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Multilateral Trae Negotiations

Group "Sector Apporoach"

INFORMATION ON ORES AND METALS

Supply and Demand Projections

At its meeting in November 1975, the Group instructed the secretariat to provide,
inter alia, information with respect to supply and demand projections, to the extent
that this information is readily available, with a view to permitting a fuller
analysis of the pilot study without implying any cormnitment as to the way in which
these items would be dealt with in the negotiations.

The secretariat reviewed the bibliography on this subject and selected studies
available in Geneva which were prepared in recent years. The result of these studies
is summarized below. Studies which may become available at a later stage would be
summarized and circulated as an addendum to this documerit. In sulimarizing the
projections, the secretariat attempted, in particular, to spell out the assumptions
on which they were based in order to enable delegations to assess the results shown
in the light of more recent developments. Descriptions of the methods applied have,
however, not been available for all the projections shown.

In general, projections of demand are based on an estimated demand function,
presumed constant in time. The demand function usually establishes relationship
between the demand for metal on the one hand and population, level and distribution
of income, price of the product and of its possible substitutes on the other. The
models also attempt to take into account technological development and possible
changes in consumer preferences but a large aiaount of uncertainty inevitably remains
with regard to the future chhnmges in all, the various factors which influence demand.
Supply projections, on the other hand,a, e based on est11nt-ad availability of the
materials, the production capacity of present and projected equipment, the price
structure and production costs, the expected demand and, finally, on the possible
changes in technology. As experience has shown, none of these factors is stable in
time and radical changes have been noticed in many cases even over relatively short
periods. The slowdown in economic activity and the change in the relative price
pattern which occurred after miiost of the available projections had been prepared are
likely to impair, if not contradict, many of the assumptions underlying these studies.
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In general, any attempt to give at present, a coherent interpretation of
the baj^or .Jlts and changes of recent years would be hazardous. Analysis and
interpretation of the significarhee of a succession 9+econf mic and social ven'ts
and circumstances which, in the sense that they have:Y,3J-taken place. ove a'short
span of time, make the few recent years a period without precedent, will no doubt
require a long time. Thus an adjustment of the earlier prbjections to the'iew
circumstances cannot be undertaken at present.
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IRON AND STEEL

The secretariat was able to obtain three estizhtes of world demand for iron
up to the year 2000, one estizxite of steel consumption, of steel production and
of dem- nd for iron ore in 1985 which are su=r-mized below. The annual projected
rates of growth compzre ais follows (percentages):

Derhand for iron:

United States Bureau of M-nesa, 1968-2000 13-2.4

World Bnll,b. 1968-2000 2,3

Wharton School of Finance and CorumercoC, 1966/'70-2000 3,5

C;ion or reduction of steel:

dInternational Iron and Steel Institute , 1970-1985 4.5

Predicasts I-c. , 1970-1985 4e.3

Deramd for iron ore:

UN/ECE, 1970-1980 2 3-2,5

Attention is drawn to the large divergencies between these forecasts which
arc due to differences in assumptions as well as the forecasting techniques
.applied. In analyzing the results reproduced below, due account should, therefore,
be taken of the hypotheses aend the iaethods used. The available explanatory notes
are suriariz-ed below.

aUnited States Bureau of ines, kIneral Facts and Problens, 1970.
N~orld Bank, Report on the LiLits of Growth, 1972.

cIharton School of Finance and Commerce, Wilfred Malenbaum, Materials
Reguiremnents in the United States and Abroad in. the Year 2,000, 1973.

Projections 85, Corznittee on Econoniac Studies, International Iron and
Steel Institute, Brussels, 1972,

e
Predicsts .Tnc. 200, University Circle Research Centre, Cleveland, Ohio, 1974.

UN, ECE, The World Vlvrket for Iron Ore, 1968,
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MINERALS FACTS AND PROBLEMS.1970)

TABLE 1. - Contingency Forecasts of
Demand for Iron by End . .. ..I. A I

Use, Year 2000 -

(ilion short tne)

Demand in' year 2000
U.S.
fore. ntdSae Rest of the

End use De- cast UnitedState world I
mand base
1908 2000 Low Hig2h Low High

Tfansportailon:
Automotive . 23.5 40.6 29.0 57.0 NA NA
Rall transport ...... 4.5 14.0 8.2 17.1 NA NA
Shipbuilding . 1.5 3. 2.3 4.6 NA NA
Aircraft ....... 6 .1 ... .2 NA NA

Total ... ........ 30.1 58.2
Construction products ..._ 2.0 . 59.4

hfachinery and eqculpmeslt:
idirting........2.0 2.0
Ajgriculture . ' 2.2 7.5
Industrial tools and
machines . 10.2 11.9

Electrical machinery 7.0 10.6

S.5 78.9
87.2 68.4

1.1 2.6
!.8 10.6

9.0 14.3
7.0 21.5

Total ............ 21.4 3.1 20.9 49.0
containers .............. 7.9 12.0 10.0 14.0

Pipe, tubes and equlp.
ment (oil and gas) ...5.6 8.2 3.9 11.4

Home sppliancea axn
Ote pment....6... ..6. 118.2 6.9 10.4
Oter ..........16.9 13.8 11.7 21.5

NA NA
NA NA

NA
NA

NA
NA

NA
NA

NA
NA

DLE 2. - Forecast Range of Demand
for Iron

(Mi11ion short t-ons)

139P68 2000

TOTAL
United States:

Hith .............. ::::- 120

Low ........ M2

(Median) ...............(1... ,92)

PRIMARY
United States:

I-Ifigh ..... 84 7
Low ....... li 37

(Median) .............. ... (133)

Rest of the world:-
High .........7380
Low ........... 53

(Mfedian) (648)

Estimate.
NA NA-
NA NA

NA NA
NA NA
NA NA

Total iron by
end use ....... 120.0 .'.

Adjusted range ... .... ...
132.3 253.6 537 758
182.0 221.0 557 758
(Median 192) mediann 648)

FIGURE 2. -

NA Not available.
Primary iron only.
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United States Bureau of i14ines

IRON

Separate projections were L..ade for the United States and for the rest of
the world. The United States. forecast, oade in 19694is based on detailed
assessment of requirements in ten different end-use braniche6; for the rest of
the world, global estimate of demand for primary iron is given.

I. Demand

The. United States demand for iron, in iron castings and in steel-finished
products in the year 2000 has been forecast by using as a starting point the
estimated 1968 consunlption, in various end-uses as given in Table 1. To
establish forecast bases) domestic iron demand in each-of the end-use categories
shown in Table 1 first was correlated with the total United States population
for the period 1948-67 to establish historical trends which were then projected
to the year 2000. The principal correlation was with the Bureau of the Census
projection of population by the year 2000, but this relationship was modified
significantly in the light of growth projections by others of gross national
product (GNP), Federal Reserve Board (FRB) index and other selected economic
indicators. The assumed annual growth rates were 1.6 per cent with respect to
population and 4.0 per cent for GNP.

As ions -underlin the h esiimate of de-m-anad

Expansion of suburban areas i-thout adequate public transportation and
improved high speed highways, increase in railroad freight, improvement of ocean
transportation including underwater vehicles and development of am-.xne mining
requiring transport system will continue to encourage an increase in all types of
traffic and therefore demand for iron and steel.

Increased use of structural steel on prefabricated steel housing units,
modular steel building construction, and in Dining continued high demand for
iron and steel pipes and tubes for gas and oil transportation and space heating.

Large demand for self-propelled eqluipmaernt and complex devices for harvesting,
processing crops and for industrial machinery used to produce consu.er-durable
goods resulting from. increase in demand for consumer durable goods.

Increased use of electrical machinery and electrical power-generating
equipment due to mass-production of electrically powered cars, future space
requirements air pollution devices, etc.



MTN/SEC/W/10
Page 6

Comercial development of tin-free steel for small cans and containers

Increase in the production of home appliances and equipment.

Assat-ioFunderlxng the low estimate of demand:

Iron and steel requirements in the transport. sector are expected to be
reduced as more high-strength steel substitute riaterials are used in transport
equipment and as the percentage offsll11 automobiles for personal use increases,

.In shipbuilding, as further improvements in the new high-tensile-strength
steel high capacity vessels for oceen transport service requiring less steel
per ton mile of material moved are developed, and finally as titanium and
certain aluminium alloys 5-.mre resistant, will replace steel in aircraft.

Substitute materials such as aluminium, laminated wood or concrete to make
inroads on steel in construction use and wining resulting from depletion of
domestic ore deposits and widespread use of lighter weight steel or substitute
materials would demand less steel.

Substitute aat.erials such as alum.inium will be utilized to some extent in
machinery and a trend toward larger generating equipment which on a weight per
unit of energy output basis decreases as the generating capacity increases
could reduce the iron andt steel requirements.

Substitution for steel by alumriniw and alum.iniium composite cans and by
plastic containers.

In the rest of the world consumption is expected to follow trends established
during the past decade, increasing at a rate faster than that in the United States.
In current iajor-consuiming countries, the pattern of use of iron is expected to
be similar to that of the United Stares, while in the developing countries
accelerating usage will be primarily in items contributing to the growth of'
econormc infrastructure and secondarily in consumer items.

II. Su5ply

By the year 2000, essentially all the primary iron produced in the
United States will coke from taconite-type ore deposits. The Lake Superior
district will be the principal source of domestic ore, but new mines to supply
consuming industries in the West may be opened in the low-grade deposits of
South Dakota, Montana, Nevada, Wyomi-ng and Arizona.
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Fire 2 gives the last 5-year and 20-year trend comparisons and forecasts
for United states primary iron production based on constant ratios for :Low and
high production during 1968-2000. The domestic supply of primary iron ore
(recoverable as, direct shipping ore and pellet) at the average 1968 pride-of
15-40 per short ton. of iron-in-ore at the mines is estimated' at 2 billion tons.

If the price is increased, an additional 2 billion tons of irdli would be
available at an average price between Ul5.40 and wl7.75.l The relatively sharp
increase, in price required to double the supply wFill result fror -exhaustion of
direct-shipping ore and its replacement, by agglomeratos. Ait $ 17.751 a large
part of the non-miagnetic taconites could be processed to supply the equivalent
of 12 billion additional tons of iron-in-ore. A gradual increase in the'price
to 623,401 per short ton of iron-in-ore would bring out the entire known supply,
estimated to be more than 20 million tons of recoverable'iron (

The supply of primary iron in the rest of the world. is estimated at over
94 billion tons contained in approximately 24.0 billion long tons of ore reserves,
recoverable at an average cost not exceeding 4151 per short ton. of contained
iron at the mine.

III. Possible advanes in technology

I -any countries on all contiinents have large 'deposits of proven high-grade
natural ores. Since these ores in riost instances require only minimum, treatment,
a highlly competitive situation exists. Technological advances are expected to
convert present uneconomical materials into high-grade ores, to vary the form
in which the ores are used, and to improve the methods and costs of
transportation.

Efforts in this, direction have been started with research on economic
treatment of' Laterials such as the non-magnetic tacqrites, on production of
sponge iron, on reduced iron ore agcloiierates' for furnace feed, and on pipeline
transportation. Successful coamiercial application can be expected as these
develop. This will result in additional Millions of tons of reserves and lower
cost ore, although at the sane time so-tme marginal ore deposits may reert to
worthless rock.,

Underground recovery of a large segment, of the domestic iron ore resources
is a problem that can be expected to be solved in the long term through
technological advance in rLining methods. The large Alaskan deposits and western
taconite- willl possibly be minled by the year 2000, if better beneficiation
l-!ethods and lower 'transportation costs are achieved.

