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ABSTRACT

This thesis examines the demand for minor metals. Spe

cifically it investigates the demand for lithium and germa

nium in the United States.

The demand for these metals differs from that for the 

major metals. Germanium, for example, did not experience 

the break in demand that the major metals did. Lithium did, 

but at the time this metal was largely consumed in the pro

duction of a major metal, aluminum.

In analyzing metal demand the effects of economic 

growth, represented by gross domestic products (GDP), and 

the intensity of use (I OU), metal consumption per constant 

dollars of GDP, were examined as to their influence on con

sumption patterns. While the demand for major metals 

are driven by both of these factors, the demand minor metals 

is influenced mainly by changes in I OU.

I OU trends depend on changes in the product composition 

of income and material composition of products. While the 

demand for the major metals are affected by both of these 

factors, for both lithium and germanium, changes in the 

product composition of income have the greatest influence on 

demand.
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Chapter 1 
INTRODUCTI ON

1-1 Overview
The literature on metals demand has largely ignored the 

minor metals and focused on three or four of the major met

als. In recent years the demand for major metals has 

received considerable attention. Tilton (1985) noted that 

in the early 1970s a break occurred in the long-run pattern 

of growth for Western World metals consumption (figure 1.1). 

The break was unexpected by the mineral industry and ini

tially was assumed to be a cyclic downturn associated with 

the slower economic growth worldwide. By the early 1980s it 

was apparent that this was not the case. Once the break was 

recognized as more than a cyclic downturn, many studies 

were initiated to determine the cause. Studies on specific 

metals, such as tin, by Dernier (1980), Canavan (1980), and 

Castro (1986) were completed, as well as studies on specific 

end-use industries, such as the automobile industry by 

Eggert (1986) and the container and packaging industry by 

Nappi (1986). These examples represent only a small sample 

of the studies done on major metal economics.

By contrast, as mentioned earlier, the minor metals have 

received little attention. Many of these metals are 

extremely important in high-tech industries, such as elec-
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Actual

Notes : 3 Steel consumption figures for a number of years between 1951 and
1972 were estimated by extrapolation.

b Trend figures indicate how metal consumption would have
increased in the post-1973 period had growth continued at the 
1950-73 rate.

Figure 1.1 Western World Consumption of Major Meta 1s.
Actual and Trend— 1950-1983 (in thousand metric 
tons )

Source: Til ton, J .E., 1985. "Atrophy in Metal Demand."
Earth and Minerals Science. Vol. 54, No. 2. 
Pennsylvania State University, pp. 13, 16-18.
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tronics, telecommunications, and aerospace. Germanium is 

important in infrared systems, semiconductors, and telecom

munications. Lithium is important as a new aerospace alloy. 

These materials and the products made from them are impor

tant to the manufacturing sectors of many economies of the 

world.
High-tech is a common buzzword these days. What are 

high-tech products? There are several definitions. The 

following were reported in The Economist (1986). The 

National Science Foundation defines high-tech as anything 

produced by organizations employing 25 or more scientists 

and engineers per thousand employees and spending more than

3.5 percent of net sales on research and development. The 

Department of Commerce derives its definition from input- 

output analysis of the total research and development spent 

on a spectrum of individual products. Neither definition is 

perfect, but each stresses the importance of a high concen

tration of research and development. Table 1.1 lists the 

ten industrial sectors that are designated high-tech by the 

Department of Commerce. Also listed are examples of their 

products.

High technology is a strong sector of the U.S. economy 

as well as the economies of several other developed coun

tries. The United States is currently the largest exporter
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Table 1.1 Ten Industrial^Sectors Designated as High-Tech

4

HIGH-TECH SECTOR

1. Missiles and Spacecraft

2. Electronics and
te 1ecommunicat ions

3. Aircraft and parts

4. Office automation

5. Ordnance and 
accessor i es

6. Drugs and medicines

7. Inorganic chemicals

8. Professional and
scientific instruments

9. Engines, and turbines

10. Plastics, rubber and 
synthetic fibers

EXAMPLES OF PRODUCTS
Rocket engines and satellites

Telephone and telegraph 
apparatus, radio and TV 
receiving and broadcasting 
equipment, semiconductors, 
tape recorders

Commercial aircraft, fighters, 
helicopters, aircraft engines

Computers, desk calculators, 
duplicating machines

Non-military arms, hunting and 
sporting ammunition, blasting 
and percussion caps

Vitamins, antibiotics 
hormones, vaccines

Nitrogen, rare gases, radio
active isotopes, special 
nuclear materials

Optical instruments and lenses 
navigational and medical 
instruments

Generator sets, non-automotive 
engines, gas and water tur
bines

Various chemicals derived from 
polycondensation, polyaddi
tion, polymerisation, and 
copolymeri sat i on

Source : The Economist. 1986. "High Technology." Aug. 23.
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of high-tech goods, although Japan is catching up. High- 

tech as a percentage of all U.S. exports has also been grow

ing. Since the 1960s the percentage of high-tech products 

included in U.S. manufactured goods exported has increased 

from 25 percent to almost 50 percent (The Economist, 1986).

Castro (1986) looked at ten high-tech manufacturing 

items that fit the U.S. Department of Commerce definition.

He examined their value, their share of U.S. manufacturing 

sector, and their share of total GDP (table 1.2). The indi

cation is that a great deal of growth has occurred in these 

ten cases.

High-tech manufacturing is a growing and crucial part of 

the U.S. economy, yet little work is done on the metals 

which form the backbone of this industry, many of which are 

minor metals. Brooks (1965) wrote on supply and competition 

in minor metals and also published a volume on minor metal 

statistics. Campbell (1985, 1986) wrote on byproduct metal

economics and byproduct metal production. The most recent 

work will be a paper on a model for the demand for gallium 

and germanium, not yet published, by Mark C. Roberts.

This study will examine the demand for two minor met

als, germanium and lithium. Germanium, is used almost 

exclusively in the high-tech sector ; Lithium is a minor 

metal of interest for it aerospace applications, but more
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Table 1.2 Value of Ten High-Tech Manufacturing Items and 
Their Share of Total U.S. Manufacturing Sector 
and Total GDP, 1963-1982 (in constant 1980 
billion dollars)

SICNUMBER SELECTED MANUFACTURING ITEM 1963 1967 1972 1977 1982

3573 Electronic Computing Equipment 6,874 8,568 11,515 16,397 31,565

3661 Telephone and Telegraph Apparatus 4,355 5,877 8,052 9,972 11,499

3662 Radio and TV Communicating Equipment 17,926 19,439 16,264 18,890 28,358

3674 Semi-conductors and Related Devices 1,726 2.592 4,812 6,760 10,671

3678 ElectronicConnectors NA * NA 859 1,401 2.202

3679 ElectronicComponents NA NA 5,445 7,042 12,364

3693 X-Ray, Electrotherapeutical and Electromedical Apparatus 361 530 790 2,392 3,666

3832 Optical Instruments and Lenses 492 992 947 1,688 3.225

3841 Surgical and NedicaT Equipments 713 1,079 1,712 2.326 3,506

3761 Guided Missiles and Space Vehicles NA NA 7,338 6,743 8,773

TOTAL 32,477 39,017 57,734. 73,611 115,829

1 OF MANUFACTURING SECTOR " 7.7 7.6 11.0 12.5 20.8
t OF TOTAL GOP 2.2 2.1 2.7 3.0 4.4

NOTES: 6 NA means that no data were available in that year.
** This row indicates the percentage contribution of these ten items in total manufacturing sector.

'•* This row Indicates the contribution of these ten items in total GOP.

Sources United States Department of Commerce. Various Years. Census of Manufactures. Bureau of the Census. Washington, O.C.

Source: Castro, S., 1986. "Structural Changes in Metals
Demand: The Case of Tin." Masters Thesis.
Colorado School of Mines.
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important for some of its other, industrial uses (table

This study will help to fill a gap which currently 

exists in the literature on the demand for minor metals.

The demand for these metals will be compared with the demand 

characteristics of the major metals. The following questions 

will be asked. Do the minor metals show a break in their 

long-run growth rates similar to the break experienced by 

the major metals? What are the similarities and differences 

in the demand characteristics of major and minor metals?

And, to what extent do the underlying factors affecting 

demand show similarities between the two metal types ?

Tab 1e 1.3 Major End Uses of Lithium and Germanium

1.3)

METAL MAJOR END USES

Lithium Additive to Aluminum Pot lines

Ceramics and Glasses

Lubricating Greases

Germanium Infrared Systems

E 1 ectroni cs

Source: U.S. Bureau of Mines, 1985. Mineral Facts and
Problems. U.S. Department of the Interior.
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1.2 Approach
Each case will begin with a study of consumption trends. 

These trends will be compared with consumption trends of 

some of the major metals. Similarities and differences will 

be hi gh1ighted.

Next, consumption will be broken down using the follow

ing identity:

Dt = GDP * Dt/GDP 

or

Dt = GDP * I OU

where Dt = quantity of metal demanded in year t
GDP = gross domestic product 
I OU = intensity of use

This breakdown allows consumption to be analyzed accord

ing to the effect the level of economic activity, GDP, and 

the effect changes in the intensity of metal use has on the 

metal.

The intensity of use may be broken down further in the 

method of Tilton (1986) in the following manner:

D* = GDP y * aitb * * 
i = 1

and

I OU = y * ait bit 
1 = 1
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where at t = amount of metal consumed directly and
indirectly in the ith good in year t 

bit = ratio of output in physical units of 
the ith good in year t to GDP 

nt = number of final goods produced in year t

In other words, the intensity of use is influenced by 

two factors: the product composition of income (bit), and

the material composition of products (ait).* These factors 

will be examined. This will help to analyze the determinants 

of demand in greater detail. This breakdown allows the 

examination of the determinants of demand that are metal and 

market specific.

Although this approach seems unconventional, it is 

really not that much different from traditional demand ana

lysis. In a traditional approach the study would begin with 

theoretical supply and demand functions, such as

Qd = f(P, P., Pc, Y, GP, To, . . .  ) 

Q. = f(P, C, T., . . . )

* When examining similar items the question arises as to 
whether the items are enough alike to be considered in the 
same product category or whether they are different enough 
to be considered separate products. This problem will be 
arises in later chapters. When examining lithium, 1i-based 
greases are felt to be sufficiently different from other 
greases to be considered as a separate product. In the 
examination of germanium it is felt that germanium and sili
con semiconductor devices are such close substitutes that 
they are considered to be the same product.
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where QD = quantity demanded 
Qe = quantity supplied 
P = price of the commodity 
P. = price of a close substitute 
Pc = price of a compliment 
Y = income 

G.P. = government policy
Td = technological change on the demand 
C = costs of factors of production 

T. = technological change on the supply

side

s i de

An understanding of both supply and demand is necessary 

because both are related. From this point the analyst could 

proceed with a quantitative econometric modeling approach, 

or a qualitative assessment of each determinant.

The traditional approach and the I OU approach are ini

tially different, but the end result is the same. Both iso

late important determinants of demand, such as substitutes, 

technological changes, and income. In the I OU technique, 

these determinants are examined in the breakdown of I OU into 

product composition of income and material composition of 

products. In the traditional method they are examined as 

part of the theoretical demand function. The I OU technique 

is merely another method used to understand the economics of 

a certain commodity.
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1.3 Scope
Relatively small volumes and values of minor metals are 

produced and traded, and statistics are limited and incom

plete. The U.S. Bureau of Mines and various industry asso

ciations provide accessible U.S. data, but only sketchy 

world data. This study of minor metals will be limited to 

the United States. The time period will depend on the 

metal. For lithium the long-run will extend from 1909 to 

1985, and the short-run will cover 1968 to 1985. For germa

nium, the long-run will extend from 1945 to 1986, and the 

short-run will cover 1963 to 1986.
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Chapter 2 
Major Metals Demand Patterns

The purpose of this chapter is to highlight aspects of 

the demand for major metals in the United States to be used 

for comparison with the minor metals in the concluding chap

ter. Consumption trends and intensity of use trends will be 

examined. The literature which has analyzed the changing 

demand for major metals, especially in the United States, 

will be reviewed. The specific major metals used for visual 

comparisons will be copper, lead, zinc and tin. The choice 

of these four was made because both 1ong-and short-term con

sumption data were readily available.

