.+ .Reliance on the industrial sector as a major vehicle for enhancing
export earnings is a relatively recent development signalled by the intro-
duction of the Export Incentives Act of 1970 and by other policy measures.

.+ .In the past, government policy concentrated on the encouragement of
import substitution industries. The focus has shifted since 1970 to a
policy of active encouragement of export industries.
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TANZANIA

Profile

Area: 362,820 square miles (slightly smaller than Texas and
New Mexico combined)

Population (1973): 13,606,000

GNP (1973): $1,580,000,000

GNP per capita: $116

Labor Force: Majority of working force engaged in subsistence
occupations. Monetary sector employed some
420,000 in 1973, largely in agriculture and industry.
Average annual wage was $605,

Imports/Exports

1973; Imports - $439,500,000
Exports - 362,200,000
Balance - -$ 77,300,000

Major Trade Partners (1973)

Exports: United Kingdom, 18,8%; United States, 8.3%;
India, 6.7%; Mainland China, 4.4%; Zambia, 3.2%.

Imports: Mainland China, 22.3%; United Kingdom, 16.0%;
West Germany, 8.2%; United States, 3.1%.

Note: The principal iinports in 1973 included

machinery and transport equipment, manufactured
goods and construction equipment for the Tanzania-
Zambia railroad - primarily from Mainland China.

Imports Most Susceptible to Substitution

Volume (total 1972 import data)

Metric Tons

.+.Iron and Steel

.Ore and concentrate 874
.Pig iron, ferroalloys 1,086
.Steel, primary forms 4,838
«Semi-manufactures
Rails and accessories 56,652
Other 111,358

174,808
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TANZANIA (Continued)

... Fertilizer Materials

.Crude $ 26,800

.Manufactured
Nitrogenous 30,872
Potassic 5,431
Other, including mixed 7,497
.Ammonia 4,595
$ 75,195

Value (1974) Imports from U.S. only)

.«.Iron and Steel

.Bars, rods, angles, etc. $ 749
.Hoop and strip 658,174
. Tubes, pipes, fittings 387,016

$1,045,939

Note: Total imports from the United States in 1974
were valued at $51,388,800. The category ''food and
live animals'' totaled $32,127,747, or 62.5% of total
imports from the U.S. The single item of highest value
was ''corn or maize, unmilled' which accounted for
$24,452,012, or 47.6% of total imports from U.S.

Resources

Agriculture, In 1973, products of agriculture accounted for 40% of
the GNP and 75% of Tanzania's total exports. Land suitable for
agriculture represents about 50% of the total land area, or 181,000
square miles. Cotton, coffee and sisal account for 40% of all exports.
Cashew nuts, tea, tobacco, pyrethrum and sugar accounted for almost
30% of all marketed crops. Livestock production is expanding.

Industry. Tanzania's small manufacturing/industrial sector produces
about 10% of the GNP. The principal industries include agricultural
processing, textiles, cement, oil refining (using imported crude),
aluminum rolling and consumer items. Tanzania has attracted little
foreign investment.
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Minerals. Tanzania's rather meager mineral resources include gem
stones (diamonds are the leading mineral export and the fourth largest
export commodity), a few dwindling gold fields. Recently, large
quantities of coal and iron ore have been proved. Coal reserves in the
southwest of Tanzania are estimated to be some 304 million tons., It

is anticipated that with the development of the transport industry, large
quantities of coal, iron ore, phosphate, kaolin and salt will be utilized.

Nonmetallic mineral production includes cement, diamond, gem stones,
gypsum, lime, magnesite, mica, salt, vermiculite, glass sand. Cement
production in 1972 was 236,956 metric tons while 173,577 metric tons
were imported and 9,970 metric tons were exported, resulting in an ap-
parent domestic consumption of 400,563 metric tons.

Forests. There are 37 million acres of forest land with indigenous
trees, mostly hardwoods. Softwood production is increasing. Among
main timbers being exploited are Podocarpus (a genus of evergreen
tree), camphorwood, mahogany and mangrove.

Energy. Tanzania has no known natural gas or crude oil reserves. In
1972, some 6,021,000 barrels of crude or partly refined oil was imported.
Apparent domestic consumption in 1972 was imported. Apparent domestic
consumption in 1972 was 3,319,000 barrels, calculated as follows:

(in 42-gallon barrels)

Plus Minus Domestic

Production Imports Exports equals Consumption

Gasoline 1,128,000 1,086,000 1,629,000 585,000

Kerosene 148,000 158,000 178,000 128,000

Jet Fuel 459,000 29,000 297,000 191,000
Distillate

Fuel 0Oil 1,299,000 2,454,000 2,392,000 1,361,000
Residual

Fuel Oil 2,501,000 -0- 1,447,000 1,054,000

5,535,000 3,727,000 5,943,000 3,319,000

In 1973, Tanzania consumed 431 million Kwh of electricity, equivalent
to 32 Kwh per capita.

Recently it was announced that coal reserves have been proved at Ruhuhu
(284 million tons) and Songwe (20 million tons). The quality and character-

istics of the coal reserves are not known.
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THAILAND

A. Profile

Area: 200,000 square miles (comparable to the combined area of the
states of Nevada and Utah)

Population: 40,000,000 (est. 1974)

GNP (1973): $7,090,000,000

GNP per capita: $180

Labor Force: Totallabor force estimated at 17 million and expanding
by 500,000 annually. Over 50% of total are unpaid family
workers in the agricultural secor.

B. Imports /Exports

1973:
Imports {c.i.f.) $2,090,000,000
Exports (f.0.b.) 1,602,000,000

-$ 488,000,000

Major Trade Partners

Imports: Japan, 37%; U.S., 14%
Exports: Southeast Asia, Japan, U.S., Netherlands

Imports Most Jusceptible to Substitution

Iron and Steel. In 1973, Thailand produced 36,000 tons of
iron ore, while manufacturing 306,000 tons of pig iron, crude
steel and steel billets. Imports of iron and steel, valued at
$221 million, included:

..Scrap iron 280,654 tons
... Pig and sponge iron 4,544 tons
+++Steel ingots 1,952 tons
.« «Semi-manufactured

material 610,217 tons

897,367 tons

In 1973, only one-fourth of total steel consumption was
produced domestically.
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THAILAND (Continued)

Imports of iron and steel products from the United States
in 1974 included the following:

+..Iron and steel scrap $ 3,310,901
.+».Pig iron and ferroalloy 275,528
¢+« Primary forms 211,668
...Bars, rods, angles 144,051
..« Plates and sheets 1,901,958
.. .Hoop and strip 113,719
«++Rails & railway track mat 3,678
.+ Wire 45,410
«+.Tubes, pipes and fittings 637,634
«+.Castings & forgings, rough 4,462

$ 6,649,009

Fertilizers. In 1973, Thailand imported fertilizer materials
were valued at $40 million and included the following:

Crude and Manufactured: Metric tons
.+.Nitrogenous ' 39,250

.« « Phosphatic 5,547
... Potassic 4,860
Other, including mixed 338,664
Ammonia, anhydrous 214
388,535

In 1974, Thailand imported fertilizer materials from the
United States valued at $19,911,303, as follows:

.. .Ammonia, inorganic bases $ 306,702
.+« Nitrogenous 366,456
«..Fertilizers, n.e.c. 19,238,145

$19,911,303

Paper and Paper Products., Total imports in 1973 were:

+++Paper and cardboard $40,000,000
.+ «Materials used in paper
production 21,000,000

$61,000, 000
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THAILAND (Continued)

Imports from the United States in 1974 included:

... Waste paper $ 1,595,837
.« . Woodpulp, chemical 265,486
. « Woodpulp, sulphate 5,592,952
«+ . Woodpulp, sulphite 1,730,231
... Paper and paperboard 2,340,230

«+.Paper, paper pulp and paper-
board articles 1,170,253
$12,694,989

Resources

Agriculture. In 1973, agricultural production, including crops, live-

stock, fisheries, forestry, was valued at $1,940,500,000, or 27.4%

of the GNP. Agricultural lands include 24%, or 48,000 square miles of
the land area. Land available for expanding cultivation is marginal.
Future growth is dependent upon intensive use of existing farmland.
Major crops include rice, corn, rubber, tapioca products, sugar,
fibers (jute and kenaf), pineapple.

Forests. Approximately 50% of land area is forested. Hardwood timber

includes teak and yang. Teak is a major export.

Minerals. In 1973, mineral commodities contributed $149.6 million to

exports; tin metal accounted for $100.6 million, or 67.2% of total mineral
exports. Other minerals exported included tungsten ore and concentrate,
cement, fluorspar, barite, salt, gypsum, manganese ore, columbite-
tantalite concentrates.

In 1973, Thailand had portland cement plant installed capacity of
4.3 million tons and plans were underway to increase capacity by 2.5
million tons to 6,8 million tons. Most of this increase will be exported.

Cement Production/Exports/Imports (1973)
Metric Tons

Production 3,745,000
Imports 1,018
3,746,018

Exports 850,000
Apparent consumption 2,896,018

—_—t
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THAILAND (Continued)

Energy. Thailand's energy requirements are presently derived from
petroleum (84%), hydroelectric plants (8%), and other sources (8%),
consisting chiefly of lignite and wood.

Thailand depends primarily on imported oil to generate its electricity.
The only domestic production of petroleum is from the Fang Field in
Northern Thailand. Production there in 1973 was a mere 45,000 barrels.
In 1973, Thailand refineries processed about 56 million barrels of oil.
Three local refineries have a total capacity of 165,000 barrels per day.

In 1973, products of the domestic refineries included the following:

42-gallon
Product Barrels

Gasoline 9,008,000
Jet fuel 4,283,000
Kerosene 1,515,000
Distillate fuel oil 13,753,000
Residual fuel oil - 19,470,000
Naphtha 2,466,000
Liquefied petroleum gas 2,539,000
Asphalt 7,742,000
Other 5,727,000

66,503,000

Eight hydroelectric dams have been scheduled for construction by
1982, thereby increasing Thailand's installed electric capacity from
1,400 to 4,500 megawatts.

Lignite production exists at three and sometimes four mines in the
Mae Moh Valley of Northern Thailand. In 1973, production was 361,000
tons, most of which was used as fuel at the Mae Moh steam electric
powerplant.
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THAILAND (Continued)

Total gross production of electric energy in Thailand for the years
1970-1973 was as follows:

Million Annual
Year —Kwh Increase
1970 4,545 --
1971 5,225 +15%
1972 6,209 +18%
1973 (est.) 7,450 +20%

In 1973, therefore, per capita requirements were 186 Kwh/year.

Government Policy

With the aid of substantial tariff protection, many consumer goods
imports have been replaced by domestic production. The easier import,
substitution opportunities have been virtually exhausted, however, the
future growth of the manufacturing sector will depend increasingly on

exports.

Activities eligible for industrial incentives by the Thai Board of
Investment indicate interest and concern for the agricultural sector and
include the following objectives:

...Large scale cultivation of bananas, oil palm, coconuts,
cotton, peanuts and pineapples for export
...Production of energy from agricultural wastes

...0il production from agricultural products

...Fishing and seafood products

.+ .Gelatin products

«+ +Animal husbandry
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B. Potential Candidates for Import Substitution in LLDCs

Review of information on materials imports of the six (6) LLDCs and
analysis thereof in the light of available indigenous raw materials and modern
materials technology identified a number of substitution possibilities that
could contribute to lower foreign exchange outlays, better and more complete
utilization of resources, and strengthening of national economies. All of the
countries are producers of cement and use large amounts of it in concrete
construction. The substitution of acceptable pozzolanic materials or slags
for a portion of the cement used is therefore a possibility in all of the countries,
not only as a means of reducing fuel consumption but also of increasing pro-
duction capacity without high capital outlays. Other potential candidates for
substitution in individual countries are discussed below; influences of economic,
political, social and market factors have not been appraised.

Bolivia

..A portion of the potential for import substitution in Bolivia lies in its
petroleum and natural gas resources, production of which. is largely exported.
Imported materials such as ammonia, organic chemicals, several types of
explosives, nitrogenous fertilizers, polymers and copolymers, synthetic resins
and plastic materials are commonly manufactured from petroleum and natural
gas feedstocks. Fertilizer production possibilities are of special interest, for
if this could be done, the resulting products might be used to increase yields of
wheat to replace a significant percentage of that (and associated products) which
accounts for a sizeable outflow of foreign exchange (over $22 million from the

U.S. alone in 1974).
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..The 14 kinds of palm trees in Bolivia, many of which are indicated
to have fruits suited to the extraction of oils, are possible sources of substitutes
for the oilseeds, oil nuts, oil kernals, etc. and vegetable oils (including soybean
oil) imported in substantial amounts, according to 1974 data.

. .Paper and paperboard imports may possibly be replaced to perhaps a
significant degree by products that can be made from bagasse (and other fibrous
plant materials) through the application of existing technology and the use of
bagasse pulp mill and associated paper-making facilities. At present, bagasse
pulp is produced in 22 countries, with daily capacities of mills ranging from
10 to 250 metric tons. As a producer of sugar from cane and an importer of
paper and paperboard, Bolivia appears to satisfy two of the basic requisites for
substitution as described above. Additionally, if bagasse is used as fuel in
Bolivian sugar production, its substitutive use for paper and paperboard production
may not pose a problem since natural gas or petroleum are available.

..A process for converting bagasse into an edible flour'containing 30
to 40% protein is expected to be tested on a pilot plant scale in the U.S. in the
near future. The process is said to employ simple grinding and classification
equipment to convert bagasse into 70% flour and 30% waste material that is suitable
for making wallboard useful as a building material. The pilot plant reportedly
will make flour for animal feed, at an estimated production cost of $20 per ton.
This process may be usable with Bolivian bagasse.

. .Gypsum is usable for making low energy intensive building products
such as blocks, roof planks, etc. and can substitute for concrete in select cases,

thus replacing cement which is a highly energy intensive material,
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. .Although Bolivia's imports of tinplate and tin coated sheet are not
substantial ($191,320 from the U.S. alone in 1974), its production of metallic
tin (including electrolytic) from indigenous res.ources affords an opportunity
to make and substitute its own materials for the imports. The country imports
steel plate and sheet which comprise the other principal materials needed to
produce tinplate and tin coated sheet.

..Bolivia's iron ore and fuel resources may be used to produce iron and
steel. Reduction of iron ore by employing reformed natural gas is a well-developed
technology; it might be employed with Bolivian resources. With development of
the country's hydroelectric power potential, steel manufacture in electric furnaces
might be possible.

Ghana

. . The existing ample supply of hydroelectric power and the potential for
its further development provide an important base for the production of import
substitutes. Resources of iron ore and limestone provide a partial basis for
primary iron and steel making which could figure in reducing Ghana's significant
foreign exchange outlays for iron and steel products, both semi-finished and
finished.

. .Electric power can also be used to 'provide heat for the manufacture of
substitutes for glass and ceramic products, the former using the high-quality
silica sand already being utilized in a small glass industry and the latter from

clays and aluminum oxide.
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. . The above mentioned silica sand in combination with lime (from
limestone) is a prospective base for sand-lime brick rria.nufa.(;ture using auto-
clave curing with steam supplied by electncally heated bo11ers .

.+ There very likely are other candidates for substitution in Ghana, but
information available on imports and resources was too limited and not recent
enough to reflect current conditions. For example, plans were announced in
late 1975 for a cement plant to be jointly owned with neighboring Togo; this
presumably would end in 1976‘ or 1977 the need to import cement and/or cement
clinker. The availability of cement would introduce the possibility of using it
with silica sand to produce cellular concrete for build'@ng construction, perhaps
utilizing waste heat from the cement plant to make steam for autoclave curing.

Guatemala

.+ The recovery of edible, high protein flour from bagasse to substitute
for some of the imported animal feed is a possibility, using the process described
for use with bagasse iu Bolivia.

.+ Volanic ash in Guatemala may have sufficient pozzolanic activity to
be used in makir.g blended cements. This could substitute for a part of the
portland cement produced, thereby reducing the energy requirements for cement
manufacture; in effect the ash could therefore substitute for a portion of imported
fuels. Also, gypsum can be used as a low energy intensive building material.

. «Reported coal deposits may be producible to provide a substitute for
imported fuels. In effect, the development of hydraulic power resources to

produce hydroelectricity could serve the same purpose.
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.+ Coal could be used for producing ammonia to replace imported
nitrogenous fertilizer.

.+ The availability of hydroelectric power could make it possible to
produce substitutes for imported glass and clay products.

.. The production of iron and steel is a possibility, using coal, iron ore,
and limestone (inferred from cement manufacture). Perhaps, hydroelectricity
could be used for electric furnace operations, if and when existing hydraulic
power resources are developed.

..As a producer of bagasse and with coniferous forests on its highland
plains, Guatemala has basic resources that are usable for the production of
paper and paperboard which are imported in substantial quantities.

.+ With a variety of trees and both agricultural and forest residues
available in Guatemala, it would appear possible to produce the exterior struc-
tural, multifunctional plywood product and the corrugated, phenolic bonded
oriented fiber product, discussed later, as building materials. The corrugated
fiber product would substitute for corrugated galvanized iron sheets made from
imported steel sheet, an energy intensive product.

The Philippines

.+ The utilization of bagasse in the same substitution applications as noted
for Bolivia and Guatemala would appear appropriate for The Philippines.
. . Philippine coal may be usable for production of ammonia to substitute

for imported nitrogenous fertilizers.
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..Cement can be used to make concrete to substitute for imported steel
in many types of conséruction; Philippine cement production is substantial.

.. The substitution of Philippine coal for fuel oil (from imported petroleum)
in firing cement kilns would appear to have potential worthy of examination.

.. The presence of many volcanoes and much volcanic material suggests
the possible presence of volcanic ash that may be sufficiently pozzolanic for
use in making blended cements which would be less energy intensive than pure
portland cement. In such an application the volcanic ash would substitute for
fuel.

..Cement and/or lime (from coral, marble or limestone) with either
volcanic ash or silica sand can be used for producing cellular concrete and
calcium silicate building products. In appropriate designs cellular concrete
can substitute for more energy intensive steel (based on imported scrap) by
virtue of its low density that allows reduction in the amount of steel used.
Calcium silicate building products can substitute for more energy intensive
clay brick and tile, thereby lowering usage of imported fuel required for pro-
ducing the clay products.

. .Sulfur-coated, surface- prepared bamboo may be used as reinforcement
in concrete to feplace steel reinforcement. This new material ie a candidate
substitute for steel bars made from imported steel scrap, is very low-energy
intensive, and is producible from indigenous bamboo. Its use in concrete for
applications with critical service and structural requirements must carefully

be examined.
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. +Although highly price-sensitive, the use of vegetable oils in fuel
applications is a prospective incremental substitution candidate for a portion
of high-cost imported petroleum, prices of which are likely to increase in the
future. History records the use of palm oil to fuel Diesel-type engines in the
first half of the 20th century. Combustion technology has advanced markedly
since then and present day internal combustion and reciprocating engines have
been cohsiderably improved; a new breed of direct-injected stratified-charge
engines will operéte on a wide variety of liquid fuels. Considering the large
quantities of vegetable oils, oil seeds, oil nuts and oil kernels produced in The
Philippines, it would seem worthwhile to examine the feasibility of using a
portion of production as a replacement for a part of petroleum-based fuel or
diesel oil. There is also the possibility of blending petroleumn based fuels with
the vegetable oils. If such usage is feasible and vegetable oils can be produced
at costs that are competitive with petroleum prices, then perhaps production
could be increased to supply a portion of the fuel demand.

.+ The production of methanol for use as an automotive fuel is practicable
and technically sound. At present-day prices of petroleum based fuels, methanol
is indicated to be competitive, particularly when blended with gasoline. Pro-
ducible from coal, wood and cellulosic agricultural residues, methanol would
be a substitute for part of the gasoline used in The Philippines.

+ «Gypsum is available for use in making plasters from which a variety
of low energy intensive building products can be made to substitute for sheet

steel, concrete block, etc.
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Tanzania

..Proven resources of coal and iron plus limestone provide a pros-
pective base for the production of iron and steel in Tanzania from which to make
a variety of items now imported, including pig iron, primary forms of steel,
rails and accessories, steel hoop and strip, steel tubes and pipe, etc.

..Coal is a candidate feed material for the production of ammonia and
possibly nitrogenous fertilizer materials that are now imported, plus a number
of organic chemicals, pitch and perhaps coke. The production of nitrogenous
materials from coal could result in lower cost fertilizers that might permit
higher grain yields to offset imports, especially corn or maize.

. .Gypsum is available for calcination to provide the semi-hydrate that
is the basis of construction and prefabrication plasters used in building.
Plasters can, in some applications, be a low energy intensive substitute for
cement.

..Bagasse from sugar cane is a candidate raw material for use in making
bagasse pulp that can be used in the production of paper and paperboard, now
imported in significant amounts. The bagasse pulp can be blended with pulp
from softwoods, production of which is indicated to be increasing in Tanzania.

.. The possible presence of pozzolanic materials is suggested by volcanic
features in Tanzania. These would be candidate substitutes for portland cement
in the production of blended cements which, overall, are less energy intensive
than pure portland cement. A substitution of pozzolans for part of the fuel

used in cement production is thus possible.
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.« The occurrence of rock phosphate may make it possiBle to produc;.e
phosphatic fertilizer materials, perhaps in conjunction with coal processing
that could yield sulfur compounds which could be used for making sulfuric acid.
This acid could be used in treating the rock phosphate to make triple or super-
phosphate for application to croplands.

. .Cement now being produced can be used in making concrete to replace
steel in structures and possibly to make low-energy intensive concrete block
or cement-bonded brick.

.. Tanzania's wide variety of soils may provide the basis for cultivation
of agricultural crops (soybeans and/or palm nuts) that will yield vegetable oils
to substitute for imports. Water for irrigation would appear to be available
from Lake Victoria and Lake Tanganyika as well as various lakes formed
behind dams for producing hydroelectric power.

« « The utilization of silica sand with lime to produce sand-lime brick
would permit substitution of a lower energy intensive building material for clay
brick and tile. Both silica sand and lime are presently produced.

Thailand

.+The iron ore deposits of Thailand, worked in past years to produce
material for export, are a resource that could be the basis for increased iron
and steel production to reduce imports. The former Japanese market for the
ore has dwindled. Thailand's imports of steel scrap and semimanufactures are

considerable.
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..As a producer of both lead and antimony, Thailand has two of the
primary materials needed for the production of lead-acid (automobile) batteries.

.. Commercial deposits of gypsum provide an indigenous raw material
usable for the production of plasters that canh be used in building construction.
Substitutable for highly energy intensive cement in a number of applications,
technological advances make it possible to make spraying plasters, rendering
(cladding) plasters, very high-strength plasters, etc., all relatively low energy
intensive products (three to four times less fuel per ton than cement).

. «Resources of silica sand, limestone and marble can be used in the
production of calcium silicate building products. The limestone would have to
be calcined to make quicklime for use with the silica. Both sand-lime brick
and cellular concrete shapes can be made with these materials. Cellular con-
crete can also be made with cement instead of lime, though the usual practice
is to use both. Calcium silicate and cellular concrete products are less energy
intensive than clay brick and tile. Both can substitute for steel in some types
of structures.

..Bagasse and other nonwood plant fibers such as rice straw and bamboo
are available in Thailand for use in making pulps for paper production. The
country imports significant amounts of paper and paperboard.

. .Cellulosic agricultural residues are produced in large amounts and
could be used as feedstock for the production of methanol which can be blended

with gasoline for automotive fuel.,
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. +Agricultural and forest residues can be used to make low-cost building
materials for housing, schools and industrial buildings. Possible products in-
clude exterior structural multifunctional plywood that can be made from small
logs of secondary tree species and phenolic bonded fiber mats, the latter being
usable as facings on the plywood, or as a corrugated substitute for corrugated
galvanized iron sheets.

Recap of Import Substitution Possibilities for the LLDCs

The candidates for import substitution in the six (6) LDCs reviewed in-
clude energy materials, paper and paperboard, concrete, iron and steel, fertilizer
materials, gypsum-based materials, ceramics (glass and clay products), animal
feed materials, and others. All of these are producible through the application
of established technologies, using resources indigenous to the countries. Howeve:,
there are many unanswered questions that bear on technical, economic, societal
and other factors. Thus, the initial identification of candidates for substitution
is but a short first step. In all cases there is the matter of whether a given
substitution would be attuned to the needs of a particular country. Then there is
the question of the cost to achieve the substitution and whether it might outweigh
the benefits., These and other questions need to be included in a plan for identifying
benefits and barriers to undertaking a given import substitution. This will provide
a system or procedure for jointly assessing the substitution's good and undesi.rable

features with appropriate groups, institutions, leaders and decision makers.
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C. Resources of LDCs in Perspective

Earlier summaries of the six (6) LDCs contain information on their
resources of various types. Almost without exception, the national economies
are based on the production of basic agricultural, mineral, forest and other
raw materials; this implies a diversity of resources. Some are well- endowed
with fossil fuel resources and most have hydraulic power generation. There
are, however, undeveloped energy resources in all of the countries. Forest
resources are modest to extensive and have been exploited heavily in some
cases and relatively little in others. Arable lands cover considerable areas
in each of the countries and water for irrigation is available in most.

Mineral resources 6over a broad spectrum, both as to the types of
metallics and nonmetallics that occur and those that are produced. All of the
countries have materials needed for cement- making and sources of aggregates
for concrete, though in recent years some were importers of all of these.
Gypsum occurs and is produced in most of the LDCs, but within the last five
years several of them imported the material in amounts ranging from less than
1000 tons to more thah 20,000 tons. All have resources of clays, sand, gravel,
stone, etc. and in some cases high-grade materials such as kaolin, high- purity
silica sand, quartz, and calcite (essentially calcium carbonate). However,
crude clays of various types are imported by several of the countries, as are
clay products. Sulfur is indicated to be produced in substantial amounts in only
one case. All of the countries appear to be importers of modest to large ton-
nages of fertilizer materials, though at least two are reported to have phosphate

rock resources.
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Overall, the resources of the LLDCs cover a very broad spectrum; as

might be expected, some of the countries are rich in mineral resources while
others are endowed to lesser degrees. Knowledge of the resources has been
developed to degrees that vary in depth from country to country; in all cases
much remains to be learned of the identities, qualities, and quantities of re-
sources. In developing countries such as Bolivia and Guatemala, information
on resources must be considered as being very limited.

Data on production of mineral commodities in the six (6) LDCs are con-
tained in tables in Appendix III. These provide general pictures of mineral re-
sources but are incomplete because information has been inadequate to make
reliable estimates of output levels. Almost completely lacking is information
on the properties, grades and manner in which most of the mineral resources
occur; such information is essential in making appraisals of their exploitability
and commercial potential. Undoubtedly there are sources both in and outside of
LDCs that can fill many of the information gaps; these would have to be identified
and utilized in any efforts dealing with examination and appraisal of import
substitution possibilities based on production and utilization of indigenous ma-
terials,

D. State- of-the- Art and Technology of Materials Substitution

The use of one material, implement, or product in place of another to
serve a particular purpose has been practiced either unwittingly or intentionally
by man throughout his existence. Thus, the art of replacing or substituting ma-

terials has had a long time in which to reach its present state of development.
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The history of the use of substances as industrial materials is replete
with substitutes among substances, either of the same or different classes. In
the same class (metals), aluminum substitutes for copper as a conductor of
electricity and heat, and (in foods) vegetable oils substitute for animal-and
fish-derived oils; in different classes, steel substitutes for wood in structural
applications and plastics substitute for metals and ceramics in numerous ap-
plications. Obviously, under appropriate conditions of availability and cost,
each of these substitutions can work in the opposite direction. Actually, there
are very few industrial materials for which another material is not technically
substitutable. Furthermore, there are few industrial materials for which there
is only one substitution option.

Substitution among materials can be either evolutionary or radical.
Evolutionary substitution generally follows a pattern of gradual improvements
in materials and products, leading in time to substitutes having better service
capabilities. Radical substitution can involve a change to an entirely different
class of material that performs a function much more effectively, or a basic
change to a material or product that performs a function by a completely dif-
ferent approach, e.g., the use of adhesives instead of nuts and bolts for joining.
Radical substitution often follows a significant materials development that is a
technological advancement and which allows replacements of major importance,
as in the case of the transistor which replaces vacuum tubes. Radical sub-

stitution can take place abruptly, as when a conventionally used material becomes
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higher priced, scarce or unavailable rather suddenly, or a government reg-
ulation either bans or limits its use. For example, a switch from natural gas
to coal and petroleum coke by numerous U.S. cement manufacturers followed
quickly after price rises occurred and gas supply shortages developed.

It should be noted that the choice of using a given alternate material or
product is often made possible by technologies, processes, and techniques that
are substitutive for those used to make a replaced material. For example,
calcium silicate building products manufactured by the use of relatively low
temperature hydrothermal processing from silica and/or silicate materials plus
lime are widely used in place of structural clay products (brick and hollow tile)
made by high temperature treatmevt of items shaped from clay or shale. Al-
though the two classes of products are made in the same shapes and sizes for
use in the same types of construction, they are made from entirely different ma-
terials, according to different technologies, and by dissimilar processes. An-
other major difference of much significance in these times of world-wide energy
consciousness is that, though the products are both processed by thermal methods,
the heat energy required in manufacturing the calcium silicate materials is
typically less than half of that required in firing clay products. The above com-
parison points up technology and energy as two of the important underlying
elements in materials substitution; other elements are material resources and
the capital necessary for investment.

From a technical standpoint, materials substitution very often involves

knowledge, technology and activities that lie in the multidisciplinary field of
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materials science and engineering. Figure l is a diagram showing the dis-
ciplinary mix in materials sci'ence and engineering; subjects within the shaded
sector on the right are considered to be in the field. Practitioners in this field
develop and work with materials that are used to make things-- products like
machines, devices, and structures. The technology employed varies widely in
its relative sophistication and frequently is referred to as high-level or low-level,
depending on its complexity or simplicity. In a similar vein, the materials used
and the products made from them are exceptionally diverse in class or type. The
scope of materials science and engineering spans metals, ceramics, semicon-
ductors, dielectronics, glasses, polyimers, and material substances like wood,
fibers, clay, sand, and stone. Substitutability within and between these has a
great many possibilities when viewed in the light of existing knowledge; the in-
dication is that there is no technologic limit to substitution. A much broader
materials spectrum within which substitutions can be made includes foods, drugs
and fossil fuels; these are substances that are sometimes considered to be out-
side of the scope of materials science and engineering. However, while the
technologies, materials and products associated with these may be partly or
wholly outside of the shaded sector in Figure 1, they and the disciplines that work
with them are involved in the field to varying degrees. Together with these
disciplines, the field of materials science and engineering encompasses both
multidisciplinary and interdisciplinary work.

Materials previously listed as being within the scope of materials science

and engineering have come increasingly to b.e classified by their function as well
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Figure 1. Schematic relationship of the subject matter of materials
science and engineering to "basic sciences' (physics, chemistry, and
mathematics) that form the necessary core of any technology. The
series of concentric circles around the basic sciences core include the
applied sciences (earth, life, and materials) immediately surrounding
the core, and an outer ring of engineering fields (medicine, the geo-
logical engineering fields, mechanics, electrical engineering, etc.).
The import features of the location of the materials science and engi-
neering sector are the chemical bias, the extensiveness of the field
across the basic-science-engineering boundaries, and the interdis-
ciplinary nature, which is not well illustrated in this diagram.
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as by their nature; hencer, structural materials, biomedical materials, electronic
materials, etc, The properties of specific materials often determine whether
products made from them.will serve satisfactorily in particular applications.
Possibilities of substitutingl one material for another may be appraised by com-
paring their respective properties in the light of requirements relative to service,
fabrication or processing, and economics. In a highly scientific sense, this
involves relating fundamental understandings of the behavio:r of electrons, atoms,
and molecules to the performance of devices, machines, and structures, thereby
linking knowledge to the solution of practical problems. At the same time em-
pirical (experience-based) knowledge is highly important and often adequate in a
great many instances that involve materials selection and design. In practice,
the total knowledge is applicable to the original development and making of a
product as well as to any subsequent effort to provide a substitute for it.

The use of a substitute material is frequently a relatively simple under-
taking based on availability, cost factors, and the known or readily provable
adequacy of the substitute. A common example is the use of alternate types of
rock for making road building aggregates--so long as a given rock material
meets specified physical requirements and is available at competitive cost, it is
usually acceptablé. The element of cost is important in virtually all cases of
materials usage and it is, as well, a limiting factor in substitution. Import
substitutes are also subject to economic qualification; if they cannot supply
domestic markets which had been supplied by imported materials, and with
attendant decreases in foreign exchange expenditures, they fail to satisfy the

basic economic premise of import substitution.
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1, The Total Materials Cycle

Since there are many instances where direct use is made of ma-
terials more or less readily available from nature, substitution first becomes
possible with the basic substances that, collectively, comprise the source from
which all things start. From their sources, all materials move in a "total
materials cycle,' as shown in Figure 2; this is often referred to simply as the
materials cycle. Beginning in the lower left corner of the flow diagram or
cycle, it is shown that the earth and its atmosphere are the sources of ores,
hydrocarbons, wood, oxygen and other substances in crude form that are ex-
tracted, refined, purified and converted into simple metals, chemicals, and
other basic raw materials. These raw materials are modified to alloys, ceramics,
electronic materials, polymers, composites and other compositions to meet
functional and performance requirements; from the modified materials are made
shapes or parts for assembly into products. Some substances are used directly
to satisfy a want with little or no refining, purification, or conversion; examples
are coal, wood and water, which have only to be removed from their natural
settings and utilized virtually as-obtained to provide heat, shelter and drink.
Even at this point substitution is possible, for coal or wood can serve as a
source of heat., Alternatives and opportunities to substitute are found throughout
the full spectrum of activities involved in the materials system; that is, the re-
sources from which materials are derived, their processing and utilization, and
the discharges and wastes to which such activities give rise. Figure 2 shows the

interrelationships of materials and the other natural resources in terms of the
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materials that reenter the cycle. Generally, substitution possibilities exist at any point beginning with and be-
yond the "'raw materials'' stage.
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flow of resqurces, as means to attain given ends, through the successive pro-
duction stages of ''raw materials' and "processed materials" (both of which
figure prominently in world trade as the "primary commodities') into in-
dustrial use and consumer use.

