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ABSTRACT
AN ANALYSIS OF THE RELATIONSHIP
BETWEEN OUTPUT AND COSTS OF
INPUTS IN MALAYSIAN TIN

MINING OPERATIONS

by

Zakaria B. Hamzah

Tin mining activity, despite recent setbacks in output and tin
prices, is still going strong in many major producing countries. 1In
Malaysia (the largest tin producer) the tin mining industry is presently
facing a host of problems, both external and internal. Among the most
se:’ious problems are the rise in production costs and the decline in tin
prices which occured almost simultaneously. These have caused a
substantial reduction in the production of tin-in-concentrates by
Malaysian producers. The decrease of the output of the mines, in turn,
has created many other problems for the producers, the government and
the economy as a whole.

Major options by Malaysia or by any other single producing country
to revive the industry are limited. Efforts are encouraged to sustain
the viability of the tin industry through intensifying the government's
interference, especially in helping the local producers to reduce the
burden of increased production costs in mining operations.

The phenomenon of the decrease in output of the mines and the
increase in the cost of production was the central focus of this study.

Among other objectives, this study aimed to identify input factors that



are associated with the variations in the output of the mines. The cost
of input factors has been defined as the expenses paid by the producers
to extract one ton of tin-in-concentrate. These costs are divided into
seven categories: 1land, labor, capital, energy, material, taxes, and
other miscellaneous operating expenses.

The study examined tixe relationships between these variables and
the output levels of the sample of tin mines for a period of ten years,
i.e. from 1973 to 1982. Study data were collected from the survey
conducted by the Department of Mines, Malaysia. The analyses of the
study were done at two levels: the industry and the groups of mines
according to various methods of operation. The major hypothesis tested
by the study was that the output level and the cost of inputs are
inversely related and that the relationships between those variables
differ significantly among methods of operation. Correlation and
multiple regression analyses were employed, especially for the purpose
of creating predictive models in the study.

The result of the analyses showed that at the industry level, the
costs of land and capital were not related to the level of output. The
costs of other input factors, however, demonstrated significant
relationships to the output of the industry. Among them taxes proved to
be correlated the most strongly.

The analysis of the groups of mines according to various methods of
operation (dredge, gravelpump, opencast, and underground mining)
revealed that there was a difference in terms of the relationships
between the cost of each input factor with the output of the mines that
used a particular type of operation. Certain methods are biased toward

certain kinds of input factors. Predictive models for estimating the



output of these mines were developed based on those observations. The
reliability of those models were tested by comparing the results of the
forecast with the actual data.

The study also found that many of the existing mining-related
policies influenced the costs of some input factors, and thus affected
the level of output of the mines. Among the most influential policies
are the taxation system, subsidy and incentive programs and the equity
participation policy. Not only do these policies affect the level of
output of the tin mines, but also the choice of technology to be used in
tin mining operations. The study suggested that some of those policies
be reviewed or modified.so that the efforts in revitalizing the industry
would be consonant with the overall development objective of the

country.
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CHAPTER I

INTRODUCTION

Ihe Importance of the Tip Mining Industry

Mining activity was one of the earliest human industries carried
out in vafious parts of the world as early as the Bronze Age of the
world's civilization. Tin mining, begun then is still a viable industry
today. Because of special characteristics, which have prevented its
substitution by other materials, tin has become one of the important
materials for modern human use, particularly in the developed countries.
Unfortunately, the bulk of tin ore is mined in those developing
countries lying in the equatorial regions of Southeast Asia, Africa and
South America, and none of those producing countries has been a consumer
of any importance in modern times.

Most of the tin metal is consumed in three highly developed
regions, namely, North America, Europe and Japan. Therefore, the bulk
of tin is widely traded between tin producing countries and tin
consuming countries. As such, tin trading has become an instrument for
the formation of various international organizations, such as the
International Tin Council (ITC). In fact, tin is the only commodity
which has an organization in which both producers and consumers sit
together to regulate trade and to safeguard the interests of both
parties. This arrangement reflects the uniqueness of this industry in

the world.



In many consuming countries, tin has been regarded as one of the
vital materials in sustaining industrial growth. The uses of tin are
generally associated with a high standard of living or a relatively high
degree of industrialization (Robertson, 1965); therefore,the industrial
leverage of tin is ranked higher than that of its competitors (Arad and
Arad, 1979). ' On a global scale, tin has been ranked the tenth most
important raw material on the basis of world production, international
trade, and importance in engineering (Wu, 1973). Even though there are
substitutes for tin in various uses, the degree of substitution
prevailing since the early part of this century can be regarded as
slight (Knorr, 1945). No doubt, these are some of the reasons why tin
metal has been selected as one of the strategic and critical materials
in the stockpile, especially in the United States of America and Italy.

However, the importance of tin or rather the tin mining industry to
producing countries stems from different reasons. In many producing
countries, the tin mining industry has been one of the major economic
activities generating national income, foreign exchange earnings,
capital expansion, employment and other related aspects of development.
The dependency of many developing countries, especially Bolivia,
Thailand and Malaysia, on the tin mining industry as a source of
economic growth is very great. The tin mining industry also plays
important role in enhancing their standing in the world.