2.1 Introduction
From World War II until the mid 1970s, the Western 

World's demand for metals grew briskly. Growth was so rapid 

many feared that some mineral resources would soon be 

exhausted. These concerns were premature. By the late 

1970s the metals industries were suffering from overcapacity 

and low prices. In many cases demand began to level out and 
even dec line.

As discussed earlier, the Western World consumption pat

terns for seven major metals experienced a break in growth
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rates in the mid-1970s. However, the consumption patterns 

in North America (Canada and the United States) have been a 

bit different (Tilton, 1987). These trends do not show the 

extreme growth and then the break as strongly as trends for 

the entire Western World do. Myers (1986), confirmed that 

the break did occur for the United States. Using an input- 

output approach, he showed that a break occurred in the 

demand for steel, copper, lead, zinc, and aluminum between 

1972 and 1977.

The indication is that in the United States the demand 

for many metals has changed. Growth rates have slowed and 

in some cases reversed. The following will attempt to clar

ify the patterns of demand and the driving forces behind 

the changes in demand patterns.

2=2 Long-Run Consumption Trends of Selected Major Metals
Many studies focus on recent periods of metal consump

tion, usually from the 1950s or 1960s to the present. It is 

of interest to examine a longer historical period. Statis

tics are available from 1870 on copper, lead, tin, and zinc. 

Although not a representation of when the metals were first 

used, the statistics give a picture of these metals from low 

demand, through a period of high growth, to current consump

tion levels. These trends will be compared with the long-run
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trends for lithium and germanium.

Copper, lead, and zinc all have fairly similar patterns 

(figure 2.1). All three grew rather steadily, with a small 

peak around World War I. After the war zinc and copper 

dropped and then peaked. Lead did not drop. All three 

experienced a trough around the Great Depression followed by 

a predominant peak around World War II. From World War II 

on, the consumption pattern fluctuates. These fluctuations 

are accentuated by the short length of the X-axis. Tin 

shows a slightly different pattern. Consumption appears to 

have climbed until about 1920, fluctuating around a fairly 

flat trend, and then begins to decline in the 1970s.

Most recent studies of demand for metals have focused on 

the last few decades. This period will be examined for fur

ther comparison purposes.

2.3 Recent Consumption Trends
Figure 2.2 shows the consumption trends for copper, 

lead, zinc, and tin from 1960 to 1985 and plots of the 

yearly percentage rate change of the consumption time 

series. This is useful as it allows comparisons between con

sumption trends for commodities that have vastly different 

weight measures. In other words, a commodity consumed in 

thousands of kilograms may be compared with a commodity
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consumed in thousands of metric tons. Copper and zinc show 

the greatest yearly fluctuations, but basically all fluctua

tions are between negative and positive 20 percent. The 

consumption trends are not very distinct. Tin shows a 

slight downward trend, copper and lead show a slight upward 

trend, and zinc is nearly flat.

There is evidence in the percentage change graphs for an 

observable consumption drop in the mid-1970s. All of the 

metals, except for lead, show a definite period where con

sumption declined between 1973 and 1975. This is also evi

dence for a break in the demand for major metals in the 

mid-1970s.

2.4 Intensity of Use and GDP Effects on Consumption
We have shown that, consumption may be broken down using 

the identity

Q = I0U * GDP

A growing I0U indicates that consumption is growing 

faster than the economy; level I0U indicates that consump

tion and the economy are changing in unison; a falling I OU 

indicates that consumption is not growing as fast as the 

economy.
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Figure 2.3 shows I OU over time for each of the four met

als. All four curves show yearly fluctuations very similar 

to the consumption curves in figure 2.2. All the trends 

show downward slopes. This is distinctly different from the 

trend in consumption, except for tin. In the case of tin, a 

more pronounced downward trend is visible. The indication 

for all four metals is that consumption is not growing with 

the economy.

To gain insight into how much influence I OU and GDP have 

on consumption, two hypothetical consumption curves were 

derived. First the average annual growth rate of I OU and 

GDP were calculated by fitting a growth curve to the origi

nal data. Next, starting with the actual I OU and GDP data 

points in 1960, the rest of the time series was derived by 

letting the 1960 value grow at its average annual rate. The 

derived GDP series was multiplied with the actual I OU to 

obtain a hypothetical consumption series that is free from 

fluctuations caused by GDP. The same procedure was used to 

obtain a hypothetical consumption series free of the fluctu

ations caused by I OU.

Figure 2.4 shows the actual consumption for each metal 

as well as the calculated consumption values. In all four 

cases, the hypothetical consumption curve using derived GDP 

has roughly the same shape as actual consumption. When
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looking at the graphs for tin and lead, the three curves are 

not obviously different. In the other two graphs, the dif

ference between the two hypothetical consumption curves is 

more pronounced. The gross implication from this analysis 

is that IOU and GDP both influence consumption, but overall 

IOU has the most influence on yearly fluctuations.

IOU can be broken down further into the product composi

tion of income and the material composition of products as 

described in chapter 1. This allows for a deeper analysis 

into the determinants of metals demand. Each metal is con

sumed in various products used in specific sectors of the 

economy, which, in turn, make up national income. Sector ia1 

shifts and changing products are factors in determin

ing the product composition of income. Ma 1enbaum (1975) 

theorized that the intensity of metals use was declining 

because of shifts away from metal intensive sectors, such as 

gross domestic investment, toward less metal intensive sec

tors, such as services. Castro (1986) confirmed that this 

indeed has occurred in the United States. Roberts (1985) 

tested the assumption that the service sector is in fact 

less metal intensive than other sectors. The results of his 

analysis indicate that services may be less mineral

intensive than other sectors. Landsberg (1976) brings out 

an interesting point in that not all metals associated with
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services may be readily attributed to this category. He 

gives as an example the materials used in the automobiles 

that convey people to a performance at the Kennedy Center. 

These are in fact being used in the service sector, but 

never are attributed to it.

The material composition of products refers to the 

amount of metal used to produce an end product. The amount 

of material used per product may change for many reasons.

The two most important are technological development toward 

more efficient use of materials and the substitution of 

other materials. Further analysis of the four selected 

major metals is beyond the scope of this study. Instead the 

literature on the determinants of metals demand be reviewed.

2.5 Literature Review
The investigation of metals demand using the IOU tech

nique was made popular when the International Iron and Steel 

Institute (1972) and Ma 1enbaum (1975) used this technique 

to build a forecasting model. The hypothesis behind this 

forecasting method was based on the belief that as a nation 

becomes more developed composition of GDP will change. It is 

believed that a shift first toward and then away from metal 

intensive sectors will occur.
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Tilton (1986) suggests that much of the focus in the IOU 

literature has been on the product composition of income.

He stresses that change in the material composition of prod

ucts can also be very important. I 1schner (1986), a materi

als scientist, confirms the importance of technology and 

confirms that material savings technology has indeed been on 

the rise.

Eggert (1986) examined the patterns of material use in 

the U.S. automobile industry, an important consumer of met

als. He found that the move toward more fuel efficient cars 

prompted the industry to substitute lighter weight materi

als: aluminum, plastics, and high strength steels.

Roberts (1986) developed a model for describing trends 

in metal consumption through three determinants : the over

all level of economic activity, the composition or mix of 

the final demands for goods and services, and the technical 

efficiency of converting metals into final products. His 

results indicate that the technical developments in the 

production process can almost entirely explain the long-term 

declining IOU trends for U.S. copper. These technical 

changes cause reductions in the amount of copper needed to 

produce each unit of final output.

Canavan (1983) examined five tin end uses to help clar

ify why tin consumption has declined in the United States.
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He concluded that both the product composition of income and 

the material composition of products are responsible for the 

decline and are of almost equal importance.

Castro (1986), in his study on the determinants of the

demand for tin, concluded that both shifts in the product 

composition of income and material composition of products 

have been responsible for the decline in U.S. tin demand

This brief review suggests that the demand for major 

metals is driven by both factors, the product composition of 

income and the material composition of products. The combi

nation of consumers spending their money on a changing bas

ket of goods and services and less metal being used in vari

ous products in the basket has resulted in a slowing of the 

IOU trends for major metals. There is no conclusive evi

dence that one factor is more important than the other.

2.6 Summary
The purpose of this chapter was to create a point of

comparison between the two minor metals-lithium and germa-

nium-and the major metals. The following will highlight the 

major points of comparison to be used in the final chapter. 

The characteristics of the major metals in the United States 

for each of these points will be summarized.
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1. Break in long-run consumption trends. The major metals 
experienced a break in their long-run consumption trends 

in the mid-1970s.

2. Long-run consumption trends. The long-run consumption 

curves for the major metals fluctuated around fairly 

steady growth trends for quite some time. All show 

major peaks corresponding with World Wars I and II. 

Copper, lead, and zinc show what appears to be a break 

in their upward trends in the 1970s. Tin consumption 

appears to peak in the late 1920s and shows a declining 

trend since the late 1950s.

3. Recent consumption trends. Lead and copper show slight 

upward trends in recent years, zinc is fairly level, and 

tin is declining. All the metals, except for lead, show 

definite consumption drops around 1973-1974.

4. Separation of GDP and IOU effects on consumption. All 

four metals examined showed declining IOU curves. An 

examination of which of the two, IOU or GDP, was most 

important led to the conclusion that both were impor

tant, although IOU has had the most influence on yearly 

f1uctuations.

5. Further breakdown of IOU into product composition of 

income and material composition of products. The liter

ature reviewed indicates that both product composition
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of income and material composition of products are 

important to changing patterns of demand for major met

als.
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Chapter 3 
LITHIUM

Since the late 1970s lithium has received a lot of 

attention. Its use as an alloy with aluminum for aerospace 

applications has been successfully developed after many 

years of research. For this reason it was chosen to be a 

part of this study, although currently lithium used in this 

alloy is a very minor portion of total demand.

3.1 Overview
Lithium, a silver-white alkali metal, is the third ele

ment on the periodic table and the lightest of all metals, 

about half as heavy as water. It is soft, ductile, and 

easily extrudab1e. Lithium is very reactive with water, 

producing hydrogen, but unlike the other alkali metals, 

the reaction does not create enough heat to ignite the 

hydrogen. Exposed to air,the metal quickly tarnishes. As 

a result, lithium does not occur in its metallic form in 

nature. It is also more widely used in chemical compounds, 

such as lithium carbonate, rather than in its metallic 
form.

Geologically, lithium is more abundant in the earth's 

crust than is lead, zinc, or tin. There are two basic geo-
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logic environments from which lithium is commercially pro

duced. The first is from lithium-rich pegmatite dikes and 

the second is from subsurface brines. The minerals spodu- 

mene, amb1ygoni te, lepidolite, and petalite are extracted 

from dikes by open pit mining. Di1ithium-sodiurn phosphate 

is extracted from the brines by being pumped to the surface 

to solar evaporative ponds. Table 3.1 summarizes the chem

istry and lithium content of these minerals.