The purposes for which a single material or commodity can be
used provide a relative gage as to its importance in commerce and industry,
There are many, many materials that are multifunctional, being useful in nu-
merous applications. Coal, for example, is a primary fuel material, but it is
also useful as a basic feedstock for making many organic chemicals, This at
once points up the substitutability of coal for petroleum for such usage. Some
raw materials have more than a hundred established uses and may be the most
preferred for a number of those. This points to possibilities for substitution
particularly in the use of materials that occur in more than one form. Silica,
for example, is much preferred in the form of high- purity sand for glass-making,
but must be in the form of ultra- pure, perfect crystals for usage in electronic
applications. Aluminum has its preferred source in bauxite, but some clays
and other materials can also be used; the same clays can be utilized in other
applications, such as perhaps in making refractories or other ceramic products.
The spectrum of uses for a number of industrial mineral raw materials is of
interest from the standpoint of their possible utilization in import substitution.
Examples of these are gypsum, salt and lime; partial listings of industrial uses

for these are as follows.



Gypsum - Hydrous calcium sulfate, (Ca S504.2 H,0)

(a) Uncalcined:
Portland-cement retarder
Agricultural gypsum (fertilizers)
Filler and rock dust
Brewer's fixe
Color manufacture
Glaze in paper manufacturing
Source of sulfur

(b) Calcined:

Industrial
Plate glass and terra cotta plasters
Pottery plasters
Orthopedic and dental plasters
Plaster bandages and casts in surgery
Statuary
Industrial casting and molding plasters
Dead-burned filler

Building

Cementitious

Plasters
Base coat
Sanded
Mixing plants
Gauging and molding
Prepared finishes
Insulating and roof decking
Joint filler, patching and painter's plaster

Keene's cement

Prefabricated
Lath
Wallboard
Sheathing board
Laminated board
Tile, including roof, floor, soffit, shoe and
other types of gypsum products
Tiling and planks
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Lime (including hydrated lime), Calcium Oxide (Ca0), derived
by burning limestone (CaCO3) or dolomite (CaCO3.MgCO3)

(a) Agricultural

(b) Building:
Finishing lime
Mason's lime
Prepared masonry mortars

(c) Chemical and industrial:
Acid neutralization
Alkalies, (ammonium, potassium and sodium compounds)
Asphalts and other bitumens
Bleach, liquid and powder
Brick, sand-lime and slag
Brick, refractory silica
Calcium carbide
Cyanamide
Chromates and bichromates
Coke and gas (gas purification and plant by- products)
Explosives
Food products:
Creameries and dairies
Gelatin
Stock feed
Deodorant for vegetable oils
Glass manufacturing
Glue.
Grease, lubricating
Insecticides, fungicides and disinfectants
Magnesia (85%)
Medicines and drugs

(d) Metallurgy:
Nonferrous smelter flux
Steel (open hearth and electric furnace flux)
Ore concentration:
Flotation processes
Cyanidation
‘Bauxite purification
Magnesium manufacture
Wire drawing
Mold coating



Paints

Paper mills, including bleach
Petroleum refining

Rubber manufacture

Salt refining

Sewage and trade wastes treatment
Soap and fats

Sugar refining

Tanneries

Textiles

Varnishes

Water purification

Wood distillation

Alcohol

Bromine

Precipitated calcium carbonate
Cement manufacture
Dicalcium phosphate
Photographic supplies
Polishing compounds
Retarder

Rock wool

Sulfur

Tobacco

Wood pullers

(e) Refractory lime (dead-burn:d dolomite)

Salt (Rock) - Sodium Chloride (NaCl)
Mineral is "Halite'" (NaCl)

Chlorine and bleaches

Soda ash

Dyes and organic chemicals

Soap precipitant

Textile processing

Hides and leather

Meat packing

Fish curing

Butter, cheese and other dairy products
Canning, preserving and other food processing
Refrigeration

Livestock

Highways, railroads, dust and ice control



Table and household uses
Water treatment
Agricultural uses
Metallurgical uses (Sodium Cyanide)
Manufactured sodium compounds, such as:
Sodium Acetates (Na C;H305. 3 H,0)
Photography
Reagent
Mordant in dyeing
Foot warmers
Thermos bottles
Sodium Aluminate (Na Al O2)
Fabric printing
Lake colors
Paper sizing
Manufacture of milk glass
Manufacture of soap
Hardener for building stones
Water softener
Sodium Bicarbonate (Na H CO3)
Manufacture of various sodium salts
Manufacture of CO2
Fire extinguishers
Baking powder
Effervescent salts
Cleaning compounds
Sodium Bisulfite (Na HSO3)
Bleach and disinfectant
Dyeing
Paper manufacturing
Reducer (stripper) in laundering
Coagulent for rubber latex
Fermentation industries for an antiseptic
Sodium Borate (Nap; B4O7. 10 HpO)
Soldering metals
Glazes and enamels
Tanning
Cleaning compounds
Preservatives
Fireproofing
Sodium Bromate (NaBrO3)
Used in gold solvent with sodium bromide



Sodium Bromide (NaBr)
Photography
Sodium Carbonate (Na,CO3)
Manufacture of sodium salts
Manufacture of glass
Manufacture of soap
Wool washing
Bleaching linen and cotton
Water softener
Photography
Reagent
Sodium Chlorate (NaClO3)
Oxidizer in dye manufacturing
Explosives
Matches
Dyeing and printing fabrics
Leather tanning and finishing
Weed killer
Sodium Chromate (Na;COy4. 4 H,0)
Corrosion and rust preventative for iron
Sodium Cyanide (NaCN)
Metallurgy of gold and silver
Electroplating baths
Fumigant for trees, ships, railway cars, buildings
Case hardening steel
Manufacture of hydrocyanic acid
Sodium Fluoride (NaF)
Insecticide
Disinfectant
Preserving wood, pastes and mucilages
Sodium Nitrate (Na NOg)
Manufacture of nitric acid
Catalyst in sulfuric acid manufacturing
Manufacture of:
Sodium nitrate
Glass
Pottery enamels
Matches
Smoking tobacco
Meat pickling
Sodium Sulfate (NaZSO4)
Standardizing dyes
In freezing mixtures
Textile dyeing and printing
Sodium Sulfide (NaS. 9 H,0)
Manufacturing artificial silk
Dyeing
Hide dehairing
Sulfur dyes
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Rubber manufacturing
Engraving and lithography

Sodium Sulfite (NaySO3)
Photographic developer and fixative

Bleaching wool, straw and silk
Generating sulfur dioxide gas
Dyes
Silvering glass
Paper manufacturing
Food preservative
Various other sodium compounds are used in medicinals and
pharmaceuticals. Some are consumed industrially for uses
paralleling many of those outlined above.
2. Materials Substitution Practice
It is at once apparent that the process of substituting one material
for another may be relatively simple in some cases while in others it may be
complex. Therefore, an early appraisal of the ease or difficulty of a proposed
substitution is necessary to determine whether the project appears sound and
achievable with available means, according to Lovelace. 2) This should include
consideration of the substitutive materials, their suitability as indicated by
known properties, their availability, the sufficiency of reserves, and any potential
problems in supply. Appraisal of these aspects should be as complete as avail-
able information allows, and needs for additional information should be identified
and defined and preferred methods indicated for obtaining it. Similar appraisal
is necessary for the technologies to be employed in the substitution. Lovelace
urged that substitution not be viewed as a casual or easy process, pointing out

that even with seemingly simple substitutes there can be unwelcome surprises

as a result of inadequate attention to some aspect of a proposed substitute.

(2)Alan M. Lovelace, Associate Administrator for Aeronautics and Space

Tec! 10logy, NASA, Washington, D.C., at the Conference on Materials and the
Development of Nations: The Role of Technology; Concurrent Workshop on the
State of Relevant Technologies - Substitution; National Academy of Engineering/
National Academy of Sciences, Washington, D.C., April 28-29, 1976,
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Hambraeus (3) considers substitution preparedness as being very
important to the process of replacing one material or article with another. He
described preparedness as action or planning in order to alleviate or shorten
difficulties and adverse consequences that attend or follow substitution. Among
the first steps that he recommends is the forecasting of resource reserves,
both for a givenlmaterial and one that is to replace it. Information areas con-
cerning resources or primary materials to be used in making substitutes are
1) production methods and rates, 2) consumption (allowing for waste or residues),
3) analysis of prices for proposed primary materials, especially from alternate
sources, 4) political aspects, 5) energy needs, sources and costs, and 6) effects
of other markets on primary materials supply and demand. With regard to the
substitute itself, Hambraeus lists as being important the need for information
on consumption patterns, fundamental qualities required in view of functional and
performance requirements, and data on properties of the possible substitute.

He pointed to the need to identify critical performance areas by model studies,
and to research and development to provide information not available for any of
the sectors mentioned above. Where necessary, appropriate tests should be
made and pilot studies conducted. He indicated that substitutes may be obtained

by restructuring of products or '"off key design."

(3)Gunnar Hambraeus, President, Royal Swedish Academy of Engineering Sciences,
Stockholm, Sweden, at the Conference on Materials and the Development of Nations:
The Role of Technology, Washington, D.C., April 28-29, 1976,
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Arrol(4), with 23 years of background in work involving the sub-
stitution of materials, identified several new driving forces that must now be
considered in thinking of substitutes, whether in materials, or technology, or
processes; these are energy, the environment, and public health. The two
elements found by him to be of highest importance in developing substitutes are
performance and properties; this has been especially so in finding substitute
materials in England's automobile and aircraft industries. Rules emerging
from many cases of materials substitution were said by Arrol to be:

I. There is usually always a necessity for final development
of a substituent material; this is because the basic material
is rarely in the final form that is needed.

2. Redesign of a product is frequently required, and this may
involve modification of the substitute material.

3. A new manufacturing process(es) may be employed.

4, Realistic proving of the substitute material or product is

necessary.

(4)W. J. Arrol, Director of Research, Group Research Centre, Joseph Lucas
Limited, Lucas Industries, Shirley Solihull, West Midlands, England, at the
Conference on Materials and the Development of Nations: The Role of Technology;
Concurrent Workshop on the State of Relevant Technologies-Substitution; NAE/NAS,
Washington, D.C., April 28-29, 1976.
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Arrol cited a number of examples of substitute materials, in-
cluding fiber reinforced resins to replace wood and metal in boat manufacture,
carbon fiber in brake units to replace asbestos and metal fibers, changes in
materials and redesign in a fuel piston pump having many rubbing services, and
a glass fiber reinforced polyester headlamp reflector housing to replace one
made of steel.

Hibbard(5), in speaking as Chairman of the Workshop on Substitution
at the Conference on Materials and the Development of Nations: The Role of
Technology in Washington, D.C., April 28-29, 1976, cited a number of materials
substitutions that have been developed to solve or alleviate problems, or to
provide materials with improved properties and performance capabilities. Among
these are 1) the increasing use of concrete as a product of lower energy intensity
to replace steel in structures of many types, 2) the use of misch metal to replace
manganese in steels, 3) the growing use of plastics to replace various metals in
industrial transportation, household, and many miscellaneous products, 4) the
use of fiber reinforced plastics, and 5) impregnated concrete having higher
strength and much lower permeability than conventional concrete. Pointing out
that new developments are on the horizon, Hibbard referred to substitutability

as one of the key factors in maintaining equality in life.

(5)Walier R. Hibbard, Jr., University Distinguished Professor, College of
Engineering, Virginia Polytechnic Institute and State University, Blacksburg,
Virginia. '
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3. Incremental Substitution
Substitution does not necessarily involve a total replacement;

there can be partial or incremental substitution so long as performance re-
quirements are met and/or functional needs of the final composite material or
article are satisfied. A substitution of this sort often is found or required in
a system and it may be of either major or minor proportions. The stimulus
for using partial replacements may be associated with cost, materials avail-
ability, service conditions, appearance, regulations, preference, and other
factors. The automobile and the airplane are examples of systems in which
many components are now produced from materials that, while of the same
class, differ from the original ones used (metals), and from materials that are
of different classes than were originally used, such as plastic for steel and
composite structures for aluminum. Also, many building structures can be
and are designed and built compositely of wood, metal, plastics, ceramics and
concrete, with the proportions of each varying according to circumstances. It
is, in fact, in the area of construction materials that a large number of the op-
portunities for incremental substitution are to be found. Large, multistory
buildings often are built principally of concrete, with steel being used only in the
form of reinforcing bars. This has led in many instances to savings in costs of
both materials and construction as compared to similar structures built mainly
of steel, Conversely, the same buildings could be constructed almost entirely
of steel, with little concrete being used. The options are numerous with regard

to structural elements, interior finishing materials, and other parts of buildings.
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Incremental substifution is possible also with basic building ma-
terials. For example, there are a number of substitutes for pure portland
cement, including blended hydraulic cements such as 1) portland- pozzolan
cements in which as much as 40% of the portland cement may be replaced by .

a suitable pozzolanic material such as volcanic ash or by an acceptable fly ash,
2) portland blast-furnace slag cement in which up to 65% of the portland cement
may be replaced by acceptable blast-furnace slags, and 3) others. Incremental
substitutions of the above types in cement making are gaining favor around the
world because they can reduce the fuel requirements per unit of finished cement
output. The basis for this is that the pozzolans and slags used do not have to be
thermally processed; they are added to ground portland cement or are blénded
by intergrinding with clinker.

An example of incremental substitution not associated with building
materials is in the rnanufa_cture of paper from pulp from bagasse and imported
long-fibered pulp. This is particularly appropriate for countries that are cane
sugar producers but have little or no resources of soft woods for making pulp,
as is the case for many LDCs, The properties of bamboo kraft pulp- relatively
high tear but low tensile strength--make it particularly suitable in blends with
pulps of lower tear but higher tensile strength, such as those from hardwood and
bagasse. Such blends provide a useful balance of strength and other properties
for many grades of paper. Thus, in many Torrid Zone countritlas;whlére bamboo
thrives and sugar cane is a major crop, there is potential for incremental .suB--’

stitution in which the fibers of these materials can be used in paper-making.
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This can eliminate or substantially reduce the need for long-fiber pulp produced
from soft woods and usually imported by countries not having soft wood forest
resources. The technology and state- of-the-art for producing and using bamboo
pulp are well-developed in India where the world's modern bamboo pulp and paper
industry is centered, and where about 70 percent of the total pulp produced is
made from bamboo in about 20 mills,
4, Substitution In Manufacturing and Construction

Materials substitution technology as practiced in manufacturing and
construction deals largely with solving problems that grow out of diminishing
supplies of basic materials, expected scarcities, advancing costs of materials
and labor, and the high cost of energy. In recent years, the use .f substitute
materials and also substitute technologies has tended to become rr re the rule
than the exception, with increasing emphasis being placed c. the substitution of
plentiful for less plentiful resources. There has been a growing awareness of
substitution possibilities in all sectors of industry.

a. Manufacturing

In manufacturing, and, indeed, in virtually any activity that
employs materials, the search for alternate and/or new materials results from
the pressures to satisfy extremely important functions for which existing materials
are only marginally successful, For example, the aerospace accomplishments
of recent years in the United States depended on the development of new materials
and structures with high strength and stiffness- to- weight ratios. This effort stim-

ulated work on low-density, high- performance composites reinforced with boron
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and carbon fibers. More recently, the changing fuel supply situation has caused
new ernphasis to be placed on metals and ceramics having higher temperature
capabilities for use in heat engines. Such materials are needed to achieve greater
Carnot efficiency and to withstand the increasingly hostile chemical environments
due to the expected deteriloration in the quality of economically affordable fuels.

The above are examples of the pursuits of particular individuals
or organizations concerned with materials effectiveness. On a broader scale, in-
creasing emphasis is Being placed on the search for materials that meet specific
"hardware' requirements. Economics and good design dictate that materials be
used as efficiently as possible. Thus, materials are being worked harder to in-
creasing degrees. This hard working of materials can be done when the use con-
ditions are carefully defined and controlled. However, it can also lead to problems
when the same a-trticle or apparatus is operated under a new set of conditions.
Manufacturers are becoming increasingly skilled in learning to use scarce and
expensive materials locally only where needed. The substitution of one class of
materials for another and the reexamination of designs in terms of their functional
requirements place a continuing challenge on the materials and design communities
to establish better mutual realistic awareness of their respective capabilities and
limitations.

The heavy manufacturing industries of developed nations in
particular are today faced with tremendous technological challenges brought about
by actual and potential shortages of critical materials and by demands to reduce

the weight of their products and to decrease component energy content. On top
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of these and other challenges is the traditional engineering goal of reducing a
part's total cost. Material substitution can often be the most direct route to
realizing these ends.

In few industries is competition among materials as fierce
as in automobile manufacture, which converts some $5 billion in materials
annually into a;bout 10 million vehicles and will struggle to lop pennies from the
manufacturing cost per car. A weight increase of one (1) pound per vehicle adds
5000 tons annually to the industry's consumption of materials. The automotive
industry in the United States is committed to reducing the weight of its standard
size vehicles by up to 1000 1b (455 kg) as part of a program to slash fuel con-
sumption by as much as 40%. Redesigning existing parts rather than building
new ones from the ground up is viewed as the cost-conscious solution. This
can involve decreases in iron or steel thickness and using some substitutive
aluminum in parts where structural and performance integrity will not be penalized
as a result. The substitution of formable high- strength, low-alloy steels for
lower strength steels that require heavier sections in many parts is now widely
practiced. The use of powder metal parts for castings and wrought products
involves, first, a process substitution and, second, a materials substitution.
Additionally, the production of components by powder metallurgy permits the
reduction and often the elimination of scrap. Most of the major plastic applications
in automobiles and trucks are at the expense of zinc die castings. For example,

a sixfold reduction in weight accompanied a switch from a plated zinc wheel cover
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insert to a plated plastic insert. Also, a side marker light fixture, formerly
four (4) zinc die castings a:ssex_nbled with screws, was replaced by a one-piece
chromium plated plastic part with an ultrasonically sealed acrylic lens. A case
in England where a plastic substitute replaced a drawn sheet steel item involved
the use of a glass fiber reinforced, injection molded polyester head lamp re-
flector housing for automobiles.

In the manufacture of industrial equipment, gray iron castings
are being replaced by aluminum die castings for savings in materials, machining,
and shipping costs. Titanium is making inroads in the large compressor in-
dustry as speed requirements and operating temperaturés increase. The sub-
stitution of forged titanium alloy for steel, for example, achieved a 40% weight
reduction on one giant rotor and resulted in a cost saving.

It is realistic to say that no manufacturing industry is without
options as to the use of substitute materials of the same or different classes at
some stage of processing and production. Alternatives exist as to the nature of
raw substances or materials to be extracted, refined, purified or converted as
well as to the forms of energy employed. For example, quicklimes are produced
from limestone, cural or oyster shells, using either rotary kilns or shaft kilns
fired with oil, gas, coke, wood or coal. Paper and paperboard are manufactured
from pulps produced from softwood and hardwood trees in the United States and
principally from softwood in Canada, but sugar cane bagasse, bamboo, kenaf,
rice straw, cereal (wheat and rye) straw, cotton linters, various grasses and

other nonwood plant fibers as well as hardwoods are used in countries of the Far
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East, Asia, Latin America, Africa, the Near East and the Middle East. Am-
monia production for fertilizer usage is based on natural gas as a hydrogen

source in the United States, but a number of countries use coal from which
synthesis gas is made and used in lieu of natural gas. An unusual exaraple of
utilizing available materials (for the direct synthesis of ammonia, using steam
decomposition over hot carbon to make water gas which is a source of hydrogen)
when other hydrogen-source materials are not available or would be uneconomical,
is a plant in India that produces hydrogen using the steam-iron process; crude
hydrogen gas used for reducing the iron is obtained from partial oxidation of wood,
gathered from the extensive forests there. Containers for foods, pharmaceuticals,
beverages, and other substances are made from materials in several different
classes--glass, metals (steel and aluminum), plastic, and ceramic. These are
manufactured from different types or classes of materials and by the use of
distinctly different technologies (except for plastic and glass containers which are

‘ made by somewhat similar blow-molding techniques).

Many manufactures are based on fabrication from materials
produced in basic industries that provide steel, wood, cement, chemicals, plastics,
base metals, textiles, etc. in various standard forms such as ingots, sheet,
wire, plate, structural shapes, bars, etc. of steel; logs, timbers, planks, ply-
wood, etc. of wood; liquids, granules, powders, and lump chemicals; liquid,
granules, powders, sheet and other forms of plastics; bars, sheet, plate, ex-
truded shapes, wire, etc. of base metals; and fabrics, cloths, carpetipg, meshing,

etc. of textile products. Among the various materials listed there are dozens of
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substitution possibilities' as to the finished products that may be made from them--
plastic or galvanized buckets, wooden or steel or concrete structural members,
steel or aluminum beverage cans, aluminum or steel or plastic or wood boats,
steel or wood or plastic or concrete pipes, steel or wood or plastic furniture,

and so on. Such a wide variety of materials from which to fabricate and manu-
facture is, of course, found principally in developed and relatively developed
countries. Interestingly, the basic resources from which a very large percentage
of the manufactures originate have their sources in lesser developed countries.

It would appear, then, that substitution possibilities and opportunities in manu-
facturing in those countries are dependent on more complete development and
utilization of indigenous resources.

b. Construction

Perhaps in no other area of materials usage are there more
options for the use of alternates or substitutes than in construction. Considering
the broad spectrum of materials that can be utilized in construction, this is not
surprising. A factor likely to bring about changes in materials usage and struc-
tural designs is the radically changed picture of fuel supplies and costs. The
National Bureau of Standards has estimated that energy consumed in residential
heating and air conditioning, for example, could be reduced nationwide in the
United States, by as much as 50 percent from current levels by better insulation
and construction. The technology is available and insulation is being upgraded.

The spectrum of materials finding use in building and con-

struction includes inorganics and organics, or metals and nonmetallics.. Insofar-
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as substitutability is concerned, important considerations are functional
properties, availability, and cost. In appraising alternate materials in a given
construction application, performance criteria are indicated to be preferrable
to building codes. For example, the estimated 4,000-6,000 building codes in
the United States impede progress partly because they are out of date and more
importantly because they differ among themselves. The resulting effects are
to limit both the range of usable materials and the size of their markets; both
factors restrict the effort likely to be expended on new or substitute materials.
The matter of performance criteria vs building codes is worthy of note because
of the need to have guidelines and/or regulatory means for specifying degrees
of safety, durability, livability and the like for the products of construction.,
Experience of the United Nations in a number of lesser developed countries

has indicated a need for realistic building standards, a situation which reflects
on materials selection, suitability, and utilization.

Construction projects invariably involve design and materials
selection whether for dwellings, public buildings, dams, industrial plants,
roads and highways, bridges, offshore drilling platforms, or other structures.
Some of these--dwellings and roads, for example-=can be built entirely of native
materials that are locally available, as is frequently the case in many areas of
lesser developed countries. There, the need often is for livable dwellings,
without frills, that can be provided at low cost and without using a wide variety
of materials. However, there may not be many substitution options because of

limitations of local materials. Low-cost housing projects frequently being



88

undertaken in both developed and lesser developed countries often create demands
for sizeable quantities of materials that may, in part, be departures from ma-
terials normally used. In such instances, economies of scale may come into
play; at the same time, low-cost housing projects afford realistic proving grounds
for new and substitute materials and systems based on them. However, ex-
perience has shown that the cost/benefit ratio (where benefit is understood in

the broadest sense, and cost means total cost) of well-known materials is difficult
to beat with new materials; indeed it happens quite rarely. Some of the newer
materials that are being substituted for traditional materials are discussed in

the following sections.

One of the materials to be used in construction is that of
plastics or resins. Fabricated into a broad spectrum of articles, these are
widely substituted for metals, ceramics, wood and paper. Costs of plastics are
situated between the cheap materials (brick, cement...), and the 'fine' ma-
terials (copper...); they are situated in the range of common metals (steel,
aluminum...). Despite the savings in costs that are obtained when production
attains a higher threshold, it is unlikely that costs will change much in the future;
indeed, they have not changed very much as a result of the relatively recent
cost modifications stemming from the oil price increases. Depending on the
cost of the traditional materials for which plastics are aubstifuted, plastics
will seem to be expensive or cheap. Often, the costs of the materials suggest

their use as a bonding agent for aggregates which occupy 80% to 90% of the final
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volume. This approach also improves the rheological properties, aging char-
acteristics and fire behavior. Most often, plastics tend to be used as direct
substitutes for traditional materials, in which case the cost aspect of the cost/
benefit ratio alone enters into consideration (where benefit still includes
durability). In this way plastic pipes compete with copper, plastic foams sub-
stitute for mineral wools, and polyvinyl chloride (PVC) floorings for wood
parquets. Also, plastics substitute for steel, iron and ceramic:plumbing hard-
ware (pipe, shower stalls, sinks and bathtubs, table and bench-top tile, etc.);
in many items the plastic is reinforced with glass fiber or filler with mineral
grains or powders. However, plastics are not competitive with, for example,
asbestos cement or concrete for external claddings. Sometim;s, however,
certain plastics have properties that traditional materials do not possess, as
in the case of elastomers. Then price ceases to be a factor.

Sandwich panels with skins of asbestos--cement, galvanized
sheet steel, enamelled steel or aluminum, enamelled glass, thin stone slabs,
etc, and filled with expanded polystyrene, stiff-foamed PVC, expanding poly-
urethane or isocianurate-type resins have come into widespread use as sub-
stitutes for brick, wood, concrete, and metal in commercial and industrial
buildings for facades, curtain walls and other building elements. In the same
family are cladding panels which are usually of larger size than sandwich panels

and typically are clad with steel or aluminum.,
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Gypsum Plaster Materials

Building and construction materials made from calcined
gypsum (''stucco'’ or plasters) have been used for an increasingly larger part
of buildings-constructed in many parts of the world, thus substituting for wood
lath, lime plaster, and other materials that have traditionally been utilized
in roofing and wall systems. Prefabrication and spraying are established ap-
plication techniques. Plaster components, or plaster-based components, can
be used for partitions or as linings associated with insulation, as wall and ceiling
cladding or as permanent formwork., The mechanical properties that are parti-
cular to plaster suggest an increasing spectrum of usage; it is said that com-
pressive strength of 3500 psi is readily obtainable (somewhat above the com-
pressive strength of standard concrete--2500 to 3000 psi) and that it is possible
to reach 7-8000 psi. Dynamic modulus of elasticity is much lower than for
concrete; bending strength is' low but sufficient at 700 to 1400 psi., Water
solubility (0.3 oz/gal) and loss of strength under damp conditions were formerly
a problem but this has been overcome. Large-size plaster panels are a recent
West German development. Blocks, planks and a variety of other products are
substitutable for their counter parts made of concrete, brick and other more
energy intensive materials. In Germany, large blocks made from lime and
plaster have been marketed for the construction of single-family housing.
Sprayed plasters that are weather-resistant appear to be fully developed and
are becoming available on the market place. Not all of the qualities of plaster

have been fully exploited and research into possible energy savings promise
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a good future for plaster, since it is economical to make (requiring three or
four times less fuel per ton than cement) and has remarkable characteristics
(particularly for insulation).

New Uses for Fired Clay

French studies are examining the production and use of
cellular or foamed, fired clay products for use in construction. By one method,
cellular structures are obtained from a slurry of clay and water, to which a
foaming agent is added; the slurry is vigorously stirred, poured into a mold,
dried and fired. By the second method, (thermo-foaming) dried and ground clay
is placed in a refractory mold and fired; the firing cycle includes a phase of
rapid temperature rise. At the temperature at which the clay becomes plastic,
a phenomenon of expansion (bloating) takes place within the mass. After cool-
ing slabs are obtained which can be cut to dimensions. The applications of clay
foams and thermo-foams partially overlap; they include:

. .8tory-height monolithic panels

. .thermal insulating exterior cladding panels

. .insulation for roof-decks

..fire protection

. etc,
Other fired clay products include 1) large-size drawn bricks, which are story-
high in length, of modular widths, which are laid with the h'ollows vertically,
2) roof slabs made by extrusion, with ribbed shape, which are to be laid on a
roof like gigantic roofing tiles, 3) heavy aggregates made from fired clay for

use in very high resistance concretes, with one design (for skid resistant

road surfaces) made of fired clay aggregates of tetrahedral shape, and
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4) impregnated fired clays (filled with resins) that have shown a considerable
increase in mechanical strength, exceeding 9600 psi in bending and above
50,000 psi in compression. All of these products can substitute for traditional
building elements of concrete, steel and brick. However, they are quite energy
intensive and are not likely to be cost competitive under usual circumstances .

Plastic Foams

Foams (rigid) can be made from almost any plastic material;
. however, polystyrene and polyurethane are readily available and not too costly.
Foams have low modulus of elasticity and a high degree of creep. Provided
suitable configurations are designed, the foams can be used in a primary or
secondary structural role, or as formers for other materials., For primary
structures, it is best to use doubly- curved shapes (to limit strain) so that the
amount of materials can be reduced; extremely economical structures have been
made from polystyrene and polyurethane foams. As a secondary structural
material, a single curvature or folded structures can be made; production
processes can be devised to meet the requirements as to the properties of the
material. Plastic foams used as primary or secondary structural materials
can be substituted for wood, steel or aluminum, concrete, and brick, but they
require protection from physical damage and ultra-violet ray degradation and
their flammability must be given due consideration. Also, designs of con-
struction elements and structures must take into account the préperties and

limitations of the plastic foams.
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Other Materials

A group of materials which are being used increasingly in the
construction industry are composites in which a weak matrix is reinforced with
high strength, high modulus fibers. Within this group are 1) glass fiber rein-
forced plastics, 2) glass fiber reinforced mortars, and 3) chipboard paper or
paperboard. Relatively new to the construction industry, these materials gen-
erally have acceptable ultimate tensile and compressive strengths but low elastic
moduli. To enhance the pofential of these materials it is necessary to derive
extra stiffness by a) incorporating them in a frame structure, constructed from
materials such as wood timber or metal, which supports the low modulus com-
ponent, and b} forming these low modulus materials into folded plate structures.

Industrialized building systems using fiber reinforced matrix
materials may be divided into two groups.

a) Those systems which are manufactured wholiy from

the fiber matrix material which replaced or substitutes
for traditional materials such as wood, concrete, metal
and brick or tile; and

b) Thc:se which are in the form of a composite construction

with a structural frame made of a conventional metal
and the cladding made of a fiber matrix material,
Of the three materials, glass fiber reinforced plastics appear to be used most.
Glass fiber reinforced cements represent a relatively new technology and the

techniques for manufacturing and testing components are still being developed;
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only prototype structures using this material have been produced so far. faper-
board or chipboard paper, as compared with conv;ntional engineering materials
and with the above fiber reinforced materials, has very low modulus of elasticity
in direct tension and bending and very low tensile strength., Its stfuctural
properties also vary with temperatu.re and humidity. It has substitutive use in
emergency housing, replacing wood, fabrics (tents), and other materials used

in témporary situations.

Polymer concrete building panels, ei.ther solid or cavity-
type, are composed of another relatively new construction material that is finding
substitutive use for masonry, cast-in-place and prefabricated concrete, and
metals. The panels are used in facades and interior partitions and facings.

Steel fiber reinforced concrete is a newly developed material
that is used in place of conventional reinforced concrete in severe service
pavements.

Traditional Materials

As indicated earlier, new materials for use in construction
may broaden the variety but they are not likely to bring about major changes in
the overall materials utilization picture for the field of construction because it
is difficult to beat the cost/benefit ratio for traditional materials, such as
concrete, metals, ceramics and wood. These are substituted for one another
more or less at will, as, for example, concrete fo'r. steel and wood in commercial,
industrial and institutional buildings and in bridges, docks and other structures.

Brick and texturized or special effects concrete are frequently used in lieu of each
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other and wood ma;y be substituted for both. Concrete will always be a front-
running construction material because it can be cast-in- place or precast to
make large and small units or members. Further, it is one of the lowest cost
materials available in most areas of the world. Wood can be lower in cost,

but as is the case with any material, the more it is worked (prepared) the less
is the cost advantage. Clay brick is often replaced by sand-lime brick, struc-
tural clay hollow tile,cement-bonded stone brick, block made of cement-bonded
aggregate, and cellular concrete block; all of these are used in wall systems and
partitionsb or dividers. Plain or stabilized adobe or compacted earth blocks are
brick substitutes in many developing countries.

Roofing systems offer as many options for materials substi-
tution as any area of construction. There are asphalt shingles, felt and gravel
or crushed stone (built-up roofs), sheet copper and aluminum and steel, ceramic
and asbeétos-cement roofing tile, gypsum plaster roof plank, cellular concrete
roof plank, straw thatch (even in some developed countries), slate, cedar shakes
and shingles, steel and wood trusses, perlite and vermiculite/cement mortars,
asphalt, polyurethane sandwich panels, plywood, and others. Factors affecting
the use of these materials are numerous and include,but are not limited to cost,
appearance, climate, availability, custom and preference.

The use of construction materials is highly oriented to resources,
and methods and techniques for using them from one region to another have evolved
over long periods of time. Although substitution is possible, it may not be
practiced until and unless alternate materials have been proven through satis-

factory performance. This is the present situation with a number of construction
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materials made of plastics, glass fiber reinforced concrete, industrial wastes
and residues, polymer and sulfur impregnated concrete, and others.
5. Materials Substitution Research
Considerable research pertaining to materials substitution in

manufacturing and construction is in progress at universities, and research
institutes in the United States and in numerous institutions and laboratories of
governmental agencies in developing countries. Most of the readily available
information on the research deals with biomedical materials and with construction
materials. Presumably, this is because the programs in these areas often are
concerned with coramon denominator problems and are typically supported with
public funds. Research dealing with materials substitution in manufacturing is
very often conducted b' industry, as is research in new materials, improved
materials, and processing; more often than not the research is proprietary.,
Universities and research institutes also engage in research in these areas,
frequently for industrial sponsors and under contracts that provide for sponsors'
proprietary rights. Exceptions to this are in areas of substitute materials,
new materials, recycling, and materials processing associated with agricultural
and industrial wastes or residues. These subjects are in the realm of national
interest and are closely aligned with protection of the environment, conservation
of materials and the saving of energy.