In Malaysia, the tin mining industry has contributed considerably
to overall socio-economic development. It has been said that the early
development of the country was a result of the initial development of
the tin mining industry (Yip, 1969). Although the non-fuel mining

sector contributed only about 5 percent to the Gross Domestic Product



(GDP) of Malaysia in 1981, mineral exports of tin alone amounted to 9.6
percent of Malaysia's overall earnings that year. Despite the fact that
the export of tin has decreased in the 1980s to less than 10 percent of
total exports compared to about 20 percent in the 1960s, the tin
industry in Malaysia still remains the fourth largest primary commodity
export following rubber, petroleum and processed palm oil. In terms of
employment, this industry has created vast job opportunities, especially
in semi-skilled labor. At the end of September, 1980, a total of 39,720
persons were employed by this sector. Although the production of
tin-in-concentrates in Malaysia has decreased substantially lately, the
Malaysian Government is determined to maintain its position as the
largest tin producer in the world; a position which it has maintained
since 1880.

It is expected that the tin mining industry will continue to play
an important role in socio-economic development in the world,
particulax:ly in developing producing countries, despite the fact that
this industry has lately suffered a major setback. The future of this
industry, particularly in Malaysia, will depend on the effectiveness of
the measures taken to overcome the problems faced by the industry, and
on how soon the industry can get out of the 'lock-up' position which it

is now in.

Ihe Problem Statement

The tin mining industry has been branded as one of the most
volatile industries in the world (Mikdashi, 1976), and it has not always

been regarded as a very profitable enterprise (Varon, 1979). This is



due to the nature of the industry itself. Some of the most common
problems faced by the industry are: the high risk of operation, the
degradation and depletability of the mineral deposits, dependency on
various uncontrollable factors, fluctuations in output, rate of
consumption and prices, the heavy capital investment, reliance on
foreign capital and technology, and the decentralized nature of the
industry, (VanRensburg, 1978). These inherent problems, coupled with
structural and institutional problems in many producing countries have
made this industry more difficult to manage.

The tin mining industry in Malaysia, to a certain extent, faces
most of the problems mentioned above. Lately, the health of this
industry has been labeled as 'critical' (COM, 1981). There are several
indications of this situation: First, the number of active mining units
is decreasing from year to year. There were about 608 active mining
units at the end of 1982 compared to over 900 ten years ago. Second,
the amount of output produced by Malaysian tin mines has declined
considerably from year to year. Figures for 1982 show only about 52,000
tons of tin were produced by the industry compared to over 60,000 tons
annual production in the 1970s (DOM, 1982). Third, more and more
workers in the industry have been retrenched from year to year. In 1982 -
alone, 13.2 percent or 4,448 persons were displaced from their jobs in
the mines. Fourtﬁ, a growing number of mining firms are suffering a
decline in profits and many of them have been closed down, either
temporérily or permenantly. In 1982, about 42 percent of the total
mining firms did not make a profit, and 15 percent of these were shut
down (DOM, 1982). All these facts indicate the shaky and unstable

nature of the tin mining industry in Malaysia at present.



In addition to those inherent problems, the tin mining industry in
Malaysia is also faced with various external problems: Competition
among the producer countries to supply tin to the world market, a
decrease in consumption of tin metal in the world due to a lag in
industrial growth and to tin substitutes, and depressed tin prices are
among the external problems causing a downtrend in the tin mining
industry in Malaysia. 1Internal problems in the industry such as
insufficient investments, declining efficiency, competition in land use,
administrative decay, ineffective taxation and fiscal policy, inadequate
research and development efforts, lack of coordinated action on mineral
development, smuggling activities, and an increase in the production
costs are also reasons for the present unfortunate situation of the tin
mining industry (Mohd Salleh, 1977; Jaafar, et. al., 1977; Scott, 1983).

All of these reasons, however, boil down to one most important
syndrome, which is the rise in production costs on one hand, and the
decline in tin prices on the other, which have occurred almost
simultaneously (ITC, 1982). Although there may be other valid causes for
decline, these forces alone have created a tremendous effect on the
industry, not only in Malaysia, but in other producing countries as
well,

The major increase in the costs of production in the tin mining
industry in Malaysia began in 1973, parallel to the increase in price
for oil and other mining materials, which contributed to the world
recession., Even though the prices of tin followed this trend, they were
not sustained. In fact, the prices of tin were beginning to fall in
1975, while the costs of production kept rising rapidly. Although there

was a slight recovery in tin prices in the later part of the 1970s, it



was not commensurate to the increasing production costs. Perhaps, the
worst effects of this syndrome suffered by the tin mining industry in
Malaysia dccured in 1981, The average costs of production increased
more than four-fold compared to those in 1972, whereas, the price change
was less than a two-fold increase between those years. One of the
consequences of this syndrome was a'eonsiderable drop in the production
of tin from the mines in Malaysia from about 76,000 -tons in 1972 to
about 52,000 tons in 1982. This decline in production, in turn, caused
other problems., The mine workers suffered retrenchment and the
government lost revenue collections from the industry. The setback of
the tin mining industry slowed down growth of the economy as a whole.