Table 3»1 Lithium Minerals, Approximate Chemical Composition 
and Lithium Content (in weight %)

Mineral
Chemica1 

Composi t ion Li-Content

Spodumene LiAlSi2 06 1.9 - 3.2
Lep ido 1ite k^LisAWSiyOa i 1.4 - 1.9
Amb1ygonite LiA 1FPO4 3.7 - 4.2
Dilithium-sodium phosphate Li2 NaPCL 8.8 - 9.8
Petalite LiAlSi, Oi 0 0.9 - 1.9

Sources U.S. Bureau of Mines, 1952. Mineral Facts and 
Prob1ems. U.S. Department of the Interior.
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3.2 Uses of Lithium
Lithium has many and varied uses. For example, it is 

used to produce thermonuclear weapons and is also an effec

tive shield against radiation from atomic reactions. It is 

used for its water absorbing properties in air conditioners 

and dehumidifiers, yet manufacturers of greases favor it 

because of its water resistance.

Three end uses, primary aluminum production, ceramics 

and glasses, and lubricating greases, currently account for 

70 percent of ail lithium consumed in the United States. 

Figure 3.1 shows the volumes of lithium consumed in each of 

the major end uses.

3.2.1 Primary Aluminum Production
Since the early 1970s, the aluminum industry has been 

the largest consumer of lithium. Lithium carbonate is 

added to the cryolite bath in aluminum potlines. The lith

ium lowers the melting point of the bath, thus decreasing 

the amount of electricity needed to produce the same amount 

of aluminum. It also decreases the amount of carbon anode 

and cryolite consumed and reduces pollution through lower 

fluorine emissions.

Not all aluminum producers use lithium carbonate as an 

additive to their potlines. Expensive instrumentation must 

be installed to monitor the baths with the lithium addi-
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tive. Also, the final product may contain between 10 and 100 

ppm lithium. This can cause the aluminum produced to have a 

surface coating of lithium oxide, which can lead to problems 

in casting. Currently about 17 percent of the U.S. smelting 

capacity is using lithium carbonate additives.

3.2.2 Glass and Ceramics
Lithium is used in glass production to act as a flux and 

to reduce the melting point, resulting in lower energy 

costs. Lithium is also added for its ability to decrease 

the coefficient of thermal expansion.

In ceramics lithium is used in enamels and glazes to 

improve fusability, hardness, and appearance. It also 

increases the fluidity of the coats during application, 

resulting in a high strength finish with lower thermal 

expansion. It also replaces the use of toxic compounds, 

namely lead.

Some common lithium-containing glass and ceramics are 

monochrome cathode ray tubes (CRTs), sea 1ed-beam motor 

vehicle headlights, photochromatic eyeglasses, and Corning- 

ware cookware.

3.2.3 Lubricating Greases
Lithium-based greases account for over half of the U.S. 

grease market. These greases have many useful characteris

tics, such as resistance to water and oxidation, stability
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under cyclic heating and cooling, and effectiveness from 

sub-zero temperatures to 300 degrees Fahrenheit. The 

greases are widely used for the lubrication of cars, trucks, 

trains, ships, aircrafts and heavy industrial equipment.

3.2.4 Other Uses

Lithium is used in many other applications. Some of the 

more important are: catalyst in synthetic rubber produc

tion, long-life batteries, air conditioners, drug treatment 

of manic depressants, thermonuclear fusion, and aluminum 

alloys for aerospace applications.

3.3 Industry Background

In 1817 lithium was isolated and identified. Initially

lithium was thought to be rare, but later it was found in at

least 150 minerals.

The first commercial mining of lithium minerals 

occurred around 1850 in German Saxony and Bohemia. In 1886, 

France opened an amb1ygoni te mine which became the largest 

producer in the world. In the early 1900s the United

States took over as the world leader.

The first commercial mining of lithium in the United 

States took place in 1898 from spodumene mines in South 

Dakota. The first large-scale production was from the Etta 

Mine in the Black Hills. Maywood Chemical Works was the
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first company to process lithium minerals. In 1933 Foote 

Mineral company opened a plant in Ex ton, Pennsylvania to 

produce lithium chemicals. The plant initially processed 

brines from Sear les Lake in Trona, California.

During World War II more firms were encouraged to enter 

this market. Lithalloys Corporation and Metalloys Corpora

tion began producing lithium. In 1946 these two companies 

merged to form Lithium Corporation of America (LITHCO).

Foote Mineral Company and LITHCO are the only two com

panies producing lithium in the United States today.

During the height of lithium demand in the 1950s, up to ten 

companies were producing lithium minerals and chemical. 

Owing to low demand and a more than adequate supply, there 

is no incentive for more producers to enter the market. If 

demand should increase it would be easy for small producers 

to enter this market.

3.4 Long-Run Consumption Trends

The consumption history of lithium can be broken into 

three distinct stages (figure 3.2). The first is a period 

of fairly low demand until 1950. Next was a 10-year period 

of extreme 1 y high demand, driven by a new end use, the 

research and production of thermonuclear bombs. After 1960 

demand dropped markedly, f1ucuated, and has shown some real
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growth since 1968.

3.4.1 Stage One

In the first period the demand was spread among a few 

end uses which consumed small amounts of lithium. The first 

commercial use of lithium was in lithiated waters and lith

ium tablets, reputed to have some therapeutic value. In 

later years the main use was in glass making and ceramics, 

and in air conditioning systems.

During World Wars I and II the consumption of lithium 

nearly doubled. It was used during World War I in the air 

conditioning systems of submarines. During World War II 

lithium was needed for lubricating greases, as a carrier of 

hydrogen for inflating balloons, for alkaline storage bat

teries, and in air conditioning systems of submarines.

3.4.2 Stage Two

A high consumption peak in the late 1950s is the result 

of one entity, the Atomic Energy Commission CAEC), purchas

ing large amounts of lithium chemicals for research and 

production of thermonuclear bombs.

Also during this period lithium producers were intensi

fying their research and market development programs.

Between 1954 and 1957 one producer offered cash prizes 

designed to stimulate research into lithium uses. During 

this time lithium was introduced as a catalyst in the manu
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facture of synthetic rubber. It also was used in new cer

amics and glasses being developed.

In 1960 the last AEC contract to purchase lithium 

expired. A considerable government stockpile had been 

built up and lithium was readily available from new capac

ity that had been constructed. The fall in consumption was 

large, but did not drop to the levels of the 1940s, 

largely due to increased research and marketing.

3.4.3 Stage Three
In the 1960s, with the loss of the AEC contracts,

lithium producers suffered from overcapacity and a lack of

demand. The Etta Mine in the Black Hills shut down after 

more than 50 years of production.

The following analysis will examine this final con

sumption period in greater detail. The period from 1960 to

1968 does not consist of data readily broken down into 

major end-uses. For this reason the period 1968 to the 

present will be further analyzed.

3.5 Recent Consumption Trends
Since 1968 lithium consumption had wide fluctuations 

with two major peaks in 1974 and 1977. Figure 3.3 shows 

lithium consumption for this period, and yearly percentage 

rate changes.
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Over the time period 1968 to 1985 consumption has grown 

at an annual rate of 2.1 percent, but this trend line is 

fit through data that experienced a great deal of fluctua

tions. It makes better sense to look at the period in two 

parts. From 1968 until 1977 lithium consumption grew at an 

average annual rate of 8.2 percent. From 1977 until 1985 

it declined at an average annual rate of 3.1 percent. The 

indication is that there was a break in lithium consumption 

in the mid-1970s.

All yearly percentage rate changes are between positive 

and negative 50 percent. These are fairly substantial 

yearly fluctuations which reflect the instability of lith

ium consumption patterns.

To understand the consumption patterns of lithium, a 

further breakdown is needed. Using the method described in 

chapters 1 and 2, lithium consumption will be broken down 

into the product of IOU and GDP.

3.6 Intensity of Use and Economic Growth 
Effects on Consumption

The pattern of the IOU curve (figure 3.4) is very simi

lar to the pattern of lithium consumption in figure 3.3. 

When consumption increases, IOU increases. When consump

tion decreases, IOU decreases. This visually indicates 

that fluctuations in I OU dominate short-run, yearly



SH
OR
T 

TO
NS
 

LÎ
-C
ON
TE
NT
/B
IL
LI
ON
 

$ 
GD

P

T-3374 40

0.9 -

0.7 -
0.6 -  

0.5 - 
0.4 -

0.2 -

1968 1970 1972 1974 1976 1978 1980 1982 1984
YEARS
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fluctuations in consumption.
This difference in the effects of GDP and I OU may also 

be seen in figure 3.5, which isolates the effects of chang

ing I OU and changing GDP on lithium consumption. The graph 

consists of three consumption curves for lithium, as 

explained in chapter 2. These curves highlight the impor

tance of I OU in short-run fluctuations in lithium consump

tion. There is almost no difference between actual consump

tion and consumption holding GDP at a steady growth rate. 

Remembering that this derived consumption curve is free of 

fluctuations caused by GDP, it is apparent that on a yearly 

basis, I OU is the main factor in determining lithium con
sumption.

In the long run I OU is also the stronger of the two 

factors even though this does not appear to be the case in 

the 1968 to 1985 period. From 1968 to 1985, I OU fell by

1.2 percent, GDP rose by 3.4 percent, and consumption rose 

by 2.1 percent. While this suggests GDP has the most 

influence on consumption in the long run, it creates a very 

deceptive picture. If a different period is examined, for 

example, 1968 to 1977, the result is quite different. For 

this period, I OU grew by 6.4 percent, GDP grew by 3.1 per

cent and consumption rose by 8.2 percent, indicating that 

rising I OU is the most important influence. Analysis of
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long run effects are very time dependant, but on average 

I OU would be determined as the most important.

So, the evidence strongly suggests that I OU is the most 

important factor in determining consumption in the short 

run and generally in the long run as well. The following 

analysis will examine I OU in greater detail.

3»7 Breakdown of Intensity of Use
As noted, I OU may be broken into the product composi

tion of income and material composition of products. I OU 

is also the weighted sum of the lOUs of each of the main 

end uses of a commodity. It is of interest to look in 

detail at the I OU of each of lithium's three main end uses 

and to further break this I OU into the product composition 

of income and the material compostion of products.

3.7.1 Primary Aluminum Production
Lithium carbonate was first used in primary aluminum 

production in 1958 by Kaiser Aluminum and Chemical Company 

(Roskill, 1984). Figure 3.6 shows lithium I OU in primary 

aluminum production from 1968 until 1983. At first the I OU 

grew rapidly, peaked in 1974, and fell until 1982. Since 

then it appears to be climbing once again.
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The I OU of lithium used in primary aluminum production 

can be further broken down using the following identity,

L i - A 1 _ A 1 - Pr_ ^ A 1 - P r - L i ^ L i - A 1 (3.1)
GDP GDP Al-Pr Al-Pr-Li

where Li-Al = lithium used in aluminum production 
GDP = gross domestic product 
Al-Pr = primary aluminum production 

Al-Pr-Li = aluminum production using lithium 
addit i ves

The first ratio, primary aluminum production per GDP, 

reflects changes in the product using lithium, or the prod

uct composition of income. This ratio is affected by 

changing I OU of aluminum consumed, secondary production, 

and trade. The product of the next two ratios reflects 

changes in the material composition of products. The first 

of the two represents changes in the number of smelters 

using additives, while the second reflects changes in the 

amount of lithium used as an additive.