The research projects and programs involving or related to
materials substitution that are listed in the following sections represent samplings

of current work at universities, research institutes, and in developing countries.
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While indicating a diversity of subjects, the projects do not necessarily provide
a cross-section of the total work in progress.

a. Research at U, S. Universities

While a great deal of research is in progress on ma-
terials at U. S. Universities, indications from published information and con-
versations with university and college staff members are that, as a percentage
of the total, relatively little of it is concerned with materials substitution.
Because of increasing levels of proprietary research and difficulty of obtaining
information from different universities pertinent to specific current research
identifiable with or directed toward materials substitution, only a partial listing
.of projects is given. By way of placing the overall picture of university research
in materials in perspective, a 1974 summary report of the National Academy of
Sciences Committee on the Survey of Materials Science and Engineering (COSMAT)
indicated that up to that time the universities had produced relatively little in
the way of new materials, per se. It was felt that the reason for this was that
the academic community, with some exceptions, traditionally has resisted inter-
disciplinary and applied research. However, it was indicated also that the ma-
terials research centers at universities planned, at that time, to shift their
emphasis somewhat toward applied research, with the area mentioned most often
being biomaterials. This field, which holds many opportunities for materials
substitution, is highly interdisciplinary, though the corresponding body of tech-
nology is much smaller than in other areas, such as ceramics, polymers,

electronic materials, etc. Less than three (3) years after the COSMAT report,
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which was prepared in 1973 but published in 1974, it is apparent that a signifi-
cant portion of university research is, indeed, in the area of biomaterials for
use in making substitutes for parts of the human body. Other areas are con-
struction materials, ceramics, forest products, and energy resources; it is
evident that more applied research is underway, though materials substitution,
per se, is not a prominent subject. In a few cases, a brief description of the
research effort was available while in others only a descriptive project title
was obtained.

The University of Texas at Austin

. .Dynamic Model for the Efficient Utilization of
Exhaustible Energy Resources (categorization of
energy resource demands by substitution possibilities
and expense).

. .Optimized Use of Solar Energy for Steam Fired
Boiler Cycles (study directed toward improving each
component in solar systems for 500°F, 250 psi steam).
. .Alternate Power Sources (alternate power sources
for medium sized electric utilities--municipalities),
with primary effort presently directed toward usage
of sewage and garbage as fuel for firing conversion

type boilers).
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..Fiberglas Rod Reinforcement for Concrete Beams
(strength and behavior of concrete beams reinforced
with fiberglass rods for flexure, using latex modified
concrete as a measure toward greater durability for
concrete in chemically hostile environments),

. . Polymer-Impregnated Concrete for Highway Ap-
plications (method of impregnating concrete bridge
decks; investigation of means for repairing damaged
or cracked concrete; use of polymer-impregnated
beams and piling).

.+ Polymer Concrete - Highway Applications (use of
polymer-concrete composites in highway applications
is being investigated).

Lehigh University

. .Mechanisms of Wear of Ceramic Cutting Tools
(substitute for metal and carbide tools),

. «Sulfur Impregnated Bricks, Blocks and Concrete
(susbstitutes for unimpregnated same products, but
impregnation greatly improves strength qualities and
renders materials impervious).

+ «New Cementing Material from Rice Husk and Sugar

Cane Bagasse Ash (substitute for conventional cements).
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.« Performance Study of Sulfur- Sand Treated Bamboo
Pole (substitute for structural members of other ma-
terials).

. +Structural Behavior of Sulfur- Bamboo Reinforced
Concrete (replacement for steel reinforcing--surface
preparation of bamboo followed by treatment in molten
sulfur to coat and seal renders the bamboo resistant
to dimensional change that occurs with this high-
tensile strength material in the untreated state).

. . Polymer Impregnated Concrete as a Construction
Material (substitute for conventional concrete in ag-
gressive environments).

Texas A & M University

..Clay-Fly Ash Aggregates (synthetic aggregates to
replace natural aggregates for construction usage).

. . Partial Replacement of Asphalt by Sulfur in
Bituminous Pavements (substitution of sulfur for
asphalt).

.. Fly Ash as a Filler in Asphaltic Concrete (substitutes
fly ash for pulverized rock).

University of Virginia

.. The Use of Volcanic Ash Compounds for Construction

Projects in Iceland (This work, conducted jointly by
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Gillette Research Institute and the University of
Virginia found that volcanic ash from Iceland in com-
bination with lime and gypsum--all pulverulent--yielded
a cementitious material having potential usefulness in
the production of building modules such as bricks, blocks
and panels. These would substitute for the reinforced
concrete and other normally used construction materials,
including bricks, wood, steel, aluminum, etc., that
must be imported. Use would be made of geothermal
heat for curing. Establishment of the pozzolanic
qualities of the Iceland volcanic ashes would appear to
be a first step since this could lead to the identification
of the most reactive volcanic ashes and the ones best
suited for use. With information on the ash's pozzolanic
qualities, the proposed work could proceed more or

less as planned. However, examination should also be
made of other options, particularly the possibilities of
using the volcanic in combination with cement and/or
lime to produce conventional density building modules
and/or cellular concrete cured by hydrothermal treat-
ment; this involves autoclaving in a saturated steam

environment at about 355-365°F and 150 psi, with
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ultimate cure being obtained in 8 to 12 hours rather
than a matter of days as in curing at atmospheric pres-
sure. The quality of the geothermal heat on Iceland
may be adequate for this. Cellular concrete has good
thermal insulating qualities and can be designed such
that structural strength is adequate. The project has
considerable merit and may lead to substitute ma-
terials for use in construction, based on materials in-
digenous to Iceland. Similar combinations of materials
in other countries could be a basis for import sub-
stitution).

University of Washington - Seattle, Washington

. « Dental Implant Materials.

. .Studies of Diatomite and Its Usage.

. . Low-cost Building Materials for Housing, Schools
aﬁd Industrial Buildings (This work consists of two
related programs, one dealing with the use of agri-
cultural and forest residues for making exterior
structural, multifunctional plywood products, and the
other dealing with the use of bagasse and other fibers
which are formed by a simple process into an oriented
fiber mat, with phenolic binder. The plywood product

has a 3-ply core made of thick, low- grade veneer, or
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veneer of secondary species, produced from four-

foot logs as small as 6 inches in diameter. Facings
are of a phenolic-bonded, compressed fiber mat

which can be made from veneer residue or, more
easily, from either straw or bagasse fiber. The
resulting panel can be supported with lumber framing
on four-foot centers and used for flooring, sidewall
sheathing, shutters, doors, and, perhaps, roof
sheathing in typhoon- proof and earthquake- proof
houses. The fiber mat product of the second program
is corrugated while being pressed into a corrugated
hard board which may later be painted or given an
asphalt coating that contains aluminum flakes. This
product is primarily designed to be a roofing material,
usable as a replacement for commonly used corrugated
galvanized iron sheets.

Both. programs involve technical and economic studies,
and demonstration; minimum- scale production units
are to be established in several developing countries).

North Carolina State University

. « Development of High Melting Point- High Strength

Glass Ceramics.
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. .Ceramic Matrixz-Metal Fiber Composites for Bone

Implants.

Pennsylvania State University

..Crystallizable Glasses for Thick Film Microcircuit
Applications.

.. Porous Biomaterials (hydroxyapatite) Implants.

. .Advanced Materials for Highway Applications.

. .Low Cost Inorganic Composites for the Construction
Industry.

University of Illinois

.. Ceramic Products from Rice Hulls.
..Ceramic Materials from Power Plant Bottom Ash.

Virginia Polytechnic Institute and State University

..Use of Fly Ash For Soil Conditioning and Trace
Element Source.

. » Low- Cost Housing With Wood in Latin America.
.+ Performance of Wood As a Material of Building
Construction.

California State University (Fresno)

.. The Manufacture of Asphalt Stabilized Adobe.

Carnegie-Mellon University

..Materials and Systems for Low Cost Housing.
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University of West Virginia

..Use of Power Plant Bottom Ash in Road Construction.
.« Production of Forty Percent Core Area Fly Ash
Brick (uses lignite fly ash, West Virginia fly ash and
Kentucky fly ash).

Georgia Institute of Technology, Cornell University,
and Massachusetts Institute of Technology

. .Industrial Development in Developing Countries (It is
understood that these three (3) universities have grant
programs for providing guidance and assistance in
industrial development programs in many developing
countries. Such industries must use materials, either
imported or indigenous, or both. Therefore consid-
eration of import substitution possibilities and op-
portunities is a facet of the programs. Details as to
the role of materials substitution in the work were not
obtained. The University of Arizona is engaged in a
somewhat similar program, but it is concerned prin-
cipally with activities oriented to arid lands.)

The preceding list of university projects is but a sam-
pling and is intended to show the diversity of research
in progress and to provide an indication of the extent
to which the research is involved with materials sub-

stitution.
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b. Research at Leading Research Institutes

Many of the studies underway at leading research
institutes are of proprietary nature, but sufficient information is available to
indicate that a considerable portion of them deal with materials substitution and
the development of new materials, the latter often involving evolutionary sub-
stitution. A major percentage of the research institutes are engaged in bio-
materials for use in making substitutes for bones, teeth and other parts of the
human body; this somewhat parallels or complements similar work in progress
at many universities. Descriptive project titles of a number of projects in-
volving or related to materials substitution are given for three (3) leading re-

search institutes.

Battelle Research Institute,
Columbus Laboratories

. .Improved Ceramic Proppants for Petroleum Crude
Recovery.

. .Characterization of Charred Refuse for Use As

An Active Carbon,

. . Evaluation of Processed Gypsum for Industrial
Applications.

.. Properties and Applications of Steel Fibrous Concrete.
.« Properties and Applications of Stainless Steel Fiber-
Reinforced Refractory Castables.

. « Development of Polymer- Impregngted Wire-Reinforced

Mortar.
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. .Development of Erosion/Abrasion Resistant Ceramics
for Coal Liquefaction Service.

. «Development of Procedures for Centrifugally Casting
Wire-Reinforced Pipe for Coal Gasification Applications.
. .Development of Bioresorbable Ceramic Materials
Having Improved Structural, Mechanical Resoxrption
Properties for Repair of Base Defects.

. .Development of Improved Designs and Forming Pro-
cedures for High Purity Alumina Tooth Root Prosthesis.

Pacific Northwest Laboratories (Battelle)

. « Development and Evaluation of Ceramic Dental Anchors.
. . Development of Ceramic Filled Plastic for Dental,
Medical and Industrial Applications,

IIT Research Institute

. .Ceramic Components for Internal Combustion Engines.
. «Development of Corrosion Resistant Concrete by
Impregnation with Sulfur,

. «Development of New Ceramic Materials and Bonding
Techniques for Use in Cardiac Pacemakers.

. .Fiber Reinforced Concrete Studies.

.. Impregnation of Concrete Aggregate with Sulfur.

Southwest Research Institute

.. Use of Fly Ash in the Production of Cellular Concrete

Building Blocks and Panels.
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. .Sulfur Impregnated Concrete Pipe for Use in Ag-
gressive E‘nvironments .

. .Silica Polymer Cements for Structural and Other
Applications.

. . Permanently Attached Artificial Limbs.

..Use of Fly Ash and Slags As An Energy Conservation
Measure in the Production of Blended Cements.

.. Use of Sulfur Surface Bonded Block Wall Structures.
. .Silica Foam As Material for Fireproof Insulation,
Filtering and Other Applications.

. « Pozzolan- Lime Building Materials.

. .Synthetic Aggregates.

. .Use of Power Plant Bottom Ash in Concrete Block.
.+ Use of Sulfur in Highway Lane Marking and Striping.
. .Hydro'thermal Cements for Use In Oil, Gas and
Geothermal Wells.

««Direct Injection Stratified- Charge Reciprocating
Engines with Multi- Fuel Capabilities (engines of various
design configurations can be operated on fuels within

a wide range of gualities and BTU content).

c. Research at Institutions of Developing Countries

A considerable amount of work related to materials

research and development, utilization and substitution is indicated to be in
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progress in developing countries, but information and details were found to be
generally limited and/or not readily available. Very little information was
available from LDC embassies, though some was obtained from such agencies
and organizations as the United Nations' Centre for Housing, Building and
Planning, U. S. AID's Office of Housing, and the U.S. Peace Corps. A number
of research activities were indicated in the current literature and by persons
contacted in developing countries. Descriptive titles of a few of the programs
are listed below; explanatory statements are given if information obtained on
the work was sufficiently detailed.
Ghana
. . Development of A Machine for Brick Production-
Building and Roads Research Institute (BRRI), Ghana.
Large sums of money are appropriated by Ghana for
its imported cement. The government hopes to cut
that sum by finding a relatively efficient way to make
bricks with equipment that can be maintained by Ghanians.
Colombia
.« Cultivation and Utilization of Bamboo-- Banco de la
Republica, Federaction Nacional de Cafeteros, Tondo
Colombians de Investigaciones y Prozectos Especiales,
Colombia. This is a continuing program concerned with
production and applications of bamboo in paper- making,

construction, architecture, engineering and art crafts.
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. .Utiiization of Indigenous Materials in The Con-
struction of Houses in Tropical Zones of Latin America,
Industrial University of Santander, Bucaramanga,
Colombia,

Trinidad, W.I.

. . Utilization of Pozzolanic Materials for Wall Con-
struction, The University of the West Indies , St.
Augustine, Trinidad, W.I.

Brazil

.« Lumber Standards in Industrialized Low-Cost
Housing, Institute do Pesquisas Tecnologicas, Sao
Paula, SP, Brazil.

Mexico

. «New Insulating and Construction Material, Utilizing
Bamboo as Reinforcing Elements, Centro de Investigacion
de Materiales, UNAM, Mexico, D.F., Mexico.
Venezuela

«» The Teaching of Materials Technology in Developing
Countries, UNESCO, Caracas, Venezuela,

Iraq

-+Research on Building Materials » Designs and Methods,

Scientific Research Foundation, Government of Iraq.
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6. Energy and Materials Substitution

The production and conversion of materials requires energy in
amounts that vary over a very broad range. Since the needs are subject to the
conditions of individual situations, each material requires its own analysis
development under some broad guidelines. In one methodology, any specific
energy-related materials analysis covering a commodity must be broad enough
to include the entire industry of any nation. All degrees of technological progress
must be represented in the final output figures. In developing countries where
it may be desirable for materials production and conversion to be more or less
labor intensive, this must be factored into the analysis; this is especially im-
portant when labor can substitute for significant amounts of energy and would
reduce the requirements for energy intensive materials and equipment.

The energy requirements of all industrial materials must be known
for many purposes. The most important are for determining 1) the energy in-
tensiveness of specific materials, 2) the national requirements for specific
materials industries, and 3) energy flow diagrams paralleling process flow
diagrams. These factors help guide the selection of materials. Further, they
aid those seeking to conserve energy in existing and currently used systems and
to minimize energy requirements in selecting alternate systems or in developing

new technologies.
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The dramatic worldwide increases in energy costs since late 1973
have led to studies for the evaluation of the energy required for extracting,
refining, purifying and converting materials to useful forms. Available data
from the studies pertain to energy in materials under conditions in the United
States, but they are generally applicable to other industrialized countries as
well since the employed technologies and processing methods are usually the
same or similar. The importance of knowing the levels of energy in different
types of materials insofar as import substitution is concerned is several fold:
1) a gage is obtainable of the energy expended in producing a material that is
imported; 2) a comparison can be made between that energy level and the known
or estimated energy level for a substitute for the import; 3) a basis is provided
for a decision on the adequacy of indigenous energy resources to sustain pro-
duction of the import substitute over a period of years; and 4) energy require-
ments for possible alternate materials can be compared in evaluating advantages
and disadvantages of different substitutes for the import, e.g., concrete or
wood or clay brick, or sand-lime brick to substitute for imported structural
steel elements for use in construction, or plastics for sheet metal products.
Table I shows the energy required for selected metallic and nonmetallic com-
modities and products in the United States in 1973. As a class, nonmetallics

are almost an order of magnitude lower in energy intensiveness per ton than



Commoditx

Iron and steel

Aluminum
Zinc
Lead
Copper

Chromium

Magnesium
Manganese

Titanium
Uranium

Calcium
Cement
Ceramics
Glass

Refractories

Clays

Gypsum

Sand and gravel

TABLE I

(United States 1973)

Metals

Product

Steel slabs
Gray iron castings
Carbon steel castings
Ingot
Ingot
Ingot
Cement copper
Refined copper
High-carbon ferroalloy
Low-carbon ferroalloy
Metal
Ferromanganese
Blast furnace
Electric furnace
Metal
Uranium oxide
Acid circuit
Alkaline circuit
Resin-in- pulp

Nonmetallics

Quicklime
Portland cement
Common brick
Glass containers
Basic brick
Fireclay brick
Kaolin

Other clays
Calcined gypsum
Sand and gravel
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ENERGY REQUIREMENTS FOR SELECTED
COMMODITIES AND PRODUCTS

Energy Required Per
Net Ton Product (106 Btus)

24
34
42
244
65
27
87
112
61
129
358
49.5
46
52
408

776
1123
795

N -
Lol BEN B UV Y.
LY B e N

.2

2.8
0.1-5,3

1.5
0.056
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metallic materials. This could be an important factor in appraising import
substitution possibilities where a metallic material or product can be replaced
with a nonmetallic one.

As compared to metallic and nonmetallic materials, the gross
energy requirements for many wood products are substantially lower, ranging
from just under 6x10° Btus per oven-dry ton for softwood lumber and 7.6x100
Btus for softwood sheathing plywood to 10x10® Btus for medium-density fiber-
board and 20.4x106 Btus for wet-formed hardboard. Moreover, the degree of
energy self-sufficiency of many wood products is striking; the fuel residues
generated in the manufacturing process for these are sufficient to supply all of
the energy needed for production, plus a substantial amount for other purposes.

Energy requirements for processing to produce plastics are com-
parable to those for some of the metallics but are above those for wood products,
ranging from 45x10°0 to 70x10% Btu/ton for polystyrene to 135x106 Btu/ton for
low-density polyethylene.

In the area of energy materials themselves, a number of substitution
possibilities exist. For developing countries, one or another of these may afford
opportunities for big pay-off. Many of these countries depend heavily on wood
for energy. The use of wood, however, is inefficient. In a populated area, over
dependence on wood decimates forests and so causes erosion and desertification
of lands. (This happened in the drainage area of the Magdalena River in Colombia
and resulted in siltation of the river, reducing its navigability.) To save the land

and its populations, the developing countries could do well to look at biogasification.
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According to Russel Peterson, Chairman, U.S. Council on Environmental
Quality: "If biogagification were widespread in most developing countries, crop
residues and animal waste could produce all the fuel needed for cooking, plus
enough energy to manufacture nitrogen fertilizers for intensified farming."

Biogasification provides methane for cooking, thereby r«ducing
dependence on firewood. When dried and burned in an open fire, as is currently
done, cattle dung provides 1.65 times the Btus available from the methane gas
generated by anaerobic fermentation of the dung. However, only 5 percent of the
heat released in open fires is usefully consumed, while 50 percent of the energy
in methane can be used in burners that can be turned off. Thus biogasification
offers six times as much energy.

Moreover, residues from anaerobic fermentation still contain vir-
tually all the nutrient and fertilizer values of the animal waste. Thus, they can
be used as a feed supplement for cattle or as crop fertilizer. When fresh animal
manure is used for fertilizer, only about half of the nitrogen value is available
for the next crop; the other half is so bound up in complex organic molecules that
it cannot be utilized by plants until a year after application.

Methanol can replace up to 25% of the gasoline in blends of these two
fuels for use in automobiles and other units powered by internal combustion
engines. By the use of established technology, methanol can be produced from
coal, waste and wood, the last two being renewable resources. Waste includes

agricultural residues, which many developing countries produce in large quantities.
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It has been estimated that a ton of methanol can be produced from 5 tons of waste,
3 tons of wood, or about 2.4 tons of coal. Cost is a major concern in develop-
ment of synthetic fuel plants, whether the feed material is coal, waste or wood.
High capital cost is usually accompanied by sizeable costs for transporting and
preparing the feed. A coal conversion plant depends on economies of scale to
bring the costs down. However, waste/methanol production plants favor medium-
sized installations. Thus they can be sited near the sources of feed materials.

The use of vegetable oils as fuels is a possible substitute for fossil
liquid fuels. For example, palm oil reportedly has been used to fuel Diesel-type
engines. An average heat content for the oil is indicated to be about 9500 gm cal/g
With fossil fuel resources declining and prices at record highs and virtually
certain to increase, partial replacement of them by vegetable oils may prove to be
a viable substitution. Although costs for the two materials have not been com-
pared, it would appear that they may or could be competitive. Economies of
scale could provide a favorable picture for the vegetable oils which are derived
from trees, a renewable resource. This aspect of the possible substitution has
considerable appeal because it holds some promise of being the basis for a
perpetual supply of fuel for those applications where vegetable oil can be used.

7. Materials Conversion Techniques and Processes

In the total materials cycle referred to earlier and illustrated in
Figure 2, raw resources such as ore, coal, sand, wood, oil, rock, and plants
are obtained and extracted, refined, and processed to produce bulk materials

that include metals, chemicals, paper, cement, fibers, etc. These are utilized
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in making alloys, plastics, textiles, ceramics, concrete and other industrial
and engineering materials that through design, manufacture and assembly are
fabricated into products, devices, machines and structures. All of this is ac-
complished through the use of an extremely broad spectrum of physical, me-
chanical, thermal, hydrothermal, and chemical techniques and processes.
There are so many of these that volumes have been written in describing them,
and the number continues to grow. A few were mentioned previously in dis-
cussing particular products. It would seem sufficient to say that a given ma-
terial or product is made by the application of appropriate technologies and
methodologies. However, there are nearly always alternative ways of producing
a given material or item, but for the sake of economy, environmental consi-
derations or expedience one or another is usually preferred. For example,

it is possible to produce hydrated lime by chemical processing of calcium car-
bonate (limestone) involving several stages of treatment; whereas,the same
material is producible from limestone by calcinination to produce quicklime
(an industrial material) which is then hydrated by water addiction. The latter
methodology is preferred because there are no residues, plant investment is
lower, and production costs are less even with present fuel prices; it is, how-
ever, highly energy intensive. The production of unrefined copper metal

from ores and concentrates provides another example. This can be accomplished
by smelting, using pyrometallurgy, or by hydrometallurgical methods based
on acid leaching and electrochemical recovery or other wet methods. The

latter is indicated to be more acceptable from the environmental standpoint
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and has been economically proven on a commercial scale; it is gaining in pre-
ference.

The preceding examples indicate that a given material or product
can be made by more than one conversion technique or process, It also in-
dicated that, as technology advancement provides improvements and a wider
variety of processes becomes available for materials conversion, there are
additions to the spectrum of materials that can be turned to usefulness. This
extends the product base and, insofar as import substitution is concerned, makes
it possible and even practical to consider the exploitation of an increased variety
of indigenous materials as substitutes, For example, alumina for aluminum
production cannot be obtained readily from clays and other mineral substances
by the same process used to extract it from bauxite. Accordingly, various
thermal and chemical processes have been developed that make it possible to
use the non-bauxite materials as alumina sources. One of the thermal pro-
cesses even produces a residue that, having already been heat-combined, is
used (in Poland) as an energy saving raw material in cement manufacture.

Then there are those situations where the development or recognition of a match
between raw materials, processing, and products provides the basis for a series
of interrelated manufacturing and products that can yield several substitutes.

An example is the use of coal, wood, or agricultural residues to produce
methanol which is not only an alternate fuel to gasoline but also a material usable

for ammonia synthesis to substitute for imported nitrogenous fertilizers. Further,
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methanol can provide the reducing agent for making prereduced iron pellets
from iron ore or concentrates therefrom. These prereduced pellets are used
for enrichment of blast-furnace feed or for direct charging to oxygen converters
or electric-arc furnaces, the latter presently being used in numerous developing
countries for producing steel from imported scrap. The growth of the use of
direct reduction of iron ore has been rapid and is predicted to continue in the
future. Direct reduction is of interest in connection with minimills since through
its use it becomes possible to produce steel at a competitive price even in areas
or countries with small markets. Thus, from indigenous coal or agricultural
residues it is possible to produce methanol as a substitute fuel and/or as a key
material in steel-making.

There are many more examples of materials conversion techniques
and processes that can be cited in connection with materials substitution. These
would further eﬁpbasize the rationale and the need for systematically analyzing
materials imports in the light of available raw materials and modern materials
technology, especially with regard to how materials can be used. The spectrum
of substitution possibilities is so broad that, in the case of developing countries
attempting to substitute locally produced materials for imports, a systematic
approach to identifying the best opportunities in the light of import volumes and
costs and locally available raw materials has more to offer than dealing with
individual materials and products on a piecemeal basis. It allows for thinking
of raw materials in terms of the total number of products that can be produced

from them, thereby making it possible to plan for industrial development on a
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broader basis. Also, it can permit advantage to be taken of economies of scale,
particularly in instances where a single raw material can be used for a number
of applications, each of which can yield different products. Finally, the sys-
tematic approach opens the door to b‘roader strategies for decreasing the

dem: 1d for imported materials which will serve to reduce foreign exchange
expenditures. For example, one way to decrease demand for materials is to
substitute for them in design of products; this allows one material to be sub-
stituted for another where their properties are comparable. However, sub-
stitution can be broader than this and still accomplish the end goal of using less
of an imported material; products may be substituted where they provide the
same function (e.g., micr.owave transmission for telephone cable), or the
functions themselves may be substituted (e.g., energy transfer by electrical
transmission instead of transporting oil). A systematic approach to substitution
can provide a much broader perspective of opportunities when considered in the

light of such possibilities.
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VIII. RESEARCH DESIGN, METHODOLOGY AND PLANS

The research plan involves a series of progressive activities having
objectives of identifying, analyzing and evaluating possibilities and opportunities
for materials substitution to replace developing c;:ountry imports and then study-
ing and deterfnining conditions and requirements for implementation of the most
promising substitution opportunities. The major activities will entail studies
appropriate to achievement of objectives in sequence. The activities will be
interdependent to a large degree, and they will be generally applicable to sys-
tematic investigation of materials substitution in any developing country, sub-
ject, of course, to modifications necessitated by individual developing country
conditions. Areas of priority will be 1) consideration of materials substitution
consistent with developing country needs, 2) identification of opportunities having
promise for high pay-off, and 3) substitutions that are possible avenues to re-
duction of energy materials imports.

Following designation of developing countries to be studied, the initial
major activity to be undertaken will involve acquisition, summarization and anal-
ysis of information on imports and resources. Milestones in this activity will be
reached at points where 1) needed information on imports and resources has b‘eeﬁ‘
obtained, reviewed and summarized, and 2) analysis and evaluation of information
to identify the spectrum of substitution possibilities has been completed. The ‘next'
major activity will undertake determination of the most promising substitution '
possibilities in the light of developing country needs and where the best con-

tributions can be made, based on import costs and resources availability.
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This will involve tasks to screen the spect.rum of substitution possibilities

an& identify those of particular promise and then correlate them with country
needs and determine which ones can make the best contributions; this will
require developing country participation. Completion of this activity will be
another milestone. With the most promising substitutions identified, the next
major activity will determine the technical and economic requirements as-
sociated with each one; a milestone will be reached when study of the technical
details has been completed and another when examination of economic aspects
has been concluded. Findings of this activity will be expected to point up
deficiencies and areas in need of special study. A major activity will be under-
taken to analyze these needs, define study objectives, and determine study
methodology. The resolution of deficiencies or identification of means to cir-
cumvent them will constitute a milestone. The reaching of that milestone would
open the door to consideration of steps to realize materials substitution on a
demonstration basis. The next major activity would undertake whatever
projects were necessary to demonstrate substitut’on practicality, perhaps by
making specimen materials or products, using developing country facilities
(laboratory or pilot plant) and personnel, and employing technology appropriate
to developing country circumstances. Production of the first substitute materials
or products would constitute another milestone. The final major activity would
consist of discussion of full- scale substitution based on local materials and

earlier demonstrated methodology adapted to a commercial scale; the reaching
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of a developing country decision to enter commercial production and subsequent
output of the substitute material which would be the final milestones.

Major objectives and activities or tasks are summarized below; the
order or sequence assumes prior selection of developing countries where ma-
terials substitution is to be studied.

Objective #1. Development and Analysis of Background Information

Task a. Acquisition and summarization of information and data on
developing country imports, resources and other features; completion will
constitute a milestone. A visit to the developing country will be made to set
up liaison with developing country governmental, institutional and industrial key
personnel and to obtain additional information not available from other sources.

Task b. Analysis and evaluation of information and data from (a) to
identify the spectrum of substitution possibilitizs based on imports and resources
and starting materials used for making imports; completion will constitute a
milestone.

Objective #2. Determination and Evaluation of Materials Substitution
Opportunities

Task a. Determination of the most promising substitution opportunities
in view of developing country needs and where the best contributions can be made,
including priorities based on levels of foreign exchange expenditures for imports
and indicated resources availability; this activity will require participation by
upper level decision makers in the developing country. Completion will con-

stitute a milestone.
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Task b. From among the most promising opportunities determined
in (a), those that could have high pay-off will be identified and described in
terms of what imports and resources will be involved, what processing will be
involved, and why the opportunity is outstanding. Designation of high pay- off
opportunities will constitute a milestone.

Objective #3. Appraisal of Technical and Economic Requirements and
Judgment of Feasibility

Task a. Determination of technical and economic requirements for
exploiting each of the most promising substitution opportunities, to include ma-
terial conversion techniques and processes, equipment types, raw material
types and properties and production methods, minimum economic production
capacity, energy needs, residues and wastes, technical manpower needs, etc.;
completion of study of technical area requirements will constitute one milestone
and study of economic area requirements another.

Task b. Survey of developing country mining, manufacturing and
industrial facilities, raw materials and activities to determine possibilities for
linkages with materials substitution opportunities; completion will constitute a
milestone.

Task c. Determination of areas in need of special study, analysis of
study needs, definition of study objectives, and determination of appropriate

methods for undertaking studies; completion will constitute a milestone.
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Objective #4., Demonstration of Substitution Feasibility and Implementation

Task a. Demonstration of the feasibility of substituting a given ma-
terial for an import, using local raw materials, technology and methodology
appropriate to developing country conditions; this will set the stage for full-scale
implementation and also point up any previously unidentified matters in need of
resolution. Completion of demonstration will constitute a milestone.

Task b. Implementation of substitutions demonstrated will involve
planning and design of full-scale operations for commercial production, taking
into account considerations of technology to be employed, degree of labor inten-
siveness, location of operation, personmnel training, residue or waste dis posal,
and so on. Tﬁe start-up of production of a substitute will be a milestone.

The activities that will be involved in accomplishing the objectives of the
research program are discussed below.

Objective #1

For reaching Objective #1, a primary task will involve 1) preparation of
a topical list of kinds of information that will be needed to determine to provide
the most complete account obtainable of developing country imports by type,
volume and cost, and of indigenous resources of all types, both exploited and
unexploited, 2) determination of sources where the information may be obtained,
and 3) acquisition and summarization of the information. Much of the information
needed will be obtained from published materials of the United Nations, World
Bank, developing country institutions and agencies, and numerous U. S. govern-

mental departments and agencies such as AID, Department of Commerce,



Geological Survey, Bureau of Mines and other recognized sources, including
a wide variety of other publications. However, experience has shown that much
of the detailed information needed to provide a reasonably complete picture of
imports and resources is not available from those sources, and may, in fact,
be recorded but unpublished. For example, very little information on types,
volumes and costs of developing country imports from all countries exporting
to them was found to be readily available in the present study. Therefore, con-
sideration will be given to seeking such information from the developing coun-
tries themselves. It is considered desirable to have information that accounts
for at least 75% of the total imports--and preferably a higher percentage--in
order to obtain a reasonable cross-section view of their types, volumes and
costs. Information from published sources on developing country resources
is also incomplete and, in many cases, not up to date. Yet it is known that
resource studies have been underway in many of the countries during recent
years. A visit to the developing country during this task would therefore appear
to be warranted to obtain up-to-date information and data on resources and
imports to supplement that available from published sources. The visit could
also serve the purpose of establishing liaison early in the program and apprising
decision makers there of the program's nature and objectives.

With the information previously obtained, a follow-on task directed toward
reaching Objective #1 will undertake analysis and evaluation to identify the entire
spectrum of substitution possibilities perceivable in the light of types of imports,

the likely basic raw materials from which they were made, and developing
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country resources. This task will correlate imported materials and products
and their underlying raw materials with developing country resources. The work
will makes use of experience and knowledge in the area of materials science and
engineering, especially with regard to the uses for various raw materials and
the products that can be made from them. Analysis and evaluation of information
from the first task will, in effect, view the materials in the light of the total ma-
terials cycle, previously shown schematically in Figure 2 of this report. Some
of the imports will be bulk materials to be processed into engineering materials
which are, in turn, transformed by manufacture and/or assembly into products,
devices, etc. Other imports are in the form of engineering materials and still
others are products, devices, machines, etc. The task wili, therefore, relate
developing country resources to these various types of imports. The product

of the work will be essentially a listing of raw material resources and the products
to which they can be converted. These will be grouped according to types of
manufacturing or perhaps by a standard industrial classification, e.g., textile
mill products, lumber and wood products, paper and allied products, primary
metal industries, and so on,

Objective #2

For reaching Objective #2, two major tasks or activities are visualized
in which the most promising substitution opportunities for a developing country
will be determined from the spectrum of substitution possibilities found as
Objective #1. Selection of the opportunities will be based on developing country

needs and where the best contributions can be made, plus the levels of foreign
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exchange expenditures for imports; these factors will be related to raw ma-
terials or other resources indicated to be available in the country. Needs of

the country and the matter of where the best contributions can be made will

be ascertained primarily from discussions with leaders and decision makers

in the developing country. The first task will, therefore, be to fit substitution
possibilities with country needs to identify those combinations that present op-
portunities and appear promising, particularly after factoring in foreign ex-
change expenditures and available resources. In a second task, priority ratings
will be given those opportunities that offer promise of high pay-off. The product
of this activity will be one or more substitution concepts worthy of in-depth study
and examination.