'Based on 1968 price levels.
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Direct reduction of iron ore and one-step steelmaking operations are
anticipated, the timie lag depending in large measure on availability of low-cost
power. Continued development of nuclear power at predicted low costs mayplace
the iron and steel industry in a position of relative security from a standpoint
of compet-ition by substitute materials -Electric furnace steelmaking rising a
continuous feed of pre-reduced pellets is expected in the near future:

Within the next decade, steelmaking in the larger integrated mills is
expected to become completely automted and comaputer-controlled. The operation,
from making hot metal to fabricating semi-finished and in some cases finished
products, will be controlled by electronic equipment. Even ordinary steels will
be made within close specifications. Labour will be concerned principally with.
programming maintenance. Such operation will reduce costs and make it possible
to *produce super-alloys economically.

Direct steelmaking processes will be developed for special economic and
physical environments, but probably the bulk of steel will be made in some
version of the oxygen and electric furnaces known today.

Continuous casting will make steel ingots obsolete, and combined with
simple rolling operations will turn out a large-percenitage of finished* shapes.
The casting operations may be mostly in vacUu-,a an extension of present day
vacuum melting and casting techniques.
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1. TOTAL WORLD PROJECTIONS

Populationl:.-. GNP
( billionn 1963F7

3, 606 2, 561
4 029 3, 2E5
4, 467 4,176
4, 9418 5,283
Growth Rlates - Percelnt

1.9
2,1

4.6
5. 0

Sleel Coalsuliptioil
(rhilhlon .vi ')

594
751
939

1, 144

5. 7
4.5

INTERNATIONAL IRON AND STEEL INSTITUTE;
-, STEEL CONSUMPTION PROJECTION

Millioii MT

U. S.A.

Canada
Latin Amnerica
Oceania
EC C
United Kingdomn
Other Western Europe
USSR
Eastern Europe
Japan
India
China & North Korea
Other Asia
South Africa
Other A frica
Middle East

TOTAL

1970

120. 5

18.3
7. 5

90. 7
25. 5
35.8

109. 9
'41.9
70.C
G. 1

22.2
8.2
4.9
4.2
B5.0

594. 3

1975

152. 5
13. 5
25.0
9.7

107. 6
27.8
44. 0

144, 8
56.4
91.3
10.2
35.3
14.4
6.1
4.3
7.8

750.7

INTERNATIONAL IRON AND STEEL INSTITUTE:
3. STEEL CONSUMPTION GROWTH RATES

-Iercent per annuum

U.S.A.

Canada
Latiji America
Oceania
E: C.S.C.

United Kingdom
Other Western Europe
U.S. S.R.

Eastern Europe
Jap-o 11
India

China &. North IKorca
Other Asia
Sovuth Africa
Ofher. Africa
Middle East

W0RLJD

1955-60

_-2.6
1.8
4. 5
5.6

6.3

3.0

7.3
7.8

10.8
22.1

10.8

36.2

8.4
1.7
3.7

6.0

GO-65

7.4
13.8
7'.4

7.8
2.9
0. 7

8.9
6.4

5.0
8.2
C. 6

-5.0

11.5
14.6

3.3
8. 5

65-70

-0.3

1.0

2.2
7. 7

1.0

7,4
5.0
5.8

19.6

-3. 5

0.3

9. :

2..7

9. 9

7.6

70-7 5

3.8
4.0
6. 5
5.3
2.2
1.7
4.2
5.7
6.1
5.3

10.6
.9. 7

12.0
4.6

0. 5

9.4

75-30

2.2
4. 1

7.0
4.7
3.7
3.4
6. 0

4,9
5.6

4.3
7. 1
8. 5

9. 1
6. 1
4.3
7. 7

80-85

2.3
3.9

6. 5
4.6

3. 5
1.8

5. 7
3.2
4.2
3. 5
6.8

8.3
G.9
5.7
4.2
8.4

5.0 5.8 5.4 4.8 4.0 4.0

Note: The projections were prepared before the enlargement of the European

Communities. A total for the European Communities of Nine cannot be

obtained from the data published.

1070
1975
1980
1985

1955 - 19JO0
1D70 - 1985

19800

170.0
16. 5
-35.0
12.2

128. 8
32.9
58. 8

183. 9
74.1

112. 5
14.4
-53.0
22. 3
8. 2
5.3

11.3

9391. 2

1985

190.0
20. 0
48.0
15. 3

153. 2
35. 9
77.7

215.0
91.2

133. 6
20.0
79.0
31.1
10.8

6. 5
16.9

1, 144.4
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INTERNATIONAL IRON AND STEEL INSTITUTE:
4. APPARENT STEEL CONSUMPTION BY AREA

Million Mietri: Tons -

Othve'
Years World U. S.A. Canada Oceania ECSC U. IC. We~sLrrlU. S. A. Canaa -Aericar

1970 594.31 12 6.50 11.07 18.27 7.48 96. 71 25.52 35.79
1975 750. 70 152. 50 13.50 25.00 D. 70 107.60 27. 80 44.00
1080 939. 20 170. CO 16. 50 35. 00 12.20 128. 80 32. 90 58. 80
1985 1144.40 190. 00 20. 00 48. 00 15. 30 153. 20 35. 90 77. 70

Eastern Mainland O1thcr South Other Miule
Years USS11 Europe Japan India Cthina & Asia e

N. KoreaAsa Ara Afca at

1970 o19. 89 41. 95 70. 57 5.15 22.20 8.17 4.87 4. 19 4. 98
1075 144. 80 56.40 91. 30 10.20 35.30 14. 40 6. 10 4.30 7.80
1080 183. 90 74. 10 112. 50 14. 0 53. 00 22. 30 8.20 5.30 11.30
198 5 215.00 91.20 133.80 20.00 79.00 31. 10 10.80 6. 50 16.90

Al Quantities Expressed in Raw Steel Equivalent

Note: The projections were prepared before the enlargement of the European
Communities. A total for the European Communities of Nine cannot be
obtained from the data published.
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INTERNATIONAL IRON AND STEEL INSTITUTE;
5. STE:EL INTENSITY BY AREA

Apparevnt Consumption/GNP.

Xg/1953 $

U. S. A.
CANADA
Latin Amnerica
Oceania
ECSC
U.K.
Other Wcstern Europe
USSR
Eastern Europe
Japan
India
China & North Korea
Other Asia
South Africa
-t~her Africa
Middle East

Total1WorId

1955-9 1960-4

.189
. 190
.135
. 191
. 245
.256
. 163
2251
.240
,310
.111
. 152
.059
.321
. 090

, 122

.170

.174

.131

.216
251
.243.
. 196

* 282
.286
.428

.156

.212
. 084
.304
.081
.127

.203 . 215

1965-9 1975 1980

.179 .150 .138

.201 .182 . 17.4

.147 .172 .190

.228 .228. .230

.238 .230 .212

.234 .234 .232

.217 .237 .244

.291 .300 .297

.293 .310 .314

.474 .401 .405

.144 .159 ,.182

.243 :.337 .392

.106 .144 .162

.342 .365 .383

.090 .102 .103

.155 .171 .185

.226 . 229 - .225 .217

INTERNATIONAL IRON AND STEEL INSTITUTE;
6. STEEL CONSUMPTION PER CAPITA

Kilogramns

U.S.A.

Canada
Latin Amecrica

Oceani.a
ECSC
United Eingdom
Other tc.lern Europe
USSR
Eastern Europe
Japan
India
China & North korea
Other Asia
South Africa
Qtho.er hfrica;.

Middle East

Total World

9S55-9- 1000-4 1965-9 1975

541
370
41

236
272

355
98

245

188
121

14

6
144

2:4

527
360
44

296
350
382
140
326
276
260
14
19

9
155

9

31

663
494
55

358
408
413
189
407
342
453
13

23
14

211
10
46

695
579
76

449

552
482
280
507

509

E831
16

42

24
208
13

63

1980

723
652
93
508
040
553
351
080

643
967
20

58
32
315
14
79

1985

751
733
110
571
737
581

434
749
764
1103
25

SO
39

364
'15
100

101 121 148 18B 210 231

Note: The projections were

Communities. A total
prepared before the enlargement of the Europear

1 for the European Communities of Nine cannot he

obtained from the data published.

1985

. 127

.104
206

.232
.1.95
.211
.248
* 273
.303
.360
.205
.443
.168
. 395
.105
.208
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International Iron and Steel Institutea

IRON AND STEEL

A model combining timee series" and "cross section" analysis was developed
and adopted. The world was divided into sixteen logical geographical areas.
In essence the model relates steel consumption to two macro-economic variables,
GINP and population.

Serving as building blocks for the rmodel are two basic concepts:

(1) Steel intensity, that is to say the amount of steel input (apparent
steel consumption) per dollar of output (GNP), (see Table5).

(2) Relationship of steel intensity to GNP per capita (she Table 6).

The growth of population between 1970 and 1985 was assumed at 2.1 per cent
annually.

The growth of GNP in real terms (1963 dollars) was assured as increasing
between 1970 and 1985 at 5% annually.

aProjection 85, Committee on Economiic Studies, International Iron and Steel
Institute, Brussels, Arch 1972.
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(Millonl tons, Fe content)

19.0

Western Europe . . . . . . . . . 123.4 1 18.0-129.4
Eastern Europe 175.0 166.0-180.4
North America ........ 99.6 95.8-103.2
Latin America . . . . . . . . . 24.3 20.2- 27.8
Africa and Middle East .12.0 10.0. 15.0
Far Est and Oceania .82.0 75.8- 90.2

TOTAL 516.3 485.&S-47.0.

ECONOMIC COMMISSION FOR EUROPE: *2. FORECASTS OF IRON-ORE
PRODUCTION 1280

rMlllion tons)

_ - Iraq coEfew
Reglow and couswres - -

Forcowl aveI

EEC 'f

Norway ......

Sweden .. <.

"Uhited Kingdom -a/

Western Europe, total
USSR ..
Rest of eastern Europo . . .

Eastern Europe, total .

Canada
United Sta

North A
Venezuela
Brazil

PCru .

Chile
Rest of Lai

Latin A

North Afri
Mauritania
Liberia
Sierra Leo
Gabon

Angola
South Afri
Rest of Al

India

Jalpan
Malaysia

Rest of F?

