large difference in growth rates of an increase: from 3.8% to 5,43,
France of an increase from 5.9% to 6.5%, and on the other hand ty,
United States of a large decllne from 6.6% to 3.6%. Other coun-

tries showed no large changes.

ACCOLdlng to this UNIDO projectlon,rthe ktotal demand for aly.
minum would maintain the high. growth rates and expand up to 19%,
put, as of the middle of 1982, this- projéction seems too opti-
mistic. The reason for this optimism would bhe firstly because
this report compiled projections of main demand sectors and there.
fore too mich emphasis was put on the advantage of aluminum usage,
secondly because the GDP growth rates, which wWere used as bases of
projections, were set a little high, and thirdly because the GDP
elasticity would be high since actual elasticity up to 1978 was
used. :

1;3 IPAL's Survey of Primary Aluminum Production Capacity

~ IPAI publishes twice a year the statistics by area on prinary
aluminum and alumina production. capacity which are received from
each member company. The most recent projections based on this
information are given in Table F-8. The annual aluminum produc-
tion capacity as of the middle of 1982 was . 13.894 million tonnes
‘and was estimated to increase to 15.115 mllllOn tonnes as of the
middle of 1985, an increase by 1.221 million tonnes, which repre-
sented an annual growth rate of 1.7% for this period, although
this projection did not intend to estimate a growth rate.

The annual alumina production capacity was to expand from
30.644 million tonnes to 34.354 million tonnes, giving an annual
growth rate for this period of 2. 3%, higher than the growth rate
for primary aluminum.

1.4 IBA's Projection for Bauxite, Alumina and Aluminum
Consumption in the 1980s

IBA published a report concerning aluminum consumption pro-
jection in August, 1981 entitled "Bauxite, Alumina and Aluminun -
_consumption growth or stagnation in the 1980s" '

This report studied and analyzed the projections already
published by the 1ndustry analysts concerning demand for primary
aluminum and made the independent projections by IBA for growth
rate of demand for primary aluminum.

The projections studied and analyzed by IBA were those 7 as

shown in Table F-9. Since projected annual growth rate in those
sources varied from 3.5% to 5.6%, the mean rate of 4.1l% was
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gituations as of June 30, 1982

pable F-8 IPAI Primary Aluminum Annual Production Capacity

{1,000 tonnes)

AREA
1 2 3 4 5 6 7
North  Latin East South

Africa America America Asia BAsia E“?OPQ Oceania Total
As of
pec. 31, 1981 502 6,170 911 1,395 737 3,715 530 13,960
As of ' ' o
June 30, 1982 524 6,102 949 1,167 832 3,765 555 13,894
as of : . .
pec. 31, 1982 555 6,235 1,013 1,124 872 3,763 711 14,273
As of ' . _
June 30, 1983 620 6,235 1,063 1,069 917 3,789 764 14,457
as of . S
pec., 31, 1983 £20 6,235 1,063 1,069 968 3,793 937 14,685
As of - .
June 30, 1984 620 6,235 1,063 1,069 1,016 3,813 972 14,785
as of E '
Dec, 31, 1984 620 6,235 1,123 1,069 1,027 3,793 1,135 15,004
As of :
June 30, 198% . 620 6,235 1,158 1,069 1,027 3,805 1,201 15,115

adopted in this report as the growth rate for primary aluminum
demand from 1981 to 1986. The growth rate from 1987 to 1990 was
estimated at 5.2%, being the same rate as estimated by USBM for
the period until 2000,

As a result, primary aluminum consumption was estimated at
19.070 million tonnes for 1985 and 24.150 million tonnes for 1980,
IBA also made projections of bauxite and alumina world demand,
which are summarized in Table F-10.

Based on these projections, IBA made the following comments.

It was clear that there would be excess primary aluminum
capacity throughout the 1980s. However, if the centrally planned
economies continued to import more primary aluminum than it
exported and Japanese aluminum industry continued to freeze their
capacity, the operation rate in the free world would sooner or
later become high.
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Table -9 Projections of Primary Aluminum Consumption Growth Rates
referred te in IBA Report :

Date 9f Period . Average annual
Projections growth rate (%)

Source

1, Pechiney Ugine Xuhlmann _ _ .
Group (PUK)* ' Feb. 5; '81 19811986 4.0
Le Nouveau Journal, Paris® . : . :

2. “"Spector Report", TSAL -

Spector Research Report aug. 17, '81 1981-1986 5.6
No. 10-81 ‘ .
3. Anthony Bird Associates, CJuly '81 1981-1988 3.5

"Aluminium Analysis"

4. Chase Econometrics, Aug. 14, '8i 19811985 4.1
T.G. Langton : i

5, The United States Bureau Co :
of Mines (USBM), "Mineral 1980 Ed. 1978-2000 5.2
Facts and Problems"

6. COMALCO Ltd. 1980 Apr. 1, ‘81 1981-1990 3 -4
Annual Report

7. British Aluminium Company
{ BACO) Ltd. Mar. 31, '81 1981-~1385 4 - 5
1980 Annual Report

* Free world projections

Projections of Annual Growth Rates for Primary Aluminum
Consumption by Spector and Bird (1981-1986)

(%)
1981 1982 1983 1984 1985 1986

Bird (6.3)  B.5 6.5 4.1 3.4 3.
spector 1.1 12,8 B.7 4.9 4,6 1

9
-9
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1.% Chase Fconometrics' Projection of Demand for Aluminum
up to 1990 '