Objective #3

Objective #3 will be reached through several tasks to 1) relate particular
substitution materials and products to basic raw materials and techniques and
processes for converting them to useful forms equivalent to or exceeding those
of imports, 2) review developing country operations in mining and manufacturing
to seek possible association with import substitution opportunities, and 3) identify
areas in need of special study. From overall findings of the three tasks, in-
formation would be provided for assessing feasibility of individual substitutions.
The first task will draw on knowledge in areas of processing technology to
identify appropriate methodologies for production under conditions in the de-
veloping countries, including residues and wastes to be generated and their

disposal. Important considerations will be whether preferred levels of human
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labor intensity in substitute production are to be high, intermediate, or low
and the need to utilize processing methods of the lowest possible energy inten-
siveness. Both of these will influence process and equipment selection, Raw
material requirements with regard to grade or purity, impurity tolerances,
physical qualities, proximity of source to point of use, and other qualifying
factors will be determined in the light of intended usage. Economic aspects
and requirements will be determined relative to quantities of raw materiai in-
put and product output, estimated water and energy consumption, production
capacity as indicated by size of market (to be based in part on volume of im-
ports), indicated manpower needs, estimated capital investment, and other
items. Several visits will be made to the developing country under study to
discuss or ascertain raw materials properties and availability, preferences
as to labor intensiveness of production, and other pertinent aspects of making
substitute materials with key government, institutional and industrial personnel.
Products of studies of technical and economic requirements associated with
exploitation of promising opportunities for substitution will be descriptions of
processes and, where appropriate, preliminary flowsheets showing the course
of materials from raw state to final products to replace imports,

After the import substitutes have been identified with particular raw
materials and conversion processes, developing country operations in mining,
manufacturing and other relevant activities will be reviewed in a task which
will attempt to associate them with opportunities to produce import substitutes,
or to point up situations where experience and/or facilities should be adaptable

to the making of specific substitutes.
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During and after studies of technical and economic requirements for
production of substitutes, it is likely that areas will be apparent which need
special study to resolve questions of, perhaps, raw material suitability, need
for beneficiation, efficacy of the use of new or different processing, accept-
ability of alternate treatments, or other matters. These will be examined
and determination made of the nature of the problems, what needs to be re-
solved, and appropriate means to be employed in seeking solutions. This plan
does not provide for the actual undertaking of any special studies that may be
needed since their nature and magnitude cannot be foreseen. Irrespective of
that, such studies should be carried out as fully as possible within the develop-
ing countries by institutions or research groups having the capabilities and
facilities, or provisions should be made to establish facilities and train personnel
locally for such work,

As a concluding activity under Objective #3, judgment will be made of the
success potential and feasibility of exploiting individual substitution opportunities.
This will involve the assignment of pro and con ratings to technical, economic,
and other factors of each case, such as raw material suitability, degree of need
for the substitution, satisfaction of country's needs, size of market as related
to least capacity for economic production, overall estimated unit production cost
as compared to cost of import, energy needs, etc.

Objective #4

Specific activities necessary for reaching Objective #4 cannot be deter-

mined until the nature of substitute materials and products to be made becomes
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known. However, it is possible to make demonstration specimens of an ex-
tremely wide variety of products by the use of appropriate techniques on a
laboratory scale in the developing country or with specially provided facilities.
Other means include the shipment of raw materials to laboratories that spe-
cialize in the particular kinds of work needed, or to equipment manufacturers
having laboratory and/or pilot plant facilities for treating and processing in
areas of their specialty. No matter what means are employed, the specimen
material or product will need to be examined, evaluated and compared to the
import that it is intended to replace. This may not be necessary if raw ma-
terials are sufficiently well characterized and processes and equipment to be
employed in treating them are so conventional as to leave little doubt of feasi-
bility. In the end, demonstration of feasibility will be by means appropriate to
the situation and, depending on the simplicity or complexity of product, can
entail either a small or a large project. The important aspect is that the
demonstrated item be acceptable and reproducible on a commercial scale,
using methodology appropriate to particular developing country conditions.
As in the case of demonstrating feasibility, definition of the substitute
material or product to be made will be required before activities can be
initiated toward commercial production to implement a given substitution op-
portunity. However, the task of planning, designing and developing a com-
mercial operation will always involve studies related to details of siting,
transportation routes, raw material logistics, waste disposal or utilization,

building types, power supply, physical plant arrangement, and other aspects.
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These will be undertaken as may be appropriate to the particular project, with
maximum possible input by developing country forces and perhaps with expertise
from consultants as may be required. Further economic studies will be neces-
sary prior to activation of the development plan to minimize the occurrence of
unwelcome surprises in areas of production costs, capital investment, and
overall soundness of the import substitution as regards its saving in foreign
exchange over the foreseeable future.

Figure 3 is a Milestone Life of Project Schedule listing objectives and
tasks insofar as they can be visualized at this time, and showing estimated time
periods for accomplishing tasks and objectives. This schedule assumes study-
ing materials substitution in one (1) country as the initial project. It is felt
that schedules for subsequent studies in other countries are likely to differ
from the initial one as a result of experience gained. Estimates of performance
times are rough and subject to revision, especially for those activity/task areas
where scope of work is definable only in general terms.

Reports

As part of the proposed research, reports appropriate to the needs of

the programs will be prepared and submitted as required by AID.
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* Same program categories as used in Section VIII, Key

Research Design, Methodology and Plans @ - Starting event
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IX. OVERALL COST ESTIMATES

The activities and scope of work to be undertaken for accomplishment
of the first two objectives and a portion of the third objective are s;.l.fficiently
definable to provide some basis for estimation of costs over the first two (2)
fiscal years, based on SwRI performing the work. These are given in the
following breakdown, but only as approximations at this time; firmer estimates
can be provided when requirements and scope of work are defined for projects
that AID may design on the basis of this report.

COST ESTIMATES

Work Elan

First Two Fiscal Years Sub-total
Man Est'd Man Est'd Man Est'd
Inputs Mos. Cost Mos. Cost Mos, Cost
l. Salaries 14 $35,000 18 $45,000 32 $80,000
2. Consultants -- -~ 1 4,000 1 4,000
3. Fringe Benefits (30%) -~ 10,500 -- 13,500 -- 24,000
4. Overhead (110%) - 50,050 -- 64,350 -- 114,400
5. Travel & Trans. -- 15,000 -- 20,000 -- 35,000
6. Reports - 2,500 - 3,200 -- 5,700
7. Fee o= 7:914 == 10!224 == 18!138

Total Costs by

Inputs g $120,964 19 $160,274 33 §281 ,238
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First Two Fiscal Years
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Work plan

Sub-total
Man Est'd
Mos. Cost

Man Est'd Man Est'd
OutEuts* Mos. Cost U ios. Cost
Objective #1
Devel'pt. & Analy. of
Background Info. _8  $68,950 -= --
Objective #2
Detm'n. & Eval. of
Mat'ls. Subst'n.
Opportunities 5 $43,547 _8  $67,315
Objective #3
Appraisal of Tech. &
Economic Requirements
and Judge Feasibility 1 $ 8,467 11 $92,959

Total Costs by
Outputs 1 $120,964 19 $160,274

*Research objectives are as described in Section VIII.

8 $68,950

13 $110,862

12 $101,426

33 $281,238
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APPENDIX I

DESCRIPTIVE TITLES OF CURRENT AND PAST
INSTITUTE'S PROJECTS INVOLVING WORK
RELEVANT TO THE PROPOSED RESEARCH
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The following list gives descriptive titles of some current and past

Institute projects in which the type of work done was relevant to materials

substitution and experience that will be employed in the proposed program.

.+. The Use of Sulphur as a Highway Marking Material

... Development of Lightweight Lead Sheet Roofing System

«++« Pumice Building Unit with a Fused Binder

Pressed Fiber Board

Demonstration Houses Built of Modular Prefabricated
Wall Components

Corrugated Asbestos Cement Sheets
Development of Bloated Lightweight Aggregate Industry
Mono- Panel & Roof Sheet

Investigation of Raw Materials for Production of Glazed
Structural Tile

Investication of Building Materials
Uses for High- Lime Fly Ash in the Construction Industry
Design of Insulated Panels for Butler Buildings

Study of Reactivity of Power Plant Fly Ash and Its Use in
Producing Cellular Concrete Panels for Building Construction

Studies of Raw Materials for Stabilized Adobe Brick
Development of New Finishing Materials and Processes for Plywood

Laboratory Study of Feasibility of Producing Colored Roof Chats
from Lightweight Aggregates

Survey for Raw Materials Suitable for Cement Manufacture in the
the Corpus Christi, Texas, Area
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+++ Technical Feasibility Study for the Establishment of an Artificial
Aggregate Industry

++. The Facing of Cinder Blocks with Sulfur
.+. Investigation of Method of Forming Construction Materials
«+. Preliminary Studies of Pozzolanic Materials

... Compilation of Available Information on Arizona's Nonmetallic
Mineral Resources

... The Utilization of Traprock (Basalt) by Melting, Casting and
Thermal Treatment to Achieve Controlled Microcrystalline

Structures

..+ Materials for Use in Production of Calcium Silicate Building
Products by Hydrothermal Treatment

«++ Studies of Utilization of Red Muds
«++ Studies of Utilization of Fly Ash in Brick Manufacture

-+« Development of a Lightweight Sulfur Foam for Use in Roads,
Runways, and Building Materials in Cold Climates

... Literature Survey of the Use of Banana Stalks
«+.. Kenaf Fiber

.+« Analysis and Evaluation »f Utilization of Residual Waste
Products as Additions to Portland Cement (Clinker)
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APPENDIX II

DATA ON IMPORTS

Bolivia
Ghana
Guatemala
Philippines
Tanzania
Thailand



632

833
[T}
442
651
852

454
5558

457

BCLIVIA

Imports of domestic merchandise from the United States, 1974

Total

$103,053,229

ANIMALS=«LIVE , .

MEAT-~IN AIRTIGHT CONTAIN; HEAT PREPS

MILK AND CREAM, ., . +

EGGS-=BIADS , EXCEPT SEPARATE aLBun1u

FISH & SHELLFISH=<FRESH 0% SIMPLY PREP
FISH-=IN AIATIGHT CONTAIN; FISH PREPS

WHEAT, INCL SPELT UR MESLIN-=UNMILLED

CORN OR MAIZE==UNMILLED , + + + & & »

CEREALS, NEC=~UNMILLED. + o s & o # o

WHEAT FLOUR, MEAL, AND GAJATS & 4 « o

CTREAL FLOUAS, MEAL, AND GAOATS, NEZT,
PREPS OF CEPEAL, FLOUR, STARCH, ETC ,
FALITS=-=FRESH; NUTS, EXCERT OIL NUTS.
FOUITS==DRIZ0, INCL ARTIFIC DEHYDRATED.
FALITS & KUTS5==PREP OP PRFS, MEC. + & »
VEG,FASH,ETC;DRIED LEGUM VEG;VEG PROD .
VEG, ROOTS 4 TURERS, PREP OR PRES, NEC.
SUGAR, S13UPS, POLASSES, AND MONEY. 4«
SLEAP CCNFECTIONERY, MO COCOA, ETC, . &
CHCC 3 FOOD PREPS CONT COCOA OR CHOC, .

s s e s a o en

TEA AND WATE==CRUOE OR PREPARED ., o+ o
SPICES, . »

ANiHaL FEtOlNG-sTuFF. E:PL UNFL CENEaL.
MARGIAINE, SHORTENING, PHEP EDIALE FAT.
FOCD PREF.RATIONS, NEC, , + & &
BEYERAGES, 'Ef--NOHALcohuLlc. f
E£yIAAGES--ALFOWOLIC, . . .
TCHACCO==UNMANUFACTUARED o & + &
TORACCO MANUFACTURES, o o o o «
Ol 5EEDS, OIL NUTS. OIL KFRHELS, ETC

..

"t

CRCRC

.
0
.
.
.

Rug4ER, EXCL CMPDED, SEMIPROCD & MFRS
BCC0==SHAPED OR SIHPLY wOWKED . 4 + o
PLLP3s AND ®ASTE PAPER, o & v & o o o
#ICL AND OTHEP ANIHAL HAIR, . .
VEGETABLE FIBERS, EXCEPT COTTON ! JU1E
MANMADE Fldd & THEIR wWASTF, ExC GLASS
TELTILE FABAIC wASTE, INCLUDING RAGS,
STCHEs SAND AMD GRAVEL, o o o = s » &
NAT AARASIVES INCL INDUSTRIAL DTAMONDS
CPLOE MINERALS, NEC . & o o o » o o &

s % s 8 e

IRCY AND STEEL SCRAP, . . + « &«
NOKFERROUS “ETAL SCRAP, ., . .+
AN]=al MATEP[ALS, MEC-=CRUDE, .
VEGETABLE MATERIALS, WEC--CRUNE
CezL, COKE, AND BRINUETS, . +
PEITACLEUM PRODUCTS. o .+ » &
ANIMAL OILS AWD FATS, KEC . . . .
YEGETABLE OILS--FIXED, SCFT, FXC HYDR
FATTvy ACIDS, wA2ES, ETC, EXCL PET PROD
CAGANIC CHEMICALS 4 4 o o o o o » o »

s s 8w
LU R
= s =

R

[NCAG CHEM ELMNTS 0xDS HYDROXDS ETC .
INJAGANIC CHEMICALSs NEC, . o

R=ACTIVE & STABLE [SOTOPES & CPDS E‘C
™% TAK 4 OILS 4 CRUDE CHEMICALS ETC,
SYN CRG DYES ETC, LAKES AND TANERS, .
UYEING A TANNING EXTRACTS & ART BATES
PIGYENTS, PAINTS, VARNISHFS ETC , . &
HEDICINAL AND PHARMACEUTICAL PRONUCTS
ESSENTIAL OILS, PERFUHME ETC HATEHIALS
PERFUMERY, COSMETICS, DENTIFRICES ETC

57475, CLEANSEAS, POLISHES ETC. + o &«
FEITLIAS--“FAD & FERTLZR MTALS NEC, .
ErPLCSIVES WD PYROTECHNIC PRODUCTS ,
SYSTHETIC RESINS AND PLASTIC MATERIALS.
CmEYICAL PRODUCTS & MATERJALS, NEC, .
LEATPFER . . & " e e s
LEATRER PiHJFICTUBES; NFC a
RUZ2ER ARTICLES IN SPECIFIED FDQN%.
PUIAER MANUFACTURES=--FINISHED, NEC,
ACCD MANUFACTURES, NEC, , o+ 4 & 4 o

“ e ww
=

CCa¢ HFR5, & AGGLOMERATFD CORK & MFRS .
PiFER AND PAPERROARD, , .

PLAER,PAPER PULP, & FlPFﬂBOaRn lﬂT;NEt.

TEXTILE YARM AND THAEAD , . . « &

C2TTCN FASRIC, wOVvEN EXx SPEC OR NIRPOI.
TExTILE Fa33]C wOVEN Fx COTTOM, ETC .,
TULLE, LACE ETC AND OTHER SMALL WARES ,
SPECIAL TEXT FABARIC AND PRODUCTS, 4 « &
“AlE-UP TExT ARTICLES AND PRONUCTE, . &
FLCOR COVERINGS, TAPESTRIES ETC , . + &

13

994

284
842

ALy
188
Jo7
125
119

323
459
22

sas

ou2
864
233
u24
536
259
430
976
158
785

575

076

311
437
136
329
W34
254
188

726
296

1))
1Y

L1 L]
4565
466
471

473
&4
675
674
477
Lad]
679
4l

683
684
685

691
692
693
694
695
894
697
K98
711
na2

716
1%
717
TIR
119
727
723
724
724
728

729
7

733
738
735
812
82}
a3l
L3

asi
Al
862

as4
A9l
892
A93
894
LLL]

896
897
899
931
941

022,2
Q41.0
044,0
0u4s,0
048.1
oup,.8
054,2
054,8
062.0
n9l.J

09,1
121.0
122,31
?21.8

LIME CEMENT 8 FOR BLDG MTL MNEC. .

CLLY AnD REFRACTORY CONSTHUCTION H
v:»‘D.L MANUFACTURES, NEC . .+ &
GLASS 4 o 4 o4 o o = 8 % s s s @
GLASSMARE ., &4 o « = ¢ s = s s @
POTTERY . . i
PIG IRON ETC IND FERRDILLD!S. .
JRC% OR STEZL PAIMARY FORMS , .
{R%w OR STEEL BARMS, RODS, ANGLES,
IRCN OR STEEL PLATES AND SHEETS
IRON OR STEEL HOOP AND STAIP, . .
IR & ST RAILS & RAILWAY TRACK MTL .
IRON OR STEEL WTRE EXC INSULATED cLFCT
IRON OR STEEL TUBES PIPES & FITTINGS,

1R OR ST CASTINGS & FORGIMGS==-RAOUGH .

SILVER & PLATINUM=--UNAK & PTLY WOPKED
COPPER & COPPEAR ALLOYS==WA 8 UNWR .

NICKEL & NICKEL ALLOYS==MR & UNaK , .

ALUMINUM & ALUMINUM ALLOYS==3R & UNAR
LEAD & LEAD ALLOYS==WA & UNAR . . o &

=
e

L

P Y

phis
- Fls s 8 8 s
P R

" = Ms s s a8
.

s % 8 88 s ue

STRUCTURES 4 PARTS==IR, ST, ALUM, ZINC,
METAL CONTAIMEAS FOR STORAGE 2 TRANS, .
WIRE PAODS EXC INSULATED ELECTAIC . .
NAILS BOLTS & SIMILAR ARTS, IR ST COPP,
TOOLS FOR USE IN HAND OR [N MACHINES. .
TABLE FLATHARE AND CUTLERY: o« o s o » =
HOUSEHOLO EGUIPMENT OF BASE HETALS. . »
MANUFACTURES OF BASE METAL, NEC , . . &
PORER GENERATING MACH EXC ELECT, & PTS,
AGRICHLTURAL MACH & APPLIANCES, 4 PTS .

OFFICE MACHINES AND PARTS . &+ o« & & s »
METALAORKING MACHINERY, , o o .

TEXTILE AND LEATHER HacuanRr. A Paﬂrs.
HMACHINES FOR SPECIAL INDUSTRIES, 4 PTS,
MACHINERY & APPL, & MACH PARTS, NFC . o
ELECTRIC POWER MACh, SWMITCHGEAR, & PTS,
EGUIFMENT FOR DISTRIGUTING ELFCTRICITY.
TELECOHMUNICATIONS APPARATUS, & PARTS
ELECTRIC HOUSEHOLD EQUIP & APPL & PTS
ELECT MFDICAL & RADIOLOGICAL APPARATUS,

ELECT MACH A APPARATUS, & PTS, HEC, .
RAILWAY VEHICLES AND PARTS., 4 & & s »
ROAD MOTOR VEHICLES AND FARTS, HEC. .
VEHICLES, EXC RDAD MOTOR VEH, & PARTS
AIRCRAFT AND SPACECRAFT, AND panrs. Ve
SHIPS, AOATS & FLOATING STRUCTURES, .
PLUMBING, ETC FIX, FIT, LAMPS AND PTS .
FURNITURE , " s s 8 8 n
TRAVEL GOODS, HANDBAGS ETC, .

CLTHNG EX FUH, KNIT ELAS FAB, lR!. ETCo

FOOTREAR==NER, EXC MILITARY 4 ORTHOPED,
SCIENTIFIC, OPTICAL ETC APPARATUS o 4+ «
PHOTOGRAPHIC & MOTION PICTURE SUPPLIES,.
MOVIE FILM-=EXPOSED AND DEVELOPED , 4 »
MATCHES AND CLOCKS, INCLUNING PARTS . o
SOUND RECORNERS, MUSIC INSTRUMENTS ETC.
PRINTED MATTER, . e
ARTICLES OF IHTIFICIIL PLlsTlCS NrC s
BABY CARRIAGES, TOYS. SPORTS h0ODS ETC,
OFFICE & STATIOMER SUPPLIES NFC 4 4 o o

ARTPOHXS, COLLECTNKS PIECES & ANTIOQUES.
JERELRY & RELATED ARTICLES. o o & « o »
HANUFACTURED ARTICLES NEC . ., .
SPEC TRANSACTIONS NOT CLASSED BV KIHD .
ANIMALS, MEC=--INCL 200 ANIMALS, . + « »

MILK AND CREAM==PRY , . & . .
WHEAT, [INCL SPELT OR HESLIN--UH MIL
CORN OR MAIZE-=UNMILLED . . + + »
AHEAT FLOUR, MEAL, GHOATS . P
BREAXFAST CEREALS==PREPAASD . . .
HALT EXTRACT, PREP OF FLOUA,STARLH,ETC
VECETABLES-=LEGUMINOUS, ORIED . , &
VEGETABLE PRODUCTS,NEC=~FPESH OR DHIED
SUGAR CONFECTIONERY, NO COCOA, ETC, + «
LAHD & OTHER RENDERED PIG & POULTRY FAT

4

O ]

b
:

FOOD PREPARATIONS, MEC, , 4+ 4 o« o o o &
TOBACCO-=UNHANUFACTUHED . . o
CHEWING AND S4OXING 103!Ct0 luﬁ ShUFF .
COTTONSEED. & o o « o s o & s 2 s & s &

[T

-

~

L3

LLT]

159
144

58
1
r7
R20
132
1

975
121

133
218

292
129

Y

A3l
T80
200

408
257
15
147
813
40l

152

783
606
367
a2

146
216
21

958
802
473

964
126
558
508
763
Tod

137
748
282
032
164
791
458
248
709
L L]

230
553
338
110
449

136
T4}
271
38
20A
170
06%
o0
[.[1]
39A

43)
78
LLL
tLH]




Bolivia - Imports from the United States (Continued)

JHON AND STEEL SCRAP, , . & & o o o o &
LUBRICATING OILS AND GREASES. + « &« + »
PITCH, ASPHALT A OTH BYPROD ExC CHEM, .
SOYBEAN OIL, EXCEPT HYDROGENATED, . 4 »
ORGANIC CHEMICALS . . . ..
AMMONTA,; INORGANIC BASES, hYDRO:IDLS;FTC.

PREPARED PAINTS,EMAMELS,LACCUFRS,ETC,
MED & PMARM PREP,CMPNUS,MIXTURES,ETC. .
COSMETICS & OTH TOILEY FREF:IAT[ON,NEC.
FERTIL1ZERS, N.E.C.

PROPELLENT PROR,DYNAITE, 0T’ ExPLOSIVE,

CAPS & FUSES FOR BLASTING, ETCs « &« s =
SHOTGUM SHELLS,HUNT 4 SPORY AvHMO & PTS.
POLYFERIZATION,COPOLY, PROU-=1NFINSHD ,
INSECTICIOES,FUNGICIDES, & SIMILAK PROD,
ARTIFICIAL, WAXES,PHREP ADDITIVES,LTC . .
CHEM PROD, MEC [NCL REAGENTS FTC. & 4+ &
HER IN VARIOUS FORAS=-UNVIILCAHIZED,ETC,
RBR TIRES & TUBES FOW VEWICLES A4 PLANE.
hbR BELTS & HELTING-=TRANSHISSION, ETC.
PRINTING AND WRITING PAPER, NFC , 4 4 o

PAFER AND PAPFRA04AD, HMACHINE-MADE,FTC,
AAT OF PAPEQ PULP,PAPER,UA PAPERROAHD .
YARM & THHEAD ETC OF NONCELLULOSIC F1A,
#OVEN FAARICS OF NONCELLULOSIC FIRERS .
wOyEN FASRICS OF CELLULOSIC FIBERS, 4
COATED OH IHPREGNATED TEXT FAR & PROD ,
PACE-UP ARTICLES OF TEXTILE MTL, NEC, .
FERROALLOYS, M.E.Co o 4w o N
182 & ST BAR3 & RODS, & HOLLOH DHILL Sl.
IRCN & STEEL PLATES 4 SHEETS--UNCOATED,

TIN PLATE AMD TIN COATED SHEET, . & «
[R & ST TunSS & PIPES--mELDED, ETC, .
1ACN CR STEEL TU3E AND PIPE FITTINGS,
FINSHD STRUC PTS A STAUCTURES=-=ALUM ,
nIRE GAUZE, ETC-=1H, ST, COPP, ALUM ,
T00LSs MEC, FOA HAND OR MACHINE USE .
CHATHS=<COFPER, & MISC BA HET lHlICLES.
ARTICLES OF BASE HETALS, WEC, . . .
ENGINES AND JET,GAS TUHBIMES=-A/C, ‘eTc,
ENGINES==INT COM, EXC AJRCRAFT,A PARTS,

AGR] MACH FOR CULT, ETC SOIL., & PARTS .
AGA] HACH FOR HARVESTING, ETC, & PAATS,
TRACTORS, EXCEPT ROAD AND INDUSTAIAL. .
AGRI MACH & APPR NEC, & PTS 4 ATT, MEC,

190
427
276
R76
648
294

249
396
242

296
590

136
222

01A
288
407
128
482

217
161
298
192
519
248
S 1.1
156
241
378

191
136
133
123

258
213
Yu7
541

33
774
200
192

650
984
871

871
uay

03%
162
739
bu2
ugh
ASH
591
822
738
935
166
994
T06
L1
593

948
707
325

985
095
70l
931
524
(1.1}

J20
191
213
817
184
408
540
Jog
100
Tu7?

254
642
190
n?

ELECTRONIC COMPNTERS EXC PUN CARD TYPE,
CFFICE MACHINES, MEC, & OFC MACH PARTS,
TEXTILE HACH, ETC EXC DOA WASHING HACH,
PRINTING & RONKAINDING MACHINES, & PTS,
FOOD PROCFS5S5IHG HACH, EXC D04, 4 PARTS.
CONSTRUCTION & MINING MACH, NFC & PTS .

HMINERAL mRKG 8 GLASS-WRKG MACH, & PTS .
HEATING & COOLING MACH & FQUIP, 4 PTS .
PurPS, CENTRIFUGES, ETC, AND PARTS. .
HMECHANICAL HNDLMG MACH & EQUlP, 4 PTS .
POAMERED TOOLS, NEC, & ACCESS, & PARTS .
KONELECTRICAL MACHINES, NEC, AND PARTS,
BEARIYG5--BALLs ROLLER, ETC, AND PARTS,.
HACHINERY & HMECHANICAL APPLIANCES, MEC.
PARTS & ACCESSORIES FOR MACHINERY, MEC,
ELECTRIC POAER MACHIMNERY AND PARTS, .

ELECT APPR FOR MAKING ETC ELECT CIRCTS.
AIRE AND CAALE==INSULATED .+ & & o o & »
TELEVISION 9RNADCAST RECEIVERS, . 4 &
TELECIMMUNICATIONS EQUIPMENT, NEC . . &
ELECTARIC HOUSEMOLD EQUIP 2 APPL & PTS .
ELECT IGNITION, ETC EQUIP-=]NT COM ENG.
ELECT PEASURING & CONTROLLING APPR,AKEC.
ELECTAJCAL maCH 4 APPR, NFC, 4 PARTS, .
AAILWAY LOCOMOTIVES, ETC, & STREETCARS.
PARTS OF RAILwAY VEHICLES, NEC. + « & »

PASSENGER CaARS, TRUCKS, ETC--aLL FUELS.
“OTCA VEHICLE & TRAC PTS g ACCES3, AEC.
TRAILERS # OTHER VEH & PTS-=-hDT HOTOR .
ATRCRAFT-~HEAVIER THAN ATP, . 4 4 &« & »
AIRCAAFT, NEC, & AIRCRAFT PTS & ACCESS.
SHIPS 4 HOATS ExC MILTY, INCL SPEC PUR,
LIGHTING F1x &4 FIT, LAMPS, £TC! 4 PT5 .
FURNITURE , , .
CLCTRING==TEXT rAh. NoT kviT oA CROCH .
CLOTHING ETC ExC NEWw FOR RELIEF , . . &

PHOTO & HMOTIOM PICTURE EQUIP 4 PTS,NEC,
“EGIC2L INST ETC ExC ELFCTRO-vEDICAL, .
PEASLA[NG, CONTROL, ETC INSTRMNTS, NEC,
PHONZGRAPHS, TAPE RECORDEHS, 4 SMLA MACH,
SPeC TRANSACTIONS NOT CLASSED By xIND o
5UsGPS AvG UM $10,000 A Mo BY ALL MOT .,
SPECIeL CATEGORYe , , ,

-

17%
136
h97
247
227
A1}

T4b
261
596
683
173

260
nm
527
254

137
165
278
245
219
385
634
202
147
121

092
748

052
490
183
145
164
226
18n

210
192
770
139
129
790

045

474




oLl
012
IR
022
024
0l
032
041
042
o4

045
cus
na?
nuR
051
053
D5y
ns%
nel
nez

071

577

Imports of domestic merchandicse from the United States,

GHANA

1970

Total - £76,680,31L

MEAT-«FRESH, CHILLED, OR FROZEN . 4 4+ « 178 028 873 1RO CR STEEL TuBES PIPES & FITTINGS, .
MEAT--DRIED, SALTED, OR SMOKEN, . , + « 1 254 8135 IR OR ST CASTINGS & FORGINGS=-ROUGH . .
MEAT-=IN AIATIGHT CONTAIN; MEAT PREPS . 2 421 say SILVEA & PLATINUM--UNAK & PTLY WOAKEL .
MILK AND CREAMy & & & & o o & o & s & = 9 552 833 COPPEA & COPPER ALLOYS-=mt 4 UNAR . & «
CHEESE AND CumRD , P 1 Oaw B3t HICHEL 2 SICHEL ALLOYS==aR &4 LN*H , o «
FISH & SNFLLF|5H--5HtﬁH cu RIFPL! PN;". 2 298 e ALUMINUM & ALUMINUM ALLOYS=--WR & un-H .
FISH==IN AIRTIGHT CONTAIN; FIGH PHEPS . T 57 825 LEAD & Leal ALLOYS=-=nR & UNwA . . . .
AHEAT, IACL SPELT A NESLTN--UM‘ILL[U . & Cos 5S4 3% B45E METALS & ALLOYS, NEC-=nh & uwnP .
HICE-=ROUGH, BHOAN, MILLED, CLALZFD,POL]SH, 1L 65 £31 STRUCTUARES 4 PARTS==1R, 5T, ALUM, ZINC,
CORN O MA[ZE-=UNMILLED . & & « & = & 10 151 £ AETAL CCNTAINERS FOR STCRAAGE 4 THEKS, .
CEMEALS, MEC=-UNMILLFN, ., o & & & s o » 229 192 wlRE PRODS E4C INSULATED ELECTRIC . o «
AHEAT FLOUR, MEAL, AND GHOATS . & & o » L83 904 walls BCLTS & SIMILAR ARTS, 1R 5T COPP,
CEHEAL FLOURS, ™EAL, AND rfRO3T53, “EC, . 137 562 TOOLS FCA LSE 1M HAND OR IN MACHIKES,. .
PHEPY OF CEHE&L, FLOUR, STAACH, £T1C , . 725 &a% TA8_E FLATALAE AND CUTLERY, + o o + &
FRUITS=-FRESH; NUTS, EXCEPT GIL HNUTS, . inz HOUSEAOLD EGUIPMEnT OF BASE METALS. +
FRUITS & “UTS-=PREP OUN PRES, PEC, . . & 2 09 MAINUFALC E5 OF BASE METAL, NEC , . « &«
VEU,FASH,ETC;DRIED LENUM veGivEG PRUD o 9 445 PORTR GESIRATING MaCH ExC ELECT, A FTS,
VEG, HUNTS & TUALAS, PREP OR PRES, MEC, & 437 AGRICULTLSL MACH & APPLIANCES, & BTS .
SUGAR, SIAUPS, MOLASSES, AND HONEY, . . 17 Gul CFFICE MACATKES BRD PARTS o & o o o & »
SUGAH CONEECTIOMERY, WO COCOA, ETC, . 978 PETALACACING MACHINERY, . o o s o o s
COFFEE. , ., viele 8 27s TEXTILE &%) LEATHER MaCh[INEAY, L FaKTS,
CHOC & FQND paf Dh LUuT fu 0! lR LeOC, o 1172 wiCH[.e5 G2 SPECIAL INODUSTRIFS, 4 PIS,
AnIMAL FEFUIMG-STURF, ExCr unve (FPREAL, By puAd MICH[NWEFY 4 APPL, & MACH PARTS, KEC . .
FOOD PAEHARATIONS, MEC, . & « o ¢ o o & 132 ugp ELECTALC 0acR MACH, SAITCHGEAR, 4 PTS,
BEVFRAGE S==f FOMOLIC, , & & & & & & & & 1 9¢0 UEMERT FTR DISTAIOUTING ELECTHICITY.
TOHACCO=-=UnN'tAJUF ACTUHED | ., , . e 2 v Tt TELECOMMUNICATIONS APPARATUS, 4 PARTS o
TOUACCO MAMUFAZTUKES, . ., . . 14 122 fet 1T =3uSEHILD EQUIP g APPL 4 PTS
AINES, SKINS, exC FJHQ&I‘H--LHE?“S'J ] M TS cAL & HADIOLOGICAL 2PPARATUS.
QILSEFDS, OlL MUTS, OLL meimins, eli, . Y 452 pACH 4 APPARATUS, & PTS, Kel, o+
HUMAEK, ExCL CMPDE0, SEM[PkOLN 2 e . 355 418 ty yEM'CLES AND PARTS, . & 4 4 o »
AOOD-=SHAREL OA SIFPLY ACkicl o o o 4 3 o8 w3103 JEMICLES AND PAATS, MNEC, . .
PULPS, AND wASTL PAPER, , . o ¢ & & o s 9 5e% JEriCLES, EtC RAGAD MOTOA VEW, & PARTS
COTTO, + & T T T T T h o ATa T4 LIATALET 3 SPACLCRAFT, AND FAATS. . o
TEXTILE Fapaic ﬂﬂ<1F. IRCLUDING REGS, 17218 173 5=[P3, BCATS & FLOATING STRUCTURES, , .
STOHE, SAMD AND GHAVLL. o & o o & # & e e L™ainG, ETC FlA, Fl.. LEMP3 AND PTS
SULFUR AND UNMOASTED [ROW Pyd|1FS5 , . 1 he. EuEsITLEE . . Al e
KAT ABWASIVFS IhCL I%OUSTeLaL DRA“INGS. 29 1gt TAavE. G055, Nih 1:u; {lc, e .
CAUDF MILERALS) NEC & o o « v & v o o s 2597 513 CoThht Ex Fud, <niT ELAS FAB, llT, Elc
HONFEHROUS METAL SCRaP, | , St alawira L MR e ot TREAR--nEN, EAC MILITARY & ORT=OPED,
VIGETADLE MATCRIALS, MEC--CHU e e 87 26 SCIERTIEZ, OPTICAL ETC APPARATUS . «
S e e EHE TR A
L ERdCl s i o @ et b WATCHES AND CLOCKS, INCLUDING PARTS . .
VEGE TAbLE 01LS=-F [XED, SOFT, F3C nrld , 427 B2 3;?:$’;+;2?2;:5- HUSIC INSTRUMENTS ETC.
vEGETADLE 0IL5--FItED, "“- . 2324 AHTICLES OF ARTIFICIAL PLASTICS REC , .
FATTY ACIDS, WAXES, ETZ, EXCy PET PRUD. 40 0413 BABY CARH[AGES, T10Y5, SPORTS GOODS ETC,
CRGANIC ChENICALS . . . . s re e &b 510 OFFICE & STATIUWER SUPPLIFS NEC o + 4 »
[wORG CHEW ELMNTS GxO§ HYNROADS ETC . . 16 1gs sui JENELAY & HELATED ARTICLES, o & o & o o
150°GANIC CHEMICALS. NEC, .. 2 (99 Lab HANUFACTURED ARTICLES NEC o o+ s o » o
AlN TiA 4 QILS & CRUDE CHF”[CiLS !lt. . 1t Bo7
S¢rv ORG OYES ETC, LAKES AND TOMERS, . . BaLed 931 SPEC TRANSACTIONS NOT CLASSED By KIND ,
PIGMENTS, PATNTS, VARNISHES ETC . o 4 o 99 437
MEQICINAL AND PHARMACEUTICAL PAOLUCTS . 627 io? 011.4 MOULTAY, OFFALS EXC LIVER--FRSH, FRZN ,
ESSERTIAL OILS, PEAFUME ETC MATERIALS . Ex4iidh 04l.0 WHEAT, INCL SPELT OK MESLIN--UINMILLED .