(exc
Australia
Rest of 0

. 1,. 15.7

.. I 2.2

. . 22.7

. .1 2.0

1. 15.0

57.6

. .' 174.0

. , 4.8
1.-

. , 178.8
!-

TOTAL EultoPE 236-4
. ..... ... . 37.0

tes ... . .. . . 60.5

.merica, total 97.5

. . . . . . . . . . 16.7

29.0
6.8

10.9

tin America .5.5

merica, total. . . . 68.9

TOTAL AMeRICA 166.4

......... . . . . . . ... ' 5.0

......... . . . . ......I 16.5
n m . . 2.2

7.7
3.2

Ca.. . . . . 6.1

rrica .. .. 2.1

TOTAL AFlICA 47.Q
., . . . . . . . . 29.2

. . . . . ... . ........., 2.0

3.0

r ast . . . . . . . 4.5

TOTAL. FAR EAST 38.7
:LUDINO CnINA (MAINLAND))
.. .,.. . .., . . . 24.5

ceania . .0.6

TOTAL OCEANIA 25.1

GENUPAL TOTAL 513.6

13.S- 16.9
2.2. 2.3

21.0- 23.0

1.8. 2.2

14.0. 16.0

52.4- 60.4
158.0-188.0

4.5. 5.1

162.5.193.1

214.9.253.5
34.0. 40.0
59.0. 62.0

93.0 102.0
15.5- 18.0

19.0- 45.0
6.2. 7.4
9.7. 17.0
5.0. 6.0

55.4-93.4

148.4-195.4
4.0. 7.1

3.1. 6.3

15.2- 17.8

1.9. 2.5

5.1- 10.2
3.2. 3.8

5.6. 6.5

1.8. 6,0

39.9-, 60.2

25.7. 340

2.0. 2.0
2.4. 6.0
4.0. 5.0

34.1. 47.1

22.6. 29.0

0.5. 0.7

23.1- 29.7

460.4.585.8

(BXCLUDING CHINA (MAINLAND)

/ The projections were prepared before the enlargement of the European Communities.
A total for the European Communities of Nine cannot be obtained from the data
.published.



MTN/SEC/W/10
Page 14

Economic Commission for Euroea

IRON OREa

The estimates take as a starting point 1964 or 1965.

I. Iron ore requirements

Iron ore requirements must be related to iron and steel production taking
into account the proportion of iron and steel which will be Dade from scrap.
It is therefore first necessary to forecast world steel production.

Steel production was forecast for 1975 and 1980 taking into account the
fact that almost the whole of steel production is used as raw materials for
investment goods or durable consumer goods. World steel production was related
to the standard of living, both with and without the assuemrion that a degree
of saturation of demand would become apparent.

Finally, a study was smade of the growth in the total output of steel goods
in the world. For 1975 and 1980 a production of 71o and 830 million metric tons,
respectively was forecast.

It was considered that changes in steel-making techniques were unlikely to
affect forecasts. Moreover there appear to be sufficient supplies to enable
the proportionate use of scrap to increase above the present levels.

For 1975 and 1980, 510 and 600 million metric tons respectively of pig iron
ouitput was forecast. These estimates were done considering that the ratio of
pig iron production to crude steel production would not rise above 72-75 per cent
which has been the average for the past fifteen years. For convenience they
have treated together foundry pig ieon with steel making iron. The conversion
of pig iron to iron ore has been made either on the indication given in the
replies to questionnaires or by extrapolation of ratios obtained from current
data.

II. Iron ore production

Estimates of iron ore production rely basically on the replies to enquiries
made by the UI/VECE Secretariat. Excluding Kainland China for which no estimate
could be made because of lack of information, world production in terms of iron
content should be between 417 and 508 .million metric tons in 1975 and between 460
and 586 million metric tons in 1980.

aITf/ECE The World P.1rket for Iron Ore, New York, 1968.
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(snhM0) ..-

, 0C~iTPN;'@ ''
ISDL" U IONS

I 1973 1980' 1985

UnWId StaO '

EEC
Sweden
Austr
Spain' ' s'
Other Western Europe
WESTERN-EUROPE

Argenrtina
Brazil.
Mexico
Other Latis America
LATIN AMERICA

South Africa
Other Africa - Middle East

AFRICA - MIDDLE EAST

Japan
India
China
Other Asia
ASIA

Australia
Other Ocoenic

OCEANIA

USSR
Bulgaria
Czechoslovakia
East Germany
Hungary
Poland
Romania
Yugoslavia
EASTERN EUROPE

WORtLD

4.2.
10.7

* 4.5
175.2

2.2
7.2.
4.5

16.3
5.6
2.4
8.0

119.3
6.9
25.0
4.8

156.0
7.7
.4

8t.1

131.0
2.2
3.2
5.9.
3.3

14.1
8.2
2.7

180.6

63.9

157.0
18.0

175.0 -

'188.6

7.5

5.3

15.5

223.7
3.1

16.0
'a.0
.3.9

31.0

8.5
7.5

16.0

162.0
12.0
38.0
8.0

220.0

11.0
.

11.7

173.0
3.6
18.0
7.5
4.8
18.0
12.0
4.8

241 .7

919.1

i75.0
23.0

197.0P...

9,0

6.0

9.0

259.6

4.0

*24.0

11.0

44.0

11.0

12.0

23 .0

201.0

17.0
51.0
12.5

15.0
--.

15 8

15.8

208.0
4.5
21.5
8.5

5.7
21.5
14.8
6.9

291.4

1112.3

_________________a~-~ __

ANNUAL
GROWTH
I canAn

3.0%

3.2%
2.6%

*_,%

3.1%

5.0%
141.%

5.7%
.7.5%
9.1%

6.2%

1,4.9%.

9.1%7.2%

4.9%.

21.0%

7.2%;

3.9%
4.5%
4.4%
6.3%
8.1%
4.4%

4q.5%

'
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Predicasts Inc.

RAW STEEL PRODUCTION

The starting point 4in the construction of these forecasts was thataking
of published projections. For each country, the various series were adjusted
to form a mutually consistent pattern. Gaps were filled by use of historical
income elasticities, secular trends, input-output patterns, and by analysis of
development stages, In order to obtain comparability, the statistical concepts
of United Nations have been used and nationally-reported data have been
adjusted accordingly.

Gross Doraestic Product data for the narket economies were converted to
1972 United States dollars on the basis of year-end 1973 exchange rates. Since
centrally planned economies do not collect or publish GDP data, estimates were
developed by the Worldcasts Research Department consistent with concepts and
exchange rates used for other countries.
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COPPER

Three estimates of world demand for copper up to the year 2000 and one
estimate of refined copper consumption in 1985 are summarized below. The annual
projected rates of growth compare as follows (percentages):

Demand for copper

aUnited States Bureau of Mtines , 1968-2000

bWorld Bank , 1968-2000

Wharton School of Finance and Comercec1966/70-2000

Cosumption refined copper

Predicasts Inc. d 1968-85

3,5-5.6

4.6

305

3.9

ainited States Bureau of Mines, Mineral Facts and Problems, 1970.

b~orld Bank, Reor on the L s * Growthe 1972.
CWharton School of Finance and Commerce, Wilfred Malenbaum, Materials

Re uirements in the United States and Abroad in the Year-2,g0Q, 1973.

predicasts Inc. 200, University.Circle Research Centre, Cleveland,
Ohio, 1974.
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COPPERs DEMAND AND SUPPLY
(MINERAL FACTS AND PROBLENS. 1970)

TABLE 1. - Cotgnc ecast-'s of
Demand for Copn Use.

Year zoQ0r
(Million short tons)

Demand In year 2000..
U.S.

End use Deind forecast United States P.est of the world
1908 base

2000 Low High Low High

Electrical cquiptuent
and supplies .... 1.38 9.75 4.60 9.900 NA NA

Construction . 45 1.00 1.00 LOO NA NA
industrial machinery,
except electrical .28 1.00 .90 1.20 NA NA

Transportation . 33 1.15 .Xd .0O NA NA
Ordnatnc . 17 .29 .10 .40 NA NA
Other uses 20 .7D .50 .90 NA NA

Total. 2I 7.60 15.70 16.9 34.9
Adjusted range 0.95 14.95 ...

(Median 11.65) (Median 25.9)

NA Not avatirole.

TABLE 2. - Forecast Ran of Demand
fMorllo0or

N~illion short tons)

198i9 2000

United States:
Total-

High . 2.91 1 95
Low .11
(Medlan) (11 65)

Re6ned copper-
High . 198 10.01
Low . .1 l6.24
(Median) (9.13)

Primary refined-
Low . }.54 14.90
(MedIan) (6.38)

Rest of the world:
Hthi . .. 575 134.9
Low.'11.
(Medbin) (25.9)

Comparison of Trend
Pro~Jections and Forecasto
for Primr Refined Cogper
Demand
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United States Bureau of 'fines

COPPER

I Demand

Separate estimates were made for the United States and for the rest of the
world;.

United States demand for, copper in the year 2000 has been forecast by using
as a starting point the estimated 1968 consumption of copper in various end-uses
given in Table 1. Assumptions used for the projections. were electrical energy
growing at 6 per cent per annum, GNP increasing at 4 per cent, per annima total
population increasing at 1,6 per cent per annum and new construction growing at
4.5 per cent annually. It was assumed that primary refined copper, both
domaestic and imported, will continue to supply 55 per cent of total demand.

Assumptions underldng the high estimates ofcper demand

Increased demand for equipment providing necessities, safety, comfort and
relaxation; new construction requirements, together with rapid growth in air
conditioning; continued rapid growth of industrial computer usage; increased
demand for large machinery and equipment, turbines and heat exchangers.
Increased number of cars per family and installation of rapid transit systems
for major cities. Continuing expenditure on arms and continued high use of
copper in chemicals, pigments, je-Wellery and coinage.

Assumptions underying the low estimates of copper demand

Substitution of aluminium, plastics, etc. for copper. New technology in
power production and transmission (such as fuel cells, nuclear power generation,
sodium conductors) and in communications and electronic devices (communication'
satellites, microyiniaturization of communication circuitory, fluid mediumas) not
requiring high copper input. urtherniore, the possibility of multipurpose
housing units becoming popular also would contribute to lower demand for copper0
Exclusion of automobiles for metropolitan comr:uiting, universal disaxrament and
substitutes in chemical, pigment, jewellary and coinage.

Rest of the world total copper demand is forecast to range from a low of
16.8 million tons to a high of 34.9 million tons. This corresponds to an annual
growth rate of 3.4 per cent to 5.8 per cent. While demand in developing
countries may be expected to increase at rates similar to the growth in United
States demand, the potential for sharp increases ii copper demand is
considerably greater as energy, transportation, communication, and building
expansion programmes develop. Since these uses are large consumers of copper,
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the neu result is that the rest of the world-demand-is -forecast.-to grow at a
somewhat hi--her rate than the Unite&l States demand. The growth rates determined
for rest of the world are a comoDosite based on United States forecast growth and
a weighted estimate for growth in developing countries.

II,. Supply

United States resources of copper are estimated at about 140 million tons,
of which about S5.5 million tons are considered as reserves economically
minable at the 1968 price of 42 centsper pound. Potential resources contain
nearly 65 million additional tons of copper.

United States vine production.of copper based on the past 20-year trend
wouldtotal 2 million tons in the year 2000 (fir. 2), compared with 1.21 million
tons in 1968. If United Sbates primary production in 2000 accounts for the
same proportion of primary refined in demand in 2000 as in 1968, then the high
production would be 6.15 million tons and the low production 3.83 million tons.
These projections fall short of both the high and low forecast demands of
7.86 million tons and 4.90 million tons, respectively, (fig. L).

The copper reserves .in the rest of the world recoverable at the 1968 world
price of 56 cents per pound are estimated at 222.4 million tons.

III. Possible advaces intechu_-oLi

Research on production and extractive processes as well as investigations
of potential resources are expected to provide the necessary improvements in
technology to maintain adequate supplies of copper at reasonable costs.
Improved beneficiation methods would lead to increased copper recovery to help.
offset the persistent decline in grade of ore and prevent continWing and
substantial losses of copper. Methods will be developed for handling the huge
and growing quantities of waste materials generated in copper miining and
processing that will minimize air, land, and water polution and at the same tire
recover the large quantities of copper currently being discarded in the waste
materials.