~ Chase Econometrics A59001ates Inc. iorecast in. February 1982
the demand for aluminum until: 1990.1) -The forecast. wasg made baseqd
on economic projections assuming recessions 1n 1984 -1985 and 199¢,

Table F-11 is the. summary of the projectlons of total demand
For aluminum by the main countries or regions, which was made
based on the demand prOJectlons by m3301 demand sector.-

Demand for prlmary alumlnum was estlmated to grow from 12.02%
million tonnes in 1980 to 13.444 million tonnes in 1985 and
further to 17.509 million tonnes in 1990, which represented an
average annual growth rate of 2.3% in the first half of the 1980s
and 5.4% in the second half. The reason for lower growth rate in
the first half of the decade than the second half was that 1985,
being a recession year, was assumed to have low demand,

The growth rates for the various regions in the 19805 were
6.7% for Japan, 6.0% for Canada, 4.3% for Bra21l, 3. 3% for Europe
and 2.4% for the United States. Japan was . forecast to have a high
growth rate and the United States and Europé were low.

The forecasts of primary aluminue smeltlng capacity were made
based on the ex1st1nq plants and plans of new smelters until 1986
and were made by estimating up to 1990, The projections for capa-
city, operation rate and production are shown in Table F-12.

Chase forecasts that the primary alqminum supply and demand
balance in the free world, as shown in Table F-13, would show the
decline of inventory/consumption ratio from 3.2 months consumption
in 1981 to 2.2 months in 1985 and 1.4 months in 1990,

1.6 Mr., Stewart R, Spector's Projection of Medium-Term Supply
and Demand

A well known aluminum industry -analyst, Mr. Steward R.
Spector 2)'publishes_the research report The_Spector Report -
Aluminum -Industry Service, Based on his two reports,”5-~Year
Forecast of Aluminum Industry Supply and Demand 1981-1986"
publlshed in September 1982 and "&Lrvey of Mid Year Primary
Rluminum Capacity 1982-1987" publlshed in August 1982, his projec-
tiong are analyzed helow,

1} Light Metals Quarterly, PFebruary 13882
2} President, Tsai-Spector Research Agsoclates iInc.
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1.6.1 Primary aluminum demand

The demand in the United States, which shares about 30% of
free world demand, is in a seriously bad situation as the demang
in 1979, 1980 and 1981 fell below the preVLOus year's level foy
consecutive three years and in 1982, although the degree was
slight, it would appear to. fall short of the previouns year's
level again., (Table F-14 showed the forecast that. 1982 ‘would
exceed previous year, but the most recent forecast by Mr,

“Spector showed a 3% decrease from the previous year). By 1984,
however, the housing and automoblle industries were expected to
return to the high levels, and- hence ‘the demand for aluminum
would recover 1ap1dly, exeeding 1978 level., But, in 1985,
because the economy would enter an adjustment situation again,
demand for aluminum would slow down. Assuming ‘recession con-
tinued in 1986, aluminum demand could not be expected to grow
but it was forecast to recover again in 1987, It was thus esti-
mated that, from 1980 to 1985, an average annual growth rate
would be 4.5% and, from 1982 to 1987, 6.2%. BEurope and Japan
showed consecutlve decline of demand for 1980 and 1981 just as
the United States. It was expected that the demand in 1983
would exceed the level of 1979 and then in 1986, it would remain
sluggish or even decline due to economic recession.

Total free world aluminum demand was forecast to increase
by about 6% in 1982 compared to the previous year, but still
lower than 1979 levels. 1t would then recover rapidly, but, in
1986, the growth rate would decrease due to the recession in
Japan, Europe, and the United States. The average annual growth
rate from 1980 to 1985 was estimated at 4.9%, 2.8% from 1985 to
1987, and 6.5% during the 5-year period from 1982 to 1987.
Table F-14 shows the free world primary aluminum demand forecast
by Mr. Spector.

1.6.2 Aluminum smelting capacity'

According to the surveys by Mr, Spector at the .end of 198l
and in the middle of 1982 as shown in Table F=-15%, the production
capacity as at the middle of 1982 was decteased by nearly 1
million tonnes, although two surveys had bnly 6 months interval,
due to the increase in production cut back caused by decline of
demand, the cancellations or delays of expansion programs as
well as the permanent shut down of economically obsolete plants.
This drastic decrease in capacity was resulted from the reduc-
tion of Japan's operation capacity from 700,000 tonnes to
300,000 tonnes, a reduction by 400,000 tonnes, the reduction of
Taiwan's capacity from 50,000 tonnes to none, and the decreases
in smelting capacity in the United States, and Europes, eto. The
capacity at the end of 1987 also showed about 2 million tonnes

[11-272



R

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

table F-14 -~ Mr. Spector's Projection of
Free World Primary Aluminum Demand

(1,000 tonnes)