04,9 CERE&ZLS, MEC==UNMILLED, . & o« & & s o »
PEMFLMERY, COSHETICS, DENTIFRICES ETC . 51 18y Qub.0 WMEAT FLOUR, MEAL, GROATS . . '
50275, CLEANSERS, POLISHES [TC. + o 4 « BOL 90 047.0 CEREAL FLOUAS, MEAL, GROATS, EXC WHEAT.
SYRTReTIC RESINS AND PLASTIC MATEAIALS. 987, 62} 04B.1 HREARFAST CEREALS--PAEPARED . . .
CHEM!CEL PAODUCTS & MATERIALS, NEC. . » A93:809 Q4d A HALT EXTRACT, PREP OF FLOUR,STARCHETC.
LEATRER , . Al G £ 3 O 43 355 081.3 OILSEED CAKE, MEAL, RESIOUES, . . .
LEATRER PANUFACTURES, NEC . o 4 v o o 18104 0B1.4 . |MEAT HEAL, INCL TANKAGE ETC--INEDIBLF, .
AUBSER ARTICLES IN SPECIFIED'FORKS. | . 19,043 081.9 FOOD WASTES 4 PREPARED ANIMAL FEED,LEC.
AUBIER WANUFACTIURES=--F INJSHED, NEC., . « 305 694
A00D HAMUFACTURES: MEC, & & v o o o s = 4 J42 121.0 TOBACCO--UNMANUFACTURED o o+ » «
PAPER AND PAPER3O0ARD, . & & » o v o & = 82y 798 231,2 RUBBER--SYNTHETIC,4 RUBBER SUASTIIUYES.

263,101 RAm COTTON, OTHEA THAN LINTERS, . & « «
PaPZA,PAPER PULP, & PAPERROAHD ART,MEC, 132 819 267.0 MASTE MATERIALS FROM TEXT FAB, InCL RAG,
TEXTILE YRN AND THRELD . . 11062, 352 332.5 LUBPICATING OILS AND GHEASES., . . o o »
COTTCN FASRIC, MOVEN Ex SPEC 0R NARROM, 28 515 332.9 FITCH, ASPHALT & OTH BYPRQD EXC “rfr, .
TeaxTILE FABAIC WOVEN EX COTTOW, ETC , .« &14 3ol 411,3 ANIMAL FATS & OIL,NEC [NCL WONL GHEASE.
TULLE, LACE ETC AND UTHEHR SHALL RARES . 11007 421,2 SOYBEAN OIL, EXCEPT HYDROGENATED, « s+ «
SPECIAL TEXT FABRIC AND PRODUCTS. + 4+ » 777 227 £12.0 ORGANIC CHEMICALS . PR I
ADF-UP TEXT ARTICLES AND PRODUCTS. o+ 333 04A 51,°2 CHEMICAL ELEMENTS, HEC: - e
FLOOA COVERING?, 1;PEéTRlFS gTC .o oan 52 gg: :: "
LIME CEMENT & FBR BL MTL NEC. & &« &
LAY AND REFRACTORY CONSTRUCTION HTLS . 592 025 :}z:g ::33?;3;‘ggﬁgsgigsf‘zsg'?'?““‘[”ks'ﬂ":

v 514,7 [INORGANIC CHEMICALS, MEC EXC MED CHEM ,
:ﬂN:ML MANJFACTURES, NEC o o v o » o » 2.',? 3:: S41.7 MED & PHARM PREP,CHPHDS,MIXTURES,ETC, .
GLASS/ s o wi viwilece (o eiaiioild (@ o 00 Sia oos 541.8 MEDICINAL & PHARM PRODUCTS FOR RELIEF .
S SR IR el s e TR S oS 551.2 SYN PERFUME & FLAVOR MTL & CONCEN, ETC,
e oe o “n e o A

PIG IRON £ic akd FiRdoiLicys: . v oo - 39 055 38153 VULCANIZED FIn & CELLOLOSTC PLAST ATAL.
[RCN OR STEEL BARS, RODS, ANGLES, ETC . 751 258 SacE .

£99,2 INSECTICIDES,FUNGICIDES,4 SIMILAR PROD,.
[RON OR STEEL PLATES AND SHEETS ., ., . » 737 421 509.9 CHEM PROD, NEC INCL REAGENTS FTC
IRON OR STEEL HOOP AND STRIP. « & &+ o« » 46 602 * L SRR
IR & ST RAILS & RAILWAY TRPACK MTL . + » LTT]
IRON OR STEEL WIRE ExC INSULATED ELECT. 24 711

147
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956

20
299
120

42
37
L8

160
005

683
137
210
514
146

197

938
330
T4
218
nyl
]
519
627
662
3958

T34
925
123

141
146
285
162

236

129
203
480
Tuh
478
501

L L1-]
435
072

28)
585
574
a7
135
147
568
4y6
527
Wui

558
Ti1
362
a4
929
Iy
YA
501
473
LT

L1}
115
267
196
601
18R
178
1Y)
u3u
so7

593
87y
224
602
LN}
354

3
698
022

928

688
LT1]
452
o6
502
010
As57
148
000
513

786
155
-0
173
158
LI
068

670
659

252
091
555
[13]
880
B4é
T29
13
Ten
19




Ghana - Tmportc from the United Stater

RHR TIRES & TUBES FOR VEHICLES & PLANF,
STANDAHD NEWSPRINT PAPER, . . & & & & »
KRAFT PAPER A PAPERAOARD [N ADLLS ETC .
YAMN 4 THKEAD ETC OF HONCELLULOSIC Flu,
YARN & THREAD ETC OF CELLULNSIC FIBEW ,
wOVEN FABRICS OF NOMCELLULOSIC FIBERS
COATED OR IMPAEGNATED TEXT FAR A PRCL .
TRRPAUL INS, TENTS,0THER CANVAS GOODS . .
HRICKS & OTHER REFHACTORY CONST MTLS. .
HFRS OF MINERAL MTLS, NFC, Exf cERamiC,

CONTAIKERS AND CLOSURES OF GLASS. o 4+ «
IR & ST BARS & RODS, & HOLLOA DHILL 5T,
IR & ST ANGLES, ETC=-SP DMN, & SMT PLG,
TIN PLATE AND TIN COATED SHEET, , . . .
IR & ST TUBES & PIPES--SEAMLESS . . . .
ALUHINUM & ALUM ALLOYS==mHOUGHT, NEC, .
BAYL A4 MGH, ExC MGN SCRAP--UNwH 01 wH ,
FINSHD STAUC PTS A STRUCTURES-=IH & ST.
T30LS, NEC, FOR HAND CH MACHINE USE , .
ENGINES==INT COM, EXC AIRCRAFT,& PAHTS,

AGRI MACH FOH CuLT, ETC SOIL, & PANTS ,
TRACTORS, EXCEPT ROAD AND INDUSTRIAL, .
CONSTRUCTION 4 HINING MACH, NFC & PTS |

256
264
477
721
3oa
CLT)
102
293
584
136

122
Na
207
51
ASs
230
022
é1A
2913
bys

162

1 292

552

&o4
283
Jeu
830
oez
557
T24
502
45
iz

231
765
b2
738
978
a2
a9
05
267
721

ujl
128
1%

T10.%
719.1
T19,2
719,13
T19.5
719,86
715.8

T19,9
iy
72%.0
T29.1
729.%
729.9
T32,0
7372.8
A4l ,.A8
a5!.5
Bv2,!
§53i.2

(Continued)

MINERAL MAKG A GLASS-wRAKG MACH, 4 PTS .
HEATING & COOLING MACH A EwUlP, & PTS ,
PUMPS, CEMTRIFUGES, ETC, AND PARTS, . .
HECHANICAL HMOLNG MACH & EQUIK, & PTS .
POWERED TOOLS, MEC, & ACCESS, 4 PARTS
HONELECTAICAL MACHINES, NEC, AND PARTS,
MACHINERY & HECHANICAL APPLIANCES, NEC.

PARTS & ACCESSORIFES FOH HMACHINERY, KEC.
ELECT APPA FOR HAKING ETC ELECT CIHCTS.
ELECTAIC MuUSEMOLD FOUIP & APPL & PTS .
HATTEALES, AnD PARTS MEC. & o 4 o o o o
ELECT HEASURING & CONTROLL ING APHR,MEC,
ELECTRICAL MaCH &4 APPR, KFC, A PARTS, .
PASSENGEH CaMS, TRUCKS, ETC==-ALL FUELS.
HOTOR VEHICLE & TRAC PTS & ACCESS, MEC,
CLOTHING ETC EAC HEm FOR RELIEF . o 4 &
“EASLAING, CONTROL, ETZ [NSTRYNTS, MEC.
4P, CrRARTE, 3T0RS, PAMPHLETS, GLOTES ETC,
EP2C TPINGACTIONS NOT CLASSED Hy XD .
SUE3P5 440 LN 310,000 A MO BY ALL MOT .

SIECTAL CATEGORY® , . . , 4 v s & » &

v

133
&l4
BL1]
222
324
Mo
LS ]

213
122
220
145
62
324
149
772
3
193
151
P78
u2u

107

3ol

593
859
11
262
T4

040
105
973
Rau
974
00%
3g0
2986
e93
482
T56
924h
540

Sc7
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GUATEMALA

Imports of domestic merchandise from the United States, 197L

Total - $235,Lk2L,L87

ANIMALS==LIVE & o s & s o & s & &
HEAT=-=FRESH, CHILLED, OR FROZEN .
MEAT--DRIED, SALTED, OR SHOKED, .

MEAT==IN AIRTIGHT CONTAIN; MEAT PR
MILK AND CREBH, + &+ & o o & & & &

BUTTEH AND ANHYDROUS MILK FAT . . . &
CHEESE AND CURD , & o & s s s » s &
EGGS--BIRDS , EXCEPT SEPARATE ALBUMIN .
FISH £ SHELLF1S5H--FRESH OR SIMPLY PREP,
FI5H==IN AIRTIGHT CONTAIN; FISH PREPS .

P

s Ma s

. . e s
PR

WHEAT, INCL SPELT OR MESLIN==UNMILLFD .
RICE==ROUGH, BRONN, HILLED,GLAZED,PCLISH,
AARLEY==UNMILLED, o o 4 o o & o & o o
CORN OR MAIZE==UNMILLED o & o & o o &
CEREALS, MEC==UNHILLED, . & & « & & »
WHEAT FLOUR, MEAL, AND CROATS . &+ « &
CLREAL FLOURS, MEAL, AND GROATS, MEC. .
PREPS OF CEREAL, FLOUR, STARCH, ETC , .
FRUITS5-=FRESH; NUTS, EXCEPT OIL NUTS, .
FRUITS==DRIED, INCL ARTIFIC DEHYDRATED.

FRUITS & NUTS-=PREP OR PRESsy NEC. o & &
VEG,FRSH,ETC;OR1ED LEGUH VEG;VEG PROD .
vEG, ROOTS & TURERS, PREP OR PRES, MEC.
SUGAR, SIAUPS, HOLASSES, AND HONEY. . &
SUGAR CONFECTIONERY, MO COCOA, ETC. . »
COFFEE. & & o o & o o o 5 s & o = & & s
COCOA . & o o # 5 o & s s s & o s & o 8
CHOC & FOOD PREPS CONT COCOA OR CHOC, .
TEA AND MATE--CRUDE OR PREPARED . . .
SPICES. « o o o o = 5 5 s = = s s » s »

AMIMAL FEEDING=STUFF, EXCL UNML CEREAL .
HMARGARINE, SHORTENING, PREP EDIALE FAT.
FOOD PREPARATIONS, KEC. « & 4 « o
HEVERAGES, NEC=-NONALCOHOLIC. . .
BEVERAGES==ALCOHILIC, & & & & &« =
TOBACCO==UNMANUFACTURED . « &+ » »

.
.
.
.

A

TOBACCO MANUFACTURES, o « o o o & o« «
HICES, SKINS, EXC FUHSKINS=-UNDRESSED
011 SEEDS, OIL NUTS, OIL KERMELS, ETC.
RU39ER, ExCL CHMPDED, SEMIPROCD & MFRS
PULPS, AND WASTE PAPER, , & & « & » »
n00L AND OTHER ANIMAL HAIR. & « & = »
COTTON, + s # % # & o o 2 o s o s » 8 @
VEGETABLE FIREAS, EXCEPT COTTON & JUTE.
PANMADE FIBR & THEIR wASTE, ExC GLASS .
TEXTILE FABRIC WASTE, INCLUDING RAGS. »

FERTILIZERS==CRUDE. & & & &« & s = &
STONE, SAND AND GRAVEL, o « s s s &«
SULFUR AND UNROASTED [RON PYRITES .
AT ABRASIVES INCL INDUSTRIAL DIAHONI
CRLDE MIMERALS, NEC . . & & s o o »
1RCY AND STEEL SCRAP, . & « o s » »
ORES & CONCEN OF MNONFERROUS BASE METAL
NONFERROUS METAL SCRAP, . & + » » o
ANIMAL MATERIALS, NRC-=CRIIDE. + » «
VEGETABLE MATERIALS, NEC--CRUDE

T

COAL, COKE, AND BRIQUETS, . .
PETROLEUM PRODUCTS. & « » & »
GAS-=-NATURAL AND HMANUFACTURED
ANIMAL OILS AND FATS, NEC . + .«
VvEGETABLE OILS==FIXED, SOFT, EXC H
VEGETABLE OILS==FIXED, MEC. o+ o &
FATTY ACIDS, wAXES, ETC, EXCL PET PR
ODAGANIC CHEMICALS o o o « s o ¢ o o
INCRG CHEM ELMNTS 0XDS HYDROXDS ETC
INORGANIC CHEMICALS, MNEC, & & &+ & »

R-ACTIVE & STABLE 1SOTOPES & CPDS ETC
WiN TAR & OILS & CRUDE CHEHICALS ETC.
Syh ORG DYES ETC, LAKES AND TONERS, .
SYZING & TANNING EXTRACTS & ART BATES
PIGMENTS, PAINTS, VARNISHES ETC + + »
WEDICINAL AND PHARMACEUTICAL PRODUCTS
ESSENTIAL OILSs PERFUMC ETC MATERIALS
PEPFUMERY, COSMETICS, DENTIFRJCES ETC
SCAPS, CLEANSERS, POLISHES ETCu 4 o o
FEATLZPS==MFAD & FERTLZR MTALS NEC, + «

0

PR

“ Xe s ows

D.

a = s O« Ts s = u

" s s a8 ws

EXPLOSIVES AND PYROTECHNIC PRODUCTS 4+
SYNTHETIC RESINS AND PLASTIC MATERITALS.
CHEMICAL PRODUCTS & MATERIALS, NEC, . .
L'-:'EEER T ETITYTY YT e L]
LEATHER MANUFACTURES, NEC 4 & o o « @
FLRSKINS--DRESSED, INCLUDING DYED . .
RUSAER ARTICLES IN SPECIFIEL FORMS, .
RUBBER MANUFACTURES==F [NISHED, NEC, «
#5300 VENEERS, PLYNOOD BOARDS, ETC, NEC.
00D MANUFACTURES, NEC, &+ o« o o« » » o »

LT

£

197
94
224

171

137
ne
405

784

732
233
17
910
414
525

611 .

052

342
202
T80
694
13%

852
LT
To7
208

833
179
248
533
750
4qu
(.+1]
394
906
991

“a0
wu7
172
418
B36
729

630

405
w15
Jas

Jjaulr

132
26
9460
133
Jo
103

653
221
942
ase
043
773

488
6an

491

CORK MFPS, & AGGLOMLAATED CORK & MFRS .
PAPER AKC PEPERBOARD. o o o o o o o 8 &
PAPER,PAPER PULP, & PAPERROARD ART,NEC.
TEATILE Y2AN AND THREAD o o v s o+ ¢ w o
CGTTON FA3RIC, WOVEN EX SPEL OR NARROW,
TEATILE FABAIC mOVEN EX COTTON, ETC .
TULLE, LACE ETC AND OTHER SMALL WARES .
SSECIAL TEXT FABRIC AND PRODUCTS, + »
PADE-UP TEXAT ARTICLES AND PRODUCTS, .
FLOOR COVERINGS, TAPESTRIES ETC . +

CRCNCY

LIE CEMEMT & FPR BLDG MTL MEC, + » «
CLAY AND REFRACTORY CONSTRUCTION HTLS
HMINERAL MANUFACTURES, MNEC . 4+ « 4 »
GLESS 4 & o o o & o o & = # » & # »
GLASSAARE . & & 4 o o o o o o o 4 &
POTTEPY 4 & o o o s o s o # % = & &
DIAMONDS & OTHER PRECIQUS STOMES, .
PI1G IRON ETC AND FERAOALLOYS. « « &
190N OR STEEL PRIMARY FOAMS + & « »
1ac4 OR STEEL BARS, RODS, ANGLES, E

s & & = = = =
T L T N

-

190 DA STEEL PLATES AND SHEETS . o .
120N OR STEEL HOOP ALD STRIP.: & « & & »
17 2 5T RAILS & RAILWAY TRACK HTL o 4
1Ac% CR STEFL WIRE EXC INSULATED ELECT.
125% OR STEEL TUBES PIPES & FITTINGS, .

1# CR ST CASTINGS & FORGINGS--ROUGH .
SILVER 4 PLATINUM==UNAK & PTLY WORKED
COPPER & COPPER ALLOYS=-mP & UNwR . .
HICKEL & MICKEL ALLOYS=-mR & UNWR , .
ALUMINUM & ALUMINUM ALLOYS-=FR & UNWR

LEAD & LEAD ALLOYS-=NR & UNWH ,
ZINC & ZINC ALLOYS=--WR £ UNRR .
TIN &8 TIN ALLOYS=-WR & UNWR . . &« & &«
BASE HMETALS A ALLOYS, NEC-=WR & UNWR,
STRUCTURES & PARTS=-[9, 5T, ALUM, ZINC.
HMETAL CONTAINERS FOR STORAGE & TRANS, .
wIRE PRODS EXC INSULATED ELECTRIC , . «
NAILS BOLTS & SIHILAR ARTS, IR ¢T COPP,
TOOLS FOR USE IN HAND OR [N MACHINES, .
TABLE FLATWARE AND CUTLERY. & « & » &

.

HOUSEHOLD EAUIPHENT OF RASE METALS. . o
HANUFACTURES OF BASE METAL, NFC . « +
POASA GENERATING MACH ExC ELECT, 4 PTS.
AGRICULTURAL HACH & APPLIANCES, & PTS .
OFFICE MACMINFS AND PARTS & & 4 o & & =
METALWORKING MACHINERY. . v o o & » s =
TEXTILE AND LEATHER MACHINERY, & PARTS,
MACHINES FOR SPECIAL INDUWSTRIES, A PTS,
MACHINERY & APPL, & MACH PARTS, NEC . «
ELECTHRIC POXER MACH, SWITCHGEAR, & PTS,.

EQUIPHENT FOR DISTRIBUTING EL-<TRICITY.
TELECOMMUNICATIONS APPARATUS, & PARTS .
ELECTRIC HOUSEHOLD ECUIP & APPL & PTS .,
ELECT MEDICAL & RADIOLOGICAL APPARATUS.
ELECT MACH & APPARATUS, & PTS, MEC, 4+
HAILWAY VEHICLES AND PARTS. 4 » o o« &
ROAD MOTOR VEHICLES AND PAATS, MEC. 4 o
VEHICLES, EXC ROAD HOTOR VEH, & PARTS .
AIRCRAFT AND SPACECRAFT, AND PARTS, . »
SHIPS, BOATS & FLOATING STRUCTURES. + «

PLUMBING, ETC FIX, FIT, LAMPS AND PTS .
FURNITURE . &+ o ¢ s o o s o o s » ¢ s
TRAVEL GOODS, HANDBAGS ETC. o o « » o =
CLTHNG EX FUR, KNIT ELAS FAR, ART, ETC,
FUR CLOTHMING & FURSKIN ARTICLES, ETC. .
FOOTWEAR--NEW, EXt MILITARY & ORTHOPED.
SCIENTIFIC, OPTICAL ETC APPARATUS . + o«
PHOTOGRAPHIC & MOTION PICTURE SUPPLIES.
MOVIE FILM--EXPOSED AND DEVELOPED . « »
NATCHES AND CLOCKS, INCLUDING PARTS .

SOUND RECOADERS, MUSIC INSTRUMENTS ETC.
PRIMTED MATTER. 4 o o o o s ¢ 5 s 5 o ®
ARTICLES OF ARTIFICTAL PLASTICS NEC , .
BABY CARRIAGES, TOYS, SPORTS GOODS ETC.
OFFICE & STATIONER SUPPLIES NFC , + 4 «
ARTWORKS, COLLECTORS PIECFS 4 ANTIGUES.
JEWELRY & RELATED ARTICLES. o s & « & »
HAWUFACTURED ARTICLES NEC v o o 4 « & »
SPEC TRANSACTIONS NOY CLASSED By XIND ,
ANIMALS, NEC==INCL ZOO ANIMALS. . « & »

CATTLE==LIVE, & 4 « & & & » »
POULTRY==LIVE &+ 4 & o & & & .
HILK AND CREAM==DRY , , . . .
WHEAT, INCL SPELT OR MESLIN=-ll
HICE==MILLED, + 4 o « s & & »

CORN OR MAIZE--UNWILLED .

..o
NMILLE
e

.. Te s
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493

189

528
162

W48
T80

796
a1l

063
010
ugs
803
234
o019
750
asp

0%

EIL)
949
576
205
272
133
A58
752
35
800

880
081
130
42
959
498




044,0
04s,1
ouB,?2
oue,.n

051.4
051.5%
051.7
0%2.0
054,
061.9
062.0
041,
0Al.4
081.9

099.1
n9g,9
211.1
221.6
221.9
21,2
251.1
?51.6
251,7
51,8

26b,?

Guatemala - Imports from the Unitec States,

197 (Continued)

WHEAT FLOUR, HEAL, GROATS . .

BREAKFAST CEREALS.-PREPARED o . o o o &
HALT AND MALT FLOUR o o o o o o o o n o
HALT EXTRACT, PREP OF FLOUR, RTAREH.ETC.
APPLES==FRESH , 4 o s s s s s s 2 8 38
GRAPES=<FRESH ., . . . .

ENDIBLE MUTS,ExC OIL NUTS-—’RESH OR Dﬂ?.
FRUITS==DRIED, INCL AHTIFICAL DEHYDR, .
VEGETABLE PQODUPIS-NEC--FRESH CR DR[ED.
SUGAHS AND SIRUPS, N,F, ..
SUGAR CONFECTIOQNERY, NO COCO!; ETC. ..
OILSEED CAKE, HEAL, RESIDUES, . .

HEAT HEAL, INCL TANKAGF ETC--IHEDIFLE. .
FOOD WASTES & PREPARED ANIHAL FEED,NEC,

FOGD PREPARATIONS, MEC, . .

FOOD DONATED FOR RELIFF OR CHnHITr,aEC.
HIDES--CATTLE & EOUINE, UNDAESSEL ETC ,
COTTONSEED, + + »

FLOUK & MEAL OF DTLStrDS.OIL NUTS;ETC .
RUBBER-=SYNTHETIC,4 RUDPER SUASTITUTES.
PAPER=~WASTE, AND OLD PAPFR . . .
WOODPULP==CHEMICAL, DISSOLVING nﬂnuss .
ROODPULP==SULPHATE, . & & & & o & o s »
AUODPULP==SULPHITE, & + o« & s s « & s #

NOMCELLULOSIC HANMADE FIBFRS, o 4 o o
CELLULOSIC HMANMADE FIDERS , . "
CLAY & OTHER REFRACTORY HINERILS HEC.
MANGANESE ORES & CONCENTRATES ETC .
ANJHAL PATER[ALS, NEC-=CAUDE, « & « &«
SEEDS,FRUIT,SPORES, NEC, FOR PLANTING
OTPFER CRUDE VEGETABLE MATERIALS, HEC.
LU3PICATING GILS AND GREASES, . . .+ «
PETROLEUM JELLY AND MINERAL WAXES . .
PITCH, ASPHALT & OTH BYPROD ExC CHEM,

NATURAL GAS , . . e e
ANIMAL FATS & OIL,NEC [NCL ucuL GREASE
SOyac AN OIL, EXCEPT HYDROGENATED, .
VEGETABLE OILS==FIXED, NEC. . + . &
OFGANIC CREMICALS & & o & o o & « &
CHEMICAL ELEMENTS, NEC, , . . . .
INOGRGANIC ACIDS & OXYGEN cap«n-.uunuET.
Ox]DES==HETALLIC,PGHMT & NONPGMT GRADES,
AMMONTA, INORGANIC BASES,HYDROXIDES,ETC.,
ALUMINUM COMPOUNDSs MEC . & & &« & s & &

s = s = tn=

PO

SCOIUM AND POTASSIUM COMPOUNDSs MNEC .

INORGANIC CHEMICALS, MEC EXC MED CHEM
SYh OFGANIC DYESTUFFS,NAT INUIGD,ETC,.
PRINTING INKS , , .

PREPARED Pl|HTS,EN;MELS,anuUFHS.ETC
ANTIBIOTICS==BULK , & & & 4 o = o s &
HORYOMES==DULK, . . .
GLYCCSIDES,GLANDS, ETC.V&CCINES--BULK
HEG & PHARM PREP,CHPNDS,MIXTURES,FTC,
PHARMACEUTAL GOODS & PREPARATIONS,NEC

ESSENTIAL OILS AND RESINOIDS. + o o« & =
SYN PERFUME & FLAVOR MTL & CONCEN, ETC.
COS“ETICS5 &4 OTH TOILET PREPARATION,NEC,
SURFACE ACTIVE AGENTS,DETERGENTS,ETC, .
SCCURING CLEANSERS,SHOE POLISHES,ETC, .
NITROGENMOUS FERTILIZERS, HEC, EX h&rﬂL.
FERTILIZEARS, N.,E.C, , . .

tBhOEHSATIDV’POLYCDHDENSITIGH ETC:PROD
POLYHERIZATION,COPOLY, PROD-=UNFINSHD ,
VULCANIZED FIB & CELLULOSIC PLAST MTRL,

HARDEMED PROTEINS,HODI NAT RESINSJETC .
IMSECTICIDES,FUNGICIDES,&8 SIMILIR PROD,
ALBUMINOIDAL sunsrlucis,stlncuES.ETC. "
ARTIFICIAL WAXES,I REP ADDITIVES,ETC , o
CHEM PROD, MEC IhuiL REAGENTS ETC. + o+
RBR IN VARIOUS FORMS=<UNVULCANIZED,ETC.
RAR TIRES 4 TUBES FOR VEWICLES & PLANE,
RBR BELYS & BELTING=-=~TRANSMISSION, ETC.
ARTICLES OF RUBBER, NEC , & o s o o & &
STANDARD NEWSPRINT PAPER, & o o o o 4 &«
PRINTING AND WRITING PAPER, MNEC . + & »
KRAFT PAPER & PAPERBOARD IN KoOLLS ETC .
CIGAAETTE PAPER [N BULK,ROLLS,SHEETS, ,
PAPER AND PAPEREOARD, MACHINE-MADE,ETC,
PAPER & PAPERROARD=-=COATED, IMPREG,ETC .
PAPEH BAGS,PAPERBOARD BOXES,CONTAINEHS,
ART CF PAPEA PULP,PAPER,OR PAPERBOARD .
COT YARN, THREAD-=HLEACHEDN,DYFD,FINSHD,
YARN & THREAD ETC OF NONCELLULOSIC F1B,
YAAN 4 THREAD <TC OF CELLULOSIC FIBER .

COTTON FABRICS==NOVEN, BLEACHED,F [NSHD,
mOVEN FABRICS OF NONCELLULOSIC FIAERS
WOVEN FABRICS OF CELLULOSIC FIBERS, .
TULLE,LACE,RIBBONS,0THER SHALL WARES,
COATEC OR IMPREGNATED TEXT FAR & PROD
MADE-UP AATICLES OF TEXTILE MTL, NEC,
CARPETS AND RUGS, ., .

LINOLEUM AND SIMILAR FLOOR CﬁvEnlNGS.
CEMENT,

dRICKS & OTHER HEFHICTORF CONST HTLS.

"5 e e s 8=

MINERAL INSULATING MATERIALSs NEC . .
ASDESTOS HFRS AND FRICTION MATERIALS,
PLATE & FLOAT GLASS--IN REC; UNNURKED
GLASS, NEC, . . . .
CONTAINERS AND cLosuREs oF aLass. (e |
TABLE wARE, HOuSiHoLBnaRE, ETC OF GLlss.
GLASS ARTICLES, NEC , .

IR & ST BLOOMS, BILLETS, SLlBR- ETC.. .
IRO% QR STEEL WIRE ROUS , ,

IR & ST BARS & RODS, & NOLLOI GRILL ST.

£

-

- (LTS

-

625
Ja9
189
568

262
45
166
224
163
253
154
726
184
Ny7

764
bH2
248
219
143
553
845

440

198
995
234
53
634
90

134
130
359

&l1
32
163
alo
874
Joo
646
Jo7
330
714

390

350
Suu
291
gl

052
2ud
687
204
820
982
750
667
657
855

3
LI
715
Ob%
42
1ug
L1
42u
677
518

225
774
481
577
161
935
547
156
(T ]
Jae

14}

738

782
L1

613
089
71
406
415
098
248
Ja2s
409
L1-1)

673.4
673,5
6TH. 4
677,0
678,2
678,3
678.5
682,2
664,2
686.1

A91.1
691.2
692.1
692,2
692.3
693.3
694,2
695.2
697,2
698,1

698,3
698,5
69A,8
498,9
Til.1
711.2
Til.4
T11.5
T11.6
T12.1

T12.2
T12.5
T12.9
T18,2
14,3
Ti4.9
T15.1
T1%.2
T17.1

728,1
T24.2

724.,9
725.0
726.1
T25,2
729.1
729.2
729.3
729.8
T29.5
729.9

732.0

B93,0
898, 2
294, 4
895,2
899,35

899.6
931.0

—— -

IR & ST ANGLES, ETC-=SP DPN, & SHT PLG.
IR & 5T ANGLES, SHAPES, ETC-~5P OMN .
IRON & STEEL PLATES & SHEFTS=-UNCOATED.
IR & ST WIRE, EXC INSULATED ELECTRIC. .
IR & ST TUSBES & PIPES==SEANLESS + 4 o« »
IR & ST TUBFS A PIPES-=WELDED, ETC. o+ »
IRON OR STEEL TUBE AND PIPE FITTINGS. .
COPPER AND COPPER ALLOYS==WROUGHT + + «
ALUMINUM & ALUM ALLOYSw=-MROUGHT, NEC, o
ZINC AMD ZINC ALLOYS==UNWROUGHT o & o &«

FINSHD STAUC PTS & STAUCTUMES-=IR & ST.
FINSHD STRUC PTS & STRUCTURES=-=ALUM , .
TANKS FOR STOR ETC-=IR, 5T COPP, ALUM.
CONTAINEAS FOR TRANS GOODS==1R,S5T,ALUM,
COMPRESS GAS CYLINDERS-=IR, ST» ALUMs
WIRE GAUZE, ETC-=1H, ST, COPP, ALUN . .
BOLTS, NUTS, SCREwS, ETC--IR, ST, COPP.
TOOLS, NEC, FOR HAND OR MACHINE USE . .
DOMESTIC UTENSILS, ETC, OF BASE METALS.
HARDWARE OF BASE METALS, INCL LOCKS , .

CHAINS & PARTS THEREOF=-=JRON OR STEEL .
PINS, ETC--1R,S5T, & BA MET HOOKS, ETC .
CHAINS--COPPER, & MISC RA HMET ARTICLES,
ARTICLES OF BASE METALS, MEC: &+ & o s =
STEAM GENERATING PONER BOILERS A PARTS,
STEAM GENEHATING POmER ROILER ACCESS, .
ENGINES AND JET,GAS TURBINES=--A/C, ETC.
ENGINES==INT COM, EXC AIRCHAFT,& PARTS.
GAS TURBINES 4 PTS,NEC FOR MECH DRIVES.
AGHI MACH FOR CULT, ETC SolL, & PARTS .

AGRI HACH FOR HARVESTING, ETC, & PARTS,
TRACTORS, EXCEPT ROAD AND INDUSTRIAL. »
AGRI MACH & APPH NEC, & PTS & ATT, NEC.
ELECTRONIC COMPUTERS EXC PUN CARD TYPE.
STATISTICAL MACH, NEC, INCL AUXIL MACH,
OFFICE MACHINES, NEC, & OFC MACH PARTS,
HACHINE TOOLS FOR WORKING METAL + « & «
METALARKNG MACH, EXC MACH TOOLS, & PTS,
TEXTILE MACH, ETC EXC DOM WASHING MACH,
HMACHINERY EXC SEWING=-LEATHER WOHKING ,

SEWING HACHINES AND PARTS . . .
PULP & PAPER PROCESSING HlCHIHES & PTS.
PRINTING & ROOKBINDING MACHINES, A PTS,
FOOD PROCESSING MACH, EXC DOM, & PARTS,
CONSTRUCTION & HINING MACH, NEC & PTS .
MINERAL WRKG 4 GLASS=-WRKG MACH, & PTS .
HEATING & COOLING MACH & EQUIP, & PTS .
PUMPS, CENTRIFUGES, ETC, AND PARTS, . .
MECHANICAL HNDLNG MACH & EQUIP, & PTS ,
PONERED TOOLS5, NEC, & ACCESS, & PARTS .

MONELECTRICAL MACHINES, NEC, AND PARTS,
BEARINGS-=BALL, ROLLER, ETC, AND PARTS,
MACHINERY & MECHANICAL APPLIAMCES, MEC.
PARTS & ACCESSORIES FOR MACHINERY, NEC,
ELECTRIC POWER MACHINERY AND PARTS. 4 »
ELECT APPR FOR MAKING ETC ELECT c:ncrs.
WIHE AND CABLE==INSULATED . o« o » s »
ELECTRICAL INSULATORS, FITTINGS, ETC. .
TELEVISION RROADCAST RECEIVERS, . . + «
RADIO BROADCAST RECEIVERS o o o o o » =

TELECOMMUNICATIONS EQUIPMFNT, NEC . « »
ELECTRIC HOUSEHOLD EQUIP & APPL & PTS .
ELECTRO-MEDICAL APPR & PTS, ExC x-RAY .
X-RAY & RADIOLOGICAL APPARATUS, & PTS .
BATTERIES, AND PARTS NEC. & & & o s » »
ELECTRIC LAMPS, AND PARTS, NEC, .
ELECTRON TUAES, ETC, MEC, AND PAﬂTS ..
ELECT IGNITION, ETC EQUIP-=IHT COM ENG,
ELECT MEASURING & CONTROLLING APPR,NEC.
ELECTRICAL MACH & APPR, NEC, & PARTS, .