Problems resulting from atmospheric pollution by shelter operations are
assumed to be solved by development of economical methods for recovering sulphur
during smelting of copper ore and concentrate. Som.e of the solid waste disposal
problems will be solved by development of effective and efficient methods forwthe
salvaging of copper front automotive scrap thereby increasing copper available for
recycling and also improving the quality of ferrous scrap for recycling.

Low-cost methods, possibly nuclear, for shattering large, low-grade deposits
of oxidized copper minerals for recovery of copper by in-place leaching and
improved methods of recovering copper fromi leach solutions are expected to lower
the cost of producing primary copper.
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COPPER CONSUMPTION

COUNTRY
1973 AND PROJECTIO
1973 1980

2550 2800

United States
Cooods

- NORTH AMERICA

EEC

Sweesss ---
Austria
Spain
Switairloand
Other Westem Europe
WESTERN EUROPE

Argentino
Brazil
tmeico
Other Latin America
LATIN AMERICA

AFRICA-MIDDLE EAST

India
Japan
Other Asia
ASIA

OCEANIA

USSR
Other Eastern Europe
EASTERN EUROPE

2175
248
2423

114
' 39

136
26
70

.2561

38
12566
48
277

300
2850

*125
2465

15550
98

55
175100
75

405

2900I350

3150

.301

13575
17060
130

358

65
225
120
100
510

-9v7 140 180

63 .90 105
1167 1470 I180
347 450 550
1j7 2010 2455

121 150 180

'1100 1450 1725
476 550 625
1576 2000 2350

mm32 10713 12410

ANNUAL
GROWTH

3.2%
2.7%
3.2%
2.7%

3.7%
3.2%
3.7%
0.4%
4.5%
..2.8%

6.6%V.0%6
6.4%10.8%I

8.2%9

8.7%
6.1%
6.0%
7.4%
6.3%

3.5%_

4.2%
3.5%
4.0%

3.9%
WORLD

19S5-

1- -1''-,-.,Jow m

1973 1980
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Predicasts Inc.

REINED COPPER CONSUMPTION

The starting point in the construction of these forecasts was the tldg
of published projections For each country, the various series were adjusted
to form a mutually consistent pattern. Gaps were filled by use of historical
income elasticities, secular ti'ends, input-output patterns, and by analysis of
development stages. In order to obtain comparability, the statistical concepts
of United Nations have been used and nationally-reported data have been adjusted
accordingly.

Gross Domestic Product data for the market economies were converted to
1972 United States dollars on the basis of year-end 1973 exchange rates. Since
centrally planned economies do not collect or publish GDP data, estimates were
developed by the Worldcasts Research Department consistent with concepts and
exchange rates used for other countries.
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NICKEL.

Twoestimates of worlddemand for nickel up to the year 2000 and one estimate
of nickel mine production in 1985 are summarized below. The annual projected
rates of growth compare as follows (percentages):

Demand for nickel

United States Bureau of Mines 1968-2000 .26-4.0

World Bankb, 1968-2000 3.2

Nickel mine production.

Predicasts Inc. 7 1968-1985 6

Attention is drawn to the large divergencies which occur between these forecasts
which are due to differences in the assumptions underlying these studies aMd in
the forecasting techniques applied. In analyzing the results reproduced below,
due account should, therefore, be taken. of the hypotheses and the methods used.
The available explanatory notes are sumarized on the following pages.

aUnited. States Bureau of Mines Mneral Facts and Probles 970.
NWorld Bank, Report on the Limits of Grouh, 1972.

cPredicasts Inc. 200, University Circle Research Centre, Cleveland,
Ohio, 1974.
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(MINERAL FACTS AND PROBLEM, 1970)

TABLE 1. - Contingncy Forecasts of
Demand for Nickel by End
Use Year 2000

TI-lllion pounds)

Demand in year 2000
Esti- U.S.
mated fore. Rest of the

End use de- cast United States world
mand base -.
19GB0 2000 Low High Low High

Chemical and al.
lied products
and petroleum
rtfininqg . 67.6 256.0 200.0 275.0 NA NA

Yibritated metal
products . 49.0 854 70.0 100.0 NA NA

Aircraft and parts. 48.5 l13.0 270.0 350.0 NA NA
HIumor vchicls and
equipment . 4 4.0 73.2 00.0 100.0 NA NA

Electrical machin.
ey equipment,

and supplies 40.4 160.0 100.0 180.0 NA NA
llouselsold appli-
ances . 36.3 60.4 55.0 70.0 NA NA

Rfartiinery except
electrical . 25.1 43.7 50. 00.0 NA NA

Geiserjl building
contractor . 20.6 4.3 30.0 70.0 NA NA

Ship anti boat
tlsWlding and
repairing 18.2 30,5 25.0 40.0 NA NA

Other u ss 24.4 40.6 35.0 50.0 NA NA

Totl . 374.1 1,09.9 9195.0 1,295.0 1.500.0 2.1015.0
(Medign 1.095.0) (Median 1.8424.)

NA Not available,

TABLE 2. Forecast Range of Demand
for Nickel

(iiliT~o8 pounds)

1968. _. 2CO0

Unitcd States:
High ..S.19.00 |7S
Low _715
(Medan .... .. (932)

TOTAL

United Siate1;

....... ...... 95

IMedian) ..... 105
Rest of the world:

High 61..0...loo

(Median) . (1.842)

FIGURE 1. -Comarison of Trend
Prosections and
Forecasts for Primary
Nickel Demand

900

19o.
F *

gf

FIGURE 2. - Projected
of Nickel

US Availability

Producer's quoted price of contained nickel
f.o~b. shipping point.

-
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United States Bureau of Pines

United StatesBureau

I. Demand

Separate estimates were made for the United States and for the rest of the
world.

United States demand for nickel in the year 2000 has been forecast by using
as a starting point the estimated 1968 consumption in various end-uses given in
Table 1, The basic assumptions used for the projection were total steel demand
growing at 1.75 per cent annually, population growing at 1.6 per cent annually
and several components of the Federal Reserve Board index.

AssiMptions underlying heiih estimate of nickel demand

Growth in demand for nickel corrosion resistant alloy in chemical and
petroleum-refining plants. Construction of large-scale desalination plants and
exploitation of the ocean as a source of food and raw materials. Increasing use
of stainless steel in metal products of superior quality.. Continued use of
nickel in superalloys for the aircraft industry. Stainless steel in motor
vehicles. Assumption of increasing sophistication of power generating and
distribution equipment. Upward trend in use of stainless steel for siding and
nickel-bearing alloy steel for structural members in building,

Assumpions under he low estimate of nickel demand

Sub.n;itaution of nickel by plastics, titanium claddings or ceramic castings
in chemical plants and only moderate growth in petroleum refining and allied
industries. Substitution of nickel, because of its relative high cost, in the
fabrication of metal products. Substitution of cobalt, columabium or other
element for nickel in superalloys in the aircraft.industry. Substitution..of
aluminium or titanium for nickel in motor vehicles. Large-scale substitution
for nickel in resistance alloys in electrical equipment machinery and s-upplies.
Assuming some substitution of other metals for nickel in utensils and
encasements. No increase of nickel usage in catalysts, carbides, hard-facing
materials, ceramics, dyes, glass, lubricants, plastics or rubber.

Nickel demand in the rest of the world is projected to increase at the same
rate as in the United States. The developed countries, encompassing those in
Europe and Japan where most of the rest of the world nickel demand was located
as of 1968, use nickel for essentially the same purposes as does the United
States. These uses are likely to grow at rates equal to the United States rates,
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and by the year 2000 will still account for the major part of the rest of the
world consumption. Demand for nickel in developing countries may increase
relatively rapidly; however, the 1968 consumption. level is so low that increases
in this area are assumed to be an insignificant factor in the total rest of the
world growth in demand,

II. Supply

Known United States resources of nickel total over 1.8 billion pounds. In
1968 dollars, about one fourth of this can be mined profitably at -.094 per pound
of contained nickel, half can probably be mined profitablgy at less than ;2 per
pound, and most of the reminder can be mined profitably at '2 per pound (see
fi e 2). Nickel resources are 1mown in Puerto Rico and in the Duluth Gabbro of
Minnesota, but the conflict of land usage in Puerto Rico and the apparent low
grade of the material in the Duluth Gabbro Lmake it highly unlikely that either
deposit will be considered for nickel supply to the United States in the 20th
century.

The figures above are estimates of average worth, based on incomplete
knowledge of the chemical and physical characteristics of a large part of the
ore deposits. Nevertheless, the extent of depletion at which exploitation is
unprofitable under present economic and technological conditions is clearly
indicated, with very little chance of variation. At the present rate of
production, the known economic nickel resources of the United States other than
as by-product will be exhausted by 1985

Secondary metal, however, is a significant source of nickel in the
United States, and may be the source of a larger percentage of total supply in
the future. Secondary nickel is more or less rigidly oriented to the first use
for which it was intended. World nickel supply that can be mined profitably at
Z0.95 per pound in 1968 dollars is estimated at 150 billion pounds.

III. Possible advances in technoloAS

There is a good reason to expect that the technology of processing super-
alloys to recover the contained metals w-ill improve. On the other hand, if new
technology is not forthcoming, the value of the contained metals will increase to
the extent that these alloys can be processed profitably in the United States
using currently knowr methods.

The technology of treating the nickel sulfide ores to extract the nickel
and recover all by-product metals in all probability will be refined, but major
changes or innovations in the processes are not expected. Processes for
recovering nickel from the basic laterite ores, utilizing the iron and separating
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the cobalt, have been developed and -tested through pilot operations. Many
changes and refinements in. these processes can be expected in the first years
of large-scale operation.

Production of nickeliferous iron pellets should stimulate researchers to
find ways to utilize the chromium that occurs with iron in the laterites. They
may be successful by 1980.

Judging by the past record and the number of researchers currently
investigating ways to use nickel, it is reasonable to expect that a large
number of new applications for nickel metal and chemical compounds will be
developed before the year 2000. In view of nickel's chemical characteristics
when alloyed with other materials, these applications will be connected with
corrosive environments in chemical and petroleum industries and probably in new
salt water processing plants to recover potable water.

Limited supply and relatively high cost are forcing much research in ways
to limit the use of nickel. Researchers are looking for methods to decrease
the nickel content, of the multitude of currently used nickel bearing alloys,
or for some way to eliminate nickel. entirely through substitution of less
expensive materials, It is reasonable to expect some success.
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PREDICASTS, INC.: -NICKEL MINE PRODUCTION

COUNTRY 1973 AND PROJECTIONS AROWT
1739 19B5ls h

United Shates
Conqdc
NORTH AMERICA

Cuba

Now Caledonia
Augthoaia
OCEANIA

USSR
Other Eastern Europe
EASTERN EUROPE

Other World

WORLD

I.

15.4
241.2
25.6

16 16
.375 450
391 466

32.0 .S

115.9

40.1
156.0

115.0
7.5

122.5

99.3

666.4

225
100

325

150
10

160

60

300

450

165
12

177

225 300

1151 1453

0.8%
3.1%

3.0%

3.1%

5.0%
12.9%
6.8%

3.1%
3.6%
3.2%

..2%

5.7%
II
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NICKEL MINEPRODUCTION

The starting point in the construction of these forecasts was the takingof
published projections. For each country, the various series were adjusted to
form a mutually consistent pattern. Gaps were filled by use of hi.torical
income elasticities, secular trends, input-out put patterns, and *y analysis" of
development stages. In order to obtain comparability, the statistical concepts
of United Nations have been used and nationally-reported data have been adjusted
accordingly.