There may be other answers to the question of why the levels of
production in Malaysian tin mines have decreased significantly lately,
but the issue of rising costs of production could be the one that is
largély responsible., This notion is, in fact, the basic tenet of the
investigation to be carried out in this research. Perhaps, at this
Juncture, the most important questions concern the relevance of
production costs in determining the levels of output of the tin mining
industry, and the relationship of these two variables. Also a relevant
issue to be considered is the susceptibility of those cost factors to
change, which in turn causes variability in levels of production in the
tin mining operation.

Based on the notion that the productivity of the tin mining
industry is affected, to a certain extent, by the costs of input factors
(Anders, et. al., 1980), it is therefore, hypothesized that the amounts
of tin produced by the industry are closely associated with the

variability of the costs of extracting the ores from the mines. While,



this assertion might hold true at the industry level, "any generalization
of this to the firm or mine level could be misleading due to the fact
that the magnitude of each factor of production has a differential
effect on the amount of ores to be produced by each mine. Many
researchers suggest that the variability in the production levels and
the costs of production in tin mines depend, to a great extent, on the
methods of extraction used in mining (Thoburn, 1977; Scott, 1980; ITC,
1983). Based on these assertions, it is therefore, further hypothesized'
that the association between the amounts of ore extracted and the types
of input factors and the costs of those input factors varies
significantly from one mining methﬁd to another. These are the major

areas of investigation of this study.

The major hypotheses advanced above will serve as the central focus
of this research. However, a number of sub-hypotheses will also be
developed later to strengthen the case in the investigation. The main
thrust of the research is to prove these hypothesqs by using certain
statistical analyses. This research is also intended to seek answers to
the questions posed in the study. As pointed out earlier, the
phenomenon to be investigated in this research is the relationship
between the production levels and the costs of input factors in tin
mining operations. In this case, the level of production is treated as
the dependent variable, while the cost factors are the independent

variables.



The relationships between these variables will be established in
two phases. First, the relationship between the output of the industry
and the average costs of input factors in the industry will be
determined. Second, the relationship between the amount of ore produced
by a group of mines using similar methods of extraction and the average
costs of input factors incurred in each of those methods will be
analyzed. In this case the Malaysian mines will be grouped according to
four major methods of operation, namely, dredging, gravelpumping,
opencasting, and underground mining. These relationships can easily be
established by using regression analysis which is felt to be appropriate
and suitable for the purpose of this study.

The results of the regression analysis will enable the study to
construct various predictive models to reflect the behavior of the mines
in terms of the decision to produce the minerals. The reliability of
_the proposed models will be discussed and evaluated by comparing the
results of forecasts made by the models with the actual data.

As indicated earlier, 1973 was the beginning of the decline of the
tin mining industry in Malaysia; therefore, this year will be used in
this study as the base year for the analysis. The ten-year period,
between 1973 and 1982 provides a sufficient scope to trace the behavior
which led the industry to its present situation.

This research will require a great deal of data and information in
order to substantiate the hypotheses projected in the investigation.
The best way to obtain this data and information is to conduct a primary
data collection. However, certain constraints, especially the problem of
access to the mining firms, have made this study rely mainly on readily

available data from various sources. One important source of data is



the Department of Mines, which has conducted numerous surveys on the tin
mining industry in Malaysia since 1972. A survey on the costs of
production in Malaysian tin mines is done twice a year, in accordance
with the survey format provided by the Economic and Price Review Panel
of the ITC. This particular source of data will be used extensively in

this research.

It is believed that in order for the tin mining industry to revive
and to sustain its viability in the future, the industry should be in a
healthy situation. Solving some of the most critical problems faced by
the industry currently is a step in that direction, which is urgently
needed. Therefore, this study is designed to examine one of those
critical problems, namely, the increase of the costs of production in
mining activity. Although this one dimensional view cannot solve all of
the problems in the tin mining industry, it may provide valuable
information which could lead to a better understanding of the real
issues in the industry.
The more specific objectives of the study include the following:
1. to identify all elements which could be considered as costs
in the mining operations;
2. to establish and analyze the relationships between output
levels and cost factors in the operation of tin mining;
3. to create predictive models for estimating the output of the

tin mines;
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4, to assess and evaluate the proposed models for the purpose of
forecasting future output of the tin mine§ in the country;
5. to analyze the impact of existing government policies on tin
mining activities;
6. to analyze the choice of different methods of mining in the
industry.
This research is significant in two areas. One area is the magnitude of
the relationship between the levels of production and the costs of
producﬂion. An understanding of this will serve as a framework for
decision making on both macro and micro levels of the industry. A
second area is the sensitivity of each of the cost factors affected by
unfavorable policy measures taken by the operators as well as the
government. The significance of these two areas has been insufficiently
appreciated in the past and increased understanding will provide a basis
for more effective action in eliminating problems in the tin mining
industry in Malaysia.

It is hoped that this research will result in an appropriate model
reflecting tin mining activity carried out in Malaysia. Some of the
findings of this study could also be useful in application to other
types of mineral industries. However, due to the limited scope of this
study, which focuses only on the nature of production costs and their
relationship to production levels, the findings would be useful only
within those 1limits. Nonetheless, it is envisaged that this study will
complement not only other studies in this area, but also studies done on

technical and marketing aspects of this industry.
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This study is divided into various chapters. Chapter I, the
Introduction, provides the framework of the research within which the
problem statement and the study objectives are laid out. Chapter II
gives a historical perspective of the tin mining industry. It also
discusges the trends in the world tin economy, which led the industry
into the present situation.