3.7.1.1 Product Composition of Income
The first ratio, primary aluminum produced to GDP, 

reflects changes in the product mix of the economy. Figure

3.7 shows changes in this ratio over time. This ratio 

remained flat until 1974, dropped sharply to 1975, leveled 

off again, then began to drop after 1980. Overall, this 

ratio is following a declining trend. During this same
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period, the intensity of aluminum consumed per GDP 

increased until 1979, when it began to gradually decline 

(Moomy, 1986). This indicates that until 1979 primary alu

minum production in the United States was falling relative 

to consumption. Peck (1986) shows that U.S. aluminum pro

duction is falling while imports of aluminum are increas

ing. He also indicates that U.S. aluminum production has 

fallen off largely due to the loss of competitiveness of 

domestic production.

The conclusion is that the first ratio is declining, 

which, in turn, causes the I OU of lithium used in primary 
aluminum production to decline. The decline in lithium I OU 

is, however, much greater than is indicated by the decline 

in the product composition of income, which means that 

material composition of products is also an influential 

factor.

3.7=1.2 Material Composition of Products
There are two important factors affecting the average 

amount of lithium used per ton of aluminum output. The 

first is the number of firms using lithium additives in 

their production process. The second is the amount of lith

ium carbonate per ton of aluminum produced by those aluminum 

smelters using lithium. The second two ratios in equation

3.1 reflect these two factors.
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Data are not available on the amount of aluminum pro

duced using lithium additives, but information is available 

on the amount of lithium used in aluminum production and the 

amount of aluminum produced. By combining the final two 

ratios into lithium used in aluminum production to total 

aluminum produced, changes in the material composition of 

products may be examined. Figure 3.8 shows this ratio. The 

ratio increased until 1975, declined steeply until 1979 and 

has leveled off somewhat in recent years. This indicates 

that the large decline in I OU of lithium in aluminum produc

tion was highly influenced by the decline in material compo

sition of products. Both figure 3.6 and 3.8 show this steep 

decline. Although the two ratios making up the material 

composition of products cannot be quantitatively separated 

the following discussion helps to clarify the two influen
ces .

Not all aluminum smelters use lithium additives. Lith

ium is believed to increase efficiency two to three percent. 

This suggests that smelters which have high power costs, 

alumina costs, or use more carbon would be most likely to 

use lithium in their pot lines. Roskill (1984) surveyed alu

minum smelters regarding their use of lithium additives. Not 

all smelters replied, some said that they might use lithium 

in the future, and some said that had used it in the past.
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Table 3.2 lists smelters that used lithium additives and 

those that did not. The table shows producer, smelter loca

tion, startup dates, process (Soderberg is more carbon 

intensive), power source and capacity.

On average, older smelters have higher overall costs. 

Smelters that use the Soderberg process consume more carbon 

and incur higher costs. And smelters who use a thermal 

power sources, such as coal, oil, or natural gas also have 

higher costs (Merner, 1987). The expectation is that lith

ium-using smelters would most likely be older, would use the 

Soderber g process, and would have a thermal power source. 

This is not quite the case (table 3.2). Alcoa has the old

est smelters and is predominantly powered by thermal power 

sources. Yet Alcoa does not use lithium additives.

The Roskill studies are not all-inclusive and they do 

not include overall operating cost comparisons. Table 3.3 

shows the amount and corresponding percentage of U.S. alumi

num smelting capacity using lithium additives. A high per

centage of smelters did not respond to Roskill’s survey, 

especially in 1979. Those that responded help to explain, 

in part, the declining ratio of lithium consumed in aluminum 

production to total a 1umunum produced in the United States 

seen in figure 3.8. Between 1977 and 1978 the percentage of 

smelters using lithium additives declined from 23 percent to
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Table 3.2 Smelters Using and Not Using Lithium 
Additives

SftLTERS THAT USE LITHIUM AUDITIVES
SMELTER LOCATIONPRODUCERS START-UP DATE PROCESS POWER SOURCE CAPACI

Anaconda Aluminum, Co. Columbus Falls, MT 
1955

Soderberg Hydro 163

Consolidated Aluminum 
Corporation

Lake Charles, LA 
1974

Pre-baked Thermal - 
Natural Gas

33

Intalco Aluminum 
Corporation

Ferndale, WA 
1966

Pre-baked Hydro 240

Martin Marietta 
Aluminum

The Dalles, OR 
1958

Soderberg Hydro 82

Noranda Aluminum, Inc New Madrid, MO 
1971

Pre-baked Thermal 136

Reynolds Metal Co. Longview, WA 
1941

Soderberg Hydro 190

SMELTERS THAT DO NOT USE LITHIUM ADDITIVES

Alcoa Alcoa, TN 
1914

Pre-baked
(841)

Soderberg
(161)

Hydro (201) 
Thermal (801)
- coal S nuclear

200

Badin, NC 
1916

Pre-baked Hydro (601) 
Thermal (401)
- coal & nuclear

115

Evansville, 
Warwick, IN 
i960

Pre-baked Thermal - coal 265

Massena, NY 
1903

Pre-baked Hydro (501) 
Thermal (501) - 
nuclear

205

Point Comfort, TX 
1949

Soderberg Thermal - 
natural gas

145

Rockdale, TX 
1952

Pre-baked Thermal - 
natural gas, 
lignite S oil

310

Vancouver, WA 
1940

Pre-baked Hydro 110

Wenatchee, WA Pre-baked Hydro 200
Eastalco Aluminum 
Company Frederick, MO 

1970
Pre-baked Thermal ISO

Martin Marietta 
Aluminum Goldendale, WA 

1971
Soderberg Hydro 109

Note î This list is not complete

Source : Roskill Information Sources, Ltd, 1984.
Economics of Lithium. Fourth Edition.

The
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16 percent. The ratio was also declining, as should be 

expected. Lithium consumption in aluminum production had 

to decline, due to the decline in smelting capacity using 

lithium additives. From 1979 to 1983 the percentage of 

capacity lithium additives remained about the same. In 

figure 3.8 the ratio fluctuates around a relatively flat 

slope from 1979 until 1983. This indicates that the amount 

of lithium consumed in aluminum production and aluminum 

production fluctuate together. Table 3.3 shows that the 

smelting capacity which uses lithium additives has declined 

since 1977. This explains part of the decline seen in fig

ure 3.8.

The second factor affecting the material composition of 

products is the amount of lithium used as an additive. Many 

studies have been done in an attempt to isolate the average 

amount of lithium used for optimum results. Table 3.4 sum

marizes these studies.

Broadly, the indication from table 3.4 is that the 

amount of lithium per ton of aluminum has decreased since 

the early 1970s. Many of these studies qualified the num

bers they found with statements that indicate the amount of 

lithium used in different potlines varies a great deal. Fac

tors such as the age of the pot line, type of alumina being 

processed, and the result the smelter wishes to attain,
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Table 3.3 U.S. Aluminum Smelting Capacity According to Use 
of Lithium Additives (in thousand metric tons)

1977 1979 1983

Lia  C03 currently 
used in production
quantities 1107 761 876

No use of L ia  C03 2050 535 1893

L ia  CDs used in past
but not current year 387 546 734

Lia  CQg not used so 
far but maybe in the
future 163 273

No information
available 1179 2657 1316

Total Smelting Capacity 4723 4662 5092

Source: Roskill Information Sources, Ltd, 1984. The
Economics of Lithium. Fourth Edition.
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Table 3.4 Review of Studies on the Amount of Lithium Car
bonate, in pounds, added to Produce One Short 
Ton of Aluminum

Year Pub 1i cat i on Est i mate

1971 Light Metals. (Mizogueles) 11.1 1bs/ton

1975 U.S. Bureau of Mines 11.8 1bs/ton

1982 Lithium Corporation of 
America, (Roskill, 1984)

8 1bs/ton declining 
to 6 1bs/ton in 
later years

1983 Industrial Minerals. (Buckley) 7 1bs/ton

1986 Mining Magazine. (Crozier) 4 1 bs/ton

have a strong influence on the amount of lithium carbonate 

added. Aluminum smelters can use differing amounts of 

lithium to get different results. For example, some smel

ters may only wish to reduce fI our i ne emissions by a cer

tain amount, while others may be looking for more efficient 

power use. Lithco has also come out with

Lithchips, which have allowed economies of up to 14 percent 

in the weight of lithium carbonate used (Roskill, 1984).

3.7.2 Ceramics and Glass

Overall, there has been a decline in lithium I OU in cer

amics and glass end use from 1968 to 1983, although fluctua

tions appear after 1972 (figure 3.9). This end use is much 

broader than the use in primary aluminum production. Lith-
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ProbIems. U.S. Department of Interior



T-3374 56

ium is used in many forms and in many different products. 

For this reason it is hard to track actual changes in the 

amount of ceramics and glasses being produced due to the 

difficulties in aggregating data.

Table 3.5 compares the percentage of lithia (Li 2 0) used 

in selected glasses in 1979 and 1984. Since 1979 Roskill 

expanded its table to include more glasses, yet values for 

lithia composition of those common glasses shown for both 

years have not changed. This suggests changes in lithium 

demand in ceramics and glasses changes more from the amount

Table 3.5 Approximate Composition of Lithium Containing 
Commercial Silicate Glasses (Li20 %)

Glass Code 1984 1979

Bench Tops 0330 4
Iron Sea 1ing 1990 2 2
Kovar Sea 1ing 7052 1 1
Kovar Sea 1ing 7056 1 1
Low loss electrical 7070 0.5 0.5
Laboratory ware 7280 1
CRT Panel 9025 3
Cooking Ware 9608 3
Smooth Cooktop 9617 3
UV - Transmitting 7741 1
Capacitor 8671 1
Monochrome CRT 9010 1

Source: Roskill Information Services, Ltd, 1979 and 1985.
The Economics of Lithium. 3rd and 4th ed.
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and mix of ceramics and glasses being produced than from

changes in material composition of the ceramics and glasses.

3.7.3 Lubricating Greases

The lithium I OU trend in lubricating greases is rela

tively flat (figure 3.10). The grease market is

considered to be a static, mature market (Boner, 1975).

3.7.3.1 Product Composition of Income

Lubricating grease production has remained fairly con

stant, possibly with a slight downward sloping trend (figure 

3.11). Boner (1975) attributes this in part to newer auto

mobiles that require less lubricating greases. This is a 

result of design changes in currently produced automobiles 

that require slightly different lubricating specifications.

As shown in the bottom graph of figure 3.11 lithium- 

based greases over time have captured a progressively larger 

portion of the total grease market, from about 35 percent in 

1959 to more than 60 percent in 1985. Lithium-based greases 

are quality greases and are useful in wide range of tempera

tures. These greases are also very water resistant. As a 

result, for simplicity of purchasing and applications, lith

ium greases are popular. A single grease can serve multiple 

lubricating needs (Boner, 1975).

In summary, the grease market seems to be relatively 

stable, free from growth spurts or unexpected declines.
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Lithium-based greases as a part of this market has exper

ienced an increase. Because of the quality of the product

and its wide application lithium greases have experienced 

increased market share. The product composition of final 

goods produced containing lithium has increased.

3.7.3.2 Material Composition of Products

The U.S. Bureau of Mines estimates that on the average 

lithium based lubricating greases contain approximately 1.2 

percent lithium hydroxide or less than one percent lithium. 

In an attempt to see whether or not there may have been

major changes in the composition of these greases, a ratio

was developed. This is a ratio of lithium used in lubricat

ing greases, as estimated by the U.S. Bureau of Mines, to 

the production of lithium based greases in the U.S., as com

piled by the National Lubricating Grease Institute. Figure 

3.12 shows that this ratio has remained relatively flat 

over time. The fluctuations probably are a result of inven

tory changes and the inexact nature of the U.S. Bureau of 

Mines estimates. The indication is that the material compo

sition of products has had little effect on the intensity of 

lithium use in lubricating greases.
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3.8 Prices
Price is often an important variable affecting demand. 