Gross Domestic Product data for the market economies were converted to
1972 United States dollars on the basis of year-end 1973 excharigb rates. Since
centrally planned economies do not collect or publish GDP data, estimates were
developed by the Worldcasts Research Department consistent with concepts and
exchange rates used for other countries.
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ALUMINIUM

Three estimates of world demand for aluminiuii or bauxite up to the
year 2000, and one estimate of primary aluminium consumption in 1985 are
summarized below The annual projected rates of growth compare as follows
(percentages ):

Deziand for aluminium

United States Bufreau of IEnes , 1968-2000 5.1-7.5

Wharton. School of Finance and Comaerceb, 1966/70-2000 5.4

Demand for bauxite

World Bankc, 1968-2000 6.4

Consumeloion of -primary aluminium

Predicasts Inc. , 1968-1985 7.2

Attention is drawn to the large divergencies which occur between these forecasts
which are due to differences in the assumptions uLnderlying these studies a-Ld in
the forecasting techniques applied. In analyzing the results reproduced below,
due account should, therefore, be taken of the hypotheses and the methods used.
The available explanatory notes are surmmarized on the following pages.

aUnited States Bureau of r Problems, 1970.

bWorld Bank, Report on the Limits of Groth, 1972.

.cWharton School of Finance and Conmmerce, Wilfred Mlalenbaum, Materials
Requirements in the United States and Abroad in the Year 2X00,, 19'73.

dPredicasts Inc. 200, University Circle Research Centrxe, Cleveland,
Ohio, 1974.
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ALUMINIUM DEMAND AND SUPPLY PROJECTIONS BY THE US BUREAUOF MINES

Contin en' Forecasts of
Demand for Aluminiumb
End Use Year 2100
(Killion short tons)

Demand in year 2Q00
End use forecast United Rest of

Demand base States the world
19e8 2000-

Low HIgh Low High

Metal:
Building and
construction 1.00 4.5 4.0 6.0 NA NA

Motor vehicles .67 2.7 2.7 6.0 NA NA
Aircraft
and parts .17 .8 .4 1.0 NA NA

Shipbuilding and
repair . . . NA NA

Railroad . 02. Y NA NA
Electrical. .60 4.5 4.0 8.0 NA NA
Fabricated metal
parts (consumer
durabies) . 47 4.0 3.5 5.0 NA NA

Machinery and
equipment
(except
electrical) . 31 4.2 2.5 6.0 NA NA

Metal cans and
containers, and
packaging. .46 2.3 1.4 5.0 NA NA

Hi12hway anS
street
construction .. .0W .4 .3 1.0 NA NA

Other
manufacturing
and
fabrication' .. 53 2.1 2,0 3.0 NA NA

Total . 4.31SI 1.2 42.0 NA NA

Bauxite and alumina: A
Abrasives,
aluminous ... .08 .3 .2 .4 NA NA

Clhemical and
allied
products .1B .7 .5 1.0 NA NA

Nonclay
refractories ... .16 .6 .5 1.0 NA NA

Total . 40 1.2 2.4 NA NA

Grand total .. 4.71 .. 22.4 44.4 31.5 68.0
(Median 33.4) (Median 49.8)

NA Not available.
3 Includes aluminum content of some alumina and bauxite (see

AAluminum content of bauxite and alumina.

TADLE 2. - F
Demand for Aluminium
(Million short tons)

1968 2000
Low Median High

United States:
Metal:

Primary . 3.5 17.3 34.4
Secondary .8 .9 7.6

Total . 4.3 21.2 (31.6) 42.0
Nonmetal:

Primary . 4 1.2 .... 2.4
Secondary ..... ... ... .... ... ...

To .....1., .... 4. . 1.2 (1.8) 2.4
Total:

Primary ... 3.9 18.5 .... 36.8
Secondary ........ .0 3.9 .... 7.6

Total . 4.7 22.4 (33.4) 44.4
Rest of the world:

Industrialized countries .... 5.8 27.6 .... 55.3
Les developed countries . 6 3.9 .... 12.7

Total. 6.4 31.5 (49.8) 66.0
Grand total . 11 .1 13.9 (83.2) 11°.4

TABLE 1. -
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United States Bureau of Mines

ALUMINIUM

I. Demand

Separate estimates were made for the United States and the rest of the
world.

The United States demand for aluminium metal and non-metal forms of
alurinium in the year 2000 has been fore-cast by using as a starting point the
estiiated 1968 consumption in various end-uses given in Table 1, To establish
a forecast base, domestic aluminium demand in each of the fourteen end-use
categories shown in Table was projected to the year 2000 on the basis of a
number of considerations. These include both qualitative and quantitative
correlations with projections of the growth in gross national product
(4 per cent per annum), Federal Reserve Board index, and other general economic
indicators, as we as short-term (5 to 10 years) and long-term (10 to 40 years)
projections published by Resources for the Future, Inc., and other.
organizations, projections for specific items, such-ac the number and type of
motor vehicle and aircraft, the growthein industrial chemicals and steel, the
growth in expenditures for irrigation, pollution control, and other equipment.
The assumed annual growth rate was 1.6 per cent in respect of population. The
demand for primary aluminium is forecast on the assumption that the present
proportionof secondary recovery to total demand will not change.

Assumption underlyingthehigh estimatate of aluminum demand

Commercial development of ultra-strong aluminium fibres or alloys, or
modular aluminium structure, which permit rapid field construction, without
heavy equipment, should make aluminium more competitive with other materials of
construction, especially wood, Increase in the number of vehicles produced
(four-fold), increased use of aluminium per vehicle and construction of light
inrtra-urban vehicles built largely of aluminium; expansion of air transport
and increase in the production of personal aircraft. Expansion of bulk
transport in shipping and railroads. Increased use of aluninium in communication
equipm-ient, instrumentation and computers, as well as in refrigeration, air-
conditiong equipment, furniture and other consumer durables and containers
for consumable goods.

Jiuminium resistance to corrosion and its increased strength at low
temrerature is expected tto result in substantial increase in alum-inium demand
in applications which requi-r-e these properties
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Assuptions underlyinglow estimates of aluminium demand

Replacement of aluminium by substitute products in construction,
especially those resulting from new developments in plastics technology.
Environmental restrictions in the use of automobiles in urbanized areas and
use of plastics, magnesium or composites as substitutes in transport equipment
production. Decrease of short-distance air transport coupled-with use of
alternate materials such as titanium, boronepoxy composites and high-strength
steel in aircraft construction. Development of uses for other metals such as
magnesium and titanium for high speed vehicles. Centralized heating, air
conditioning and cooking facilities, associated with a possible increase in
multi-dwelling housing units could lower demand for aluminium in this sector.
Aluminium could be replaced by plastics, steel, magnesium, titanium, copper-
nickel alloys and composites in applications such as resistance to corrosion
and increased strezigth at cryogenic temperatures as a conductor of electricity,
especially in high--capacity trunklines and by plastics and- steel in home
appliances; also by plastics, paper, steel and composites in containers for
consumable goods.

The average annual growth rate o.f total aluminium demand in other
industrialized countries is expected to parallel that in the United States.
Demand in 1968 in the USSR, Japan, the United Kingdom, West Germany, France,
Italy, and other highly industrialized countries was projected at 5.0 and
7.3 per cent annually to derive an expected low and high range of demand in
2000 in these countries, In developing countries in Africa, South America and
Asia where the long-termr growth rate in aluminium demand may be expected to be
much higher than in other countries, the low and high range growth of demand
was estimated at 6 and 10 per cent.

II. Supply

The industry has produced aluminium from increasingly lower grade material,
including clay that occurs with the bauxite in Arkansas, and the estimated
reserve figure of 9 million tons (contained. aluminium) has remained more or
less constant for several decades, although annual production of about
400,000 tons has been continuous for many years. Accordingly, it may be assumed
that under conditions of increasing prices, as well as improved technology,
mining can be continued at about 400,000 tons per year through 2000.,

Approximately 55 million tons of aliumnium are estimated to be potentially
recoverable from the ferruginous and other low-grade bauxites, including some
clays containing an average of 38 per cent A1203 in Arkansas, South-Eastern
States, Oregon and Washington, and Hawaii at prices for alurainium ranging from
30 cents to 40 cents per pound i: 1968 dollars. However, a price of 30 cents
per pound is not expected to be reached until the late 1970's or early 1980 s.
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Hence, production of aluminium from such sources may be assumed to start in
1980. On the basis of further assumptions that production is started at about
100,000 tons (contained aluminium) per year and increses at an average rate
of 4 per cent annually, the cumulative production from 1980 to 2000 from these
sources (width a-luiniuim at 30 cents per pound or higher) would be about 3 'million
tons. With further increases in price up to 40 cents per pound by 2000, it .mray
be assumed that an additional 2 .million tons, cumulative, would be available
from such sources (figue 2).

The reserve of bauxite in the rest of the world is about 1.2 billion tons
(aluminium content). In recent years the rate of discovery and development of
commercially workable reserves of aluminium has exceeded the rate of growth of
consumption of this element. Many of the major bauxite deposits are owned or
partially owned by United States firms. It may be assumed that virtually all
of the presently known reserves of bauxite could be available to meet United
States and the rest of world requirements during the forecast period 1968 to 2000.

III. Possible advances in technology

The occurrence of bauxite in inaccessible, tropical regions suggests that
additional large reserves will be discovered, as exploration is intensified.
Two of the world's largest known deposits in Australia and Guinea (Africa) were
discovered within the past fifteen years. Technological advances that could
result in an important increase in aluminium reserves include: improved low-
cost transportation methods; improved mining techniques for deep deposits and
the utilization of an alumaina-from-clay process.

Development of a commercially viable process for producing alumina from
non-bauxite raw materials on a large scale at current price levels does not
seen likely, while bauxite and alumina are available from foreign sources. It
may be that the quantity of low-grade bauxite and clays used in the combination
process can be gradually increased. Increased demand for aluminium silicon
alloys may lead to a significant increase in the quantity of aluminium
recovered from clay by direct smelting techniques. It also appears likely that
processes for making substitutes for special grades of bauxite from clay and
other low-grade aluminous ores will be developed.

Steady improvement of the efficiency of current processes, especially in
the alwumina reduction stage, are expected to keep alumnin competitive with
other structural materials for most applications, with the possible exception
of magnesium and plastics.
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Direct reduction processes using bauxite or clays are likely to be
developed commercially during the 1980-90 period; however, industry acceptance
and construction of plants using those processes are expected to be slow.
Moreover, the current Hall-Heroult. process, based on alumina, provides
versatility in the product mix to tleet specificationS .for tous end-useS.
Hence, it is doubtful that direct reduction processes would be used to produc-
more than 1 to 2 per cert of the a.luminium needed by the sear 1990.
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PREDICASTS, INC.: PRIMARY ALUMINIUM PRODUCTION

COUNTRY 1973AND PROJECTION ANNUALCOUNTRY 3 198O T1
1,3 180 .95 I n

United States
Canada
NORTH AMERICA

REC

Norway.