Chapter III deals with the development of the tin mining industry
in the context of Malaysia and discusses the problems affecting this
industry currently. Chapter IV gives an up-to-date review of the
literature on the subject of mining, with particular reference to tin
mining. This chapter also provides details of the research methods and
statistical procedures of the investigation.

Chapter V presents the results or findings of the study in various
phases. Chapter VI offers discussion and analysis of the findings,
partiéularly in relation to the reliability of the models created for
forecasting purposes. This chapter will also discuss the implications
of existing government policies and the issue of technological choice in
the industry. The last chapter, Chapter VII presents a summary, a

conclusion and recommendations.



CHAPTER II

TRENDS IN THE WORLD TIN ECONOMY

In this chapter, a brief actcount of the global situation in the tin
industry will be presented for the purpose of understanding current
trends in the world tin economy, This section includes an historical
perspective of the tin industry, and discussion of production and
consumption patterns, the pricing system of tin, and the world reserves

of this resource.

The emergence and development of the tin industry can be traced to
as early as the Bronze Age of the world's civilization, Archaeological
findings supported by literary evidence confirm that tin was among the
earliest metals known to man. Objects made of bronze (tin and copper)
dating as far back as 3500 B.C. have been found in the Middle-East. By
the early days of the Roman Empire, the use of tin was fairly
widespread, especially to make bronze and for the tinning of copper
vessels (Cohglan and Case, 1957; Marechal, 1963).

Tin was used in many parts of the ancient world but mined only in a
few places, In the early history of tin production in the world,
England played a prominent role. It was to Cornwall in the Southern tip
of England that the Phoenicians sailed from their eastern Mediterranean
homeland to trade for the tin found there. That was in 1500 B.C.

Historians believe that Cornwall was probably already an important

12
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source of tin around 500 B.C. (Flower,1880). By the 13th Century,
England had become the largest supplier of tin in the world. By the
14th Century, the Belgian city of Bruges had become one of the leading
cgnters for tin production in Europe. With the creation of the East
India Company in the 17th Century, tin was shipped as far afield as
India and Japan., By this time, tin was exported to practically all the
more advanced countries in the world (Hedges,1964).

In the East, China and Malacca had long used and produced tin in
the early Century, but the importance of tin was noted by the Portuguese
only in the 16th Century and later on, in the 17th Century, when the
Dutch ousted the Portuguese from Malacca (a state in Malaysia now).

The fortune of the tin industry reached new heights during the 19th
Century as a result of the Industrial Revolution, which represented a
milestone in man's economic development. The need for pumping water out
of the Cornish tin mines was a potent force in the development of the
steam engine (Hedges, 1964). Technologicgl development during the
Industrial Revolution was matched by great advances in medicine at the
beginning of the 19th Century. Those factors caused a dramatic increase
in the use of minerals, such as tin, and an unprecedented growth in the
world population.

The 19th Century saw the opening of new lands to mining exploration
and human settlement. Rich tin deposits were discovered in South-East
Asia, Australia and Bolivia. In the 1870s Australia emerged as an
important tin producer, but rapid development of the Federated Malay
States (Malaysia now) alluvial deposits marked the decline of both the

British and Australian tin mining industries.
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- Towards the turn of the century, Bolivia emerged as an important
tin producer as a result of the exploitation of rich underground
deposits. By the end of the 19th Century, Malaysia was by far the
largest tin producer in the world, followed in order, by the Dutch East
Indies (Indonesia now), the United Kingdom, Australia, Bolivia and

Thailand.

The term production here refers to the output of tin mines, which
is called tin-in-concentrates or primary tin metals, in the 20th
century. The 20th century has witnessed profound and dramatic changes
in the prevailing world economic system, the First and Second World
Wars, the economic depression of the 30s, the boom years of the 60s and
the recession which started in the middle of the 70s. These phenomena
have affected considerably the development and production of tin ’:I.n the
world,

From the beginning of this century, the tin mining industry went
through a period of steady growth through the end of the First World
War. This was followed by a period of excess production and the tin
mining industry had to adjust to the new conditions by cutting back mine
output, but the -years from 1924 to 1929 represented a period of rapid
expansion, The summary of tin-mined production from 1900 to 1970 is
shown in Table 1. The figures are the annual average for the total of

10 years of production.
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Iable 1

d Tip- ed Production -

(in thousand tons)

Year Production
1900 99.4
1910 116.7
1920 137.5
1930 139.5
1940 139.3
1950 156.2
1960 136.6
1970 152.0

Sources: Knorr,1945; Robertson,1965; LaSpada,1968,1971.

During the economic recession in the early 30s the demand for tin
slumped to very low levels. This had serious repercussions for tin
production, which fell considerably. World mine output reached a
minimum of 81,000 tons in 1933, the lowest production level in this
century. The subsequent recovery in demand brought about a quick
revival in tin mining and by 1937 world tin production had more than
doubled to 198,000 tons.