PASSENGER CARS, TRUCKS, ETC-=ALL FUELS.
MOTOR VEHICLE & TRAC PTS a ACCESS, MEC,
TRAILERS & OTHER VEH & PT§--NOT HOTOR .
AIRCRAFT==HEAVIER THAN AIR, + +

AIRCRAFT, MEC, & AIRCRAFT PTS & ACCESS,
SHIPS 4 BOATS EXC MILTY, INCL 5PEC PUR,
SANITARY & PLUMAING FIX 8 FIT-~CERAMIC,
SANITARY, ETC FIX & FIT--]RON OR STEEL.
LIGHTING FIXx & FIT, LAMPS, ETC, & PTS .
FURNITURE , 4 ¢ o 2 ¢ 5 2 ¢ o 2 s s & »
TRAVEL GOODS, HANDBAGS, PERSONAL GOODS,
CLOTHING==TEXT F&B, NOT KNIT OR CROCH .
ACCESS=-=TEXT FAR, NOT KnIT OR CROCH ., ,
CLOTHING, ACCESS, ETC-=KNIT OR CHOCH, .
CLOTHING ETC EXC MNEW FOR PELIEF , . . &
PHOTO & MOTION PICTURE EQUIP & PTS,MEC,
MEDICAL INST ETC EXC ELECTRO=MEDICAL,
MEASURING, CUNTROL, ETC INSTRMNTS, NEC,
PHOTO FILM, PLATES, ETC ExC OEV MP FLM,
PHOMOGRAPHS, TAPE RECORDERS,& SHLH MACH,

PHONOGRAPH RECORDS & OTH SOUND MEDIA. .
PARTS & ACCESS FOR MUSICAL INSTRUMENTS.
HAP3,CHARTS,B00KS, PAMPHLETS,GLORES ETC.
NEWSPAPERS & PERIODIC!LS--UM&uUND .0
CALENDARS, CATALOGS, PRINT MATTER NEC ,
ARTICLES,NEC--FINSHD, ARTIFICIAL PLAST.
CHILDREN'S TOYS, CHRISTMAS DECORAT,ETC.
F1£- & HUNT EOUIP, SPORTS EQUIP, ETC, .
PENS,PENCILS,NIDS,POINTS,CRAYONS, CHALK,
POADER PUFFS,BUTTONS,& SMALLWARES NEC .

ORTHOPEDIC AFPL, ART, HEARING ATDS,ETC,
SPEC TRANSACTIONS NOT CLASSED By XIND .
SUREPS AYG UN 810,000 A Ho BY ALL MOT .

SPECIAL CATEGORY® , . . . o v s 4 o » «

-
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N o

326 531
472 102
965 585
480 628
686 101
324 705
467 826
212 o0
882 112
830 %24

793 990
241 034
129 829
196 953
164 386
147 099
375 17
943 728
492 874
659 619

225 758
161 172
606 761
019 322
T01 016
180 988
144 203
385 171
136 080
888 208

553 7719
770 678
J9u 595
467 410
144 60%
33 399
354 697
200 951
623 1eu
191 487

271 408
267 518
503 Tp8
518 932
481 907
243 244
782 370
032 126
861 Hou
794 154

491 180
683 337
305 485
287 622
297 274
589 S84
274 029
184 912
736 T4l
139 498

050 123
938 Bo2
143 231
137 359
287 1&4
437 880
557 829
449 477
772 8B%
532 059

629 274
624 739
251 794
878 BB2
244 908
261 376
636 017
123 253
677 862
588 010
137 ups
380 07
123 054
516 449
H59 459
319 4N
651 650
689 550
310 522
329 745

155 654
531 229
230 240
204 15%
188 181
327 576
382 Jus
507 150
328 498
182 817

158 329
b42 238
136 583

570 951
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Imports of domestic merchandise from the United States, 197k
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Total - &£71:0,613,666
" 642 PAPEH,PAPEH PULP, & PiPinnano ART,NEC,.
ANIMALS==LIVE & & o o o o s & & v o o ® 1 268 %54 #51 TEXTILE YARN AND THREAD , . o .
MEAT-=FRESH, CHILLED, OR FAOZFN . «+ .+ « 943 838 852 COTTON FASRIC, wOVEM EX SPEC uR MIRNOF.
VEAT--DRIED, SALTED, OR SMOKED. + o & 1 014 930 653 TEXTILE FABRIC #OVEN EX COTTOM, ETC 4 o
“ELTew [N AIHTIGHT CONTAIN; McAT PHEPS o 986 073 854 TULLt, LACE ETC AND OTHER SMALL WARES .
MILK AND CREAM. & o o o = & s s s # o & 1 1e 257
CHEESE At CURD , . .« e 41 318 655 SPECIAL TEXT FASHIC AND PHUDUCTS, « »
EGGS--BIADS , EXCEPI sEPJRl?i thu*lN . B 562 556 HMADE-UP TEXT ZRTICLES ANC PAUNUCTS, .
FISH & SH‘LLFI:H--FRE'H OR SIMPLY PheP, T 8o6 657 FLOOR COVERINGS, TAPESTRIFS ETC ., . &
FISH==IN LIRTIGHT CONTAIN; FISH PREPS . w25 935 861 LIME CEMENT & FBA BLDG MTL NEC. . .« »
AHEAT, INCL SPELT OR MESLIN==UNMILLED . 62 633 u14 862 CLAY AND REFRACTORY CONSTPUCTION MTLS
AICE==RCUGN,BAONN, MILLED, FLAZED, P15, 20 0586 681 E:nggnL HANUFACTURES, MNEC & & & « o »
L1 LA “ 8 5 8 % s 8 B 8 8 s s 84w
CORN QR MALZE==UNMILLED . & & o & » & & 19 641 ©J35 669 GLASSWARE , . & & s o v 5 s = & & » @
CEAEALS, NEC==UNMILLED. o o o ¢ o » o o T4 477 566 POTTERY , set v s e
#EAT FLCUR, MEAL, ANO GADATS o o o & o 5 379 08% 667 DI1AMONDS & OfHER szClous STONES, .+ «
CZAEAL FLOURS, MEAL, AND GROATS, HEC, . 323 G2
P3cp5 QF CEREAL, FLOUR, STARCH, cTC , . 5 F93 450 871 PIG IPON ETC AND FERHOALLOYS. « o «
FRYITS--FRESH; KUTS, EXCEPT OIL NUTS. . 294 112 672 1R0N CR STEEL PRIMARY FOAMS . + + «
FAUITS-=DRIED, INCL ARTIFIC DFHYDRATED. Jue 857 673 IRON OR STEEL BARS, WODS, ANGLES, ETC
FAUITS 2 NUTS==PHEP OR FHES, MEC. 4 4 » 41 292 674 IRON OR STEEL PLATES AND SHEETS , .
vEG,FﬁSH;ETCJDRIED LEGUM VEG;VER PHOD . 1 807 371 675 [ROM OR STEEL HOOP AND STRIP, « 4+ &
viG, ROOTS 4 TUPEARS, PREP OR FRES, KEC. 164 159 876 IR & ST HAILS & RAJLWAY TRACK HMTL . .
877 IRCN OR STEFL WIRE EXC INSULATED ELECT
Suﬁln. S1AUPS5, MOLASSES, AND HONEY, . « 319 949 ATH 1RON OR STEFL TUBES PIPES & FITTINGS,
SUGAR CONFECTIONERY, NO cocon. F1Cs « « 490 384 679 IP OR 5T CASTINGS & FORGINGS=--ROUGH .
Cacca . an 3 r0d 8A81 SILVER 4 PLATINUM=-UNRK & PTLY WURKED
c+0C 2 "Fiad PREPS onr COCOI oR CHOC, . 1 070
TEA AND MATE--CRUDE GR PREPAAED . + o . 78 345 682 COPPER & COPPEH ALLOYS==mA & LiHad . .
SPICES, , . . 236 117 883 NICKEL & NICKEL ALLOYS==wd & (INWR . o
INTMAL FE’OIHG-STUFF, EICL UHHL LFR:JL. T 944 Celd &84 ALUMINUM & ALUMIMUM ALLOYS==AR & UN®R
AsRGAAINE, SHORTERIMNG, PREP EQLBLE FAT, 237 343 485 LEAD & LEAD ALLOYS==AR & UNWH ., . .+ &
Fou0 PREPARATIONS, PEC. u w v + o & o » 3 #17 0V0 L1 ZINC & 7INC ALLOYS==WR & ubmR , . . &
CEVERAGES==ALCOHOLIC, & & &« o o & & o & 136 543 687 TIN & TIN ALLOYS==AR & UNwH . &« « & »
6a9 DASE METALS 4 ALLOYSs NEC-=WR & UNaR,
TOLACCO-=UNYANUFACTUHED o & & & « &+ o = 12 7530 674 691 STRUCTURES # PARTS==1R, ST, ALUM, ZINC.
TIEALCO MAWIFACTURES, . " 712 492 892 METAL CONTAIHENS FOR STORAGE & TRANS, .
~l3E5, SnIN5, ExC Funﬁx:nq--uxuaks:‘u . 1 i3 831 #93 AIRE PRONS FXC 'NSULATED FLECTRIL . + o
FURSK[KWS==UNDAESSED . . f .. 1 7d0
CILSEEDS, VIL NUTS, OIL quncls. Frr. . 1 527 u74 LYy NAILS BOLTS & SIMILAR ARTS, [P ST CNPF,
AysHe?, EXCL CMPDED, SEMIPROCD A VMFHS 2 K13 k4l 6495 TOOLS FOR USE [N HAND OR 1N HkCHlHES .
PULPS, AND WnSTE PAPER, , o « o 4 o » » 5 661 4s0 896 TABLE FLATWAKE AND CUTLERY. + 4
AO0L AND OTHER ANTRMAL HALR, & & o o » o Loy 697 HOUSEHOLD LOUIPMENT OF dASE METALS. + »
COTTON, . « . . 34 Tiu 329 698 MANUFACTUAES OF BASE METAL, NWEC & & & &«
VEGETABLE Ftueaﬁ, ExCEPT COTTCN & Jute, 1 716 711 PONER GENEWATING MACH EXC ELECT, A PTS,
712 AGRICULTURAL MACH & APPLIANCES, & PT5 .
MANMANE FIBR & THE[H mASTE, ExC GLASS . T 555 126 714 OFFICE MALHINES AND PARTS ., « & o« & & =
TENTILE Fa321C wASTE, INCLUDI*L PAGS, 9 257 718 HETALWORK [Mi MACHINEWY. . o
FINTILIZERS==CRUDE, & o 4 o o s & o = s 3 322 47 n? TEXTILE AND LEATHER HACHIPERY, & "PARTS.
sTONE, SAND AND GRAVEL, , . v o 62 516
SULFUR AN UNROASTED IRON PYRITES . . . 6 £91 718 HMACHINES FOR SPECIAL INDUSTRIES, A PTS.
%aT 23AASIVES INCL INDUSTARIAL DIAMOMDS. 390 172 719 4ACHINERY & APPL, & MACH PARTS, NEC .
CALDE MINIRALS, NEC . T 2 165 50l 122 ELECTRIC POMER MALH, SWITCHGEAR, & PTS.
1RON ORES AND CONFENThAIEq. P 4 192 723 EQUIPMENT FOR DISTHIBUTING ELFCTHICITY.
tROM AND STEEL SCRAP, . . 2 167 44 724 TELECOMMUNICATIONS APPARATUS, & PARTS .
CHES & CONCEN OF NOMFEHAOUS 615= rtI:L. P38 534 725 ELECTHIC HOUSERILD EJUIP & APPL A& PT5
726 ELECT MEDICAL & MHADIOLOGICAL APPARATUS
WONFEARCUS METAL SCRAP, ., o o o o o o 260 347 729 ELECT MACH & RPPARATUS, & PTS5, NEC. o
AN[MAL MATERIALS, MEC-=CHUDZ. o v » o & 119 447 tA 1) RAILWAY VEMICLES AND PARTS., . .
VICETABLE MATERIALS, NEC--CRUGE . « « 1 dey 913 732 ROAD MOTOR VEMICLES AND PARTS, nEC
COaL, CRLE, *ND BHIOUETS. & + o o & & o 130 645
HETRCLEUM Pnonu:rs. . = R 9 513 098 733 VEHICLES, £XC ROAD MOTOR VEH, & PA&RTS
GA%==NATURAL AND HAhuFACTuRED PR 2 904 134 AIRCRAFT AND SPACECRAFT, AND PARTS, .
As[FAL OILS AND FaTS, NEL . “ 00w 3 143 AsH 735 SHIP5, BOATS & FLOATING _TRUCTURES, .
JEGETAULE OILS=-FIRED, 50FT, (Ac HYDA o 62 J1h 812 PLUMbING, ETC FIX, FIT, LAMPS AND P15
+EGETABLE OILS--FIXED, NEC, . . . 129 855 821 FURNITURE , , . e e e
FATTY ACIOS, mAXES, ETC, FACL PET PrOD, 353 w20 e TRAVEL GUODS, NenDBAGS ETCL o 0 . .
Byl CLTHAG Ex FUH, ¥NIT ELAS FAB, ART, ETr.
QAGAMIC CHEMICALS ., . . .o 26 239 B4B 5] FOOTAEAR==NEm, EAC MILITAKY & ORTHOPED.
iuCRL CHEM ELMNTS Oxus§ hrndD!DS tTC . & nYl 636 AL SCIENTIFIC, CPTICAL ETC APPARATUS o «
I‘ca tNIC CHEMICALS, MEC, . e . 8 110 337 LEYd PROTOGHAPHIC & MOTION PICTURE SUFPLIES.
A=aCTIVE & STAdLE [SUTOPES & CPO: ETC . 16 982
41y TAR 4 OILS & CHUDE CMFMICALS ETC. o 594 547 86 HOVIE FILM--EXPOSEQ AND DEVFLOPEU , . &
Sy GAG DYES ETC, LAKES AND TONERS, + 1121 089 [y AATCHES ANU CLOCKS, INCLUDING PAHTS .
SveinG & TANMING EXTRACTS 4 AAT BATES . 11A 200 A9l SOUND PECOROEAS, HUSIC IMSTRUMENTS ETC.
PIGMENTS, PAINTS, VARNISHES ETC , . 4+ » 1 920 090 892 PRINTED MATTER, , Ve
-:u:.tmL A4) PHRR4ACEUTICAL PRODUCTS . 11 673 353 893 ARTICLES OF APTIFICIAL PLASTICS REC . .
SSERTIAL OTLS, PERFUME ETC MATEHIALS 2 636 296 B9y RaBy CARHIAGES, TOYS, SPURTS GOOLS #TC,
95 QFFICE & STATIONER SUPPLIES NEC , . . «
STAFLMERY, COSMETICSs DELTIFRICES ETC . 217 79A L L1 ARTwQAKS, COLLECTORS PIECES & ANTIGQUES.
§:4P5, CLEANSERS, POLISHMES ETC. + &+ + » 2 047 4yo 897 JEWELRY & HELATED APTICLES. . & & o & »
?EJFLZHSE-N=R; : FEHéLLﬁ HTHL%DHLCE .. 20 145 210 897 MANUFACTURED ARTICLES WEC o o & o o s »
EXP_CSIVES AND PYAOTECHNIC PHODUCTS . . 96 404 1 sag i
SYATRETIC RESINS AND PLASTIC MATEKIALS, 16 086 074 A b e Rt R
(~iMICAL PRIDUCTS & MATERIALS, MWEC. . & 18 554 643 2 sl A
-fATHER , . e 3 713 822 iyl
ELTRER MANUFACTURES, NEC » o 4 4 4 o o 73 847 E:}Itf,,_'ifi L e R
TUASKINS--DIESSED, INCLUDING DYED . o » 30 %09 POULTRY==LIVE &+ o o ittt
AUBOEA ARTICLES Ih SPECIFIED FOAMS, . o 984 381 GEAT, BOVING, Ext OFFAL&ooFRE: OM 2124,
RUBAER MANUFACTURFS==FINISHED, NEC. + . 5 349 726 CEFALS--uOVINE, EQUINE ETC, FRSH, FHil,
#00D VENEERS, PLY®0CD BOARDS, £1C. htL. 162 643 MEAT A& ED CFFALS,4EC-=DRY, SALT,SHOAED,
mO0U MANUFACTURES, MEC, . 339 1 MILK AND CAEAM==DRY , . , o AR
CORK MFRS, & AGGLCNERATED CoRx 4 MFRS | 1?2 313 SnCLLFISh--FRISH; FPUZEN, SiL!LD ETC,
PAPER ANU PAPEABOARD, o+ & 4 o o o o o @ 13 Ay 7587 FisSM IN AIATIGHT CONTAINER g FISH PPEP,

WHEAT, INCL SPELT OR MESLJN--UNILLED .

151

-
PR

[P -

N

-
O D=

26
13
11

28

44
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62

586
423
ne

a1y

ceo0

057
C43

Rl
037
a70
053
537
593
629
471
387
Ev0

£85
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Philippines - Imports

from the United States (Continued)

COHN OR MATZE==UNMILLED + o & 4 4 » »
aHEAT FLOUA, MEAL, GROATS . . .

CEREAL FLNUAS, MEAL, GROATS, FXC nHEaT.
BIEAMFAST CEREALS--PAEPARFD . .

“ALT EATRACT, PREP OF FLoua.srancn,crc.
LPPLES==FRESH , ,

FUITS--D31EU, INCL ARTIFICal DENYOR,
FAYIT & VEGETABLE JUICES=-UNFERMENTLD
FRUITS==TFMP0RARILY PRESERVED + + « »
VEGETABLES==LEGUHINOUS, DRIED . 4 « &

PR

SUGARS AND SIRUPS, N.E.C. . v e
5 "SUGAR CONFECTIONERY, NO CDCDQ. SIC. .
SPICES, N.E,C, PR
OILSEED CAKE, HEAL, R‘S!DuEs e e
MEAT EAL, INCL TANKAGE ETC-=INEDIGLE, .
FOOD wASTES & PREPARED ANIHMAL FEED,NEC.
“MAHGARINE & OTHIR PREP EUIHLE FATS HEC.
FOOD PREPARATIONS, MEC,.

FOJD OONATED FOR REllEF OP CHlle*nNtC.
TOBACCO==1NYANUFACTURED , .

.
R

IR )

CIGARETTES, . .
CHER[NG AND SHOK [HG 1osaccc,1nn SNUFF .
HIDES=-=-CATTLE & LOUINE, UMDRESSEUL ETC .
SOYHEANS ExC RUASTEL COFFEE SudsTITUTE.
FLOUR & MEAL OF OILSEEDS,0IL NUTS,ETC .
AUIHER=hATURAL,A SIMILAR NATURAL GUM ,
AUBAER==5YNTHETIC,4 RUHAER SUPSTITUTLS.
PAPER==NASTE, AND OLD PAFER . 4 4 & 4 »
PULP, EXCEPT wOODPULP , , & & o « o = &
AOGDPULP==SJLPHATE, & & & o o s o » s »
40COFULP==SULPHITE. . . .
nan COTTUN, OTHER THAN L!HTEN‘. .
‘H\CtLLULOS:C MANMADE FIBFRS. . .
CELLULOSIC HMaMMAUDE FIBRERS , . . .
“ATURAL PAOSPHATES, . . .
AT AIRASIVES MEC, INCL nllnoﬂﬂ UJST

E

C_AY & OTHER REFRACTORY MINERALS !
CAUDE MINERELS, NEC . & & & o o &

c

1RCN AND STEE. SCRAP, .
REINGANESE ORES & tathNTnoTEQ E1c

R S
R T

nWONFERAOUS METAL ORES AND CONCENT, WEC.
+OWFESROUS "ETAL SCRAP, , .
GuPS, RESINS, BALSAMS, LACS--!ﬂTuRnL. .
JCEOS,FRUIT,SPORLS, NEC, FOR PLANTING .
PLANTS FOR PERFUMERY, PHARMACY, ETC , .
STHER CPUJE VEGETABLE MATERIALS, KEC, .
COAL==ANTARACITE AND BITUMINOUS . & & »
LUSRICATING OILS AND GHEASES, . + & & «
FETROLEUM JELLY AND MINERAL WRXES , . .
A1TCh,; ASPASLT & OTH dYPRND ExC CHEM, .,

ANIMAL FATS & OTL,NEC INCL wONL GHEASE.
FalTy AC]OS 4nD REFINING BYPRODUCTS . o
CRGANIC CHEMICALS & o o o » o o 5 o & @
CHEM]CAL ELEMENTS, MEC. . , & o
INGRGANIC ACIDS 4 OxyuEN cuuhn--nou-zr.
ORIDES==METALLIC,PGMT & NONPUMT GHADeS,
MmO A, [NORGANIC BASES,hvOROXIDES,ETC,
I%JPGANIC PIGMENTS, NEC , . e oa
SCOILY AND POTASSIUM CDHFOUHSQ- NFC , .
IMCAGINTIC CHEMICALS, MEC EXC MED CHEM

AGANIC YEDICINALS, NEC, Ih BuL¥, . .
ZENZENE BND OTH CHYDE PPON NF CuaL ETC.
5v% CRGANIC OYESTUFFS,NAaT [NDIGOLETC, .

TITanlu¥ mHITES & OTH WHITE COLOW MTHL.

SRINTING IN<S , . o

EREPIRED ﬂl:hTS.EHl'ELS;LlCOUEHSpFTC.
WITaMIKS AND PROVITAMINS=-dULK, . .
SNTIAICTICS==BULK & & o & & o & » = o
HORMOMNES==dULA, , . . e e e
ULYCOSIDES, LANDS, E?tuUlCCthS—-HULﬂ
HED & PHATA PAEP,CAPNIS,MIRTURES,TTC,
HMEDICIMAL & PHANM PRODUCTS FOR RELIEF
PHARMACEUTAL GOOJUS & PREPARAT[ONS,NFL
ESSENTIAL OILS ANU RESINOIDS: « o s s »
SYN PERFUME & FLAVOR HMTL & COrCEMs ETC.
COSHETICS & OTH TOILET PAEPARATION,MEC,
SURFACE ACTIVE AGENTS,OETEAGENTS,FTC, .
SCOURING CLEANSEHS,SHOE =oL]SHES,ETC, .

NITROGENOUS FERTILIZERS, WEC, Ex NATHAL,
PHOSPHATIC FERWTILIZEAdS AND MATERIALS. .
POTASSIC FERTILIZERS, EX NATURAL SALTS,
FERTILIZEPS, N.E.C, . .

touatusarIUN.DchcouoinsarION.LTC.PFOB.
POLYMERIZATION,COPULY, PROD==UNFINSHD ,
VULCAMIZED F19 & CELLULOSIC PLAST HTRL,
HAHNENED PANTEINS,HOD] FAT RESINS,ETC o
INSECTICIVES,FUNGICIDES,8 SIAILAR PAOD.
ALHUNINOIDAL SUdSTAMCES,STARCHES,ETC, .

w000 AND RESIM-AASEL CHEM]CAL PARUDUCTS.
ARTIFICIAL 4-XES,FREP ADDITIVES,ETC . .
CHEM PROD, MNEC INCL REAGENTS ETC, . + «
LEATHER OF AQVINE & EQUINE ANJHALS MEC,
LEATHER, WEC, ., ,

HER IN VARIOUS ronns--uﬂvuLCluleD;E!C.
HUR TIAFS & TUYES FOA VEHJCLES & PLANE,
HYGIEMIC & PHAR= ART--UNHARDENED RBR, .

w
Al e L T

-

- N o

26

L]

[- Xl

E ~NEINNEEC

N W g

hyl
379
323
uyn
440
159
302
230
375
569

297
450
224
571
525
LT
237
437
124
750

422
289
110
274
253
253
6l4
579
129
058

50
710
957
357
32?2
mn
514
498
167
188

YT
260
564
B3 1

775
127
LT
604
251

143
150
239
213
By]
3
190
153
563
101

184

Qo4
229

4oh
500

823
789
345
201
812
LT
158
J21

u3%
069
052
80
553
697
857
0sl
T28
Jal

329
pLL
49
627
124
Joh
343

968
474

821
671
831

08l
411

738

188
028
207
609
828
798
301
147
use
217

234
138
Jae
501

383
938
248

LEL L
62%.9

631.8

67%,0

§77.0
&67A,2
678,3
678,5
879,0
/79,3
6B82.1
682,7
686,0
64,2

58
63

628,2

4%

492,2
692,

4%

673.)
535.2

by

633,2

8
L |
1.1

3.1

5.1

RAR BELTS & BELTING==TRANSHISSION, ETC.
ARTICLES OF HUBBER, NEC , & & « & o & &«

WOQD~-=STHFLY SHAPED OR WORKEL', NEC. + «
ARTICLES MANUFACTUKED OF w000, WNEC, 4 «
PRINTING AND ARITING PAPER, NFC , + +
KRAFT PAPER & PAPEHHOARD IN ROLLS ETC .
CIGARETTE PAPFR IN BULK,HOLLS,SHEETS. .
PAPER AND PAPEHHOARD, MACHINE-MADE,ETC.
PAPEH & PAPERBOARD-=COATED, IHPREG,ETC .
PAPER BAGS,PAPERHOARD BOXFS,CONTAINERS,
ART OF PAPER PULP,PAPER,OR PAPERoOARD ,
COT YA&RN, THHEAD=--BLEACHED,DYED,F INSHD.

YARN & THREAD ETC OF KONCELLULOSIC FIB.
YARN 8§ THREAUD ETC OF CELLILOSIC FIBER .
COTTON FAQHI.S-=-nOVEN, BLEACHED,F INSHD,
wOVEN FABRICS OF NONCELLULOSIC FIDEFS
WOVEN FABRICS OF CELLULNSIC FIBERS, .
KNIT OR CROCHETED FAS NO ELAST nk RBR
FABHICS OF GLASS FIBERS , . 4+ «

TULLE,LACE,h1BBONS,0THER SHMALL hRPKS-
COATED OR [M7AEGHATED TEXT FAR & PRCU
ELASTIC FABRICS AND ELASTIC TRIMMINGS

WADDING, TEXT FAA, FOR USE IN MACHINERY.
TEXTILE BELTING, TUBING, HOSEPIPING . .
HADE-UP ARTICLES OF tExTILE HTL, KEC, &
CEMENT, . .

JLDG MTLS OF ASFHBLT n ASRESTOS C[ﬂ[NT.
BRICKS & OTHEP REFRACTORY COMST HMTLS,. .
FHEELS AND STONES--ABRASIVE . o
CLOTHS, PAPERS,ART OF COATED annlslvl
HMINFRAL INSULATING MATERIALS, NEC , .
ASBESTOS MFAS ANLD FRICTION MATERIALS.

LLAS5-=0OPTICAL, UNWKD,AND LENS ALANKS .
GLASS, NEC, , . . . won
CONTAINERS AnD CLUSUMES OF GLnSS. “ a
TABLE#ARE, HOUSEHOLDAAKE, ETC OF GLASS,
GLASS ARTICLES, NEC , , .
IR & ST BLOD..5, BILLETS, QLEHE; LTC.. .
IR & ST BARS 4 HODS, & HOLLOW DRILL 5T,
IRON & STEEL PLATES & SHEETS--UNCOATED,
TIN FLATE ANU TIN COATED SHEET. + + o «
IRON OR STEEL HOOP AND STRIP, & 4 & « »

IR & ST miIAk, EXC INSULATFD ELECTRIC,
IR & ST TUHES & PIPES--SEAMLESS . .
IR & ST TU4ES 4 PIPES--wELDED, FTC, .
IRCN OH STEFL TUbLE AND PIPE FITTINGS,
STEFL CASTINGS IN THE ROUGH STATE , .
IR & 5T FORGINGS IN THE RQUGH STATE ,
COPPER AND COPPER ALLOYS=--UNNROUGHT
COPPER AND COPPER ALLOYS=--WROUGHT ., .
ALUKINUM & ALUM AL--UN®R, & BARS, ETC
ALUMINUM R ALUM ALLOYS=-WROUGHT, NEC,
LESD AND LEAD ALLIYS==UNARQUGHT . . +
ZINC AND ZIMC ALLOYS==UNRRQUGHT , . o &«
ZINC AND Z14C ALLOYS==#R0UGHT & & + 4 »
FINSKG STILC PTS 6 STRUCTURES-=IH & 5T,
CINTAINEHS 73R TRANS 3000S-=13,5T,ALUM,
COrPAZSS 625 CYLINDERS==]R, 5T, ALUM, .
#m[AE CAALE--UMINS, IR, ST, COPP, ELLM ,
w[AE CauZE, ETC--IA, ST, COPP, ALUM , .
SCLTS, hLT5, SCREaS, ETC--IR, 5T, COPP,
naAND TLOLS FOR AGHICULTURE Ol FORFSTAY,

TA0LS, MEC, FOR HAND OR MACHINE LSE . &
TEHLE FLATwARE AnD CUTLEAY. + o« & o

JUMESTIC JTENSILS, ETC, OF BASE F:IQLS.
niRCWARE -7 JASE METALS, INCL LOC<45 , .
SAFES, 57304G-RO0MS, ETC--BASF METALS .
CHAINS & 233TS THEREOF=<[PON DR STEFL
PINS, ETC==In,5T, 4 UA MET HOOXS, ETC
SPHINGS 4 LEAVES==]RON, STEEL, CCPPEH
CHAINS==COPPzH, & MISC BA MET ARTICLES.
LRTICLES COF SASE METALS, MECu &« o o & o

P

STEAM GEMZRATING PD4ER BOJLEHS 4 PARTS,

"STEL™ GENZIHATING PO#E4 BOILER ACCESS. .

STEAY ENGINZS, TURBINES, AND PAATS, , .
ENGINES ASD JET,GAS TUARBIMNES=--AsC, ETC,
ENGINES==INT CO%, EXC AJACRAFT,8 PAKTS,
AGRI “ACH FOR CULT, ETC 50IL, & PARTS .
AGA] “ACh FOW HARVESTING, ETC, A PAPTS,
0a]Ay WACHINERY, KEC, AMD PARTS . & 4 &
TAACTORS, EASEZPT RGAD AND INDUSTRIAL, .
AGR] AACH & A~PR NEC, & PTS & ATT, hEC,

TYPEWRITEAS AND CHECK-WRITING HMACHINES,
ELECTRONIC COMPUTERS EXC PUN fARU TYPE,
STATISTICaL MACH, NEC, INCL AUXIL MaCH,
QFFICE PACHI%ES, NEC, & OFC MACH PAFTS,
PLCHINE TOGLS FOR AORKING METAL o « 4 «
“ETALAAKNG WACH, EXC MACH TOO0LS, 4 PTy,
TEATILE P22, ETC EXC DOM AASHINTG MalwM,
SEAING Ml 4:w=s AND PARTS , . . .,

PULP 4 PAPEX PROCESSING HACHINES & Pts.
PRINTING & ZOOXOINDING MACHINES, A& PTS,

FOOD PHOCEZSSING MACH, EXC DOM, % PARTS,
CONSTRUCTION & WINING MACH, NEC & PTS ,
MINERAL WAKG & GLASS=WAKG MACh, & PTS ,
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185
ugl
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uyn
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111
(1]

B3y
L1 H]
g1e
241
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168
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160
391
757
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159
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139
M0
490
143
651
ug9
136
w97
636

b6%
667
381
248
214
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7261

089
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553
262
643
001
93e
121

ne
982
c24

719
070
013

233
270

sen
17
802
S6s

087
775
403
049
633

668
210
087
500
871
894
753

TJu2
933

076
835
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127
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T08
§6Y
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358
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Philippines =~ Tmports from the Jnited

States (Continued)

FEATING 4 COOLING MACH & FQUIP, & PTS
PUrPS, CENTAIFUGES, ETC, AND PARTS, . .
HECHAYMICAL MNOLNG MACH & FOQUIP, & P15 ,
POREHED T20LS, MEC, A ACCES5S, & PARTS
SORELECTAICAL MACHINES, NEC, &ND PAnTS,
3EAA[NES==32LL, ROLLEK, ETC, END FARTS,
MilHIWERY & MECHANICAL APPLIANCES, 'EC,

PUATS § ACCEISS0Q!LS FOR MACHI®EHY, tEl.
SLECTHIC PDas? MACHINEHY BND PARTS, o o
ELECT APAR TR MaKinG ETC ELECT CIRCTS,
-=INSULBTFD , ¥
ECTAICa. ULATUHS, F[TIIN“S. FTC. »
wISICY #ACADCEST RECEIVFHS, . o « »
COuMLY]ZaT]IONS EuIIPMENT, hTC v e
PIC WY HCLY EQUIP 4 AKFPL 2 PTS
.

SLECTRCMEDICIL APPR 8 PTS, EXC F-WAY
x=ALY 4 P23!IU0G[CEL APPAWATUS, 4 PIS

JeTTEALES, £4) PERTS MEC, 4 o o 4 4 v
sLECIPIC L AND PARTS, NEF, . . .
SLECTACY s ETC, PEC, AND PahY5 4 .
“LeCT 1G%ITIGH, ETC ECulP-=TuT CL™ Eu;.
Z.eCT --'SUR NG 2 to-rﬂnttluﬁ APRE,NEL,
ICHEN]CEL HAND TOOLS 4 Prrf »
H 4 APPA, NFC, 4 PA32TS,
#OTIvES, ETC, & STHEETCEMS,
=AY WERICLES, KEF, , . .
S1R5, TRUCKS, ETC--alL iL-LS

48550484

TPAC PTS » ACCESS, PEL,
B yEir & PTS==hnl R-T0H
ER THAN ALP. & o o o o @
§ A[HCHAFT PTS & 2CCF5~,
3=[2% 2 99115 EXC MILTY, INCL SPEC kUM,
BRI, =Ea"[G APPARATUS &ND PenTS , .