Austria
Swltzerland
Spain
Other Western Europe

WESTERN EUROPE

LATIN AMERICA

AFRICA - MIDDLE EAST

Japan

Chlna

India
Other Asia

ASIA

OCEANIA

USSR
Other Eastern Europs

EASTERN EUROPE

WORLD

4109 .. 6175 7625
_30 1600 2000
5039 7775 9620

1509 31R0

,618
89

asb

160
295i.5il

246

900
140
140
235
400
4_3

1100
190
170
300
500
5360

400 550

386 500 625

1097
160
154
52

_46

2100
250
450

300

323 625

1300 2300
543 1050

i'i3 3350

12=6 19980

3100
325
700
500

4625

900

3000

1500
4500

26185

5.5%
5.2%
.55%

5.6%
4.5%
4.4%
7.0%
7.5%
8.0%

9.1%

11.7%

11,2%
6.4%
11.0%
21.2%
11.3%

11.7%

7.7%
10.S%
8,3%

7.5%

(Do a ]km) . Z::= - - --.-
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Predicasts Inc.

PRIMARY ALMINIUM PRODUCTION

The starting point in the construction of these forecasts was the taking
of published projections. For each country, the various series were adjusted to
form a mutually consistent patterns Gaps were filled by use of historical income
elasticities, secular trends, input-output patterns, and by analysis of
development stages. In order to obtain comparability, the statistical concepts
of United Nations have been used and nationally-reported data have been adjusted
accordingly.

Gross Domestic Product data for the market economies were converted to
1972 United States dollars on the basis of year-end 1973 exchange rates, Since
centrally planned economies do not collect or publish GDP data, estimates were
developed by the Worldcasts Research Department consistent with concepts and
exchange rates used for other countries.
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Two estimates of world demand for lead up to the year 2000 and one estimate
of world refined lead consumption in 1985 are summarized below. The annual
projected rates of growth compare as follows (percentages):

Denmand for lead

United States Bureau of Mines , 1968-2000

World Bankb, 1968-2000

Refined lead consumption

Predicasts Inc. , 1968-1985

1.7-2.9

2.3

3.2

Attention is drawn to the large divergencies which occur between these forecasts
which are due to differences in the assumptions underlying these studies and
in the forecasting techniques applied. In analyzing the results reproduced
below, due account should, therefore, be taken of the hypotheses and the methods
used. The available explanatory notes are summarized on the following pages.

aUnited States Bureau of Ilanes, ivLneral Facts and Probleus, 1970.

bWorld Bank, Report on the Limits of Growths 1972.

cPredicasts Inc. 200, University Circle Research Centre, Cleveland,
Ohio, 1974.
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LEAD DEMAND AND SUPPLY PROJECTIONS BY THE US BUREAU OF MINES
(MINERAL FACTS AND PROBLEMS,1970

ContIgency Forecasts of
Demand for Lead b End
Usel Year 2000

(Thusndshort tons)

Demand in year 2000
U.3.

End use Demand forsecst United Statea Rest of the world A
Ig8 bate -

2000 Low Hish Low JHgb

Storagle
batteries ... 500 1,750 1,300 2,000 NA NA

Gasoline
additive . 22 N0 .... 1.00 NA NA

General
building
construction So 60 N
and paints 250 400 S00 600 NA NA

Small rarms
ammunition 81 13D 80 150 NA NA

Packaging 60 sO so 80 NA NA
Communication
equipment 87 80 20 60 NA NA
pntins and 32 50 0NA NA

Other uses 177 250 150 300 NA NA

Total ... 1.449 .... 2,120 4,540 4,260 5,310
AdJustgd range ... .... 2,520 4,140

(Median 3,330) (Median 4.785)

NA Not available.
a Rest-of-theworld demand for primary.

TABLE 2. - Porecast Range of

Demand for Lead

(Willion short tons)

19n 2000

United States:
Total: 4.14High . 4....14

Low .,2.440
'(Median) WS;;(5.33)

Primary: 2.80
High .... 2.30
Low .......... zge" 1.30
(Median) ........... .... .2.X

Rest of the world:
Primary:

Hiatt........ .: 5 rs.s10Low . . 2.550 .4.260
(Median) .... (4.785)

FIGURE 1. - Comparison of Trend
Projetions and Forecasts
for Primary Leads

FIGURE 2.- Projected US

of Lead
Availability

20 30

MILLION SHORT TONS

TABLE 1. -
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United States Bureauof Mines

LEAD

I. Demand

Separate estimates were made for the United States and for the rest of the
world.

United States demand .or lead in the year 2000 has been forecast by using a
starting point the estimated 1968 consumption in various end-uses given in
Table About one third of the world and United States lead is currently
recycled. Assumptions used for the projections were GNP growing at 4 per cent
per annum and population growing at.1.6 per cent annually.

Assumptions underlying the high estimate of lead demand

Increase in the number of motor vehicles, need for larger batteries,
increased demand for srull power sources for utility equipment, a shift towards
electric vehicles and a greater demand for self-contained power units for
industrial emergency and surveillance purposes. Increased use of lead sheet to
attenuate sound in home, office and industrial plant, and in vibration-
damping techniques. A break-through in use of lead pigments in water based
paints. Use of lead-vinyl combinations by the building and construction
industry; increased production of fire-arm ammunition.

Assumtions underlyingthe low estimate of the lead demand

The future growth rate for lead could be reduced through a shift to
alternate sources of power as thermoelectric devices, radioisotopes and fuel
cells, a shift to batteries containing substitute materials such as nickel-
cadmium or zinc and manufacture of batteries that have extended life. Decline
in the use of lead additives in gasoline resulting from greater use of diesel
engines, gas turbines and electric vehicles; growing trend toward higher
reforming of gasoline and use of higher-grade crude; increased air travel by
jets which do not require gasoline or high octane fuel and a decrease in the
export, market, and, furthermore, reduced use of lead in gasoline because of the
pollution problems. Reduced use of passenger cars resulting from massive shifts
by commuters to intra-urban rapid transit system using electric power.
Substitution for lead by plastic piping for corrosive and waste disposal.
application. Decrease in need for calkingwider use of stainless steel and
ceramic products for lead uses in building, continuing competition from hardboard
and plasterboard in place of lead sheet for sound control and continuing
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acceptance by the public of water-based paints because of their ease oof use and
non-toxicity. Use of substitutes in the prdduction of fire-arms and ammunition.
Substitution in packaging by alternate materials or to containment methods that
do not require solder or even packaging. Decline in use of cable covering and
for communication equipment. Decline of lead use in printing and publishing
techniques,

Regt of the world demand-for primary lead for the forecast period could be
met at current price levels up to about the mid-point of the period, assuming no
additional supply. The rest of the world consumption of primary lead is expected
to grow during the forecast period at average annual rates ranging between
1.7 and 2.4 per cent. Assumptions for the rest of the world growth are someiwha
similar to.those for the United States, except that as emerging nations increase
their demand for motor vrehLcles, lead demand for storage batteries should show
a marked increase. The growth of secondary lead consumption is also expected to
.parallel that of the United States and be a significant- factor in rest of the
world demand.

II. SuppLY

The United States supply of lead in 1968 was 1.6 million tons and came frbm
domestic refinery production, .imports, secondary metals, and industry stocksard
stockpile release. Principal United States resources of lead are in south-;east.
Missouri, while other sources include lead-zinc deposits and other complex base
metal deposits.

Projected supply of primary lead, fige 2, ind-icates a United States
domestic availability of nearly 40 million tons at. L968 price level of 17 cents
per pound of metal. Over half of this resource, or 20 million tons, is believed
to be recoverable at a 1968 price level of 11 to 12 cents per pournd. Based on
the recent historical pattern of lead ore discovery, it is highly likely that
additional resources could be found by United States exloration programmes which
currently are finding more ore than is being produced each year. However, new
geological, mining, and metallurgical technology, coupled with continued
exploration, will be necessary to meet the overseas forecast demand during the
last half of the period. If results of supply expansion throughout the world
during the past decade are .indicative of future trends, the future rest of the
world supply.base has a high probability of being increased to meet demand
requirements to .2000..

III. Possiblefadvances intecholog.

Future technological advances should occur in both the supply and demand
sectors of the lead industry. Sophisticated geophysical methods and techniques,as
well as interpretative methods through computer simulation of geological and
mineralogical trends, should enable the raw materials suppliers to proceed
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successfully with discoveries of deeper and obscured deposits. Rock mechanics
principles, developed through basic and applied research on rock break-age,
ground stabilization, and transportation, will permit ;afe, effective mining as
mining depths increase. New or improved mining methods to counteract rising..
mining costs through use of improved rock-boring and continuous hard rock mining
machines will be developed. New methods will be discovered, known methods and
techniques of processing minerals will be improved, and research in chemical
refining of complex base metal ores and concentrates will continue for the
development of efficient, economical means of producing metal raw materials for
use directly in manufacturing.

There will be significant advances in the usage pattern of lead sheet for
sound damping, in electrolead plating at high speeds, in developing a variety of
alloys, such as the dispersion-strengthened lead alloys, and in developing
inorganic and organic chemicals using lead that might be used as catalysts,
stabilizers, biologicals, repellents, preservatives and corrosion inhibitors.
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PREDICASTS, -INC.: REFKNED LEAD CONSUM ION