During the early years of the Second World War output was
stimulated by a growing demand which stemmed from the increasing needs
of the war industry and the accumulation of stocks, especially in the
USA. The events of the Second World War caused a shift in the sources
of tin suppliers from the traditional tin producing areas of South-East
Asia to the African and South American producers. Wartime production of
tin-in-concentrates reached a peak of 243,000 téns in 1941, but the

Japanese occupation of South-East Asia, the largest producing area in
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the world was completely cut-off and supply came mainly from Bolivia,
Nigeria and the Belgian Congo (now Zaire) whose deposits were exploited
very intensively,

Five years of war had practically destroyed the industrial
infrastructure in many of the producing countries, but the economic
recovery which began in 1951 after the war represented the most
remarkable period of economic growth in modern history. The Korean War
in fact had further stimulated the demand for tin, and this, in turn,
caused an increase in production; but the withdrawal from the market of
the US Government (reduction in stockpiling goals) in the mid-1950s and
the successive periods of export control declared by the International
Tin Council (ITC) caused the world production of tin-in-concentrate to
drop by about one-third to around 120,000 tons in 1958 from about
175,000 tons in 1953 which was the highest level for the decade.

It took, however, more than a year for mine production to regain
the ground lost while the demand for tin was running ahead of
production., The expaﬁsion of tin production became more apparent in the
second-half of the 1960s. The exceptionally high price which prevailed
during 1964 and 1965 encouraged investment in tin mining, thus the
expansion in production overran the demand for tin. The tin economy
moved from a period of deficit to one of surplus. Export controls
exercised by members of the ITC caused, once again, world production of
tin to drop slightly in 1969, but there was a recovery to marginally
higher levels in 1970 and 1971. In 1972 world output of tin reached a
peak of 196,400 tons., The high level of production had a depressive

effect on the tin price and the ITC once again had to reintroduce export
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controls on tin in 1973. This resulted in a drop in mine production to
‘the same level as two years earlier.
The production of tin-in-concentrate from 1973 to 1983 (excluding
communist countries) is shown in Table 2.
Iable 2
- o -

(in thousand tons)

Year 7 Major Producing Others World
Countries
1973 140.9 46.9 187.8
1974 139.2 39.3 181.5
1975 135.7 42.8 178.5
1976 141.2 41.3 182.5
1977 136.0 43.9 179.9
1978 151.9 41.6 193.5
1979 158.5 y2.7 201.2
1980 163.2 38.0 201.2
1981 44,3 57.6 201.9
1982 128.4 55.4 183.8
1983 (f) 107.2 54.0 161.6

Sources: ITC, 1983; LaSpada, 1981.

(f) estimated figures worked out by the ITC (1983)

The producing regions now include Asia: China, Indonesia, Japan,
Malaysia and Thailand; South America: Bolivia and Brazil; North
America: the USA, Canada and Mexico; Europe: Belgium, the Republic of
Germany, Portugal, Spain, The United Kingdom and Russia; Africa:
Nigeria, Rhodesia, Rwanda, South Africa and Zaire; and Australia.
However, the major producing countries, in order of importance, are:
Malaysia, Thailand, Indonesia, Bolivia, Australia, Zaire and Nigeria.
These seven countries contributed more than 85 percent of the total

tin-mined production in the world (excluding communist countries).
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The production of tin in the 1970s took an unprecedented trend in
the history of the industry. The year 1973, to be specific, marked a
shift in trends. The last quarter of that year was a very eventful
period which had far-reaching effects on the world economy, The Arab -
Israeli War in October, 1973 originated the oil crisis. The price of
0il was raised to very high levels in a very short time. This triggered
a rapid upward movement in the price of all materials, including tin,
leading to the commodity boom, inflation and economic recession. The
period from 1973 to the beginning part of this decade was probably the
most unstable in the post-war history of the tin mining industry.

World mine production of tin-in-concentrate which had reached a
high of 196,400 tons in 1972, declined steadily to a low of 178,500 tons
in 1975. Although export control had been enforced from January to
September, 1973, increased production costs, caused by the oil crisis
and the economic recession which followed in 1975, were mainly
responsible for the decline., The recession affected tin prices and
export controls were enforced again from April, 1975 through the end of
June, 1976. World tin production increased significantly thereafter,
reaching 201,200 tons in 1979, a record for the decade.

In the beginning of the 1980s, the production 6f tin-in concentrate
was quite stable, around 200,000 tons; however, this trend was altered
in 1982 when production was reduced to 183,800 tons. The effects of
export control, increased production costs, the low prices of the
commodity and the continuing worldwide economic recession were largely
responsible for this continuous decline in the world production of tin.

In 1983, production was expected to continue to decline to around

160,000 tons (ITC, 1983). However, a slow recovery is expected by the
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beginning of 1984, thus, production of tin in the near future is
expected to increase slowly, following the trends of the recovery of the

world economy.

Cons 0,

The consumption of tin includes the use of tin-in-concentrates, the
use of manufactured tin metals which are called secondary tin metals and
the use of recycled tin materials. For the purposes of this study, the
consumption of tin refers only to the use of tin-in-concentrate or as it
is known in consumption terminology, primary tin metal.

Primary tin metal is rarely used in its pure form in industrial
processes, It is consumed mainly by industry in the manufacture of
numerous products containing tin metal in varying amounts. It differs,
therefore, from other metals which may_depend to a substantial extent on
a product which enters the market in large tonnages as a pure or
semi-pure metal.