. Latin _ Totals Free
USA Canada . Europe Ja i

America pan Others excluding world

. __USA totals

5,041 317 540 3,294 1,653 1,246 7,050 12,091
4,959 448 595 3,717 . 1,739 1,179 7,678 12,637
4,324 315 700 - 3,677 1,858 1,371 7,721 12,045
3,928 325 650 - 3,500 1,559 1,150 7,184 11,112
4,235 315 675 3,650 1,660 1,250 7,550 11,785
4,960 350 775 4,000 1,870 1,400 8,395 13,355
5,320 400 1900, 4,300 2,100 1,600 9, 300 14,620
5,400 435 1,000 4,400 2,260 1,800 9,895 15,295
5,375 . - 450 1,100 4,400 2,200 1,850 10,000 15,375
5,725 450 1,200 4,500 2,300 2,000 10,450 16,175

* except Chiné{ the'Democrétié Republic of Korea and Eastern Europe

Sources: Various national publications; The Spector Report

rasis for calculation:
primary aluminum demand = Primary aluminum production i exports and
imports of primary aluminum and mill products i changes in inventory
of producers, customers and London Metal Exchange

Tabh

le F~-15 Mr. Spector's Survey of
‘Aluminum Smelting Capacity

{1,000 tonnes)

Timing of survey
Middle of 1982 End of 1981

1981 14,370

1982 13,590 14,503
1983 14,050 15,075
1984 14,652 15,620
1985 14,982 15,963
1986 15,614 16,859
1987 15,796 17,757

‘Source: The Spector Report
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reduction from tha survey as at the end of 1981 to the one as at
the middle of 1982. :

Table FP-16 shows the forecast by. country of thL new or
expén51on of capacity from 1982 to 1987. The total free worlq
capacity is expected to increase by 2.206 mlllion tonnes for the
free world as a whole. Of thls, 2,206 million tonnes, consist.
ing of 1, 280 million tonnes increase in the developed industria)
countries and 0.926 million tonnes in the developing countries,
The countries with large capacity increases are Australia,
Brazil, Canada, Indonesia, and so forth.

1.6.3 Primary aluminum supply and demand balance

Table F-17 summarizes the supply and demand balance for
each year based on Mr Spector's 5-year (1982-1987) supply and
demand forecast. : .

aAs shown in this table, Mr. Spector forecast that, from
1982 to 1985, the demand would exceed supply and the Jevel of
inventory was adjusted, while, during 1986-1987, the inventory
would increase as supply exceeded demand.

The current world-w;de economlc re09531on 13, on the con-
trary to expectations, even worsening and the above forecast by
Mr. Spector may be 31gn1f1cantly revised in the future as the
capacity survey has already shown major revisions from the one
at the end of 1981 to the cne at the middle of 1982,

1.7 Mr, James A, Vais's Projection

Mr. James A. Vais 1) pade a gpeech at the Second Inter-
national Aluminum Congress at Monte Carlo in September 1982, con-
cerning following projections.

As shown in Table F-18, he forecast that thv economny would
not show a severe zero growth.

Consumption of secondary aluminum which affects ?rimary alu-
minum consumpticn would increase from 22% of total aluminum con-
sumption in the free world in 1980, to 24% in 1985 and 26% in
1990,

Consumption of primary alvminum in the free world in 1981 was
1.0 million tonnes, and, although expected to decrease by 3% in

1) Director, Econocmic & Marketing Research, Kaiger Aluminumwg
Chemical Corp.
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TPable F~18 Mr. James A{'Vais's Projections of Edonomic Growth
by Major Region

S - (%)

G.D.P, L I.P, -

1980-85 1985-90 1980~-85  1985.6g
USA 2.9 3.3 " 3.3 4.0
Canada 3.3 4.0 3.5 4,7
Latin America 5.6 6.2 5.5 6.4
Western Europe 3.1 3.5 3.1 3.7
Japan 4.9 5.6 5.0 5.8
Taiwan, Korea, Rep. of 6.5 7.2 7.0 7.5

and Hong Kong _ :

Oceania 3.3 4.0 3.4 3.4
Developing countries. 5.2 5.7 5.4 5.7

1982, would ihcreaSe to 13.8 million tonnes in 1985 and in 1990,
to 17.1 million tonnes, The annual average growth rate during
this period would be 4,6% in the first half, 4.4% in the secong
half and 4.5% for the entire 1980s.- '

Primary aluminum producticn capacity, which was 14,3 million
tonnes at the end of 1981, was estimated to increase to 15.7
million tonnes in 1985 and 16 million tonnes in 1987, after con-
sidering permanent shut down of existing plants of 1 million ton-
nes consisting of 0.6 million tonnes in Japan and 0.4 million

tonnes elsewhere,

As for the supply and demand balance shown in Fig., F-1, a
rather large reduction in inventory was expected in 1983 and 1984,
Accordingly, operation rate would be 74% in 1982, 89% in 1985 and,
assuming 1 million tonnes capacity mentioned above could not be
reopened, it would rise to 95% in 1985 and 98% in 1986. In sum-
mary, Mr., Vais forecast that in the second half of 19BOs, construc-
tion of new plants would be necessary to meet increasing demand.