The effects of price would be felt through the changing 

material composition of products. If the price is high 

substitutes for the metal or material saving technologies 

will be encouraged. Many economists fee 1 price is one of 

the most important variable affecting demand and for this 

reason it will be considered in a separate section. In the 

case of materials that are used in the production of final 

goods, which include most metals, the price translates into 

a cost of producing the final good. If the cost is very 

low, due to low price or due to minute quantities used, com

pared to the total cost of production, the price of the 

material has little effect on a producer's desire to use it. 

Lithium in all three of its major end uses is a very minor 

portion of the final product and so changes in the price of 

lithium do not have a large effect on whether or not it is 

used.

If the price were to rise sharply, however lithium could 

be replaced with substitutes. In primary aluminum produc

tion, lithium is used to help lower costs. Should it 

become expensive, smelters would discontinue its use. In 

the ceramics and glass industries, as a flux, lithium com

pounds compete with those of sodium and potassium. When
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lithium is used for its low thermal expansion and high-shock 

resistance, very few good substitutes exist. These charac

teristics are increasingly important to production of ceram

ics and glasses. Calcium and aluminum are substitutes in 

lubricating greases, although they do not have the large 

range of uses or the high quality status as the lithium- 

based greases.

Figure 3.13 shows the price trends of two of the major 

forms in which lithium is sold, lithium carbonate and lith

ium hydroxide. As can be seen, the trend for carbonate is 

relatively flat, while the trend for hydroxide has increased 

by about 17 percent from 1963 levels. This increase was 

done in a short time period of two years, 1973 to 1975.

This is largely a result of two major producers, Foote and 

LITHCO, supplying a great deal of the world with lithium 

products. The price is set by the producers and so has 

remains relatively steady in constant dollar terms.

Lithium carbonate is the form lithium takes when used in 

primary aluminum production. Between 1963 and 1983 the con

stant dollar price of carbonate has declined by 7 percent. 

Price adjustments seem to reflect the general health of the 

aluminum industry.

The ceramics and glass industry uses lithium carbonate 

as well as other lithium chemicals and minerals. All the
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different forms lithium is sold in have differing prices, 

but the U.S. Bureau of Mines indicates that the price of 

lithium compounds and minerals have remained fairly con

stant in constant dollar terms.

Lithium hydroxide is used in lithium-based lubricating 

greases. As shown previously, lithium-based greases have 

enjoyed increasing popularity since the late 1950s. The 

constant dollar price has increased nearly 17 percent since 

1963. Due to the increasing popularity of lithium greases, 

the strong and constant market, it seems likely that the 

producers thought the market could withstand a price 

increase.

Overall, price is not a major determinant affecting the 

demand for lithium.

3.9 Summary

Long-run lithium consumption trends were dominated by 

one major peak corresponded to consumption in one end use, 

hydrothermal bomb research and production. From from 1968 

to 1985, consumption fluctuated greatly, with a recognizable 

break around 1977. Lithium percentage change from year to 

year has varied between negative and positive 50 percent.

The fluctuations have been highly irregular, and show no 

particular pattern.
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From the GDP and I OU analysis the conclusion is that in 

the short run and, more than likely, in the long run, I OU is 

the dominate factor. To explore further the forces driving 

I OU each of the three major end use IOUs were separately 

examined.

Both the product composition of income and the material 

composition of products affected lithium used in aluminum 

production. Total aluminum production has been falling 

indicating declining consumption due to changing product 

composition of income. The number of smelters using lithium 

additives and the amount of lithium used per ton of aluminum 

produced has also fallen, indicating declines in consumption 

due to changing material composition of products.

Lithium used in ceramics and glasses is currently the 

end use which is experiencing the most growth. According 

sources at Foote Mineral Company, this use is believed to be 

the most important market for lithium in the future. Since 

1969 this end use has accounted for between 20 and 30 per

cent of total consumption. The analysis and literature 

indicate that the lithium composition of products is rela

tively constant. The main driving force seems to be the 

introduction of new products and discontinued growth of oth

ers. The amount of lithium used per ceramic or glass prod-
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uct does not appear to have changed drastically over the 

years.

Finally, lithium used in lubricating greases is dom

inated by the increasing market share of these greases.

A ratio of lithium used in lubricating greases to lithium 

based greases produced, indicates that the material composi

tion of products has not changed much. On the other hand 

the percentage of lithium based greases has increased, indi

cating that the product composition of income is changing. 

From this end use analysis, it seems that in two uses, cer

amics and glass, and lubricating greases, the product compo

sition of income is most important. Lithium consumed in 

primary aluminum production is driven by both product compo

sition of income and material composition of products. In 

recent years, the combination of lithium used in ceramics 

and glass and in lubricating greases is greater than that 

used in aluminum production. Also, new uses of lithium have 

been increasing their consumption in recent years in newly 

developed products, such as batteries and aerospace alloys. 

This leads to the conclusion that the most important factor 

causing lithium I OU to change, and thus consumption to 

change, is the chang ing product composition of income.
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Chapter Four 

GERMANIUM

Germanium, first used in the late 1940s, is important to 

high-tech sectors. Recently its importance in infrared sys

tems, where there appears to be no substitutes, has been 

highlighted by the U.S. government’s intention to stockpile 

30,000 kilograms of it.

4=1 Overview

Germanium, a greyish-white metal, has an atomic number 

of 32, putting it directly below silicon and above tin on 

the periodic table. It is a semiconductor, which means that 

its electrical resistivity is midway between metallic con

ductors and good electrical insulators. Although it is a 

metal, it is very fragile and will shatter, like glass, 

under pressure. Germanium has many unique optical and elec

trical properties.

Geologically, germanium is fairly abundant in the 

earth's crust, only slightly less than lithium. Like lith

ium, it does not occur in the free state in nature. It is 

most commonly found as a sulfide, or associated with other 

sulfide ores, particularly those of copper, zinc, lead, tin, 

and antimony. it seldom occurs in sufficient concentrations
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to be mined as a primary material. As a result of this and 

other economic considerations it is produced as a byproduct 

of base metal mining. It is also contained in many coals 

and may be recovered from the ash or flue dust that results 

from burning these coals. Table 4.1 summarizes the most 

common germanium containing minerals, their chemistry, and 

their theoretical germanium content.

Table 4.1 Germanium Minerals, Approximate Chemical Compo
sition and Germanium Content (in weight percent)

Minera 1
Chemi caI 
Compos ition

Germanium
Content

U 1trabasite

Germanite 
Renieri te

Argyrodi te 
Canfi e 1d i te

AgeGeSft 
Age SnS*
7CuS FeS GeS
(Cu,Fe,Ge,As)* Sy 
( Pb, Ag, Ge, Sb ) „ Sy

2

6.7
1.8
8.7
7.8 
4. 0

Source: Encyclopedia of Science and Technology. 1971, Vol.
6= McGraw Hill.
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4.2 Uses of Germanium
In 1940 the U.S. Bureau of Mines reported in its Minera1 

Yearbook. that "No use at all has been found for germanium." 

Even by 1945 it still had "few useful applications." With 

the development of the transistor in 1947, the electronics 

industry, using germanium, transformed into an industry 

built around semiconductor chips. Germanium was the first 

semiconductor material used on a large scale.

Currently germanium has several major uses. The most 

important is in the instruments and optics sector, which 

includes infrared optical systems and fiber optics. It is 

also used in radiation detection devices and as a semicon

ductor. Figure 4.1 shows the volume of germanium consumed 

in its two major end uses, instruments and optics and elec

tronics.

4.2.1 Instruments and Optics
4.2.1.1 Infrared Optical Systems

Germanium has unique optical properties. It is opaque 

in the visible region of the spectrum. In the infrared 

region it acts like glass does in the visible region, trans

mitting and focusing infrared light. Windows and lenses made 

with germanium can see objects in the dark, or through dense 

fog or smoke. The object is focused through the lens on to 

a detection system which allows the object to be viewed pic-
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tor i a 11 y . Germanium's desirable properties for this end use 

include high refractive index, low dispersabi1ity, easy 

machinabi1ity, reasonable strength, and good resistance to 

atmospheric oxidation, moisture and chemical attack.

The military is the largest consumer of infrared optical 

devices. They are used in various devices that enhance 

vision in fog, smoke, or darkness. A few of the major 

applications are armored fighting vehicles for the driver, 

gunner, and tank commander, weapon sites on anti-tank guns 

and field guns, night binoculars, and helicopters and air

planes.

Civilian uses are becoming more popular and promise 

future growth. Some current uses include detection of 

potential faults in power cables of aircrafts; forest fire 

detection; examination of engines, generators, and motor 

bearings for potential failures; night vision for security 

guards ; and observation of surface temperatures in coal and 

other mines to provide warning of impending roof failure.

4.2.1.2 Fiber Optics
Fiber optic cables are fine fibers made of high purity 

glass with a germanium dioxide core. The presence of germa

nium increases the refractive index without increasing light 

losses. This results in a longer signal distance.

The fiber optic cable is used to transmit electronic
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signals. These signals originate from a device such as a 

telephone receiver. They are converted to rapid on/off 

light signals that are transmitted via an optical cable. 

Finally, these light signals are received by electro-optic 

detectors, which reproduce the electrical signal for conver

sion to the desired sound or image.

Fiber optics are predominantly used in telecommunica

tions. Other uses include military communications between 

points where maximum security is needed ; in automobiles 

where electromagnetic interference causes problems for metal 

conductors ; and in some medical surgical applications.

4.2.2 Electronics
Germanium, the first semiconductor material, was used in 

the development of the transistor in 1947 by Bell Laborator

ies. Some believe it is largely responsible for the major 

early advances made in semiconductor technology. (Delbeke, 

1959).

The semiconducting properties of germanium can be 

changed to fit various applications. Impurities are added 

which change the semiconducting properties to fit specific 

needs of the user. The most common semiconductor devices 

containing germanium are transistors, diodes, and rectifi

ers.



T-3374 74

4.3 Industry Background
In 1871 D.I„ Mendeleev predicted the presence of germa

nium and many of its properties. He did this on the basis 

of the first periodic table he had formulated. In 1886 Cle

mens A. Winkler first isolated germanium. The element was 

classified as rare, mainly because no use was known for it.

The first use for germanium was found in 1922. The 

therapeutic value of germanium oxide in treating anemia was 

reported at this time.

The first germanium to be made available commercially 

was produced in Frankfurt, Germany, in 1930. The source 

material was germanite, obtained from the Tsumeb Mine in 

Namibia. This first germanium was produced for research 

purposes. In 1941, Eag1e-P i cher Company erected a germanium 

recovery facility at Henryetta, Oklahoma. This was set up 

as a supply source of germanium for research programs being 

conducted by Purdue University and Bell Telephone Laborator

ies. This research paved the way to a variety of new con

cepts in solid-state physics, electronics and ultra-high 

purity metallurgy. Most of the early advances in the elec

tronics industry were reached using germanium.

Through time germanium has remained a byproduct of base 

metal production, predominantly zinc and copper mining. In 

August of 1986 Mus to Exploration Ltd. opened an older copper
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mine as the first primary germanium and gallium mine, the 

Apex mine in Utah.

Currently the industry consists of three domestic pro

ducers, EagIe-P i cher, Kawecki Berylco Industries, Inc. and 

Atomergic Chemetals Co. Entry into this market is expensive 

and requires considerable planning. With increasing demand 

and value it would be fairly easy for base metal producers 

to install the equipment necessary for the recovery of ger

manium.