The wave of inventions in modern technology and the population
explosion which occured during the last two centuries, have brought
about an increase in the use of tin. The uses of tin have developed
from traditional usages in coating and alloying to many new uses, such
as in cast iron, electroplated coatings, plastics, paints, industrial
fungicides, disinfectants, and in agriculture in the form of fertilizer
and other chemical compounds (ITC, 1982).

It is also a characteristic of tin that its uses are generally
associated with a high standard of living or a relatively high degree of

industrialization (Robertson, 1965). Therefore, it is obvious that the
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major source of tin users are the developed countries. The so-called
'old-established' consumers of tin in the world include the USA, Japan,
Canada, the United Kingdom, Belgium, France, the Republic of Germany,
Italy, the Netherlands and Australia. Other new users are Argentina,
Brazil, Chile, Columbia, Mexico, Venezuela, India, the Philippines,
Turkey, Greece, Portugal, Spain and Yugoslavia. The consumption in the
rest of the world is not of any significance (LaSpada, 1968, 1971; Yahya
and Hollands, 1981).

In developed countries, the major consumption of primary tin metal
is in tinplate, tinning, solder, and with alloy. While, in less
developed countries, the major uses are in tinplate and solder. On a
global scale, primary tin metal is used extensively in tinplate,
representing approximately 40 -percent of the world consumption
(excluding communist countries). Ninety percent of this tinplate is
consumed by the packaging industry; the remainder is used in a wide
range of applications, mainly in light engineering. Solder is second in
importance, about 24 percent. Tin chemicals account for approximately
10 percent, The remaining 26% is used in a wide variety of tin and tin
alloy coatings and alloys such as the bronzes and brasses (Govett and
Robinson, 1980).

The development of world consumption of primary tin metal may be
seen most clearly, not from the absolute figures of the metal consumed,
but from the consumption per capita. During the second half of the 19th
century, the consumption of tin per capita in the world rose sharply
from .14 lbs. in the 1930s to .17 1lbs. in the 1940s; however, per capita
consumption decreased to .14 1bs in the early 1950s (ITC, 1954). The

19608 per capita consumption of primary tin metal in the leading tin
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consuming countries was as follows: the USA, .66 1bs; the United
Kingdom, .90 lbs; France, .53 1lbs.; Japan, .33 lbs. (Robertson, 1965).
The largest tin consumer in the world is the USA, followed by Japan and
European countries.

Current world consumption of primary tin metal is about 164,000
tons a year or an average of 55 grm. per inhabitant, which is a decrease
from 180,000 tons or 60 grm. per inhabitant during 1978-1980. Table 3
shows the consumption of primary tin metal from 1900 to 1970 (excluding
communist countries). The figures are the annual average for a total of

ten years of consumption.

Iable 3
¥Yorld Primary Tin Consumption, 1900-1970

(in thousand tons)

Year Consumption

1900 81.1
1910 95.2
1920 105.0
1930 138.0
1940 118.0
1950 151.5
1960 167.4
1970 168.2

Sources: Knorr, 1945; ITC, 1964, 1971.

From the beginning of the Century until the 1920's there was a
steady increase of around one percent per annum in the consumption of
tin. A considerable increase in demand was noticeable in the early part

of the 1930s, but this trend was not sustained. In the 1940s the



22

consumption was down to slightly higher than the levels in the 1920s. A
major increase began in the 1950s, that is after the Korean War, which
abruptly pushed the demand for tin to around 150,000 tons, compared to
only 118,000 tons during the 1940s. During the 1960s, the rate of
consumption further increased by 1.3 percent annually. The major
increase was recorded in the developing countries which accounted for 42
percent of the total increase compared with 13 percent in developed
countries (LaSpada, 1968).

The 1970s witnessed a drastic change in the demand side of the
industry. 1973 started the unprecedented surge in the demand for tin.
Table 4 presents the consumption pattern in the 1970s. Under the
driving force of the commodity boom, and the fear of higher prices,
world consumption of primary tin metal (excluding Communist countries)
reached an all-time record of 214,000 tons, This is 22,000 tons or 11.9
percent higher than consumption in 1972. The excess demand was met by
heavy sales from the ITC Buffer Stock and the USA stockpiles. The
strong demand for tin continued well into 1974, pushing prices to record
levels. However, w:l.tﬁ further sales from the ITC Buffer Stock and the
USA stockpile, the price of tin stopped increasing. The world
consumption of primary tin metal started to decline by the end of 1974,
from 200,000 tons to 183,000 tons by the end of the decade. This was
the result of among other things, the economic recession and other
strt;etural changes in the world economy in the 1970s. World consumption
at the beginning of the 1980s stood at around 162,000 tons annually.
The US consumption of tin dropped by one-tenth and that of the United
- Kingdom by one-quarter in the 1980s compared to that in the 1970s. 1In

the 1980s the major consuming countries of primary tin metal in the
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world, in order, are the USA, Japan, the Federal Republic of Germany,

France, the United Kingdom, and Italy.