1.8 Other Projections

a. According to a report from the Chemical Bank (London), ) denand
for primary aluminum would increase at an average annual rate
of 4.5% in thé world for the next 20 years, due to growth in
the can, transportation, and construction fields, And higher

1)} Metal Bulletin, Aug. 20, 1982
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Fig. F-1  Mr. Vais's Western World Primary Aluminum
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20- Hmmm Inﬁéntory increase
- lé_ E=T] nventory decrease

16 =
A S
14+ Pris Supply
; q,," .50
=
12+ =
X
=l 40

10-

Inventory/
demand ratio

B

Primary capacity
operating rate

T 87 90-94 82 .82 88 B3 B9 93 88 74 75 83 89 92 94
7 . ' 80 89 95 98 101

] T T T 7 T ¥ T

— .
10 72 74 75 78 80 B2 34 85 g8 90

growth than the economic growth would continue in the developed
countries., As a result, supply and demand would be effectively
balanced before 1985 and, after that, capacity increases on a

scale of 1 million tonnes would be required each year. New

capacity would be established in Brazil, Australia, Africa and
the Middle East,

According to the views of specialists in Billiton,!) demand for
aluminum would grow by 3 to 4% per vear in the world over the -
long term. Although demand would be sluggish in the developed
countries such as the United States, the growth in South
America and Southeast Asia would make up for it. Since exist-
ing world capacity was on the level of 14 million tonnes,

increase in capacity of about 0.5 million tonnes would be

necessary each year, if supply and demand were balanced.

According to the latest report by Chase Econometrics Associates

1)

International Billiton Newspaper, June 28, 1982
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as quoted in Metals Week, 1) the U.S. aluminum industry would
pass through a two-year growth period in 1983 and 1984, thenp
“enter recession period from around 1985 with another inventory
_ increase., Afterwards, the annual growth rate until 1987 woulq
be from 4 to 6.5%.

d. Accozdlng to Messrs., Hargreaves and Wllllamqon,Z) “a luminum
demand was currently slugglish, but it would maintain stable
growth on the level of 3 to A% over the_lowg term.

e. According to an analyst at Martin Marietta,3) demand would grow
~at an anmual rate of 4,6% for 10 years between 1980 and 1990,
The demand sectors for which rapid growth was expected were

machinery and durable consumer goods. :

2. Comparison of Published Projections

Table F~19 summarizes the published projections discussed
above. Based on comparison of these projectlon¢, following remarks
can be made, '

2.1 Aluminum Deémand or Consumption

Fig. F-2 summarizes the projections of annual growth rates
for aluminum demand or consumption for the first and second half
of the 1980s. Six projections shown in this Figure have a large
variation from 2.3% to 7.6% for the Lirst half of the 1980s, from
4.4% to 6.1% for the second half of the 19805, and from 3.8% to
6.9% for the entire 1980s.

. . The average of these projected growth rates is 4.8% for the
first half of the 19805, 4.7% for the second half and 4.8% for the
.decade, which is close to other recent projections of the 3-5%
level.4) 1t should be noted that this average is a little higher
than otherwise because of a signicantly high projection made by
UNIDO. :

UNIDO expected the highest growth rate of 6.9% for the entire
1980s and 7.6%, particularly high, for the firat half of the
decade. The lowest growth rate was Chase projection of 2.,3% for
the first half of the 1980s. Even this projection showed a rela-
tively high rate of 5.4% for the second half. Only Mr. Vais's

1) Metals Week, April 5, 1982

2) Reuters, Feb, 25, 1982

3) AMM, March 16, 1982

4) c¢f, Chapter I, Section 1, Sub-section 1.8
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Fig.. F-2  Comparison of Various Published Projections for
Primary Aluminum Growth Rates (%)

pemand or 1980 1985 1990 fTiming of
consumption - [ | ] T T T 7T | 1 Projection
tal) ' 5.2 June 1980
ORCD (World tota - >
7.6 X 6.1
uNIDO (10 countries) 6.9 > July 1980
o o 5.9 N 4.8 N August
I BA (World total) 5.3 : 4 1981
_ : 3.4 o 46
(Free world) - 3.97 .
: : 2.3 . 5.4 . February
CHASE ~ (Free world) - 3.8 ¢ 1982
4.9 2.8 August -
SPECTOR (Free world) ' 4.3 ? September
' ' 7 1982
: 4.6 . 4.4 . September
VAIS  (Free world) 4.5 1982

A
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projection showed comparatively stdble;growth'rateé in the fiyst
and second half of the 1980s, 4.6% and 4,4% respectively,

Following is a comparison of the quantity of aluminum con-
sumption or demand.

188 T80

(million tonnes)
OECD Total world 20,100 B
IBA Total world 19,070 24,150
n Free world 14.919 -
CHASE " 13.444 17.509
SPECTOR " 15,295 -
VAIS " 13.800 17,100

while projections for total world in 1985 showed similar
quantity of 19-20 million tonnes in OECD and IBA reports, those
for the free world had a wide variation from 13 million tonnes in
Chase report to 15 million tonnes in Spector report. This is
probably because of the different timing of projectionS'and'the
different views on economic recession in 1985-1986. - .In particu-
lar, the projections by Spector and IBA are considered too opti-
mistic under the current situation.

The projections in 1990 were about 17 million tonnes both in
Chase and Vais report. These two projections for 1985 were rather
on the low side. :

2,2 Primary Aluminum Smelting Capacity

bue tco stagnant demand, excesgive inventory and low prices,
the United States, Japan and Europe at present cut.down their
primary aluminum production intensely and some plants were even
scrapped down permanently due to high enerqgy cost. Uncertainty ia
the timing of re-start of these idle capacity and operation com-
mencement of new plants makes it very difficult to forecast the
smelting capacity in the Ffuture.