4.4 Germanium Consumption Trends
As late as 1940 germanium was considered interesting, 

but had no major uses. Through the 1940s it was consumed in 

minor amounts in optical glasses, phosphors and in research 

activities. Consumption began a quick upward climb after 

1947, with the development of the transistor (figure 4.2).

This upward trend continued until 1958 when consumption 

dropped sharply, a decline partially attributed to improved 

technology and more efficient processing. The data reflect 

apparent consumption which is production plus imports minus 

exports. This drop could also reflect various inventory 

shifts on the part of both consumers and producers.

From 1960 to 1964 consumption again declined, seemingly 

for reasons similar to the 1958 to 1959 decline. Also in
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Figure 4.2 Long-run Germanium Consumption Trend
Source: Data for 1945-1963 from Brooks, D., Minor Metal

Statistics; for 1964-1985 from the U.S. Bureau 
of Mines, 1985. Mineral Facts and Problems. U.S.
Department of the Interior.
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the early 1960s h i gh-pur i ty silicon was becoming increas

ingly competitive. In 1963 inventories of germanium from 

primary sources and reprocessed scrap were reported by the 

U.S. Bureau of Mines to be abnormally high.

Starting in the 1960s, germanium was beginning to be 

used less in electronics and more in infrared optical sys

tems and instruments which use its optical properties. In 

1965 the competition from silicon devices in semiconductors 

began to intensify, although production of diodes and tran

sistors utilizing both silicon and germanium continued to 

grow.

After 1968 consumption fell partially as a result of 

increased competition from silicon and lower sales of semi

conductor devices as noted by the U.S. Bureau of Mines. 

After 1970 consumption grew slowly until 1980 when consump

tion increased by 33 percent.

During the 1970s optics and instruments became increas

ingly important. The major increase to the consumption 

levels in the 1980s appear to be a combination of increased 

infrared optical applications and the use of germanium 

dioxide in fiber optics.

Currently efforts are underway to add 30,000 kilograms 

of germanium to the national defense stockpile. This 

reflects the importance of germanium used in military
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infrared optical devices. It also represents the absence of 

acceptable substitutes in these applications.

4.5 Recent Consumption Trends
Figure 4.3 shows germanium consumption from 1964 to 

1986, as well as a plot of the yearly percentage rate 

changes. This period will be examined in the greatest 

detail, as the data on end use sectors are readily available 

for further breakdowns of consumption.

Consumption is relatively free of a lot of fluctuations. 

There are two dominate peaks followed by small declines. As 

can be seen in the plot of yearly percentage changes, germa

nium consumption is mostly dominated by growth. Only in 

1969, 1970, and 1983 was consumption at a lower level than 

in the previous year.

In order to gain a greater understanding of the con

sumption pattern a further breakdown is needed. Using the 

method described in chapters 1 and 2, germanium consumption 

will be broken down into the product of I0U and GDP.
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Figure 4.3 Germanium Consumption from 1964 to 1986 and 
Yearly Percent Changes in Consumption

Source: U.S. Bureau of Mines, 1985. Mineral Facts and
Prob1ems. U.S. Department of the Interior.
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4.6 Intensity of Use and Economic Growth 
Effects on Consumption

Like lithium, the germanium I0U trend is strikingly sim

ilar to its own consumption trend (figure 4.4). When con

sumption changes, the I OU also changes. This visually indi

cates that yearly changes in consumption are dominated by 

changes in the I0U. In the long run, I OU also seems to be 

the most important factor. Like lithium, the long run con

clusions can be very time period dependent.

Figure 4.5 emphasizes the I OU domination of consumption 

on a yearly basis. The graph consists of actual consump

tion, consumption free from GDP fluctuations, and consump
tion free of I OU fluctuations. The first two curves are 

nearly identical. This is very similar to the results for 

1ithium.

In the long run, the I OU grew by .7 percent, GDP rose by 

2.5 percent and consumption rose by 3.5 percent. This 

deceptively suggests that GDP is the most important influ

ence on consumption in the long-run. But, as mentioned 

above, this conclusion is based only on the time period 

examined. Using other time periods produces strong evidence 

that I OU is the most important factor in short-run and long- 

run consumption fluctuations.
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Figure 4-4 Germanium Intensity of Use over Time
Source: U.S. Bureau of Mines, 1985. Mineral Facts and

Problems. U.S. Department of the Interior. 
The World Bank Data Tape, 1985 Update.
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Figure 4.5 Actual Germanium Consumption, Consumption with 
Constant GDP, Consumption with Constant IOU

Source: U.S. Bureau of Mines, 1985. Mineral Facts and
Prob1ems. U.S. Department of the Interior. 

World Bank Data Tape. 1985 Update
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4.7 Breakdown of Intensity of Use
I OU may be broken into the product composition of income 

and material composition of products. The I OU is also the 

sum of I OU of each end-use. The following analysis will

examine the I OU of the two major end uses and the driving
\

forces behind the I OU patterns. \

4.7.1 The Electronics Industry 1
Germanium was first used in the electronics industry in 

the late 1940s. Throughout the 1950s the electronics 

industry accounted for virtually all of the germanium con

sumed. Figure 4.6 shows the I OU of germanium used in 

electronics from 1964 to the present. The electronics 

industry was the major consumer of germanium until 1978 when 

instruments and optics became the largest consumer. I OU in 

electronics has been declining since 1967.

4.7.1.1 Product Composition of Income
Changes in the product composition of income relevant 

for germanium consumption can be assessed through changes in 

the amount of output from the electronics industry per unit 

GDP. The ratio shows an upward trend (figure 4.7). The I OU 

for germanium in the electronics industry shows a downward 

trend, indicating that the product composition of income is 

not driving the decline in I OU (figure 4.6).
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Figure 4.6 Germanium IOU in The Electronics Industry

Source: United States Bureau of Mines, 1985. Mineral Facts
and Problems. U.S. Department of the Interior.
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Figure 4.7 Factory Sales of Electronics Components Per 
Thousand Dollars of GDP C1980 S)

Source: The Electronics Industries Association, 1969.
Yearbook. 1973 and 1986. Electronic Market 
Data Book.
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4.7.1.2 Material Composition of Products

The material composition of products can be affected in 

two ways. The first is changes in the amount of material 

used per device. The second is the substitution of other 

materials in the same device. Figure 4.8 verifies that there 

has been a decline in the material composition of products.

It is useful to look at the intensity of germanium used 

per billion dollars of value of electronics components. If 

this ratio is falling it is an indication that germanium 

onsumpt i on is not growing with this industry. Figure 4.8 

shows this ratio. Up until about 1969, germanium consump

tion was mostly growing either faster than the industry or 

at the same rate. The 1970s to the present has been charac

terized a declining intensity of use. This indicates that 

germanium used in electronics is declining. Either less 

germanium is being used per device or other materials are 

being used in place of germanium.

The amount of material used per device has declined over 

time. The 1960 U.S. Bureau of Mines Mineral Yearbook, on 

page 1252 notes the following!

Although the number of transistors, diodes, and 
rectifiers increased, the quantity of germanium per 
semiconductor device dropped because of improve
ments and refinements in processing and manufactur
ing techniques.
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Source: U.S. Bureau of Mines, 1985. Mineral Facts and
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The Electronics Industries Association, 1973 
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In a new industry, production processes are new. It is

assumed that a new process will go through a learning curve. 

In the beginning there will be many rapid advancements, both 

in more efficient production techniques and more efficient 

material usage. Through the 1960s this seemed to be a major 

impetus for the fluctuations seen in the consumption of ger

manium.

The second factor, substitution of other materials, is 

the major reason for the decline in germanium consumption in 

the late 1960s and the 1970s. When semiconductor devices 

were first developed, techniques for producing hi gh-pur i ty 

silicon did not yet exist. In the early 1960s it began to 

be produced. By 1965 silicon over-took germanium as the 

most popular semiconductor raw material. Figure 4.9 shows 

the number of germanium and silicon transistors, diodes and 

rectifiers over the time period 1956 to 1972. No data was 

available past 1972 on the amount of devices using silicon 

or germanium. The data over this period shows that substi

tution of silicon for germanium was the major cause of the 

decline of germanium consumption in the electronics indus

try. The U.S. Bureau of Mines and the Electronic Industries 

Association both indicate that this substitution took place 

because silicon devices were much lower cost. Silicon 

devices also operate better at higher temperatures.



N
U

M
B

ER
 

OF
 

UN
IT

S 
IN 

B
IL

LI
O

N
S

T-3374 89

2.8 -

2.6 -

2.4 -
2.2

0.8 -

0.6
0.4 -
0.2 -

1956 1958 1960 1962 1964 1966 1968 1970 1972
YEARS

0 GERMANIUM + SILICON

Figure 4=9 The Number of Units of Transistors Diodes and 
Rectifiers Produced, by Material Composition

Source: The Electronics Industries Association, 1969.
Yearbook and 1973 Electronic Market Data Book.
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The evidence in the case of the electronics industry 

indicates that germanium consumption is driven mainly by 

changes in the material composition of products. The 

decline was fueled by both the requirements of less material 

per device and the substitution of a cheaper material, sili

con, for germanium in semiconductor devices.

4.7.2 Optics and Instruments
In the early 1960s germanium started to be used more and 

more for its unique optical properties. About 1977, the 

demand for germanium in optics increased enormously, 

reflecting the increased military uses for night vision 

devices as well as the beginnings of the fiber optics revo

lution. Figure 4.10 shows germanium I0U in optics and 

instruments from 1964 to 1984.

4.7.2.1 Product Composition of Income
Since 1962 sales in the optics and instruments indus

tries in the United States have increased over 350 percent. 

Figure 4.11 shows the real value of sales in the optics and 

instruments industries per thousand dollars of GDP. These 

industries have experienced a steady growth since the late 

1970s.

Infrared night vision systems used by the U.S. military 

have been on the rise since 1978 according to the U.S.
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Figure 4.10 Germanium IOU in Optics and Instruments
Source: U.S. Bureau of Mines, 1985. Mineral Facts and

Problems. U.S. Department of the Interior.



DO
LL
AR
S 

PE
R 

19
80
 

$ 
GD

P

T-3374 92

3.5

2.5

0.5

1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984

YEARS

Figure 4.11 Real Sales of Optics and Instruments Per 1980 
Do 1lars GDP
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Bureau of Mines. Use of germanium in fiber optics has also 

been on the rise since the late 1970s. In 1976 1.3 million 

dollars worth of fiber optic systems and equipment were 

sold, by 1985 this had increased to 280 million dollars 

(figures are in constant 1980 dollars), according to the 

Electronics Industries Association (1985).

The indication is that an increasing number of products 

which use germanium are being marketed. The product compo

sition of this industry is changing in such a way as to 

increase the amount of germanium-using devices. This factor 

had a large influence on changing I0U in this end-use in the 

period 1975 to 1981 «

4.7.2.2 Material Composition of Products

Again, as in the electronics industries, the material 

composition of products is influenced by both changing 

amounts of materials per device and substitutions.

Figure 4.12 shows the ratio of the amount of germanium 

used in instruments and optics per million dollars of sales 

of instruments and optics. This ratio can indicate whether 

the material composition of this industry is changing in 

favor of or against germanium. From 1964 to 1975 this ratio 

fluctuated between 0.4 and 1.2. These fluctuations probably 

reflect the development of a new device and then the 

subsequent increased efficiency producing it. In other
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words, it reflects a 1 earning-curve cycle. This conclusion 

is likely, due to the lack of substitutes for germanium in 

the various devices. The large increase from 1978 to 1981 

represents the military infrared systems and fiber optics 

being developed. The increasing ratio indicates that germa

nium consumption was growing faster than the value of out

put. This is probably due to the increased volumes of mate

rials needed in research and development aspects of these 

new products.
In the case of the optics and instruments industries it 

seems that product composition of income is a major influ

ence on the growth seen in germanium consumption for this 

end use. The material composition of income probably has a 

fairly substantial influence on the yearly fluctuation in 

consumption, but the evidence is rather weak.