Iable 4
Pri ns -

(in thousand tons)

Year Major Consumers#® Others World
1973 188.8 25.4 214.2
1974 172.9 2T.2 200.1
1975 146.5 27.4 173.9
1976 165.4 28.6 194.0
1977 155.7 29.1 184.8
1978 153.9 30.1 184.0
1979 153.4 29.9 183.3
1980 - 148.0 29.4 177.4
1981 131.5 31.2 162.7
1982 127.3 33.7 161.0
1983(f) 132.1 33.8 166.1

Source: ITC, 80,82,83.

#Major Consumers include the USA, Japan, the United Kingdom,
Germany, France, Italy and the Netherlands,

World consumption excluding the communist countries.
(f)Estimation made by the ITC.

If we examine the production and consumption of primary tin
simultaneously the picture of the world tin economy is characterized by
deficits of supplies against demands in 1973-1974 and in 1976-1977, by a
rough balance in 1978, and by surpluses in 1975 and 1979-1982.

The supply and demand of tin in the world is in fact influenced to
a certain extent, by the activities of the USA stockpile program and the

ITC Buffer Stock Control Schemes.
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The deficit years during 1972 to 1974 maj have been worse had it
not been for the interference of the USA stockpile program and the ITC
Buffer Stock operations. The same picture might have occured in
1976-1977 when an expected deficit turned out to be a surplus when the
USA Stockpile and the ITC Buffer Stock supplies entered the world
market. In fact, the world tin economy has been perpetuated not only by
the normal processes of supply and demand, but to a greater extent, by
the forces of international control such as the USA stockpile program
and the ITC Buffer Stock schemes. These factors are vital to the world
tin economy and require special attention. They will be discussed in

the next section.
he ternat Contro

Tin is perhaps the only metal that is subject to international
price controls., In the history of tin trading, tin prices have been
affected by severe fluctuations, especially prior to the international
control efforts. - To follow the development of international control, it
is necessary to go back more than 60 years to the difficult times
immediately following the First World War. On the one hand, business
conditions constricted demand and on the other hand, a shortage of
shipping had led to large accumulations of tin and tin ore in the chief
producing countries (Hedges,1964). These and other factors coming
together sharply depressed the price of tin in the immediate post-war
years, causing great hardship to many producers. The price of tin

became subject to violent fluctuation; for example, in 1928 alone, the
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fluctuation between the highest and the lowest price of tin recorded was
around 26 percent of the mean (Knorr,1945).

In the distress caused by the greatly depressed tin prices
immediately following WWI, various important mining interests in tin
producing countries sought government aid., The Government of the
Federated Malay States (Malaysia) for instance, boughtt tin on the market
as a price-support measure, but the fact that national action alone
could not stem the downward course of prices led the major producing
countries to seek international cooperation in tin tradings.

The first attempt at this kind of cooperation was known as the
'‘Bandoeng Pool,' established on February 28, 1921, whereby
representatives of the Federated Malay States and the Netherland Indies
agreed to create a 'stock pool!' for the purpose of taking excess
supplies of tin off the market and selling them after prices had
recovered (Lawrence,1953). The second attempt was initiated on July 11,
1929 in London to establish the Tin Producers Association (TPA), of
which The Federated Malay States, The Netherland Indies, Bolivia and
Nigeria were members. This organization later formed the International
Tin Control Scheme (ITCS) effective March 1, 1931. The objective of the
Scheme was to secure a fair and reasonable equilibrium between
production and consumption of tin with the view of preventing rapid and
severe oscillation of prices (Myers,1937). The ITCS was to be
administered by the International Tin Committee representing the four
signatory Governments. Later, in January, 1934 Thailand was admitted as
a member to the ITCS.

In the middle of 1934 a new and official International Tin Pool was

created as an adjunct to the ITCS whereby a 'Buffer Stock' was
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established to protect the interests of producers and consumers, The
Buffer Stock, accordingly, would serve as another implement in the hand
of the Committee to assist in the prevention of undue price oscillations
and in the'maintenance of a reasonable balance of supply and demand
(ILO, 1943).

However, in the 1940s, the ITCS was somewhat ineffective due to the
Second World War. Therefore, the old agreement expired without renewal
and legal restriction came to an end. In July, 1942, the remaining
funds of the tin buffer pool, long inactive, were distributed among the
participants and the pool was formally liquidated (Knorr,1945).

The next major move towards international control began in the
middle of 1955. The ITCS was revived through a new concept of
international tin cooperation, which was known as the International Tin
Agreement (ITA). A council was formed to administer the ITA, which is
known as the International Tin Council (ITC). The ITA's have been
renewed for 5 year periods from 1956 through thg present. The
objectives of the tin agreements are manifold. The fourth, fifth and
sixth agreements especially, center on the problems of maintaining a
balance between world production and consumption of tin, preventing
excessive price fluctuation, promoting export earnings, and ensuring an
adequate supply at prices that are fair to consumers and renumerative to
producers. The preamble and objectives of the Sixth International Tin
Agreement are in Appendix A.

Membership in ITA is open to all exporter and importer countries.
The membership of the Fifth ITA which covered a period from July 1, 1976

to June 30, 1982 is as follows:
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Producing Countries: Australia, Bolivia, Indonesia, Malaysia,

Nigeria, Thailand and Zaire.