Though various projections for capacity are listed in Table
F-19, forecasts for 1985 and 1987 are summarized below for
comparison,

1985 1987

(million tonmes)
OECD Total world 21.800 -
IPAT . Free world 15,115 -
IBA " 17.974 19,760
CHASE " 15,803 -
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IR TTTTTTTTIYET
{(million tonnes)

SPECTOR ' " 15.963 17.757
(1981 end burvey) ' = : S
SPECTOR " 14,982 - 15,796

(Mid 1982 Survey) N

VAIS " 15,700 16.000

As shown above, the 1985 free world primary dluminum'prodmy
tion capacity forecasts range from 14.982 to 17, 974 million ton-
nes, and average 15.4 million tonnes if two of the highest
forecasts by IBA and Mr. Spector (Survey at the end of 1981} are
excluded. The capacity growth rate forecasts for 1980-1985 are ip
the range from 2.2% to 2.4% except 5.6% by IBA and 3.3% by Chase,

2.3 Primary Aluminum Supply and Demand Balance

According to the OECD's forecast, supply-and demand balance
would remain tight until 1985 and the seller's market would con-
tinue for the next 5 years. According to LBA, there: would be
excess capacity throughout the 1980s, but if the centrally planned
economies 1mported more aluminum and Japan's plante were frozen,
the operation rate in the free world would become rather ‘high,
Chase's view was that the supply and demand balance would be tight
for 1983 and 1984 and become loose again in 1985 and 1986.
According to Mr. Spector's forecast, the inventory adjustment
would continue from 1982 to 1985 and after that, supply would
exceed demand., Mr. Vais's projection, the latest one, forecast
that demand would exceed supply from 1982 to 1984 with inventory
adjustment proceeding, while operétion rate would remain below 90%.
From 1985, supply and demand would balance, but from 1988 onward,
demand would exceed supply.'

Summarizing those projections, it seems that until about
1985, the supply and demand balance will improve with inventory
adjustment progressing although operation rate remaing low, From
about 1987, operation rate w1ll go up and supply and demand
balance will be desirable,

3. Projection of Primary Aluminum Demand in 1990 and 2000
Taking into account various projections ahove, an projection of
free~world demand for primary aluminum in 1990 and 2000 is made as

follows.

Two different methods are used for a projection. '
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The first method forecasts GDP growth rate ') until 2000 by the
major region in the world, calculates the growth rate of demand by
multiplying it by GDP elasticity of primary aluminum demand and then
eztimates the guantity of demand. '

fhe second method is to apply the Gompertz growth curve to the
past movement of free world aluminum demand and forecasts demand
until 2000. ' : '

rtotal ‘of ‘3 cases, a standard case {11}, an high case {1} and a
low cage (XIII}, are estimated,

GDP growth rate from 1985 to 2000 used in the projections are,
ag shown in Table PF-20, in the developed countries such as North
mmerica, Europe and Japan 2.1% in the low case {III), 3.1% in the
standard case (II) and 3.7% in the high case {(I). The highest rate
of 6% for Middle East used in the high case and the lowest ig 2% for
Europe in the low case,

3.1 Projection Based on GDP Elasticity

As discusséd in Subsection 4, Secion I, Chapter C, GDP elas-
ticity of aluminum consumption in 1960s reached a high level of
1.7, because annual growth rate of aluminum consumption was 9.2%
while annual growth rate of GDF was 5.3%. 1In the 1970s after oil
crisis aluminum consumption growth rate significantly dropped by
about 5% to 4.3% from the previous period, while GDP growth rate
dropped to 4.0% by only 1%, which resulted in the reduction of GDP
elasticity to 1l.1. Especially, during 5 year period from 1975 to
1980 after o0il crisis, aluminum consumption growth rate of 3.0%
(adjusted value 2) fell below GDP growth rate of 3.9% and hence
GDP elasticity dropped to 0.8, below 1,0 level,

As the quantity of consumption increases, GDP elasticity _
tends to decline both in the developed countries and the develop-
ing countries., In the developed countries such as the United
States, Europe and Japan, in particular; aluminum consumption

-growth fell below GDP growth rate due to sluggish industrial acti-
vities affected by stagnant economy and energy cost increase
caused by oil crisis, :

In this projection, estimates are made for GDP elasticity for
main areas until 2000, consisting of a medium term estimate from
1980 to 1985 and a long term estimate from 1985 to 2000.

As for § year period until 198%, comparison is made for each
area between elasticity for the 1960s and elasticity for the 1970s

1) Refer to Volume 1, Chapter 2,
2) ¢f. pPart €, Reference Table C-2
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and a declining tendency of elagticlity durlng those period is
applied to the estimate for 1980 1985 period,

Iin North America and Lhe centrdlly planned economies, GDP
elasticity was 0.9 in 1970s, already below 1.0, and, in Japan,
Middle East and A51a,.1f the declining trend of elastlclty for the
past 20 years is applied, elasticity egtimate may fall well below
1.0, This lower elastlclty than 1.0 in North America and the
centrally planned economies was caused, as analyzed 1n Chapter c,
by substantial reduction in. alumrinum consumption in 1975 and 1980
due to ¢il crisis. However, although economic recession continued
until 1981, there was a sign of economic recovery in the gsecond
half of 1982 in the United States and-Japan and-increase in hous-
ing construction and consumptlon was expected. It can:be there-
fore expected that the growth rate of aluminum consumption will
recover towards 1985 as the' economic .and industrial activities
become active again, Accordingly, GDP elasticity. for those areas
as North BAmerica, Japan and the centrally planned economies, etc.,
as mentioned above is estimated at 1.0 until 1985. As for GDP
elasticity for 15 years from 1985 to 2000, consideratipné are
given to the consumption trend in long term including the change
in demand structure and the competition with other materials.