4.8 Price

Price is examined separately because many fee 1 it is one 

of the most important determinants of demand. Figure 4.13 

shows the average annual price per kilogram for germanium in 

constant 1982 dollars.
Initially the price was very high. Germanium had few 

uses and so only small quantities were consumed in research 

activities. To make production economical the price had to



T-3374 96

be fairly high. When the electronics uses began to consume 

more and more germanium, supply was not ready. The U.S. 

Bureau of Mines indicated that the extreme price increase 

seen in the early 1950s and around 1956 was due mainly to 

shortages in supplies. More germanium was demanded than 

could be supplied.

Throughout the late 1950s until about 1979 the price of 

germanium on average fell owing to the increased use of the 

metal. This allowed some economies of scale to be realized 

in the production process. The increasing competition from 

silicon also helped drive the price down.

The two major price increases in later years, 1969 and 

1980, were again the result of supply shortages. In 1969 

increased germanium demand in optics and instruments helped 

to cause a shortage that resulted in higher prices. In the 

1980s increase demand for fiber optics created times of 

tight supplies of germanium, resulting in higher prices.

Some believe that germanium was replaced by silicon 

because the price of germanium is in the hundreds of dollars 

per kilogram, while high-purity silicon metal hovers around 

twenty-five cents a kilogram (Jordon, 1986). Pierret (1983) 

indicates that silicon is preferred because these devices 

can operate at higher temperatures. Currently there are no



T-3374 97

I(53
Y
5£L
#
CMflO0)
QIDO
E

1.4-

0.9 -

0.7 - 
0.6 -  

0.5 - 
0.4-

0.2

1945 1950 1965 1970 1975 19801955 1960
YEARS

Figure 4.13 Constant 1982 Dollar Price of Germanium Per 
Kilogram

Source: U.S. Bureau of Mines, Various Years. Mineral Facts
and Problems. U.S. Department of the Interior



T-3374 98

close substitutes for germanium in instruments and optics, 

but if a lower cost substitute was developed, germanium 

price could have a major influence on demand in this end 

use.

4.9 Summary
The long-run consumption trend for germanium seems to 

grow at a fairly steady rate without many large fluctua

tions. Germanium is a minor metal, with a very short his

tory. Prior to 1947 it had no major uses. The most dis

tinct feature of germanium consumption is that it is con

sumed in only two main end uses. From 1947 to the late 

1960s it was almost exclusively used in electronics. From 

the late 1970s to the present, consumption is dominated by 

instruments and optics applications.

Next consumption in the last two decades was broken down 

into the two factors, I OU and GDP. Like lithium, it was 

concluded that I OU was the dominate force in the short-run. 

In the long-run it is also believed to be the most impor

tant, but this conclusion is less definite. To explore the 

reason for this, the two major end uses were separately 

examined.

Germanium used in the electronics industry peaked in the 

late 1960s and has declined ever since. The manufacture of
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electronic components was shown to experience growth, while 

germanium consumption in this industry fell. This indicated 

that the material composition of electrical components must 

be changing in such a was as to use less germanium. This 

was the case. As the electronics industries, and semicon

ductor manufacturers advanced along their learning curve, 

material usage was minimized. The trend toward increased 

miniaturization has also reduced the amount of material used 

per device. However, the dominant force behind the decline 

in germanium use in electronics, was shown to be the substi

tution of less expensive silicon for germanium.

Germaniurn used in optics and instruments has experienced 

a lot of growth in recent years. This seems to be a result 

of increased number of new devices using germanium for its 

infrared optical properties and for its use fiber optic 

systems. As these products are new, they have and still are 

experiencing a learning curve cycle. The dominant force in 

this end use area is increasing number of products contain

ing germanium, although germanium composition of products 

has an influence due to the learning curve phenomenon. The 

price in the case of germanium was found to be largely 

determined according to germanium availability. When sup

plies were tight, the price went up.

In conclusion, the germanium industry is characterized
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by growth, but very few end uses. It is also clear that if 

an end use is removed or greatly reduced, the fall would 

mean an end to the industry, unless another use is found. 

This occurred in the germanium industry, when the electrical 

uses declined, to be more than replaced by optical and 

instrumental uses.
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Chapter 5 
SUMMARY AND CONCLUSIONS

This study examines the demand for two minor metals in 

the United States and compare and contrast these findings 

with what occurs in the major metals in the United States.

In the summary of chapter 2, five major points were noted to 

be used in comparison with minor metals. The following 

discusses each of these points separately.

5.1 Break in Long-Run Consumption Trends
The major metals experienced a break in their long run 

consumption trends in the mid-1970s. Of the two minor met

als, only lithium experienced this break. In the mid-1970s 

lithium was largely consumed in the production of aluminum. 

Because of its close relationship to a major metal it is 

only natural that lithium would experience a decline at this 

time. Germanium did not experience a break.

5.2 Long-Run Consumption Trends
The first major difference is the length of the con

sumption history. The four major metals examined have been 

used for centuries, although data availability is limited to 

the most recent century. Lithium was first used in minor



T-3374 1 0 2

amounts in the early 1900s. Germanium was not used until 

the late 1940s. These two metals are just beginning their 

consumption histories.

The major metals show a great deal of fluctuations

around a fairly distinc t i ve trend. There are major peaks

around periods of war, but no other strong peaks seem to

appear. In the case of 1 ithiura, the consumption curve is

dominated by one major end use in the late 1950s, the

research and production of thermonuclear bombs. The peaks

present for germanium are also caused by consumption i n one

major end use. The fir s t peak being electronics uses and

the second a result of con sumption in instruments and

opt i cs.

The other major difference is in the volumes of materi

als consumed. Lithium is consumed in volumes which are 

about 10 times smaller than quantities consumed in the major 

metals. Germanium shows a much greater volume difference 

from the major metals. The major metals are consumed in 

volumes a thousand or more times higher than germanium.

5.3 Recent Consumption Trends
The recent consumption trends for the major metals are 

nearly flat, nothing stands out. In the case of lithium, 

consumption does not have a distinct trend and shows some
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major fluctuations. Germanium is dominated by sporadic 

growth spurts, then periods where consumption levels off.

Due to the volume differences it makes it difficult to 

directly compare the two minor metals with the major metals. 

Examining the yearly percentage change aids this comparison.

The major metals show fairly regular fluctuations 

between positive and negative 20 percent. Lithium fluctu

ates in an irregular fashion between positive and negative 

50 percent. Germanium fluctuates irregularly, with very few 

periods of consumption declines, although the majority of 

the fluctuations are contained between positive and negative 

10 percent.

The conclusion is that lithium shows much less stability 

than the major metals and germanium appears to be more 

stable. This appearance of stability in germanium, however, 

is suspect. The metal has only two major end uses and one 

of these, electronics, has been declining in its consumption 

of germanium. If a substitute for germanium is found in 

infrared systems or for fiber optic applications, the 

decline in demand could be devastating to the industry. 

Lithium on the other hand is less susceptible to this, as it 

has three major end uses and many minor uses. Even though 

germanium has the appearance of stability, it probably is 

less stable than the major metals and lithium.
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5.4 Separation of GDP and I0U Effects on Consumption
Metals consumption was broken down into the product of 

I OU and GDP. First the I OU of all the metals were examined. 

The major metals all showed declining I0U, even though some 

showed consumption growth. The minor metals I OU curves and 

consumption curves were both very similar to one another.

In an attempt to separate the impact of I OU and GDP on 

consumption, two consumption curves were constructed. The 

first was free of GDP fluctuations and the second was free 

of I OU fluctuations. In the case of the major metals the 

consumption curve without fluctuations caused by GDP 

reflected actual consumption best. In the minor metals the 

same thing occurred, only in both cases the actual and 

derived consumption curves were nearly identical. This 

indicates that I OU is more dominate in year to year fluctua

tions in the minor metals, than it is in the major metals.

In the long-run the results are time period dependant 

for the minor metals. In the major metals the three con

sumption curves are all very close and so not so time period 

dependent. The conclusion for the minor metals is that I OU 

is probably most important in the long-run, as well as the 

short-run.
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5.5 Further Breakdown of I0U
The I0U was broken down into the two factors, product 

composition of income and material composition of products. 

For the two minor metals this was done by examining the I OU 

of each important end use separately. For the major metals 

recent literature examining the determinants of demand was 

reviewed.

It was found that in the minor metals changing product 

composition of income was the most important determinant. 

Material composition of products is influential while the 

production of new devices are going through their learning 

curve, but this is minor compared to the influence of chan

ging product composition of income.

In the major metals, the most recent literature indi

cates that the material composition of products appears to 

be dominant. Substitutes and material saving technologies 

have been causing the demand for various major metals in 

some important end uses to decline. In the two minor metals 

substitution, except in the case of semiconductors for ger

manium consumption, has not had a large influence.

5.6 Conclusions
The minor metals are new and as such only have a few 

dominant end uses. A single end use can be the driving
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force behind demand. If an end use is for some reason dis

continued, it could cause demand for the metal to fall to 

almost nothing. This is unlikely to occur in the major met

als. Their consumption is spread out over many end uses, 

resulting in more stable demand.

The main conclusion of this study is that the major and 

minor metals are different. The dominant determining fac

tors behind demand are different. The minor metals are dom

inated by I0U, which in turn is driven primarily by the 

changing product composition of income. The major metals 

are influenced by both I0U and GDP, although I0U appears to 

be the stronger influence. The I0U apparently is driven 

primarily by changing material composition of products.

Possibly this difference is the result of the compari

sons of a mature metal demand, with relatively new and grow

ing metals. In twenty years a study similar to this one may 

find that lithium and germanium are becoming more and more 

similar to the major metals.
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UNITED STATES GDP 

(figures in constant 1980 dollars)
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Table A.1 United States Gross Domestic Product

GDP
YEAR (billion 1980 dollars)
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1960 1333.84
1961 1368.02
1962 1443.82
1963 1502.17
1964 1881.41
1965 1677.52
1966 1775.35
1967 1824.41
1868 1898.21
1969 1951.98
1970 1946.40
1971 2005.90
1972 2114.31
1973 2230.89
1974 2216.29
1975 2200.84
1976 2308.40
1977 2431.68
1978 2537.23
1979 2608.17
1980 2606.60
1981 2695.42
1982 2615.18
1983 2692.13
1984 2884.92
1985 2957.01

Source : World Bank Data Tape. Update 1985.
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MAJOR METALS DATA
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Table B.1 Selected Major Metals Consumption Data 
(thousand metric tons)