——
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LOLY]

461
423
133

795
LR
261

230
LEY]
c15
he?
53
159
317
&SP
4qe
414

Zo6
d0R
436
LTLY
C1-1.}
220
1HE
72%
5639
628

247
L
92
997
247
542

B2
£1)
550

0ul
124
571

165
ou?
Jed

ub7
nq
AlH
uyp
Te2?
&AD

597
T05
991
62h
184
(2L
2u4
Re%
Ay
831

972
16
T34
2
Te0
857

Ful,u
Pal.€
Eal.l
Eal.)
asl.4

81,6
FA1LT
Pal.A
Eb1.9

P61,
52,4
ALY,0
LEAS |
A9,
PY2.1
RY2,?
uga .9
LER P
B9, 4

Fe5,2
Ryd,.9
E537.10
Hi L |
Ay, 5
911,39

P T T B R ]

£ s BCT KRIT OF CAJw

n. EZCLESOPIES GF LEATRIR

LLOTRING, ACCFSS, FTC--Kn!T CR CHOOW,
CLLTHING ETC ExC NEr FOR PELIEF . . .
PTICAL ELEMENTS, . 4 4 4 o o o 5 & @
M|PROSCOMEY, FTC, 4 OPTICAL APPL, WEC
Camfmab==5T1LI, & FLASH APFR, ANL P15
LAMEHAS, ETC==MUTION PICTIRE, & Padly
PHLTO & POTION PICTURE EQUIP & PTS,nEC,
“EDICAL INST ETC EAC ELECTHO=“EDICAL,. .
HMETERS & COUNTERPS EXC PTS-=NOMELLLTHIC,
MEASUMING, COMTHOL, ETC INSTAMNTS, KEC.

S:e a EJT, LAMPS, ETC, 4 P75
.

PREPAAED PHITOOHAPHIC CHEMICALS . . .
PHOTO FILM, PLATES, ETL ExC DFY HP FLM,
Myt 104 PLICTURE FILM-=F XPOSED # DLVELOP.
FHGNUGHAPAS, TARE RECJURGERS, 8 €HLR malwH,
PRONOGRAPA ECORDS & LTH SQUNr wenfe,
MRS, CHARTYS, BO0LS, PAHPHLET S, uL0BES ¢ TC,
NERSPAPEAYS g PERICDICALS--UNBOUNL . o &
Le' TANARS, CATALONGS, PRINT MATTER KEC .
BARTICLES, WeC==FINSHO, ARTIFICIAL PLALT,
Fl1s4 & wunt Laulp, SPORTS EQUIP, ETC. o

FENS,PENCILS,HIAS, POLNTS, CHAYONS, (HALK .
Jras 4 CFFICE STATIONERY SUPHFLIES KEL o
JERFLFY,uOLN54 ] THS WAHES, EIC--P"tL FET.
LRT & PFrs UF CahvinG Ok POLLI .
Uanie PURFS,NUTTONS, & SMALLMZAES WET o
. TraNSACTIONS K0T CLASSED By # (KD .
SUBGRS BVE UM 810,000 A HD By ALL MOT .,

SPECTIAL CATEGOMY® ., o o o & o & & & % o
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328
131
up2
151
02+
122

usi
017
Ta%
012

Ll
LLE]
(11,3
[ S
uzs
533
261
ILe
T
s02

372
098
Hp2
AT4
To?
T
790
253
L%
ATS

k23
574
053
=9
10#
171
2:1
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PHILIPPINE EXPORTS BY DIVISIONAL COMMODITY
AND PERCENTAGE OF PARTICIPATION
FF.0.B. Value in U.S. Dollars

] (197L)
DIVISIONAL COMMODITY DOLLARS s

TOTAL, DOMESTIC AND RE-EXPORT . .. . 2,724,989,237 100.00
TOTAL, DCMESTIC . -~ 2,722,366,004 100.00
Sugar and sugar preparations ... ... 766,400,472 28.15
Metalliferous ores and metal scrap ... 444,341,043 16.32
Animal and vegetable oils (not essential {}i]a}

fats, greases and derivatives ... . . 384,363,749 14.12
Wood, ]umher and cork ... e 250,872,003 9.22
Fruits and vegetables . : 151,326,408 5.56
Oil-seeds, oil nuts and oil hernelq 141,040,288 5.18
Returned goods and special transactions . 105,838,776 3.89
Wood and cork manufactures (cxcluding

furniture) .. ... 81,024,570 2.98
Gold, silver, platinum, gt.ms and ]ewc]ry 76,718,012 2.82
Tc:\tllc fibers (not manufactured into )am,

thread or fabrics) and waste silk . .. 38,965,301 1.43
Non-metallic mineral manufactures, n.e.s. = . 36,474,351 1.34
Tcbacco and tobacco manufactures ... . 30,414,723 1.12
Feeding stuff for animals — not mc}udmg un- )

pillled! coreals oo crnsiasn s 28,791,876 1.06
Clothing . .. . 23,671,142 0.87
Miscellaneous manufacturcd arucles n.e.s 25,291,855 0.86
Textile yarn, fabrics, made-up articles nnd re-

lated | pradiucts: oty 20,113,502 0.74
Fish and fish preparations . . . 18,366,474 0.67
Mineral fuels, lubricants and lBld[ed malermls 17,317,829 0.64
Animal and vege.mle crude materials, inedible,

eS8 o 9,280,337 0.34
Travel goods, ha'xdbags :md s:mllar amcles 7,550,604 0.28
Base  MBLAIS 1 -conivininimii it st i ises it 6,256,055 0.23
Explosives and miscellaneous chemical ma-

terials and products 6,256,035 0.23
Furniture ard fixtures 6,139,356 0.20
Pulp and waste paper ... 5,488,852 0.20
Paper, paperboard and manufactures thereo! 4,976,717 0.18
Machinery other than electric ... 4,217,420 0.15
Chemical elements and compounds ........ . 3,977,188 0.15
Footwear 3,723,277 0.14
Coffee, tea, cocoa, spices and manufactures

thereof e N — 3,419,826 0.13
Manufactures of mctals A— 3,220,803 0.12
Medicinal and pharmaceutlcal products Vo 2,525,478 0.69
Crude fertilizers, crude minerals exludlng

coal, petroleum and precious stones ... 2,270,370 0.03



Source:

DIVISIONAL COMMODITY DOLLARS
Electric machinery, apparatus and appliances 2,128,957
BEVErages:  oinuni s R e 1,556,319
Essential oils and perfume materials, toilet
polishing and cleansing preparations . ..... 1,429,389
Prefabricated building, sanitary, plumbing,
heating and lighting fixtures and fittmgs 1,321,438
Transport equipment .. S 1,266,652
Miscellaneous food preparal:ons i TS 1,026,287
Dyeing, tanning and coloring materials ..... . 992,902
Cereals and cereal preparations ... ... .. 698,037
Dairy products, eggs, and honey . 5 696,695
Crude rubber including synthetic and rec]almed 623,982

Professional, scientific and controlling instru-
ments; photographic and optical goods,

watches and clocks . s 501,589
Hides, skins and fur s‘k:ns undressed Gt 238,139
Rubber manufactures, n.e.s. . ... ... 208,466
Leather, leather manufactures, n.e.s. and

dressed furs ... et e, 120,511
Meat and meat preparatwns e S 54,634
Live animals not for food . S I e 40,137
RE-EXPORTS ... e e e 2,623,233

Textile fibers (not manufactured into yarn, )
thread or fabrics) and waste silk ... 1,419,476

Transport equipment . 287,411
Dairy products, eggs and haney 219,236
Machinery other than electric ... ... . 198,585
Explosives and miscellaneous chemlcal ma-

terials and products ... . 169,485
Essential oils and perfume materlals, tm!et

polishing and cleansing preparations . ... 139,032
Dyeing, tanning and coloring materials ... .. 55,354
Medicinal and pharmaceutical products ... 30,597
Mineral fuels, lubricants and related materials . 21,129
Rubber manufacturcs R e o e s 16,046
Chemical elements and compounds 14,973
Paper, paperboard and manufaclures thereuf 14,758
Electric machinery, apparatus and applaances 13,194
Professional, scientific and controlling instru-

ments; photographic and optical gonds

watches and clocks ... .. 11,061
Textile yarn, fabrics, made-up arhcles and re-

lated products ... o 8,379
Manufactures of metals ... 2,443
Miscellaneous food preparations ... ... 1,582
Non-metallic mineral manufactures, nes 492

0.00
0.00
0.00

100.00

.11
10.96
8.36
7.57

6.46

5.30
2,11
1.17
0.81
0.61
0.57
0.56
0.50

0.42

0.32
0.08
0.06
0.02
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PHILIPPINE IMPORTS BY DIVISIONAL COMMODITY
AND PERCENTAGE OF PARTICIPATION
F.0.B. Value in U.S. Dollars

(197L)
DIVISIONAL COMMODITY DOLLARS %

TOTAL 3,143,259,708 100.00
Mineral fuels, lubricants and related materials 653,378,214 20.79
Machinery other than electric .. ........__... 423,988,597 13.49
o Y e 285,669,494 9.41
Transport equipment ...... - 265,329,038 8.44
Chemical elements and cumpounds 216,105,445 6.63
Cercal and cereal preparations . ... . 154,945,307 4.93
Returned goods and special transactwns 128,866,278 4.10
Explosives and miscellaneous chemical ma-

terials and products ... ... 113,778,785 3.62
Electric machinery, apparatus and apphances 105,335,002 3.35
Textile fibers (not manufactured into yarn,

hread or fabrics) and waste silk ... 88,684,708 2.82
Fertilizers, manufactured . e s 83,674,117 2.66
Dairy products, eggs and honey . 74,464,156 2.37
Textile yarn, fabrics, made-up art:cles and re-

lated: products oo i 68,901,996 2.19
Manufactures of metals ... 60,119,134 1,91
Paper, paperboard and manufactures thereof 55,999,160 1.78
Medicinal and pharmaceutical products ... 36,305,100 1.16
Fish and fish preparations ... 31,605,451 1.01
Professional, scientific and contrnllmg 1nstru

ments; photographic and optical goods

watches and clocks ... 29,930,393 0.95
Dyeing, tanning and coloring mater:als 28,362,785 0.90
Miscellaneous manufactured articles, n.e.s. ... 27,762,979 0.55
Feeding stuff for animals (not including un-

milled cereals) ... 26,216,488 0.83
Non-metallic mineral m'mufacturca n.e.s. 25,827,797 0.82
Pulp and waste paper ... ... 23,891,958 0.76
Rubber manufactures, n.e.s. —_— 21,215,640 0.67
Tobacco and tobacco manufactures S e 15,451,857 0.49
Crude fertilizers and crude minerals excludmg

coal, petroleum and precious stones ... 12,898,782 0.41
Essential oils and perfume materials, toilet

polishing and cleansing preparations 12,681,294 0.40
Animal and vegetable oil (not essential oils),

fats, greases and derivatives ... . . 11,959,087 0.30



DIVISIONAL COMMODITY

Crude rubber, including synthetic and reclaimed
Coffee, tea, cocoa, spices and manufactures
thereof ...
Animal and vegetable crude materials, inedible,
DLB.S. coeecreceriinsrreeens it emensess e sersssan s e eesenes
Fruits and vegetables ... .o
Meat and meat preparations ...
Prefabricated buildings, sanitary, plumbing,
heating and lighting fixtures and fittings
Metalliferous ores and metal scrap ...
BEVELAGES i o
Miscellaneous food preparations ...
Wood and cork manufactures (excluding
furniture)
Hides, skins and fur skins, undressed .........
Leather, leather manufactures, n.e.s. and
dressed [FUPS i o i
Furniture and fixtures ...
Live animals, chiefly for food ...
Clothing .o v i
Wood, lumber and cork ... ...
Live animals not for f00d ..........oocmemmmnn..
Sugar and sugar preparations ...
Mineral tar and crude from coal, petroleum
and: natural gas’ e
Gold, silver, platinum, gems and jewelry ...
Footwear O —
Travel goods, handbags and similar articles . .
Oil-seeds, oil nuts and oil kernels ... ...

DOLLARS
9,811,682
9,738,842
6,126,893
5,864,402
4,548,075

2,955,088

2,938,057

1,686,129
1,624,462

1,035,619
937,668

845,006
466,416
433,364
215,398
193,005
163,432
113,526

85,479
73,161
33,576
18,440

2,946

%
0.31

0.31

0.19
0.19
0.15

0.09
0.09
0.05
0.05

0.03
0.03

0.03
0.01
0.01
0.01
0.01
0.01
0.00

0.00
0.00
0.00
0.00
0.00
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LL-L]

66"
A73
475
678
-1}
891
892
893
L1
659

494
497

711
T12
T4
718
717
L
719

T2

724
725
726
729
731
132
733
734

TANZANIA

Tmports of domestic merchandise from the United States, 197L

Total =

451,388,800

ANIHMALS==LIVE . P
HEAT==FPESH, CNILLED; OR FROZEN T
RICE-=ROUSH,BROAN,MILLED,GLAZED,POLISH,
CORN CR MAIZE~=UNMILLED o 4 w o« ’
CEREAL FLOURS, MEAL, AND GROATS, NEC. »

PREPS OF CEREAL, FLOUR, STARCH, ETC . o
vIG,FRSH,ETC;ORIED LEGUM VEG;VEG PROU .
vEG, POOTS & TURERS, PREP OR PRES, NEC.
FOCD PREPARATIONS, NEC, o & o o s » » =
BEVEHAGES, MEC==NONALCOHOLIC: & & & s &

BEVERAGES==ALCOMOLIC, . & 4 & &
TOEAZCO==UNMANUFACTURED o v o o o
TOEACCO MANUFACTURES. o .
Aub1EA, ErCL CHPDED, SEHIPﬂoCﬁ A HFHS
wANMADE Flod & THEIR wASTE, EXC GLASS
STCHE, SA&ND AND GRAVEL, , . S
SULFUR A% UNROASTED [HOM PYRITES . .
NAT EaRASIVES INCL INDUSTRIAL DIAMOKDS
CRUDE MINERALS, MEC . o o w o v v & o
WOMFEMROUS METAL SCPAP, , & o s & » »

.
...

PETACLEUM PAJDUCTS, . .
VEGETABLE OILS=-=FIXED, SOFI: Elt HYLP .
VEGETEBLE OILS==FI1XED, NEC. o o
-:1iv ACLO5, mAXES, EJTC, EACL FET 9Ron.
GAnIC CHEVICALS . .+ o .o
1-'=c CHEY ECLMNTS 0xDS anROlns EIE .
[nokGANIC CHEMICALS, MEC, . & . e
Syn GCRG CYES ETC, LAKES AND Tonqu, A
PIGMENTS, PAINTS, VAANISHES ETC . .
HMEDICINAL AMD PHARMACEUTICAL PRODUCTS
ESSENTIAL OILS, PERFUME ETC MATERIALS
S0APS, CLEANWSERS, POLISHES ETC. + + »
EXPLOSIVES AND PYROTECHNIC PANDUCTS
SYNTHETIC HESINS AND PLASTIC WATERIALS
CHEMICAL PHIDUCTS & narEazlLS. hEC. .
LEATHER , , .
RUBACR lﬁ?]CLES IN SPFC:FIED Fuﬂﬁs .
AUBBER MANUFACTURES==F INISHEL, NEC, .

T S I A R

PAFER AND PAPEWABOARD, , .

PAPEH,PAPER PULP, & PlPEHnﬁakﬁ lPT;PEC|
TEXTILE YARM AND THHEAD , . .
COTTON FABRIC, wWOVEN EX SPEC nR "m“ao‘-
TEATILE FABAIC wOVEN F& COTTOM, ETC
SPECIAL TEXT FABRIC AND PRODUCTS, . .
HAGE-UP TERT BARTICLES AND PRONUCTS, .
CLAY 4ND FEFRACTORY CONSTRUCTION MTLS
MINEHAL MANUFACTURES, NEC &+ + & & & &
GLASS . .

s 8 % 8 % % o oaow e oew

GLASSRARE , ., & .
{RON OR STEFL BARS, Huns. lNGL[s. E£TC
IACN OR STEEL HOOP AND STRIP. « & & «
1RGN CR STEEL TUBE> PIPES 4 FITTINGS,
COPPEH & COPPER ALLOYS=-nP & UNAR . .
STRUCTURES & PARTS==1H, 5T, ALUM, ZIN
METAL CONTAINERS FOH STORAGE A TRANS,
wiRE PRODS FAC INSULATED FLECTRIC . .
HAILS BOLTS A SIMILAA ARTS, I[P ST COPP
TOOLS FOW USE IN HAND OR [N MACHINES,

TAELE FLATwARF AND CUTLERY. . .
HOUSEHOLD EOQUIPMENT OF DASE "ET!LS. 8
MANUFACTURES OF BASE METAL, NEC . .
PORFR GENERATING MACH ExC ELECT, & pTs
AGRICULTURAL HACH & APPLIANCES, & PTS
OFFICT MACHINES ANOD PARTS . 4 o + o =
METALWORRING MACHINERY, . + + v e
TEATILE AND LEATHEH HACHINERY, & pARTS.,
MACHINES FOM SPECIAL INDUSTRIES, 4 PTS.
MACHINERY & APPL, & HACH PAATS, KNEC 4 «

ELECTHIC POAER MACH, SWITCHGEAR, 4 PTS.
EQUIPHENT FOH DISTRIBUTING ELECTRICITY.
TELECOMMUNICATIONS APPARATUS, & PARTS .
ELECTRIC HOUSEHOLD EQUIP g APPL & PTS .
ELECT MEDICAL & RADIOLOGICAL APPARATUS.
ELECT MACH 4 APPAHATUS, & PTS5, MEC. .
AALL®AY VEHICLES AND PARTS, & « o o » @
A0AD HMOTOR VEHICLES AND PARTS, KEC, .
VEHICLES, ErC ROAD WOTOR vEH, & PARTS ,
AJRCRAFT ANO SPACECRAFT, AND PARTS, .

800
500
Qo0
o012

713
Jo0
058
536
118

ous
226

048
160
890
LED]
335

05%

530
032
544
upld
upl
47%
642
570
457
879
503
213
830
790
117
223
213
139

4dl
504
994
258
328
729
991
b74
0l2
874

218
Tu9
174
016
579
bl
773

058
981

499
361
798
073
0398
807
918
819

797

073
813
to2
866
176
539
211
453
395
647

k2

862

LEL)

PLUMBING, ETC FIXs FIT, LAMPS AND PTS .
FURNITURE , .

CLTHMG EX FUR, KN!Y ELlS FIEJ Ant, ETC.
SCIENTIFIC, OPTICAL ETC APPANATUS , 4+ «
PHOTOGRAPHIC & MOTION PICTURE SUPPLIES.
HMOVIE FILM==EXPOSED AND DEVELOPED + « «
SOUND RECORDERS, MUSIC INSTRUMENTS ETC.
PRINTED MATTER, . s e owos
ARTICLES OF lﬂTlFlCllL PLlSTICS MEC +
BABY CARRIAGES, TOYS, SPORTS GOODS ETC.

OFFICE & STATIONER SUPPLIES NEC , + »

AMTmOAKS, COLLECTORS PIECES & lNTlOHE%.
HENUFACTURED ARTICLES NEC . . .
SPEC TRANSACTIONS NOT FLASSED av xluu .

RICE=--HILLED, . . P
CORM OR hhlzi--UNHILLED e . s
CEREAL FLOURS, MEAL, CROATS, E!C nHL!T.
PREAXFAST CEHCALS--PREPARED & & 4 & o »
MALT EXTHACT, PREP OF FLUOUR, STARCH,FTC,
RUBREH-=SYNTHFETIC,4 RUBBEP SUHSTlTuTES.
PITCh, ASPHALT & OTH BYPRND EXC CHEM, .
SOYBEAN OILs EXCEPT HYDROGENATED, o » »
QRGANIC CHEMICALS & o o o« = s 5 s s » o
CHEMICAL ELFMENTS, MEC, . & « o o u o »

GLYCOSIDES,ULLANDS, ETC,VACCINES==BULK
MEDICINAL A4 PHARM PRODUCTS FOR RELIEF .
KAAFT PAPER & PAPERBOAAD [N ROLLS ETC .
noyENM FABAICS OF MONCELLULOSIC FIBEHS .
IRON OR STEEL HOOP AND STRIP, + + »+ o
IR & ST TUBES & PIPES-=SEAMLESS . . + »
IRON OR STEEL TUBE AND PIPE FITTINGS, »
COMPRESS GAS CYLINDERS==IR, 5T, ALUM, .
TOOLS, MEC, FOR HAND OR MaCHINE USE . .
STEAM GENERATING PORER POILERS & PARTS,
ENGINES==INT COM, EXC AIRCRAFT,4 PARTS.
AGRI MACH FOR CULT, ETC SOIL, & PAHTS .
TRACTORS, EXCEPT ROAD AND INODUSTARTIAL. .
AGRI MACH & APPR NEC, & PTS & ATT, hEC,
CONSTRUCTION & MINING MACH, WEC & PTS o
HINERAL WRKG & GLASS=wRAXG MACH, & PTS .

HEATING & COOLING MACH & FOULR, & PTS .
HECHANICAL HNDLNG MACH & EGUIP, & PTS .
NONELECTRICAL MACHINES, NEC, AND PARTS,
MACHINERY & MECHANICAL APPLIANCES, NEC.
TELECCHMMUNICATIONS EQUIPHMENT, NEC , 4+ o«
PASSENGER CARS, TRUCKS, ETCw-=ALL FUFLS.
MOTOR VEMICLE & TARC PTS & ACCESS» MEC.
TRAILERS & UTHER VEM & PTS--NOT MOTOM ,
CLOTHING ETC EXC NEW FOR RELIEF o o «
MEASURING, CONTROL, ETC INSTRWNTS, HEC.

SPEC TRANSACTIONS NOT CLASSED By KIND .
SUBGPS Avu UN 310,000 A HO BY ALL MUT .

SPECIAL CaTEGQeYs , , . “ s s s oe e

3
-3
o

-
-
-0 -
~ o

248

157
182
253
617
654
171
145
260

312
U2
147
1 393

1 094
301

22%
289
134
266
989
1 458
122
265
411
1157

982
2 928

&7

935
279
367
600
018
050
288
910
241
189

q22
3yT
332
031

000
012

T63
948
048
281
3o
403
297

200
832
208
os1
174
874
3u9
712
981
pFL]
T2
751
184
269

528
031

91)
Jo9
602
408
047
395
520
190

031
581

nv




00l
o1l
012
013
022
024

031

o042
['EL]

n7y
n7e

nss

1

112
121
122
{ 211
23
241
b pLu
251
263
258

207
2713
b
278
232
244
291
292
321
32

351
41l
K21
uae
431
512
913
£1g
515
521

i 531
532

541

651

553

554

551

| 571
531

5+9
L18
612
621
425
832
633
T3

&3]
452
ol
£55
b;?
L1.3]
4452

443
(11

THAILAND

Imports of domestic merchandise from the United States, 197k
Total - §367,212,878
ANIMALS==LIVE & o s o o 4 o & = a s & * 667 904 665 GLASSMARE . & & & s s s u o 0 » s = 0 ¢
HEAT--FRESH, CHILLED, OP FROIEN . , .+ 29 531 686  POTTERY , . & & s & = & o & 4 & & & *°
MEAT=-DR1ED, SALTED, OR SMOXKED. . . 4 v 80 867  DIAMONDS A OTHER PRECIOUS STORES. . . »
MEAT==IN ATRTIGHT CONTAIN; MEAT PHEPS . 31 N2 7! PIG TRON ETC AND FERHOALLOYS. + « & s ¢+
MILK AND CRFAM, + & o & & o ¢ = + & ® * 108 84% 672 IRON OR STEEL PAIMARY FORPS 4 « o o & #
CHEESE AND CURD o o s o o o 8 8 s & 8 ® 18 904 873 IRON OR STEFL B84dS, RODS, ANGLES, ETC .
EGGS--BIHDS , EXCEPT SLeawATE BLHUMIN . LR &4 IRON OH STEEL PLATES AND SHEETS o « » o
FISH & SHELLFI5H-=FRESH OR SIMPLY PREF. 2 450 678 [RCN OR STEFL HOOP AND STRIP. « o o v ¢
WHEAT, IMCL SPELT OR MESLIN-=UNMILLED . 1 294 584 676 18 & ST KAILS & RAILAAY TRACK MIL . o -
lltE--RDuEH;BR&rNJ“lLLED.ﬁLliiﬂaﬂnLISH- 14 Jge 877 1RON OR STEFL WIHE EXC INSULATED EL=CT.
COAN OR MA[ZE==UNMILLED . & + o & o« o * 35 oob 878 [RON OR STEEL TUHES PIPES & FITTINGS, .
CEOEALS) MECw~UMMILLED, , 4 o « 4 & o * 2 112 679 IR OR ST CASTINGS & FORGINGS=-ROUGH o o
a<eAT FLOUR, MEAL, AND GROATS . . . 4 - bR 757 681 SILVER & PLATINUM=-UnAX 8 PTLY mOAKED .
CFHIAL FLOURS, MEALs AND GROATS, MEC, » ELL] 882 COPPER & COPPEK ALLOYS==WR & UNad . . .
PAZ25 OF CEAFAL, FLOUR, STARCH, FTC . - 1 4@A 93A 683 NICKEL & MICKEL ALLOYS--#8 & (NWR o o &
FAUIT5==FPESH; NUTS, ExCERT UIL NUTS, 222 207 a4 ALUMINUM &4 ALUMINUM ALLOYS==WA & Uil .
FaulTS==04[ED, INCL ARTIFIC UEHYUWATED. 5% u6l 885 LEAD & LEAD ALLOYS-=MA & UNNR . o & 4
FRLITS & NUT5--PREP OR PAES, “MEC, , . » 272 941 686 ZING & ZINC ALLOYS==aR & IINOR o o o o &
vE%,FRSH,ETC;DRIED LEGUW VEG;VEG PROD « 83 788 e87  TIN & TIN ALLOYS==#R & UNSR & & o o o
VEG, ROOTS 8 TUBERS, PREP OR PRES, MEC. 57 221 889 HASE METALS & ALLOYS, MNEC-=WH & UNaR, .
5134R, SI1RUPS, MOLASSES, AND HONEY, . 1 079 010 891 STRUCTURES & PARTS==[Rs 5Ts ALUM, Z1InC.
SUGAn CONFECTIONERY, KO COCOB, ETC, o » 313 209 697 METAL CONTAINERS FOR STORAGE & TRANS, .
CCFPEEe o v o u. 9 % 8 s g v ® 8 3 5.4 8 135 475 693 AIRE PRODS EAC INSULATED ELECTRIC . « »
CHGC & FODD PHEPS CONT COCUA OR CHOC, 37 351 894 NAILS BOLTS & SIMILAR ARTS, IR ST COP®,
TEA AMD MATE--CRUDE OR PHFPARFD , , . » 628 698 TOOLS FOR USE [N RFAKD OR [N AACHINES, .
SPICES: o o s o 8 8 o o 4 o 8 % 3 4 8 & 21 A37 696  TADLE FLATWARE AND CUTLERY. « o ¢ « o+
sHIUAL FEEDING=STUFF, EXCL UM CERFALs 3 812:238 €97  HOUSEHOLD EGUIPMENT OF DASE FETALS. o .
MIRGAHINE, SHORTEMING, PREP EDIDLE FAT. 6 810 598 MANUFACTURES OF BASE METAL, MEC o & o ¢
FI00 PHEPARATIONS, WEC, , o o o o & o @ 2 N6Y Tus 711 POAER GENEWATING MACH ExC ELECT, 4 PI5.
SEyERWGES, NEC==NONALCORQLIC. o o 4 o = 5 3N 712 AGRICULTUHAL MACH & APPLIANCES: & PT5 .
AEVFRAGES==8LCOHOLIC, o o o v &+ 0 & v v 33 671 714 OFFICE MACHINES ANO PARTS 4 & o o ¢ o =
TOHACCO==UNMANUFACTURED | o v « & & v » 28 455 031 718 METALWORK NG HACHIAERY, o o o« + & o & o
Th=ACCO MANUFACTURES, , . &+ & o & & » @ 59 718 717 TEXTILE AND LEATHER MACHINERY, 2 BAATS,
wisESs SKInS, EXC FURSKING==lINDAESSED « 54 932 718 MACHINES FOA SPECIAL INDUSTRIES, & PTS.
q149kA, EXCL CMPDED, SEMIPRICD & MFHS 635 567 719 MACHINERY & APPL, & MACH PARTS, NEC o o
FUEL A00U, mOAD CHAKCGAL, & WNOD wASTE. 3 255 722 ELECIAIC POMEP HACH, SAITCHGEZR, & FIS.
CoRC-=hATURAL, AAW AND wASTE. & o o o = £00 723 EQUIPHENT FOR DISTAIBUTING ELECTAICITY.
Py_25, AND WASTE PAPER, , « « « & o # * 9 222 276 726 TELECOMMUNICATIONS APPARATUS, A4 PRRTS .
COTTOM, & 5.5 8 ®-8 8 ¢'3.® * & 3o u ¥ 1) UNB 816 72% ELECTRIC HOUSEMOLD EQUIP & aMPL 4 PTS o
“iNMAUE FIBA & THELA wasTE, RXC GLASS . 4 19: 1) 728 ELECT HCDICOL 3 WAUIULOGICAL APPARATUS,
TEATILE FABIIC WASTE, INCLUDIMG HAGS. « 12 869 29 FLECT MACH ® APPARATUS, & PTa, Nile o
STLME, SAND AND GHAVEL, , s o o & o o * 10 684 731 AATLWAY VERICLES AND PARTS, « & v & »
naT APHASIVES INCL 140USTPIAL DIAMONDS. 48 uyl 732 ROAD MOTCA YEMICLES AND P3HTS, NEC. o »
CoLDE MINERALS, BEC . . . o o o & o o @ 300 164 733 VERICLES, EXC RDAD MOTOR VEM, 4 PARTS .
[33% AND STEEL SCPAP, , . & ¢ o 4 o o # 3 210 901 734 AIRCHAFT AND SPACECRAFT, EN0 PARTS, , .
SCAFERROUS METAL SCRAR, , & o o & o o ® 297 823 739 SHIPS, BOATS & FLOATING STAUCTURES,. + »
A4]MAL MATERLALS, MEC-oCHUDE: & o, o o » 10 w17 812 PLUMBING, ETC FIX, FIT, LAMPS AND PTS ,
¢EGETABLE MATZRIALS, NEC--CRUPE , , . » 365 582 821 FURNITURE o o o o o s o s s s o o s ot
COAL, COXE, AND BRIQUETS, « » & « o » * J e82 831 TRAVEL GONDS, HANDHAGS FTC. o o« = & »
PETRCLEUM PRUDUCTS. . 4 & o & & o o = @ 3 W72 Tee a4t CLTHNG Ex FUR, KiIT ELAS FAB, AT, FTC.
GA5--NATURAL AHD MANUFACTURED o , 4 o 7 Joz 8%l FOOTREAR==NEW, FiC MILITARY & 09THOPEO.
AN[MAL OILS AND FATS, KWEC 4 o + & o o o 380 9s4 86! SCIEGTIFIC, OPTICAL ETC APPAHATUS . 4+
YEGETABLE OILS-=FIXEL, SCFT, EXC WYDR . 16 113 LY PHOTCGRAPAIC & MOTION PICTURE SUPPLILS.
VEGETAELE OILS==FIRED, KECs o & o & o @ 18 A3 ABY HOVIE FILM=-EXPOSED AND LEVELPPEU + o
FATTY ACIDS, wAXES, ETC, FACL PET PROD. 153 155 nbu AATCHES AND CLOCKS, INCLURING PadTS . o
CAZALIC CHENICALS & , |, o o o s o o o @ 9 622 107 891 SOUND RECOHOERS, MUSIC IWSTHUMENTS ETC,
|%UAG CHeM ELMNTS OxDS HYDHOANS ETC + 1 241 819 892 PRINTFD MATTER, 4 « o a s s » 3 v » s
1*.CRGANIC CHEMICALS,) MEC, « o o 4 o o ¢ 2 535 ool 893 ARTICLES OF APPIFICTAL PLASTICS HEC 4 o
A-ACTIVE & STABLE ISOTUPLS & =PDS ETC . 31 751 A94 dABY CAPHIAGLS, T0YS, SPCRTS rOnus ETC,
vih TAR 4 0ILS & CRUDE CHEMICALS ETC. o 54 800 nos OFFICF & STATIONEP SUPPLIES MWFC , & o »
5v% ORG LYES ETC, LAXES anD TONEHS, & « 437 381 (113 ARTACHKS, COLLECTORS PIECES & ANTIOUES.
SYEING & TANNING EXTHACTS & ART BATES . 20 %509 897 JEMELPY & RFLATED ARTICLES, . & & & » »
PIGMENTS, PAINTS, VAMNISHES ETC , & o = 1 BB 942 A99 HANUF&CTUAED ARTICLES NEC & o & o ¢ o #
wEGICINAL At PHARMACEUTICAL PHODUCTS 6 935 471 931 S3FC TRANSACTIONS MOT CLASSED By wIND .
ESSENTIAL OILS, PERFUME ETC MATEHIALS . 936 4a% gyl AMIMALS, NEC-=INCL 200 ANIMALS. o &« 4
PEMFUMERY, COSHMETICS, DENTIFRICES ETC » 5T 308
504PS, CLEAMSERS, POLISHES ETC, , . o o 1 993 490 00121 CATTUE==LIVE, o o o o o 5 4 4 @ & s 04
FERTLZAS=-=MFRD A FERTLZR MTALS NEC, « » 19 633 723 COl,4 POULTRY==LIVE & o o o o ¢ & s ® & & &
E¥PLCSIVES AND PYROTECHNIC PRODUCTS o » 340 029 04).0 WHEAT, IhCL SPELT OR MESLIN-=UNHILLED .
SYATHETIC HESINS AND PLASTIC MATERIALS. & 260 1v¥9 Oub.0 AHEAT FLOUM, MEAL, GROATS « « o o = & »
Q4A,1  REARFAST CERFALS-=PREPARED &+ « & » & »
CriMICAL PANDUCTS & MATER[ALS, NEC. « » A 458 Sdb OuB, B MALT ExTRACT, PREP OF FLOUH, STARCHGETC,
LEATHER & o 4 ¢ o o 6 s 4 0. 8. 0 9 0 8 8 v B4r 051,84 ARPLES==FHESH o o o o o o 0 8 & 4 & o 8
LEATRER MANUFACTUNES, MEC & o o 4 » o o 1 713 083,5 FAUIT & viGETAdLE JUICES--UNFFHHMENTED o
WUBBER AATICLES IN SPECIFIED FORMS, o o A11 338 061,9 SUGARS AMD SIHUPS, NJE.Cy v 0 o o v v 0
FUBRER MANUFACTURES--F [NISHED, KEC, + « 819 014 062.0 SUGAH CONFECTIONERY, NO COZOA, ETC. . .
AZC0 F:;g‘kttuﬂisa NEC, + « ﬁ ] g . 54 257
LCRK MFRS, & AGGLOMEMATED CORK A MFHS . 19 933 71,3 COFFEE ESTR&CTS,ESSENCES,COMCENTHATES o
PLRER AN PAPERAOARD, , o v ¢ 0 4 o ¢ ¢ 2 340 230 o813 U[LS::D CARE, HEEL. .ui;i..,u.. S e
PLPER,PEPFR PULP, 4 PAPERPOAHD ART,NEC. 1 170 253 081.,9 FOCD WASTES & PREPARED ANIMAL Fetd,rEC,
TEATILE v&dn AND THRERY , o » » 4 « & = 1 003 0ud 099.0 MUSTERD SAUCES, SEASONMINGS, SOUPS, ETC,
k AHATIONS, MEC, o o o o & v o v
CATTUN FRABRIC, wOVEN Fx SPEC OR NARROW. 2 655 Tuv 99t _?w,{m” .“‘ ‘Iu'i' EC
TEATILE FAagARIC wOVEN Fx COTTON, ETC « » y74 954 121,0 T723020-=UwdAUFACTUHED o o o & & v » o
TuLLEs LACE ETC AMD CTHEP SMALL WARES « 40 461 231,01 nLz?E?--NATURAL, 8 SIMILAR NATURAL GUM
SPECIAL TEAT FABRIC &nD PRODUCTS, , « 530 876 231.2 £3--5TNTHETIC, 4 RUJRER SURSTITUTES,
“apE-UP TEAT ARTICLES AnO PRODUCTS, o » 666 322 51,1 PAPEr--AASTE, AND OLD PAPER o o » o & ¢
ELO0R COVERINGS, TAPESTRIES ETC , , + » 15 433 251,6 a5{3MLLP--CHEMICAL, DISSOLVING GRADES .
CIHE CEMENT & FBR BLOG MTL NFC, , , & = 25 878 251.7 mt:,PUL?--SuL,DruTE. P T I
CLAY AND REFRACTCRY CONSTRUCTION MTLS . 316 187 251,8 MCCLPULP==SULPHITE: o o o » o o & & o »
wINERAL MANUFACTURES, NEC o + o o o o o 652 098 263,1 Adw COTTON, OTHER THAN LINTERS, . . . .
GLASS o o v o o & 5 ¢ 8 8 8 8 8 4 8 & 214 078 768,2 NONCILLULNSIC HANMADE FIdEAS, « & o o »
266,3 CELLLLOSIC YAWMADE FIBERS . 4 » + » o «
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Thailand - Imports from the

United States

{Continued)

CLAY & OTHER AEFRACTURY MINERALS NEC,
1394 AND STEEL SCRAP, . . « « » & & »
WONFERRJIUS METAL SCRAP, , , . .
SEET5,FAUIT,SPORES, NEC, FOR pLAhT]Na
Lu=3]CATING OILS AND GREASES, + o+ « «
PETACLEUM JELLY AND MINERPAL WAXES + «
PI3CH, ASPHALT & OTH BYPAROD ExC CHEM,
ANIusL FATS & OIL,NEC INCL wOOL GHEASE,
CRGANIC CHEMICALS & « o o o » o o # » @
CHIMICAL ELEMENTS) NEC. &, o o o o o o @

AXIZES==METALLIC,PGHT & KONPGMT GRALES.
AMECY A, [HORGANIC BASES,HYDROXIDES,ETL,
S5S0ILM AND POTASSIUM COMPOUNDS, NEC 4 o
InGRUANIC CHEMICALS, NEC EXC MED CHEM
S5yN CRGANIC DYESTUFFS,NAT IHDIQO:ETt.
PAINTING INKS . .