With respect to demand structure, 4 main demand sectors. of
construction, transportation, packaging and-electrical share more
than 70% of total domestic market in all the developed countries,
the United States, EUrope'and Japan and. they are. expected to keep
the major shares in aluminum demand.in the future. - In the devel-
oping countries, particularly in newly industrializing countries,
utilization of aluminum as basic materials is expected to expand
as well as steel while the industrialization progresses along with
the sconomic and industrial development and the 1mprovement of
standard of living. :

In relation to the competition with. other materials, it is
expected that aluminum demand. grows with competing with other
basic materials, since the increase in energy cost after oil cri-
sis affected neot only aluminum but. also other basic materials,
Even if new materials are produced by future technical innovation,
it is hardly expected that aluminum is completely replaced by such
new materials before 2000,

In summary, some changes in demand atructure and competion
with other materials are not expected to change an industrial and
economic role of aluminum as useful materials and it is natural to
expect that aluminum consumption increases along with increase in
GDP growth in the long term. : '

Accordlngly, GDP elastlclty of alUmlnum consumptlon is esti-
mated at 1.0 from 1985 to 2000 for all areasg. :
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~ The elastlcity values and GDP growth rates estimated are
shown in Table F~20.

As-a result of .estimate, the free world demand for prlmary
aluminum is as rollows.

1985 1990 2000

_ {million tonnes)
High case 14.09 17.09 25,20
Standard case 14,09 16.56 23.09
Low case 14,09 15.87 20.21

Demand in 1985 is estimated at about 14 million tonnes, mid
point of the 13.4 - 15.3 million tonnes range of the various pro-
3ections mentloned above. For 1980, the various projections esti-
mate 17 million tonnes which is roughly equal to the high case

above. It appears that this projection based on elasticity is not
very different from most of cother projections. It should be noted
that,. because this projection estimates the demand for main
regions in 1985 based on very rough-assumption of elasticity, such
estimate is not necessarily close tc other various projections and
is not regarded as accurate regional estimate.

Free world demand in 2000 is estimated at 20,2 million tonnes
in the low case; 23,1 million tonnes in the standard case and 25.2
million tonnes in the high case. Comparison of these cases with
the 1980 figure of 12,0 million tonnes, gives an annual growth
rate of 2.6%, 3,3%, and 3.8% respectively. 1In conclusion, the
demand for primary aluminum is estimated to grow at more or less
3% a year ﬁntil 2000.

3.2 Projection Based on Growth Curve

Process of qrowth, for example, population increase, spread
of cars and growth of human being, usually starts slowly, gra-
dually increases its growth rate and reaches expansion period.
But its growth rate starts to decrease at a certain point and,
after mature period, growth stops. Growth curve shows this pro-
cess statistically.:

Out of various growth curves, Logistic curve and Gompertz
curve are well known, As shown in the figure below, a turning
point in the center of the curve represents the point where growth
- goes into mature stage from expansion stage.
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Model of Gompertz Curve

Upper limit
=

—

Turning point

Aluminum consumption, as already shown in Fig. C-1 in Chapter
C, although showing wide fluctuation after oll crisis, tends to
decrease its growth rate and is considered to have already passed
a turning point and reached at a mature stage in the growth curve,
Actual data of aluminum consumption in the free world from 19%0 to
1980 are applied to a formula for Gompertz curve, y = Kabt, ang
estimates of aluminum consumption for 1985, 1990 and 2000 are made
based on this formula, ' '

In order to analyze the relation between the extension of
actual trend and estimated curve, and the effect on the upper
limit of the gradient of estimated curve, three cases arxe esti-
mated with different upper limit, i.e. 30 million tonnes, being an
approximately double of actual consumption in 1980, 40 millions
tonnes and 50 million tonnes.

Results of estimates are:

1985 1990 2000

(million tonnes)
Case 1 1) 14.52 17.26- 22.80
case 11 1) 14.20 16.67 21.40
Case 111 1) 13.74 15.80 19.50

The projections above for 1985 and 1990 are similar to the
projections based on elasticity and the various other projections.
The annual growth rates from 1980 to 2000 for above projectlions
are 3.3% for case I, 2.9% for case 11, and 2.5% for case III,
lower than projections based on elasticity in the previous sub-
section. :

1) Case I assumes the upper limit of 50 million tonnes; case II,
40 million tonnes; case IXII, 30 million tonnes.
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Taking into consideration, however, that aluminum continues
to be an attractive metal in the future, it hard to believe that
the growth rate of demand for alumium drops to the 2% level in
2000, on the contrary, if similar projection is made based on the
growth curve in 1990, the estimate for 2000 will be changed
upwards because the upper limit is lifted up compared to that used
‘in the above projection.

3.3 Summary of Projections

The projections of demand for primary aluminum made in the
previous sub-sections with two methods are summarized in Fig. F-3.

Considering that the demand for primary aluminum in the free
world decreased by 6.3% in 1981 compared to 1980 and that the re-
covery is weak in 1982, it is likely that the demand for aluminum
will follow the lower line of the projections in the medium term.