'EAR COPPER LEAD ZINC TIN

1870 9. 34 58.06 7.80 3. 56
1871 9.25 67. 13 8. 07 5.59
1872 14.24 71 . 67 10.07 5. 69
1873 20.59 84. 37 17. 06 4.88
1874 17. 87 78.93 16.42 5. 49
1875 15. 15 74.39 23. 41 4. 88
1876 13. 34 70. 76 21.41 4.57
1877 15.33 85.28 21.50 4. 76
1878 16.24 89.81 22.32 6.30
1879 15. 06 88. 90 25.22 6.91
1880 27.67 96. 16 34.11 13. 72
1881 29. 39 113.40 37.56 8.23
1882 39. 46 129.73 48.90 8.94
1883 38. 10 139.71 52. 89 11. 46
1884 35. 56 134.26 49.26 11.18
1885 42. 09 126.10 52.89 10.36
1886 64. 95 142.43 67.22 12. 70
1887 53.89 137.89 56.25 12. 09
1888 69. 40 146.06 70. 49 13.62
1889 70. 13 151.50 69.58 14.63
1890 100.70 145.15 73. 12 15.04
1891 80.01 172.37 87. 09 17.17
1892 lie.12 174.18 97. 98 18.90
1893 68. 67 158.76 91.63 26.42
1894 89.54 183.25 88.63 7. 21
1895 117.03 230.42 103.42 20. 52
1896 88.99 204.12 80. 56 21. 54
1897 106.14 209.56 98.88 21. 74
1898 136.08 217.72 117.93 27. 53
1899 186.88 215.91 127.01 29.06
1900 161.48 256.73 102.51 29. 16
1901 173.27 259.45 133.36 31. 40
1902 250.38 317.51 140.61 34. 44
1903 238.59 286.67 160.57 38.00
1904 218.63 305.72 181.44 35.87
1905 254.92 331.12 214.10 39. 22
1906 311.16 359.25 181.44 41.86
1907 221.35 373.76 229.52 35.56
1908 217.72 304.81 192.32 . 3 3 . 94
1909 320.24 352.89 290.30 42.17
1910 340.19 361.97 286.67 46. 13
1911 322.05 367.41 283.04 45.01
1912 371.95 371.04 341.10 50. 29
1913 368.32 400.98 363.78 44.60
1914 318.42 431.82 306.63 42. 37
1915 515.28 400.98 445.43 49.56
1916 670.41 439.98 567.90 61.47
1917 632.31 492.60 502.58 63.71
1918 753.87 518.91 496.23 69.29
1919 414.58 414.58 379.20 44. 60
1920 478.09 514.37 469.01 67.36
1921 276.69 425.47 243.13 35.36
1922 406.42 470.83 391.00 67.67
1923 589.67 547.94 497.14 73.97
1924 614.16 576.06 501.67 65.13
1925 635.94 624.14 506.21 7 7 .  73

(continued)
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Table B.1 Continued
1926 712.14 684.92 576.06 79. 25
1927 645.01 630.49 563.36 73. 66
1928 729.36 636.84 587.86 80. 1 7
1929 806.49 659.52 634.12 89.01
1930 574.25 521.63 543.40 67. 06
1931 409.14 361.97 365.60 57.31
1932 235.87 249.48 251.29 41 . 45
1933 307.54 283.95 347.45 62. 16
1934 293.02 302.09 399.16 53.65
1935 400.07 352.89 475.36 56. 80
1936 595.11 444.52 527.07 69. 29
1937 630.49 499.86 601.46 74.07
1938 369.22 362.67 482.62 46. 87
1939 648.64 453.59 572.43 67. 67
1940 915.35 725.75 673.13 73. 46
1941 1489.60 879.97 840.05 104.75
1942 1458.75 1006.98 885.41 57. 20
1943 1362.59 771.11 1045.08 46. 94
1944 1364.41 734.82 1014.23 60. 15
1945 1283.67 689.46 928.96 56. 49
1946 1261.89 491.69 766.57 55. 48
1947 1166.64 674.95 754.78 60. 15
1948 1101.32 675.85 792.88 60. 86
1949 972.50 525.26 774.74 47. 96
1950 1312.70 802.86 902.65 72. 34
1951 1182.97 615.07 886.32 57.81
1952 1233.77 709.42 993.37 46. 03
1953 1301.81 711.23 1087.71 54.87
1954 1120.37 692.18 878.15 55.27
1955 1212.00 734.82 974.32 60. 76
1956 1240.12 674.04 1092.25 61.47
1957 1124.00 637.75 1114.93 55.27
1958 1049.61 641.38 902.65 48. 77
1959 1073.20 609.63 899.02 46. 74
1960 1041.45 646.60 790.40 50. 00
1961 1122.19 640.80 838.00 53.00
1962 1226.51 689.60 929.30 54. 20
1963 1290.92 718.30 996.20 57. 00
1964 1356.24 727.90 1088.50 58. 30
1965 1384.36 753.50 1221.30 60. 10
1966 1445.15 813.40 1270.50 59. 80
1967 1197.46 770.20 1129.50 59. 90
1968 1429.72 912.00 1220.50 59. 10
1969 1526.79 911.30 1251.70 57. 40
1970 1437.89 943.30 1074.30 55. 10
1971 1472.36 941.60 1136.90 53.70
1972 1724.56 1009.60 1285.70 55 . 40
1973 1724.56 1093.20 1363.50 55. 30
1974 1731.82 1065.60 1167.50 51.70
1975 1106.77 1122.70 838.90 49. 30
1976 1530.42 1272.30 1022.50 47. 70
1977 1599.37 1417.90 990.20 49.30
1978 1827.07 1404.50 1112.00 48. 50
1979 1788.06 1345.40 1057.20 47. 40
1980 1527.70 1094.00 878.60 44. 70
1981 1642.91 1127.80 939.00 39. 20
1982 1215.63 1106.10 794.00 35. 80
1983 1530.42 1134.20 933.50 35. 00
1984 1652.89 1142.70 980.20 37. 80

Source: Manthy, R.S., 1978. Natural Resource Commodity -
A Century of Statistics. Baltimore: John Hopki
Press. C1870-1960).

MetalIgeselIshaft. Various Issues. Metal 
Statistics. London.
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Table

Source :

1 Consumption Data (short tons)
YEAR LITHIUM USE USE USE

CONSUMPTION IN ALUMINUM IN CERAMICS I N
PRODUCTION & GLASS LUBRICANT

short tons short tons short tons short ton

1909 3
1910 15
1920 351
1923 35
1928 122
1935 35
1936 37
1937 41
1938 27
1939 60
1940 60
1941 115
1942 162
1943 215
1944 394
1945 127
1946 150
1947 122
1948 183
1949 251
1950 633
1951 675
1952 735
1953 1785
1954 1905
1955 3435
1956 6300
1957 5220
1958 8580
1959 8500
1960 2763
1961 2760
1962 2805
1963 2775
1968 1738 200 640 4001969 1776 300 640 4001970 2198 700 640 4201971 2583 950 675 440
1972 2640 1050 675 4601973 3160 1400 800 4801974 3770 1700 900 5001975 2890 1400 700 4001976 2800 1450 600 4001977 4100 1500 1100 5001978 3400 1200 900 5001979 3200 1000 900 5001980 3000 900 850 5501981 3200 1000 900 5001982 2000 600 450 400
1983 2200 800 600 4501984 3200
1985 2500

Brooks, D, 1965. Minor Metal Statistics.
Resources For the Future. Washington, DC.

U.S. Bureau of Mines, Various Issues.
Mineral Facts and Problems. U.S. Dept, of the 
Interior, Washington, DC.
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Table C.2 Aluminum Production, Grease Production , and 
Lithium-Based Grease Production 
(in lOOO short tons)

U.S. A 1-Meta 1 Li-Based Grease Total Grease
Year Production Production Production
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1958 100 292
1959 99 275
i960 95 256
1961 106 277
1962 107 276
1963 117 288
1964 105 252
1965 124 285
1966 120 272
1967 126 264
1968 3755 131 255
1969 3793 130 251
1970 3976 128 247
1971 3925 134 254
1972 4122 140 262
1973 4529 131 240
1974 4903 122 217
1975 3519 132 230
1976 3856 142 242
1977 4118 158 264
1978 4358 175 286
1979 4557 158 262
1980 4654 142 238
1981 4489 135 223
1982 3274 129 208
1983 3353 134 215
1984 138 223

Source : U.S. Bureau of Mines , Various Issues.
Mineral Facts and Prob1ems. U.S. Dept, ol
Interior, Washington, DC.

National Lubricating Grease Association, Various 
Issues. Production. Marketing and Shipment Sur
vey Report. Kansas City, MO.
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Appendix D 

U.S. Germanium Data
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Tab 1 e

Source :

).1 Consumption Data (Kilograms)

YEAR GERMANIUM
CONSUMPTION

(Kg)

INSTRUMENTS 
AND 

OPTICS

ELECTRONICS GE-METAL 
PRICE IN 
1982 $

1945 30 1273.9
1946 95 927. 8
1947 220 905
1948 470 974. 6
1949 630 1404.3
1950 1250
1951 2520 717. 1
1952 5040 1333.3
1953 7870 1312.7
1954 11960 1121.7
1955 13850 1084.6
1956 20780 1726
1957 22040 1305.8
1958 22040 1279.5
1959 14170 1085.5
1960 31480 _ 912. 6
1961 23610 Z s 903.8
1962 18890 " 1 ^ 884
1963 15740 = * V 833.3
1964 14000 "// 2000 9000 820. 7
1965 23000 5000 16000 798.8
1966 23000 5000 16000 500
1967
1968
1969

23000 ‘c  
23000 ^
20000 -3

4000
4000
3000

19000
18000
17000

487.5 
464. 2 
464. 8

1970 18000' L/ 
18000

7000 11000 666. 7
1971 8000 10000 659. 9
1972 18500 ■> 4 9000 10000 630. 1
1973 20000 7> V" 10000 10000 591. 9
1974 20000 ’ 10000 10000 542.6
1975 20000 ^ 7000 12000 494. 1
1976 21000 ^ 5000 14000 464. 3
1977 22000 \ 8000 13000 435. 4
1978 23000 /'5> 10000 12000 441. 8
1979 24000^' 1, 12000 11000 405.9
1980 32000-*%) 17000 13000 464. 4
1981 3 8 0 0 0 y ̂  

42000%/, 
35000 
35000
38000

26000 11000 969. 1
1982
1983

31000
26000

10000
8000

911 
1021.2

1984
1965

26250
24700

5250
5700

980. 6 
949

1986 38000 O 30500 3600
He

Brooks, D, 1965. Minor Metal Statistics.
Resources For the Future. Washington, DC.

U.S. Bureau of Mines, Various Issues.
Mineral Facts and Problems. U.S. Dept, of the 
Interior, Washington, DC.
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Table D.2 Electronics and Optics and Instruments 
Industry Data

YEAR TRANSISTORS DIODES & RECTIFIERS REAL SALES OF
(millions of devices) ELECTRONICS COMPONENETS

GERMANIUM SILICON (million 1 982$)
    *  *    * * * * * *

8114 
7883 
7973 
9428 

10010 
10837 
11382 
11414 
11711 
13251 
15720 
14919 
14011 
14289 
13795 
12151 
18411 
21210 
20063 
16648 
18616 
20086 
23615 
27027 
29826 
30607 
29513 
32635 
39759

REAL SALES OF 
OPTICS AND INSTRUMENTS 

(mil 1 ion 1982 $)

* * * * * * * * * * * * * * * * * * * * * * * * *

1956 42- 4 11.8
1957 68.9 15.5
1958 90- 8 28.3
1959 144 58. 4
1960 275 99
1961 349-3 120. 5
1962 405-7 188.9
1963 477.9 261. 7
1964 572. 3 460. 7
1965 716-7 803. 7
1966 895. 7 1290.6
1967 710-4 1355
1968 640. 1 1787
1969 644-3 2476.1
1970 505.3 2150
1971 260. 7 2028.9
1972 248. 4 2842.3
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

3927
4018
4487
5163
5923
6189
6710
6895
6955
7439
8583
9610
8937
9463

11432
12543
13122
13837
14173
14962
15102
17640

Source : Electronic Industries Association, 1969, 1973, and
1986. Electronic Industries Yearbook and E 1ec- 
tronic Market Databook. Washington, DC.

United States Department of Commerce, Bureau of the 
Census, Various Years. Census of Manufactures. 
Washington, DC: U.S. Government Printing Office.