COUNTRY 1973 D PROJECIK0"S ANNUALICOUNTRY wL.ZGROWTH
. 1973 1980 IROWTH~~~~~~~~~~~~L2Z. ,

H'AMERICA
-1.

~~~~~. I.

Spain
Switzerland
Olier Western Europe

WESTERN EUROPE

Argentina
Brazil
Mexico
Other Latin America
LATIN AMERICA

AFRICA - MIDDLE EAST

Indio
China
Japan
Other Asia
ASIA

OCEANIA

USSR
Other Eastern Europe
EASTERN EUROPE

WORLD

1304
74

1370

1070

34
30.
94
1 6
82

1334

45
51

100
33

.2_

60

40
170.

. 252
100
562

1460 1590
85 95

1I545 - 165e

1394 1553

50
40
130
30
95

1739

60

60

120

50120

70

240

350

115

78

60
45
150

35
110

1953

70
75
135
60

78

100

280
425
135
94

79 98 110
540 68 800

540
434

4616

525
1_5

5732

600

6506

i.9%
4.5%
2.0%

2.8%

0.6%
2.9%.
5,2%
1 .4%
5.0%
3.0%

3.6%
11.0%
2.5%
5.6%
4.5%

3.1%

6.7%
4.1%
5.2%
4.8%
4.9%

3.8%

3.4%
3.1%
3.3%

3.1%

Unied S
Canada

NORl

EEC

Sweden
Austrla
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Predicasts Inc.

REFINEDLEAD CONSUNPTION

The starting point in the construction of these forecasts was the taking
of published projections. For each country, the various series were adjusted
to form a mutually consistent pattern. Gaps were filled by use of historical
income elasticities secular trends, input-output patterns, and by analysis of
development stages. In order to obtain comparability, the statistical concepts
of United Nations have been used and nationally-reported data have been adjusted
accordingly.

Gross Domestic Product data for the market econoLies were converted to
1972 United States dollars on the basis of year-end 1973 exchange rates. Since
centrally planned economies do not collect or publish GDP data, estimates were
developed by the Worldcasts Research Department consistent with concepts and
exchange rates used for other countries.
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ZINC

Three-estimiates of world dermnd for- zinc up to the year 2000 and one
esti-aote of world refined slab zinc in 1985 are sxaried belov. The annual
projected rates of grcirth cornpare as f'ollows (percontages):

United States Bureau of Ydnesa 1968-2000

World Bank , 1968-2000

W4harton School of Finance and Cciserce9, 1966/70-2000

Refined slab zinc con ton..

Predicasts Inc.q, 1968-1985

'2.2-2.8

3.0

3.4

3.9

aUnited States Bureau of Iv-nes, Idneral Facts and FrobleB, 1970

bWorld Bank, A on the Lin.ita of Growth, 1972.

}Wharton School of Finance and Cormerce, Wilfred Malenbaum, Materials
Requirements in the Unitcd States and Abroad in the Year 2 000, 1973.

Predicats ic. 2009 University Circle Research Centre, Cleveland,
Ohio, 1974.



DEMAND AND AND SUPPLY PROJECTIONS BY THE US BUREAU OF MINES
(MINERAL FACTS AND PROBLEMS, 1970)

TABLE 1. - Contingency Forecasts of
Demand for Zinc by End Use,
Year
(Thousand short tond)

Demand in year 2000
Demand U.S. _

End use 968 forecast United States Rent of the world
base -
2000 Low lxlh Low IllR..

Construction . 340 530 450 7530 NA NA
1Transportatioh 400 G70: *.55Q 1.000 NA NA
Elccirical etismentl

and supplise.. 210 730 SOC .0 NA NA
Plumstbing and
hletrsil ne ,a 240 400 300- 600 NA NA
Industrial 'machnern
exlucting 6~20 0 3 A Nclecluricnlg 160O 26D .200- 450 NA NA

P'igment. and
I emveunds . 220 370 250 500 NA NA
Rolled rissc. dry cells.

lithographlic platen 50 80 60 100 NA NA
Other uses . 141 230 150 400 NA NA

'Total . 1,761 2.460 4.700 8,n00 11,200
(Median 3.580) (Median 10,000)

TABLE 2: -
Demand for Zinc
(TThousiand .short tons)

1968 12000

rOYAL

United States: 70
CR~~~~h ~~1 1,761 2$t

(Median).~~~~~~~~~~~~43,50
(Miedian) .................. . ..... tbO)

United States:
HI h .....4,000ao 1.4W01.0
(SeLaw .... ..... .::**....s4

,"t(M)fedian) ,05
Rstof he world;. ( 025)

1)1g ....... 4.000
(Miedian). .00)

Eusimate.

NA Not available.

.Com o f Trend
...Proections andFrecasts

-for PriarrZind
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United States Bureau of' i4Lnes

ZINC

I. Demand

Separate estimates were made for the United States and for the rest of the
world.

United States demand for zinc in the year 2000 has been forecast by using
as a starting point the estimated 1968 consumption in various end-uses given in
Table 1.Assumptions used for the projection were total population increasing
at 1.6 per cent per annum, steel demand growing at 1.75 per cent per annum and
GNP increasing at 4 per cent per annumr. In order to determine the demand for
primary zinc, it was estimated that future recovery from secondary sources will
represent 15 per cent of total future demand.

Assumptions underlying thehigh estimates of zinc demand

No substitute for zinc in protective coatings for iron and st eel;
displacement by zinc of cadmium coatings, aluminium and plastics, Increase in
the production of automobiles, trucks, aircraft and boats (more rapidly than
population); increased use of electricity from lower energy costs leading to
higher zinc consumption in electrical power transmission and communication
equipment, on household appliances and wiring and electronic equipment.
Increased demand for dwellings requiring more plumbing and heating facilities
and rapid growth in demand for air conditioning equipment. High rate of growth
in the rubber industry where zinc oxide is utilized in natural and synthetic
rubber. A miore affluent society would lead to increased production of' battery-
operated toys and portable electrical equipment using batteries containing zinc;
increased use of brass and bronze articles for decorative purposes..

Assumptions underlying the low estimate of zinc demand

Use of aluminium coatings, paint or sheet and widespread application of
non-coated corrosion resistant high-strength, low-alloy steel instead of zinc
coatings. Substitution of zinc by alluninium and plastics in appliances and use
of underground cable. for electrical and communication uses which eliminates the
need for zinc-plated wire used as support for utility poles. Use of plastic
tubing in plumbing appliances. Displacement of galvanized ducts by plastics in
forced hot air heating or the elimination of such ducts by electrical heating
units. Use of air or plastic bearings instead of brass bearings and of alternate
materials replacing rubber (such as fibreglass-containing tyres). Substitution
of non-zinc batteries such a rechargeable batteries and mercury batteries and
the elimination of the use of lithographic plates from new printing techniques.
Displacement of zinc diecasting by aluminium diecasting.
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Consumption patterns for zinc in the rest of the world differ significantly
from those its the United States. Tho principal use area in the United States is
zinc alloy for diecasting, This technique has not beert so widely used in the
rest of the world probably mainly because of the lack of large-scale automotive
production. Conversely, in the- rest of the world a much larger share of zinc
consumption is for brass and, in some areas, for rolled zinc. It is anticipated
that there will be a gradual shift in the rest of the world consumption pattern
in industrialized nations toward that of the Ullited States. As a result, it
appears probable that total zinc demand in the rest of the world wril1 increase
somewhat faster than in the United States. Developing nations will probably
have relatively sharp increasing demands for galvanizing and for brass.

II. S

The United States supply of recoverable zinc at the 1968 price of 13.5 cents
per pound is estimated to be 34 million tons. It is further estimated that a
25 per cent real-termi price increase will fake possible the recovery of an
additional 10 million tons of zinc. A 50 per cent price increase to
approximately 20 cents per pound would result in an additional 7 million tons
becoming available for a total supply of 51 million tons of zinc at prices up to
20 cents per pound. The 1968 price would probably have to double to 27 cents
per pound before the remaining 27 million tons would be produced. These data are
sumiarized in figure 2.

The rest of the, world supply of zinc available at the 1968 price of
13.5 cents per pound is estimated at 75 million tons of recoverable zinc. It is
considered likely that a doubling of the price to 27 cents per pound in 1968
dollars would double the rest of the world supply to 150 million tons of
recoverable zinc.,

III. Possible] advances in techno

Mining-milling phases uay, in certain cases, be replaced or supplemented by
in-situ leaching, making possible exploitation of lower grade deposits as well as
direct electrodeposition of zinc fromt the leach solutions. A partial step in
that direction. already exists in experimental pressure leaching of sulfide
concentrates to elimidnate the present roasting step in electro-winning of zinc.

Research in progress, aimed at impronng retorts and condensers may raise
efficiency and reduce costs at zinc horizontal-retort plants and thereby
strengthen the competitive position of this oldest method for producing zinc.

While aluwiniusa, plastics and corrosion-resistant high-strength low-alloy
steel pose threats to the present -m!arkets for zinc, it seems likely that inroads
by one. of these materials will be offset by advances in zinc technology which
will improve its position vis-a-vis the substitutes in other areas,
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Predicasts Inc.

REFINED SLAB ZINC CONSUMPTION

The starting point in the construction of these forecasts was the taking of
published projections. For each country, the various series were adjusted to
form a mtually consistent pattern. Gaps were filled by use of historical
income elasticities, secular trends, input-output patterns, and by analysis of
development stages. In order to obtain comparability, the statistical concepts
of United Nations have been, used and nationally-reported data have been adjusted
accordingly.

Gross Domestic Product data for the market economies were converted to
1972 United States dollars on the basis of year-end 1973 exchange rates. Since
centrally planned economies do not collect or publish GDP data, estimates were
developed by the Worldcasts Research Department consistent with concepts and
exchange rates used for other countries.
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TIN

Two estimates of of world demand. for tin up to the year 2000, and one estimate
for world tin mines production in 1985 aree summarized below The annual

projected rates of gro-t1h co-.,.pare as follows percentagess)*

Demand for tin

United States Bureau of Mines, 1968-2000

World Bankb, 1968-2000

Predicasts Inc. , 1968-1985

1.1-2.0

1.2

L6

a

United States urea Facts and Problems, 1970.

tWorld Bank, R ontheLiits of'Growth, 1972.

Predicasts Inc. 200, University Circle Research Centre, Cleveland,
Ohio, 1974.



MTN/SEC/W/10
TIN DEMAND AND SUPPLY PROJECTIONS BY THE US BUREAU OF MINES Page53

MINERAL FACTSANDPROBLEMS

TABLE 1. Contingency Forecasts of Demand
for Year 2000

(Thousand long tons)

forecast Demand In the year 2000
Demand 2000

End use 1968 United States Restoftheworld
U.S. -
baae Low High Low High

Metal cans. 28.9 48.Q 30 48 -NA NA
Transportation . 11.0. 18.0 IS 18 NA NA
Industrial machinery.
excluding electrical 11.0 18.0 15 18 NA NA

Electrical machinery
and equipment ... 11.0 18.0 15 18 NA NA

Plumbing and heating 11.0 18.0 15 18 NA NA
Plastics (polyvinyl

chloride) ........ 3.0I.5 2 5 NA NA
Other uses . 8.2 11.0 9 15 NA NA

Total . 82.0 ... 101 140 188 390
(Median 120) (Median 290)

NA Not available.

TABLE 2. - Forecast of
Demand fr .i
TIiund lon tons)'.

1968 2oo0
United States (toW):

High ...........01

(Median) .....(1.20........)....* 2C)
United utes (prim):

Lou .......... Jr

(Medllan) . .-
Rest of the world (total)

(Mi) 290)189EMedan flag)90

FIGURE 1.- Comparison of Trend
Prjcions and Forecasts
for Primx Tin Demand.

FIGURE-2. - Projected US
Availability
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United States Bureau of Mnes

TIN

I. Demand

Separate estimates were wade for the United States and for the rest of the
world.

United States demand for tin in the year 2000 has been forecast by using
as a starting point the estimated 1968 consumption in various end-uses given in
Table 1. Assumptions used for the projection were population growing at
1.6 per cent per annum and GNP increasing at 4 per cent annually. In order to
determine the demand for primry tin, it was assumed that '70 per cent of the
total demand will be met by primary material.

Assumptionunderlying the high estimates of tin demand

Improved competitive position of tin is expected to result from intensive
marketing and research leading to lower cost tin and tinplate. The demand of the
transport equipment, electrical machinery and appliances and electronics
industries is assumed to grow at the same rate as population (1.6 per cent per
annum) since demand f'or tin in these industries is assumed to be tempered by
development of substitute materials. Further growth in tin demand is expected
in building (more plumbing per housing unit or increase in number of vacation
homes) and the chemical industry (if consumption of tin paralleled the high