Based on the results above, it may conclude that demand will
be slightly under 14 million tonnes in 1985, about 16-17 million
tonnes in 1990 and on the level of 20-25 million tonnes in 2000.
The average annual growth rate is estimated at 3.1% from 1980 to
1985, 2.7% to 4.0% from 1985 to 1990 and from 2.3% to 3.9% from
1990 to 2000,

It is very difficult to make projection of supply and demand
balance at present based on the demand projection above. BAs dis-
cussed in Section I, the possibility of realizing the development
plans in various countries become remote and even existing capa-
city varies depending upon the timing of survey.

It méy bé, however, possible to make a brief conclusion that,
assuming that the free world smelting capacity as at the end of
1982 was 14 million tonnes and the various development plans
already announced with approximately 3 million tonnes of total
capacity are realized in 1987-1990, total free world capacity will
reach about 17 million tonnes in 1987-1990. While the demand for
aluminum in 1990 is estimated at 16-17 million tonnes, the supply
and demand in macro economy will finally bhalance arocund 1990.

It is of course possible that, if the demand growth follows a
low case estimate, it becomes difficult to realize some of the
development plans. On the contrary, if the demand grows more than
expected, the realization of development plans are accelerated.

It is very clear at this moment that the development plans already
announced are sufficient enough to cover the demand growth until
around 19%0. In other words, the investigation of possible new
projecta must be started with the analysis of actual demand in the
second half of 1980s or in the first half of 1990s as well as the
supply and demand projection at that time.
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Fig. F-3  Trends and Projections of Demand
for Primary Aluminum
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. COMMENT ON POSSIBILITY OF EXPORTING ALUMINUM FROM CARAJAS

the aluminum industry has now entered : .
. e 2 a period of 1 .
gith the recent worldwide recession and the period in whizhgigzth1a19ng
conpany could automatically sell all it produced has clearly endZdumlnum

Now that many aluminum smelters were scrapped or mothballed i
developed countries due to energy cost hike, it may be a o ed in the
nity to study the possibility of realizing a new smelter ?E thOPgOrF?_
region with many desirable conditions for development, e Carajas
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Appendix Table 1 production Capacities for Bauxite, Alumina and
pPrimary Aluminwm in 1982 o

~ Area Country - Aluminum Alumina Bauxite
africa - Cameroon . 8O
Egypt : 166 _
Ghana 200 420
‘South Africa 169 - e .
Guinea — -69) 13,700
Sierra Leone o _ . - BOO
Subtotal 615 691 14,920
North America Canada 1,234 1,225
UsA _ 5,146 7,282 2,000
Subtotal 6,380 8,507 2,000
Latin hmerica Argentina 140
Brazil 414 480 4,975
Surinam 66 1,330 7,500
Venezuela 405 500
Mexico 45 .
Guyana 315 4,450
Jamaica _ 2,994 14,170
Dominican Rep. 1,425
Subtotal 1,070 5,619 32,520
East Asia Taiwan 83 100
Japan 615 2,635
Korea, Rep. of 18
Subtotal 716 2,735 G
South Asia Indonesia 75 1,260
Iran 50
India 353 682 1,950
Turkey . 80 200 550
United Arab 135
Emirates _
Bahrain 170
Malaysia 750
Subtotal 843 882 4,510
Europe ' ABustria 92 .
: France 453 1,320 1,800
Germany, Ped, Rep. 736 1,640
Greece 145 500 5,390
Iceland 87
Ftaly 276 800 30
Sweden 43 :
Netherlands 266
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appendix Table 1 (cont'd.)

et

Area Country Aluminum ~ Alumina = Bauxite
{ Purope . Norway 802
- cont'd.} Spain 398 800 10
Switzerland 93
UK . 388 130
Subtotal 3,819 5,190 7,230
Oceania : Australia 475 7,338 32,970
: New Zealand 244
Subtotal 719 7,338 32,970
The centrally Czechoslovakia 60 100
planned German Dem. Rep. 85 60
economies Hungary 71 205 3,350
Poland - 55
Romania 250 500 1,500
Yugoslavia 385 1,540 4,210
USSR 3,130 4,790 12,530
Korea, Dem. Rep. 20
China . 363 850 1,800
Subtotal 4,419 8,745 23,390

Free world

14,162 30,962 94,150
subtotal rIRe

TOTAL 18,581 39,707 117,540
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[2] NICKEL AND FERRO~NICKEL

A, OUTLINE

1. Properties of Nickel

Nickel is a lustrous, silvery-gray metal with a specific gravity
of 8.9, a melting point of 1453°C and a hardness of 3.8. Like iron,
it is quite malleable and ductile and can be forged and welded.
rurthermore, it can take an extremely good polish.

As for its chemical properties, nickel is highly resistant to
corrosion by distilled water, natural water and sea water, and also by
neutral or alkaline salt solutions. At room temperature, in air,
nagses of nickel are stable; but finely powdered nickel may ignite
spontaneously in air, WNickel combines:with phosphorus, arsenic, anti-
mony and other elements, and forms mixed alloys with iron, copper,
manganese, aluminum, chromium, zinc, and other metals. Nickel dis-
solves in dilute acids but is much less soluble than iron. Xt disg-
solves readily in dilute nitric acid but, like iron, it enters a
passive state and does not-dissolve in undiluted nitric acid.