Consuming Countries: Austria, Belgium, Bulgaria, Canada,
Czechoslavakia, Denmark, France, Germany,
Hungary, India, Ireland, Italy, Japan,
Netherlands, Norway, Poland, Romania, Spain,
Turkey, the United Kingdom, the United States of

America, the USSR and Yugoslavia.

Interesting to note here is that, the United States of America, the
biggest consumer of tin, joined the ITA only in the Fifth Agreement,
This was the first time the USA had joined a metal commodity agreement
(Harris,1978). The USA, as a condition of its membership in the
Agreement, insisted that disposals of tin from their Strategic
Stockpiles would not be affected by membership in ITA. This precaution
was stipulated because the objective of the General Service
Administration (GSA) which administers the stockpiles in surplus
disposal operations is different from the objective of ITA operations.
The GSA's objective is to assure that its operations are carried out in
a way that will minimize impact upon the domestic commercial market (US
Congress,1976), while the ITA's objective is to reduce fluctuation of
tin prices on the international market.

As instruments to achieve its objective, the ITC has three main
tools: a) the Buffer Stock Operation; b) the Export Control Scheme; and

c) the Price Setting Arrangement.
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(a) The Buffer Stock Operation

The operation of Buffer Stock is a method of maintaining tin
prices., In order to do that the Buffer Stock Manager has to be the net
seller or the net buyer of tin on the market; depending on the market
situation. During a surplus period, Buffer Stock absorbs the excess tin
on the market, and during a deficit period, it is sold, thus,
stabilizing the price. Buffer Stock is financed jointly and equally by
both producers and consumers. It is comprised of two balancing
components from member countires: first, a cash or tin metal
contribution equivalent to 30,000 tons and second, borrowing for the
purchase of tin, to a maximum of 20,000 tons (The Sixth ITA, 1981).

In the 19708 the operation of ITC Buffer Stock was very active.
Table 5 shows the amount of tin traded in the Buffer Stock operation
from 1971 to 1982. During 1971 and 1972, the Buffer Stock operation was
on the average the net buyer, while, in 1973 and 1974 it was the net
seller. This coincides with the situation of surplus during 1971 and
1972 and the deficits during 1973 and 1974. However, the operations of
Buffer Stock were more or less balanced during 1978, 1979 and 1980,
therefore, it was neither the net seller ndr buyer. A big jump in the
operation of Buffer Stock was noticeable in 1982 when it bought about
51,600 tons of tin on the market. At the end of the Fifth Agreement,
the amount of tin in Buffer Stock was 21,619 tons. In addition to that,
it has collected about 31,061 tons of tin during the Sixth Agreemen£ up

to this year.
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Iable S5
fer St -

(in thousand tons)

1971 1972 1973 1974 1975 1976 1977 1978 1980 1981 1982

Bought 50“ 508 - - 19-9 - - - - 101 51.6
Sold - - 1.9 0.9 - 19.3 0.8 = = = =

Sources: LaSpada, 1981; ITC, 1983.

(b) The Export Control Scheme

Parallel to the operation of Buffer Stock, the ITC also used export
control measures to achieve its objectives. Export controls were
implemented in the producing countries in order to reduce the excess
supply of tin on the market. This scheme has been in forced since the
early period of the ITC. However, the limit of export imposed varies
from period to period depending on the market situation. During the
19508 the permissible tonnage for export among the member countries was
in the range of 20,000 to 30,000 tons annually. During the 1960s, the
permissible tonnage for export was between 36,000 and 41,000 tons
yearly.

In the early 1970s this scheme was eliminated due to a bullish
market in tin, which followed the commodity boom. The export control
scheme, however, was reinforced again in 1973 as the world tin market
depressed. Table 6 shows the enforcement of export controls from 1973
to 1983. 1Initially, this scheme applied for one quarter of the year
only; however, subsequent extensions are permissible if the situation

warrants.
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Iable 6
fo) S -
(in tons)
Total Total
Control Permissible Actual
Period Export Export
19/1/73 - 31/3/73 35,040 n.a.
1/4/73 - 30/6/73 42,644 n.a.
1/7/73 - 30/9/73 42,644 n.a.
18/4/75 - 30/6/75 26,560 27,379
1/7/75 - 30/9/75 33,000 33,158
1/10/75 = 31/12/75 35,000 34,205
1/1/76 - 31/3/76 32,835 32,979
1/4/76 - 30/6/76 40,000 n.a.
27/4/82 - 30/6/82 25,000 25,099
1/7/82 - 30/9/82 23,200 22,604
1/1/83 - 31/73/83 23,200 n.a.
1/74/83 - 30/6/83 23,200 n.a.

n.a.: Not available
Sources: Govett and Robinson, 1980; ITC, 1983.

Export controls were abandoned in September, 1973 and in )97u as
ITC virtually lost its influence as the USA released its stockpiles. It
was resumed again in 1975 and continued through 1976 at the average of
33,000 tons of permissible export. However, from 1977 to 1981 this
scheme was not in force. From 1982 to the middle part of 1983 the total
permissible export of tin among the producer countries stood at around
23,000 tons annually. Export control has always been considered the
only potent tool to avoid long term surpluses of tin on the market.

The appropriation of permissible export of tin among the producing
member countries is negotiated in the ITC, taking into consideration
certain prevailing situations in each country, such as the costs of
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