PRESLAED Pa:urs.tﬂnnlis,LnCourﬁs.Etc
aN71610TJCS5-=RAULK , .
GLYZLSIDES,GLANDS, ETC’VICCIHFS--HULK
~zD & PHAAM PREP,CHPNUS, ~1ATURES,ETC,

“ s as saew

MECICINAL & PHARM PRODUCTS FOA RELIEF .
FHIAMACEUTAL LOOLS & PREPIHATIONS;NEC .
ESSENTIAL OILS AnD RESINOIDS. . .

Sys PERFUME & FLAVUR MTL & CONMCEN, ‘t1c.
COSETICS & OTH TOILET PRFPARATION,MEC,
5095 , , .
SuRFAZE ACTIVE aﬁEhts,DErER'E!ts.:1c. .
S2CURING CLEANSERS,SHOE POLISHES,FTC, o
wITACGENOUS FERTILIZERS, MEC, Ex NATAL.
FERTILIZERS, N.ELCo v & & s s o 5 » o o

S=CTEUN SHELLS,MUNT & SPURT AMHMO & PTS.
CCHLEHSATION, POLYCONDENSATION,ETC,PROD.
PILY“EATZATION,COPOLY, PROU=-=UNFINSHD ,
VULCANIZED FIB & CELLULOSIC PLAST HTHL.
MARDENED PRITEINS,HODI NAT RESINS,ETC »
I%SECTICIDES,FUNGICIDES, & SIMILAK PROD.
ALBUMINOIJAL SUBSTANCES,STARCHES,ETC, .«
3QTIFICIAL WAXES,PREP ADDITIVES,ETC o o
C~i% PROD, MEC INCL RFAGENTS FTC. +« & «
REH IN VARIOUS FORMS==UNVULCANIZED,JETC,

A3q TIKES & TUBES FOR VEHICLES & PLANE.
my3lEn]1C & PHARM ART==UNHARDENED RBR, .
423 £ELTS & BELTING--THANSM]SSION, ETC,
1atte LES5 OF RUBBERy; MEC ., . & & o« » & »
3TE%LARD NEASPRINT PAPER, , . . b0
FRIWTING AND mRITING PAPLR, th " e .
RPEFT PAFER & PAPERBOARC N AALLS ETC .
©19iR AND PAPERSOAHD, MACHINE-MADE.,ETC.
P:2E4 4 PAPERBOARD-=COATLD, [MEREG,ETC .
PLFEP BAGS,PAPERBOARD BOxFS,CONTAINERS,

LAT1 (F PAPEA PULP,PAPER,OP PAPELRU0OARD .
yiay & THAREAD ETC OF NONCELLULOSIC FlB.
vy2A% 4 THAEAD ETC OF CELLuL.0SIC FIDFH .
COTT2N FARAICS~=nOVEN, DLEACHFD,F INSHD,
aavEN FABRICS OF WONCELLULOSIC FIBERS
A% .ty FABRICS OF CELLULOSIC FIBEHS, .
C2aTED OR [MPHEGNATED TExY FAn & PROD
wiLiaUP ARTICLES OF TEATILE MTL, MEC,
#3049 & OTHEH REFRACTORY COnST MTLS.
CLdTeS, PAPCRS,ART OF COSTED 2BRASIVE

15:‘5105 MFRS AND FRICTIONM MATERIALS.
L1155, MEC, e
C}\Talhfﬁs ann cLosuMFs oF oLass. PR
G.855 ARTICLES, NEC & o & 4 o o v » »
P16 ITHON, [MCLUDING CAST [RON , 4 + &
23 4 ST BLOIMS, OILLETS, cLads, ETC,.
1Pon % STEEL PLATES & SHEETS=-UNCOATED
Tiw PLATE AU TIN COATED SHEET. o o &
13 4 ST TUBES & PIPES--nELDED, ETC, .
14C% OR STEEL TUME AND PLPE FITTINGS,
COPPER AND COPPER ALLOYS=--WROUGHT , .
ALUMINUM & ALUM &L=--UNWR, & HaRs, ETC
ALUMINUM & ALUM ALLOYS=-whOUuMT, NEC.
LEAD AND LEAD ALLOYS==UNRROUWHT , o &«
2INC AND ZINC ALLOYS--UNRRQUUMT , . .
FINSHD STRUC PTS & STRUCTURFS-=IH & ST
#IRF CABLE=«UNINS, IH, ST, COPP, ALLM
WIRF GAUZE, ETC-=1H, 4T, CuPP, ALUM , .
TOOLS, MEC, FOR HAND OR MACHINE LSE .+ «
DOMESTIC UTENSILS, ETC, OF RASE METALS,
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465
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94s
767
Jsl
772
810

913
he2

604
T64
204
281
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607
458
143

547
199
902
T34
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T86
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538

B22
319
534
150
435
951

842
091

058
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HARDWARE OF BASE METALS, INCL LOCKS . «
CHAINS=-=COPPER, & MISC BA MET ARTICLES.
ARTICLES OF BASE HETALS, HEC.s o & » o &
STEAM GENERATING POmEH BOILERS & PAHTS,
STEAN ENGINES, TURBINFS, AND PARTS., . .
ENGINES AND JET,GAS TURBINES==A/C, FIC.
ENGINES==INT COM, EXC AIRCHAFT,& PAWTS,
AGRT MACH FOR HARVESTING, ETC, & PAHTS,
TRACTORS, EXCEPT RUAD AND INDUSTRIAL, .
AGRI MACH & APPR NEC, & PTS & ATT, MEC,.

ELECTRONIC COMPUTERS EXC PUN CARD TYPE.
STATISTICAL MACH, KEC, INCL AUXIL MACH,
OFFICE MACHINES, NEC, & OFC MACH PARTS.
HACHINE TOOLS FOR WORKING HMETAL , + 4+
METALWHKNG MACH, EXC MACH TOOLS, & PTS.
TEXTILE MACY, ETC EXC DOM WASHING MACH,
SEMING MACHINES AND PARTS . .

FULP & PAPER PROCESSING HACHINES 4 PT&.
PRINTING & ROOKBINDING MACHINES, & PTS.
FOOD PROCESSING MACH, EXC DOM, A PARTS,

CONSTHUCTION A MINING MACH, NEC & PT5
MINERAL WAKG & GLASS=WRKG MACH, & PTS
HEATING & COOLING MACH & EOUIP, & PTS
PUMPS, CENTRIFUGES, ETC, AND PARTS, .
HECHANICAL HNDLNG MACH & EQUIP, & PTS
POWERED TOOLS, NEC, & ACCESS, 8 PARTS
KCHELECTRICAL MACHIMES, KEC, AND PAHTS,
BEAHINGS=~RALL, ROLLER, ETC, AND PARTS,
MACHINERY & HECHANICAL APPLIAMCESs NEC,
PARTS & ACCESSORIES FOR HACHINERY, NEC.

CRCRC

ELECTRIC POAER MACHINERY AND PARTS, . .
ELECT APPR FOR MAKING ETC ELECT CIRETS.
mIRE AND CAALE-=INSULATED . + » » . .
TELECOHMMUNICATIONS EQUIPHENT, NEC . . »
ELECTPIC HIUSEHOLD EQUIP & APPL & PTS .
ELECTHO-MEQICAL APPR & PTS, EXC x-RAY .
X-RAY & RADIOLOGICAL APPAPATUS, 8 PTS .
BATTENIES, AND PAHTS NEC, . + v o o o &«
ELECTRIC LAMPS, AND PARTS, MEC., + « & «
ELECTRON TUSES, ETC, NEC, AND PAWTS , .

ELECT IGNITION, ETC EQUIP-=INT COM ENG.
ELECT MEASURING & CCHTROLLING APPH,NEC,
ELECTRO-MECHANICAL HAKD TOOLS & PARTS .
ELECTARICAL HMACH & APPR, hFC, & PAKTS, .
PASSENGER CARS, TRUCKS, ETC-=-ALL FUELS.
MOTOR VEHICLE & TRAC PTS R ACCESS, MEC,
TRAILERS # NTHER VEH 4 PTS--NOT MOTCH ,
AIRCRAFT=~-HEAVIEA THAN AIR. &+ & &« =

AIRCRAFT, NEC, A AIRCRAFT PTS & ACCESS,
SHIPS & BOATS EXC MILTY, INCL SPEC PUR.

CENTRAL HEATING APPAHATUS AND PAKTS , .
SANITARY & PLUMAING FIX & FIT-=CERAMIC,
SANITARY, ETC Flx & FIT-=IRON OR STEEL,
LIGHTING FIX & FIT, LAMPS, ETC, 4 PTS .
FURNITURE , , . .
CLOTHING==TEXT Fan. NOT KN[Y nw cnocn .
CAMERAS==5TILL, A& FLASH APPR, AND PTS ,
CAMERAS, ETC--MOTIOM PICTURE, & PARTS ,
PHOTO & MOTION PICTURE EQUIP & PTS.NEC,
MEDICAL INST ETC ExC ELECTRO-MEDICAL. »

MEASURING, COMTROL, ETC INSTHMNTS, NEC,
PREPAHED PHOTOGPAPHIC CHEMICALS . . .

PHOTO FILM, PLATES, ETC ExC DEV HP ;Ln,
MOT104 PICTURE FILM--EXPOSED & NEVELCP,
FHONOGRAPHS, TAPE RECORDERS,& SHLR MACH,
PHONOGRAPH RECOADS & OTH SOUND MEDIA, .
MAPS,CHARTS, H00KS, PAMPHLETS,GLORES ETC,
CALFKNDARS, CATALOGS, PRINT MATTER NFC
ARTICLES,NEC=-=F INSHD, ARTIFICIAL PLAST.
CHILODHEN'S TOvS, CHRISTHAS DECORAT,ETC,
SONMILITaAY AAMS & PTS £2C PISTALS ETC,
FISH 4 HUNT EQUIP, SPGRTS EAUIP, ETC, .
PENS,PENCILS,HIAS,POINTS,CrAYNNS, CHALK,
1445 & GFFICE STATICNERY SUPPLIES NEC
ART & WFRS OF CARVING OR “JLDING MTL.
CANDLES, TAPERS,MATCHES, SHOKEAS  ART .
POmDiA PUFFS,JUTTONS, 8 SMALLALRES NEC
E96C THANSACTIONS WOT CLASSED By xIm0
SU9GPS AvG UM 510,000 A me BY ALL MOT

SPECIAL CATEGORY® , & & o s ¢ s s s &
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Thailand's Imports by Major Commodity Categories, 1972-1973

tin millions of doliarsy

1952 19338 Variation
No % Value Nv % Value 19721953
Rotlers, mechanical equipment and partsthereof . ......... ... . . .. 1 153 238 1 130 293 -23.9
Fuel Ni! 2 1913 139 2 1.0 229 «34.3
Irun and ~teei and articles made of stee! 3 19.2 158 3 10.6 221 -30.2
f.an? venrcles and parts thereof . 4 91 140 4 9.7 03 -43.4
Flectrica! machinery and accessories 5 59 (3] 3 [} 129 -311.1
Cotion . ¥ 32 19 6 3.9 101 +65.2
Organic an. 6 33 51 T 3.8 50 +«5%.2
Artificial resin and pla.tic materials . 8 20 43 8 3.5 3 +61.2
Man-made fibres fcontinuous) . ... ... 11 21 32 9 2.2 4 +46.7
Pharmaceutical products ........... ., 9 2.3 36 10 1.9 {1 *12.2
Fertiizers .. . ... oL 10 21 33 11 1.9 40 +24.1
Puper and cardboard .. ... L il 13 1.7 27 12 1.9 30 +49.9
Miscellanecus chemical products .. 14 19 30 13 1.9 39 +31.35
Tanning and dyeing €XLracts . .o..ioi ittt 13 1.0 30 13 1.8 33 +29.2
Dairy products, eygs and natural honey .. 16 1.6 23 15 1.2 Fa] +7.5
Man-made fibres (discontinuous) ......... 13 1.2 18 16 1.2 25 4378
Aluminum and articles thereof ... .. ..., . 19 1.0 15 17 1.1 23 +51.8
Optica! and phutographie supplies......... ... ......o..couiiie .. 17 13 20 18 1.1 22 +9.3
Materials used in paper production ............... oo i, 20 0.9 1o 19 1.0 21 +57.1
Tobacco (including tobacco leaves) ..................... e rtaraeeea, 12 1.9 30 20 0.9 19 +34.2
Total L e e &n.o 1,237 80.9 1.689 +36.3
TOD Lo e e 1.0 1,484 100.0 2,090 +35.4

Source: Customs Department, Royal Thai Government
*preliminary figures
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APPENDIX III

PRODUCTION OF MINERAL COMMODITIES

Bolivia
Ghana
Guatemala
Philippines
Tanzania
Thailand
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Bolivia: Approximate Production of Mineral Commodities

(Metric tons unless otherwise specified)

Commuadity ! 191 1972 1978 »
METALS ?
Antimony s
Mine output, metn) content —co.eeeucemmennccocmceaene .. 11,878 13,338 14,852
Metald e carccaececman—— PR, — NA 19
Bismuth: .
Mine output, metal content .. .ccocmceeecucenmenceaomccnn 682 587 646
Metal 3 L iraee. - 439 499
Cadmium, mine output, metal content ¢ " 82 139 169
Copper, mine output, metal content ........ 7.612 8,307 8,154
Gold, mine output, metal content - 22,103 20,145 85,949
h'onl ore, gross welght .. ... _.... 35,970 ® 52,000 81,601
nd
Mine output, metal content _.. 20,600 20,604 20,985
Metal, including alloys . 18 30 50
Manganese ore, gross weight .. ___. 713 93 641
:;i‘lver. mine output, metal content 5,369 6,681 6,707
n:
Mine output, metal content® oo _o.o...._ 29,633 80,086 29,827
Metal, including wlloys? o _..... 7,116 6,405 * 17,500
Tungaten, mine vutput, metal rontent . 2,090 2,247 1,934
Zinc, mine outpnt, MetAl coNteNt coooer cmeereicciccec e ———ea 46,077 42,068 60,08
NONMETALS
Cement, hydravlic .. ool 206 151 168
Fluorspar 3 .o 17 -
Gypsum, cruded L. o iiicaue.. 2,000 2,308 000
Stone:
Calelte et eececcca———— 63 32 105
Quartz? _ .. .. ... 760 .- -
Sulfur, clementals (. _ . L teeeiecemrceecm-esesescrenons 10,487 18,214 56,392
MINERAL FPUELS AND RELATED MATERIALS
Gas, natural:
Gross production . voneeennas million cuble feet.. * 782,401 120,966 161,199
Murketable praduction® o e caean. do___. 1,427 86,017 57,857
Natura) gan liguids:
Naotural gasoline c.oaoe.onoo...thousand 42.gallon barrels.. 46 67 16
Liguetled petroleum g8 oo cceimeeaanaan [} TR 48 61 48
Petroleum:
it vy S thousand 42-gallon barrels.. r13.446 15,967 17,268
neﬂr‘l:e:::"yi»rx‘-zducu ) r 2,170 2,107 2,208
Jet fuel .. 115 129 l(g
Kerosine 845 923 99
Fuel oil, distillate and residual .._... v 1,640 1,847 1,890
LubricBnts .oe.ocncecraccccccncccsecmm e r 47 69 68
Other:
Iiquefied petruleum gas 47 . 70 9;
Unspecified ..o oo . ~do. '8 (*) o
Refinery fuel and Josses .. r 64 59
74,933 6,194 6,616

Total e iciccmceeciemmeama—ae

* Estimate. ¥ Preliminavy, * Revised. NA Not available.

1 In addition to the commadities listed, salt und a varizty of construction materiala such as
clays, atone, and sand nnd gravel are produced, but information is inadequate to make reliabls
estimates of vutput lovels,

1 Unless utherwise specified, date shown represent the sum of pruduction by COMIBOL and
exports by mcdiam and small mines,

3 Total nationn! cxports,

¢ Cuntained in wine concentrates produced by COMIROL.

& Sum of placer production, COMIBOL productluldl tin ores and ;onlc.enlrntetl lof other metals)
and medium and xmabl mines' exports (in ores and concentraten of uther metals),

CTatal of COMIROL output, COMIHOL purchass from lessees operaling in COMIBOL mines,
sales to ENAF by medium and small mines, and exports by medium and small mines.

1 Production by ENAF, Pero, and Metabol smeltern,

¢ Less thun ¥ unit




Ghana: Production of Mineral Commodities

(Metric tons unlesa otherwise apecified)

Commodity t 1971 1972 1978 »
METALS

Aluminum:
Bauxite, gross weight ...........__. - a20,608 340,321 309,908
Mectal, smelter production, primary . 111,125 144,070 160,707
Gold ..ol thous. 698 724 123
Manganese ore and concentrate, gross weight 698,662 498,340 818,211

NONMETALS

Cement oo 631 415 * 460

Diamond: *
OM o e ercreacecmeeaan thousand carats.. 256 2668 270
Industrinl .. 2,306 2,393 2,430
Total _.__ 2,662 2,659 2,700
ORI o 47,261 * 50,000 * 50,000

MINEZHAL FUELY AND RELATED MATERIALS
Fetroleum refinery products:
Gasoli,ce . --thousand 42-gallon barrels.. 1,684 1,669 1,726
det fuel e mee d 166 279 199
Kerosine .. ___. ... . ..._.. 601 689 735
Distillate fuel hteecccem————— 1,985 1,919 1,956
Reaidual fuel oil .. . _______.___ 2,166 2,459 2,039
Other . ceaas 69 66 60
Refinery fuel and losses . 347 385 367
Total e eeeee—aan 7,017 7.455 7,082
¢ Estimate. ? Preliminary.

11n addition to the commodities listed, a variety of crude construction materials (clays, sand,

gravel, and stone) i3 produced, but

production duta are not reported and avajlable gencral infor-
mation is inadcquate for the formulation of reliable catimates of output levels,
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Guatemala:

Production of Mineral Commodities

{Metric tons unless otherwise specified)

Commadi’y 1971 1972 1973

Antimony, mine output, metal content - 1,111 1,177 1,746
Cadmium (contained in zinc concentrates) .oooeee—wecemoeceseew - 1 ? 2
Coment .o mciaccccrcacccaccccnemcemeoaaa thousand tons.. 227 264 310
Feldspar ® 2,600 2.000 2.000
CGiypsum ¢ eee N 7,900 ¢ 8,000 8,000
Lead:

Mine output, metal content * 500 138 102

Metal, including secondary 90 22 65
Lime® e 22,000 * 23,000 23,000
Mica ..__...... - 192400 * 2,500
Petroleum refine

Gasoline ... ... 1,612 1,629 1,781

Kerosine and jet fuel 670 734 769

Distillate fuel oil ... r 1,667 1,787 2,007

Resldual fuel oil .. 1,77 1,908 2,014

Liquefied petroleum g 114 1264 1

Other covevceecann-. - 4 2

Refinery f NA 227 261
Quartz _._... . - . NA  *18,000 *18,000
Stone, sand and and broken:

Limestone ... - thousand tons.. NA * 600 * 600

Other (voleanic ash) oo ... mmsemmectomen—e—- e me——— - NA  *54,000 *B5,000
Tungaten, concentrate (W content) 40 8 1568
Zine, mine output, metal content 508 308 280

€Estimate.
PPreliminary.
FRevised.

21.ess than 1/2 unit.
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Philippines: Production of Mineral Commodities

(Metric tons unless otherwise specified)

Commodity 1971 1972 1978 »
METALS
Cadmium mine output, metal content. ... ..ccoooiaeanaeconann kilograms.. 9,843 7,983 .-
Chromium, chromite,
Metallurgieal grade 88,790 81,370 95,659
Refractory grade 840,804 268,230 484,609
429,594 349,600 580,268
Co ee- R 197,673 213,695 187,400
L) 1 PP troy ounces.. 637,048 606,730 572,319
Iron and steel:
Iron ore und conecentrate. ... ..o iieiienneeeanaa thousand tons.. 2,331 2,206 2,266
Ferronlloyn. ... ... ... ..... 1,484 1,819 NA
lend mine output, metal content ¢ 20 .- .-
Munganese ore and enncentrate, gross weight 5,133 2,491 8,973
Mercury mine output, metal content. ... ... ....... 5,020 3,341 2,160
Molybdenum mine output, metal content. ... .e .-
Nichel mine vutput, metal content. . ... eeeneerevnnccanananennn 222 34 399
Platinum-group inetals:
Palladium. oo e e ceae i eeaaaaaaan 1,756 4,810 4,208
Platinum_._... rmemeaeann do. 703 2,712 2,464
Silver mine outpul. metal CORTERt. ... neoeonenn s . 1,940 1,848 1,892
Zine mine output, metal CONLeNt. . ... e o eeerareeancannacaaancenannn 3,876 ,603 6,371
ANDPILO8 . L\ttt aee et aiceaeee-sereecasaccomnenmemn et raanannea .o .-
Barite.._.......... ... .. 8,281
Cernent, hydraulic 2,903 4,059
Clays:
Bentonite. . oo i iieiiiiiceaeieeiaccaeecccaaccsancaranne 61 * 70
White 11,655 ¢18,000
Roek. oo .. 4,202 +4,700
Other 280,482 256,346
Diatumite e ..
T P 46,061 24,998
Fertilizer materials:
Crude phosphatie:
GURNIO . L et eiie s ittt ideiaaeeescecescaanannsasansnsncennnn- 1,135 2,012 10
Phorphate rock . .. L. i iiiiiieieceaacrenecreanenas 4,729 2,618 12,228
Manulactured:
N ORENOUB L. . ettt e et e eeceseaaocmoamacacnaeaann 4%,000 54,000 60,000
Mixed wnd unspeeitied ba. ki4 66,975 56,896
Gypsum and anhydrite, crude ? 42,796 B4,R42 101,782
JAMe e i ieieaecenann 222,660 282,665 150,740
Perlite .- 415 435 825
Pyrite and pyrrhnlite (ine hulmg cuproouu)
Groms Welght. L. ...t icececaseracacasarccceanroa e - 234,334 255,786 125,738
Sulfur content_. ... ... .. . - 110,944 118,787 ¢ 68,000
Sale, marine. . ... .. 235,000 219,500 220,000
Sand und gravel:
Sand, glana. . i iieeiiiiiiiecaaaeaa thousand tons. . 498 412 604
v, Sund and gravel nea b . oL thousand eubic meters.. 4,628 5,698 5,691
Stone:
Coral, erushed. .. ... ........ eeeenarecemtameaaaaa.an do.... 335 834 * 370
0 T 1 L N 11,444 R,K71 10,466
Limestone. .. L iceieiencerienen ....thousand tona.. 3,944 4,016 4,634
Marble (dimension), unfinished. .. .. ..o veeeerrioreenncrnacncreannn 3,700 11,000 9,063
b T 69,206 49,387 35,667
Cobbles and boulders n.e.s. thousand cubic meters.. 216 216 ‘612
Sulfur, elemental. ... ... . ... .. it L eeeeees tesecenccanccneaaaaaann 39 10 .
b Y D) 1,317 1,007 1,634
MINFRAL FUELS AND RELATED MATERIALS
Coal, all gradea_ .. ... e e et me et eetaeiiaseemeeeeemaaaeaaaaas 40,024 34,900 89,004
Petroloum refinery products:
Gasoline. ... iiiieiiiren e 16,004
Jol fUCl . o i teeieeancencacenceaamanoaan d 2,649
Kerosina_ . ... ... ..., 3,601
Distillate fuel oil. . ... . .. 13,663 NA
Hesidunt fuel oil 21,662
Other.. ... ........ .. ... 2,649
Retinery fuel and 108808, oo iine et iiemineeannn do... 4,163
Total. oo ot i eiieiaa. 64,121 NA

* Fatimate, NA Not available, ¢ Proliminary.
¥ Data ure for year eniling June 80 of that atated,

3 Including synthetie,

! Including unspecitied eartha,
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Tanzania: Production of Mineral Commodities

(Metric tons unless otherwise specificd)

Cummodity 1971 1972 1973 »
METALS
Gold, refined ... .. ... ... ..._ -lroy ounces.. 167 213 66
Silver, refined ... ... ool ... do..__ 36 46 4
Tin, mine output, metal content ____. -long tons.. 136 61 23
Tungsten, mine output, netal eontent .____ . ________ ———— 1 4 1
NONMETALS
Cement, hydraulic oo .. o, P, 179,300 236,956 314,002
Clays, kaolin . . . . e ITTT R, 830 , 870
Diamond:
[ carata. . 418,595 v 326,023 250,730
Industrial o . <-do___. 418,696 ' 326,022 260,729
ol e do____ RA7,190 652,045 501,459
Gem stones, precious and semiprecious, excopt diamond: ‘
Amethyst . ... . ... .. ~-kilograms.. 69 R0 NA
Aquamarine ... ... L ... ... doo... 2 3 NA
Rery) (gkem wniy) .. R [ TR 35 100 NA
Chrysoprase and ops! ..do_.._ [ 31 NA
Corundum (gem oniy) _. ... ..do._.. 33 ) NA
Garnet ... .. .. ... . ceeaeadoao. a3 104 NA
Ruby and sapphite ._____._. ..do.... 1 20 NA
Tourmaline .. .___._.. _. P T S 2 9 NA
Zircon __ .. ... . .._. JE 1 S (*) 3 NA
Zoisite {tanzanite) ... ... __ PR (1 S 16 60 NA
Gypsum and anhydrite, crude . _____ . _TTTTT T 17,691 14,121 12,872
Lime (quicklime and hydrated lime) ... - 6,203 1,862 5,988
Magnesite, erude _.._.._ .. _______ [ TITTTTmmmmmmmmete 982 68 109
Meerschaum . .. I TTTTTTmmmmTTTTmTe 8 a0 14
{ica:
Sheet e - 37 18 32
Serap* . ___. 13 13 13
Salt, all types .__.... . __ 37,278 32,467 38,392
Stone, sand and gravel: o
Ornamental stones:
Art MOnNe s " & 2
Amethystine quartz L} 30 186
Glass sand ______._.._ .. _. " 2,244 1,489 16,283
Vermieulite ... ... . . Il Il Tt 29 .- ..
MINERAL F RELATED MATERIALS
Coal, bituminous .. .__.___ e e mmeeceeiicemeanaaa .- 2,798 3.464 1,994
Petroleam refinery products:
Gasoline, motor ... ____. thousand 42-gallon barrels. . 1,041 1,128 974
Jev fuel L | 4 459 448
Kerowine .. ____ .. __. 121 148 143
Diatillate fuel oil LYi 1,200 1,289
Residunl fuel oil 2,379 2,601 2,394
Other ... ... .. . ... .- - he 5HR 76
Refinery fuel end losses 609 60 137
Total e e 6,623 5,962 5,663

* Eatimatr, P Preliminary. * Revised. NA Not available,

1 Estimatea based on reported total diamond output and best available information on ratio of

gem to industrial stunes in total output,
* Less than 14 unit.
2 Revised to none.
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Thailand: Production of Mineral Commodities

(Metric tons unless otherwise apecified)

Commuodity ? 1971 1972 1973 ¢
METALS
Antimony:
Ore:
Gross WEOIBHY oooecrcemrmmmmncccmemmcemcemr oo 5,397 11,172 8,033
Metal content ... . e- 2,294 4,748 3,414
Metal oo -- v 226 202 199
Chromite, gross weight .. . oo iommmcccneann .. 1,000 - -
Columbite-tantalite concentrates, gross weight . .- 42 14 24
Copper, mine output, metal €oneRt ooweeoeeoramomannooroomme o ns NA LX] 1
Iron and steel:
fron ure, 65¢% iron, gross weight r 41,691 27,818 36,309
[T T PR 13,660 11,918 14,063
Crude steel ... .co . iaaaicenenn 119,994 181,043 * 190,000
Steel billets .. . ... oiaen-aa 51,931 100,800 ¢ 102,000
Lead, mine output, metal content r 1,473 . 3,704
Manganecae ore:
Niattery grade and chemical grade 764 r 4,697 5,437 11,368
Metalluryical grade 4647 to 6075 MnO, - £10,735 14,415 24,950
Totel ... . ... ... ' 16,382 19,852 36,318
#‘ll(mnzllc. wrons Weikhl o ieieeeccceemmm ieccmeeommmmeooe 112 171 318
n
Mine output, metal content .. nearricaoocnane- 21,346 22,072 20,691
Met#l oo oo eemmmasnrecesmmsemmmc——=eemesoecesseeses do. ... 121,427 21,929 22,665
Tungsten concentrate:
GrORS WEIRhL .. cvececoeeemameamcsnmmenmeccosemssasonsenans r 4,864 6,485 6,048
Metal content ..o iieens .- r 2,507 3,343 2,602
Zine, mine output, metal content® . .- 900 700 1,600
Zircon, Kross Weighl .o oceacecmevmcemeacnceaennn ———— ————- 1,626 366 402
NONMETALS
ARDERLOB - . ceeeemcecec-seeeceecessmeseesmecessceevesc-scsenos NA 22 83
T T St i i 63.63¢ 97,091 111,830
Cement, hydraulie - ... 2,771 3,378 3,746
Clayr. "~ "r e 10,i33 15,240 Ia,Yv0
Feldspar .. ... NA 1,500 4,510
Fertilizer muater .. .. B10
Fluorspar, 8047 to 86 CaFr o.o.oonee r 427,498 395,070 2 398,005
L3 T £ T 167,903 £9,805 236,265
Salte _ ... 160 160 160
Sand, silica 27.440 48,080 61,450
Stone:
Mar! (used for cement) .. .iceiiaciioomaanes thousand tons-. 490 372 246
Quartz, not further deseribed o ooooiimienmicicomnaa e NA 2,248 13,837
Tale and related materials:
Pyrophyllite oocenceoocosemccemccmsmaamcano oo nmeene e 50 1.550 9,650
TRIC wrvomee e cecsomence —omsimmsmmmaceasmemsasmsososmemsoosss NA 6 16
MINERAL FUEZLH AND RELATED MATERIALS
Coal, Hgnite .. .. ciirmaeee e thousand tons.. 448 us 361
Petrolenm:
Crudf - eeeoeveceeene=ee--ann-..thousand 42-gallon barrela.. 95 re 47 * 45
Refinety products:
GABOLING oo o ceeeceemeceemammmm s ..do..-. 12,521 8,160 9,008
Jet fuel .. ..do_.__ 3,237 4,937 4,283
Keroslne .....-....- ..do. .. 1,139 1,804 1,615
Dintillute fuel ofl __. -.do_._. 11,972 13,474 13,753
Kesidual fuel oil . . O 1, S 11,488 15,753 19,470
Naphtha ... .o . ...- doo._. 219 2,072 2,466
Liguefied petroleum gas do.... 1,100 1,903 2,639
Asphalt ... ...... _do_... 713 854 7,142
Other .. 6,620 6,727
¢ Estimate. ? Preliminary. ' Revised. NA Not available,

1 In addition to the commadities listed. Thailand produces other varieties of crude construction
ported and available informa.

materials (clays, sand, gravel, and stone, etc.) tut output is not re

tion is inadequate to make reliable estimates of output levels.

1 Includes 66,000 tons of subgrade ore that was not marketed for consumption.
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