growth rate expected for that industry) and in the production of plastics.

i~s~umtions underly)Cj~the low estim-1ate of tin demand

Competition from plastics, alumii-niLum, glass and tin-free steel would reduce
tin use in the canning industry. In transport equipment a strong decline in tin
use would result from elimination of copper radiators and the use of plastic
bearings or air bearings; in construction displacement of hot water or hot air
heating by radiant electric heat. Displacement of copper by alurainiura in air
conditioning applications; miniaturization of electronic circuits, use of printed
circuits and low-cost electrical joining methods would mninimaize the need for
solder. Competition from altuinium, other metals, and wood would continue, and
retard the growth of tin use in plastics, Further use of offset printing would
cause a decline in the use of tin in the printing industry.

The demand for tin in the rest of the world, sizmilar to that in the United
States, is dominated by the use of the aetal in the manufacture of tinplate
primarily destined for use in the form of containers Changes in technology
permitting the use of tin alloys, other mLetals and plastics and resins, are
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decreasing the use of tin. While it can be absured that this type of
technological substitution will occur worldwide in the container industry, it is
less certain that the substitution will occur as rapidly in the developing
countries as in the developed countries. Changes in relative demands for tin in
bronze, brass, babbit metal, solder, other alloys and chemicals are not
anticipated to differ significantly from those in the United States, but may
increase at a somewhat more rapid rate. At the low level of projected dermnd,
it appears reasonable to assume that decreases in tin consumption for tinplate
could balance increases in other metallurgical and chemical uses in the rest of
the world over the next three decades.

II. Suppl

Almost all of the approximately 2.7 million tons of primary tin needed in
the United States between now and the year 2000 will be obtained by imports0
These imports are likely to come froLm historical sources - Malaysia, Thailand
and Bolivia. There is a possibility that if Australian production should continue
to increase it too could become a United States source of supply.

Compared with domestic consumption, United States current production,
which comes mainly as a by-product of im!olybdenumi, is insignificant. Furthermore,
no significant, increase in domestic output through technological advances is
anticipated.

III. Possible advances in technology

Conservation techniques used in recovering secondary tin fromlnew crap are
well advanced and little improvement is likely. Despite the present concern with
solid waste disposal, especially of municipal waste, it seems unlikely that
econor.c techniques wall be developed to recover tin froml used tin cans. There
are a number of reasons for this, including the fact that the amount of tin in
cans is decreasing.

If the demand for tin increases it is expected that there will be a gradual
improvement in the beneficiation methods used in concentrating the ore so as to
minimize the losses in sliaies. Continued concern with rmlineral recovery from
off-shore areas should result ultimately in the development of technology and
equipment for economic raining of shallow ocean floor valleys, ultimately
increasing the world tin reserves
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PREDICASTS, TNC.: TIH MTNHhODHC!jcrio011

(000 m tons)

COUNTRY G PAWDNNUArL
1973 1980 _9__ 17Q0

NORTH AMERICA

WESTERN EUROPE

Bolivia
Other Latin America

LATIN AMERICA

Zaire
Nigoria
Other Africa -

AFRICA -

Middle East

MIDDLE EAST

China. (Mainland)
Indonesia
Maldysia

Thailand
Other Asia

ASIA

Australia

USSR
other Eastern Europe

EASTERN EUROPE

WORLD

.4

5.0 6.5 7.0

28.6 39.0
5.6 12.0
34.2 5;.0

5,5

5.8
5.7
17.0

23.0
22.5
72.3
20.6

3.3

141.7

8.5
6.0

6.6
21.1

26.0

26.0
75.0
27.0
6.0

160.0

42.0
16.0
58.0

9.5
5,8

7.3

22.6

27.0
28.0
70.0
30.0

7.0
162.0

11.3 13.0 14.0

28.0 33.0 36.0
1.0 1.4 1.5

29.0 34.4 37.5

238.3 286.4 .301.5

6.4%

S.4%

2.6%

6.330

2. 7%;,
-2.90%

*2. 0%,

0.5%o

1.3°o

3. 1 %

0. 2%o
2.2%,

8.7%

1.3%

3. 9%

1. 6%

1. 9%
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TIN MINE PRODUCT'ION

The starting point in the construction of these forecasts was the taking of
published projections. For each country, the various series were adjusted to
form a mutually consistent pattern. Gaps were filled by use of historical
income elasticities, secular trends., input-output patterns, and by analysis of
development stages. In order to obtain comparability, the statistical concepts
of United Nations have been used and nationally-reported data have been adjusted
accordingly.

Gross Domestic Product data for the market econoriies were converted to
1972 United States dollars on the b&- is of year-end 1973 exchange rates. Since
centrally planned economies do not collect or publish GDP data, estimates were
developed by the Worldcasts Research Department consistent with concepts and
exchange rates used for other countries.
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For magnesium, projections made by the United States Bureu of Minesare
summarizedbelow.,

The world demand for magnesium non-metal is estimated two grow between 1968
and 2000 at annual rates ranging between 0.9 per cent'and 2.5 per cent and that
for magnesium metal at rates ranging between 3.1 and 5.9 per cent annually.

tUnited States Bureau of DE M ineFactsg oble, 1970.
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ContLinncy. ForeirAgts f1'Demand
for Magnesium by End Use,
Year 2000

TThousand short tons)

Demand in Year 2000
U.S.

End use Drinanid base United StCtes Ret of the world
llti8 forecast

ZUOO Low High Low ligh
Non tetal:

Nundt ay
rcrhactory
brick and
ortar .... 970 1.500 S100 2.000 NA NA

ht ssm lbneous
, 1tcmica1
prudutr ... 113 400 200 400 NA NA

-:- !-.03 .,.. I ,300 2.400 5,500 3.800
(Mlcdibn 1,89U) (Median 7i150)

TABLE 2. Forecast Range of Do-and for
esiComomnds

(Millions short tons)

M168 2(11u

United States:
ill1ghe. 1.083
Low .

Re:: 1it the world:

Lw. ............
(Xiedian) ..... lo

Aircraft ... 32

extevi't
electrical 19
Nimtellaneous
0licmtical
product s 19
Stqomr
vehicles ... 10
rjbricateki
tIl t:1A
product . 8

iltUt,,,, itil
inadtinery 8
1'tlamary
t.iw rrtiiu
imlttdl, and
gr.iv irt.n
ftiundriets , 10

170 100 300 NA NA

.80 60 10Wt NA NA

3D

35

20

s0

45

60

NA

NA

TABLE 3. - Forecast Ran. e of iDc=.and f*r
NA
NA

30 20 45 NA NA

30 15 30 NA NA

35 25 70 NA NA
Tou .. 106 .... 270 650 280 650

40(edian40) (Mledian 465)
NA Not available.

Mages Metals
(Million short ton3)

United States:uziai tldtiz

High. 1 ~~~~~1003j
Lo ., II I 4),s
( Median) .. .......

Low 4)s( Median).......Rest of the world:
Hih ...... .. to !' :f

Low( ,.,i
(Median)..itS

b'IGURI 1. - Mnarson of Trend Projec tuions
and Forecast forMagnesium
Compounds (Non-mctali

FIGURE 2. - Comparison of Trend
Projections and Foreca'3t3
for PrimarZMa~nesiumr Mettii
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United States, Bureau of M~ines

MAGNESIUM

I. Demand

Separate estimates were izade for the United States and for the rest of the
world.

United States demand for magnesium. in the year 2000 has been forecast by
using as a starting point the estimated 1968 consumption in various end-uses.
The projections are based on estimated growth of steel production (1.75 per cent
annually) since iaetallurgical use currently represents over 80 per cent of total
magnesium demand and on GNP (increase of 4 per cent annually).. The use of
magnesium oxide as refractory material on. metallurgy is expected to decline to
65/70 per cent of -the total demand in the year 2000. Correspondingly, demand
for magnesiuma metal which now amounts to 9 per cent of total magnesiumi demand
should increase by the year 2000 to about 20 per cent of the total demand.

Assumptions Luiderlying the high estimaate 6f magnesiumi demand

Increasing demand for m.)agnesiwumr in base chemicals and shifts toward
oxychloride and oxysl2afate cements which require a significant quantity of
magnesium compounds. High dem-2and for magnesium (non-metal) based medicinals
because of increased life spans. Increased demand for magnesium alloys in the
aircraft industry resulting from an estimated threefold increase in passenger
rile per caput. Greater use of rmgnesiuiz per vehicle, Increased usage of
magnesiturich alloys that would make alum-inium-magnesium alloys economically
competitive with other aliu.iniul; alloys in the aircraft industry0 Growing use
in industri-al machinery because of its use in high horse-power-low-weight
equipment that is hand held. Increased use by the growing chenmical industry
of imgnesitz±, a very reactive metal for use as a component of many synthetic
organic chemicals and petrochemicals and as a catalyst and reducing agent as well
as increased demand by the military for i-agnesiumi powder or flakes and incendiary
bombs. Increase in affluence, whereby consumer would be willing to pay higher
prices to get lighter x.ci:ight pr: h-cts fPr utility or recreational purposes.
Protection against corrosion of pipelines, shifts and storage tanks and that
magnesiun would be used as a battery constituent in either sea watch activated
reserve batteries or dry cells.
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Assumptions underlingthe low estimates of sium demand

Reduced use of magnesium by the pulp and paper industry resulting from
reduced demand for rayon (shift from rayon base trres to polyglass tyres).
Substitution of magnesium oxide Ey othor materials as an insulator in electrical
devices and technological shifts to different heating systems such as infrared or
micro-waves. Improved alloys for the aircraft industry that would require less
ansaesiujm or a. shift to higher temperature resistant materials such as titanium

-and extensive use of substitute materials such as boronexpory composites and high
strength steels for subsonic aircraft. Shift in consumption patterns such as
plastics; bteel, aluminium, titanium and other alloys and composites which can be
used in place of magnesium. A technological shift in the chemical industry toward
other reactive metals; decreased military demands. Technological shift toward
use of plastics or composite materials in motor vehicles and other uses such as
coatings, etc.

Demand in the rest of the world for magnesium compounds and metal has been
increasing regularly, The growth rate is expected to range from 1.0 to 2.5 per
cent per year for magnesium cbmpounds as compared -with the United States. The
demand for magnesium metal in the -rest of the world is expected to increase at
rates ranging from 3.25 to 6.0 per cent compounded annually for the 1968-2000
period.. Future technological shifts in use patterns toward magnesium metal in
place of other materials and a trend toward high temperature refractories should
maintain the rest of the world growth rate for magnesium.

II. Supply

Magnesium has an inexhaustible source of supply for the foreseeable future.
All magnesium compounds and metal can be made from sea water. Other sources,
principally dolomite and magnesite, generally are less expensive and are suitable
for many uses. Large deposits of dolomite, containing about 13 per cent magnesium,
are widely distributed throughout the United States and the rest of the world.
Lake and well brines also represent a substantial resource of magnesium. The
Great Salt Lake contains an estimated 630 million tons of magnesium chloride or
about 160 million tons of magnesium. Brine from an ancient underground sea
occurring 1,600 feet below the surface near Snyder, Texas, will soon be a source
of magnesium metal. The full extent of this resource, reported to contain 11 per
cent magnesium chloride, is not known but presumably is quite large.

III. Possible advances in technclo

New technology is expected to bring about major improvements and new
developments in refractories, magnesium extraction and fabricating techniques,
and magnesium alloys. High-purity and higher strength refractories and magnesia
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will be developed to 'meet the exacting requirements and demands-for higher
temperature furnaces including those Lor the basic. oxygen furnaces.

Electrolytic processes should become more economically attractive with the
development of methods for recovery of chlorine as a byprouict and research on
the electrolyte and on call design is expected to prove the efficiency of the
electrolytic process. Significant advances are also. expectedd in fabricating
magnesium, such as the direct casting method which many reduce melting and handling
costs.

Extensive market developments and research on applications for magnesium
metal product and alloys in aircraft, motor vehicles, pnd consumer durables are
expected to intensify during 1968-2000 mainly as a resuLt of the geater number
of producers expected during this period.