The ability of nickel to increase the elastic limit and strength
of steel is quite large. Not only is it used to strengthen ferrites,
but due to its ability to facilitate guenching, it is also an indis-
pensible element in special structural steel, which must have high
strength, The corrosion resistance of nickel, in particular its
resistance to acids, is made use of in making special steels, such as
stainless steels, that are not easily corroded by acids or ather che-
micals. Furthermore, by adding 18% chromium and 8% nickel to iron, as
in 18-8 stainless steel, its heat resistance can also be improved.

II. The History of Nickel

The use of nickel goés back to prehistoric times., It is believed
that it began with the fashioning of swords and tools from meteoric
lron containing nickel. It is known that a natural alloy of nickel
and copper called 'Packfong' was used in China.
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Nickel was first extracted as an element in 1751 by the Swedigy
chenist Cronstedt, who gave the element its name. In 1756, another
Swede, Engestrom, discovered that Packfong was made of copper, nicks]
and zinc, and scon after that, a similar alloy was being made all ovey
Burope. It was called German silver or, after the First World War,
nickel silver. This nickel silver was the first use of nickel as ay
industrial raw material. '

In 1775, 24 years after Cronstedt extracted elemental nickel, 3
German, Begmann, recognized that nickel was a 31mple substance angd
verified that it was an element,

In 1865, the Frenchman Garnier discovered the garnierite nicks)
deposit in New Caledonia, mining of which began in 1877, and nickel
ore was discovered in a copper mine in the Sudbury region of Canada,
Then Thomson in 1890, discovered a method for separating nickel fropm
copper, and this became the starting point for the prosperlty of the
Canadian nickel industry.’

Today's stainless steel, the first of the chromium steels, was
invented after the turn of the century. In 1914, an Englishman,
Brearley, acquired a British patent on a practical stainless steel
with 0.7% or less carbon and from 14% to 16% chromium. - The first com-
bination of nickel with- stainless steel was made by Friédrich Krupp in
Germany, which discovered in 1912 that steel with up to' 1,0% carbon,
from 15% to 40% chromium, and 4% to 20% nickel, or with up to 1.0%
carbon, 7% to 25% chromium, and 5% to 20% nickel, has superior corro-
sion resistance and acquired a German patent on it, 'The Friedrich
Krupp Huttenwerke A,G. commercialized stainless steel under this
patent under the names V1M (chromium 12-14%; nickel 0.5-2.0%) and via
(chromium 20%, nickel 7%), and the latter was the first industrially
produced 18-8 austenitic stainless steel. After this, the consumption
of nickel grew rapldly along with the development of the special steel
field.

I¥I, HNickel Ores

Nickel is widely distributed in the earth’s crust in the form of
a variety of minerals, but the locations wheyxe it is concentrated
enough to be economically mineable are much unevenly distributed. The
nickel content of the earth's crust is 35-80 ppm. Like cobalt, nickel
tends to be concentrated in basic rocks and especially in ultrabasic
rocks, where its concentration reaches an average of 2000 ppm.

Nickel ores can be claséified intb.sulfide mineralé and oxide

silicate-minerals (called laterite nickel), Generally, ‘the sulfide
minerals are a raw material for electrolytic nickel, and the silicate
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pinerals for ferronickel., The major economic sulfide winerai is
Pentlandite, while the major economic silicate minerals are garnierite
and nickeliferous limonite. Deep-sca manganese nodules, which contain
nickel, are attracting attention as a future resource. Reference
Table A-1 lists the main nickel minerals.

v, pxtraction Metallurgy of Nickel

The nickel extraction processes currently in usge are outlined in
peferance Fig, A-l. 'The main ones are detailed below,

i. Nickel Metal
1.1 Extraction from Sulfide Ores

t.1,1 Ore dressing and smelting

First, nickel sulfide ore is concentrated by dressing to
give nickel sulfide concentrates, e.g. nickel 6.5%, copper O.3%,
iron 40%, sulfur 27%. At the Thompson factory of INCO, this
nickel concentrate is roasted in a fluidized bed roaster and
about halfjthe sulfur is eliminated, Next, it is smelted in an
electric furnace, and the matte {e.qg., nickel 17%, iron 47%,
sulfur 26%) and the slag {e.g., iron 38%, silicon dioxide 36%,
magnesium oxide 5%} are separated, The molten matte is blowed
in a converter to eliminate the iron by oxidizing it. This
gives nickel matte. .

The Western Mining Corporation Ltd. of Australia smelts
nickel concentrates (e.g., nickel 12%, copper 1.1%, iron 35%,
sulphur 30%) in a flash furnace.

1.1.2 Refining

(1) Electrolytic me thads

There are two electrolytic methods: the matte anode pro-
-¢egs and the metal anode process. The matte anode process
directly melts nickel matte to give matte anode, while the
metal anode process oxidation-roasts nickel matte to give
nickel oxide, and then obtains the metal anode by reduction
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metling, Thus, the matte anode process-has the advantage oygy
the metal anode process of being able to eliminate ‘the roagt.
ing and reduction steps. However, the matte anode Process hag
the disadvantages of a high decomposition voltage: and the negq
to make up the deficiency: of nickel loéns- caused by the anods

current efficienty being less efficient than the cathode one,

The electrolytic cell has the cathode in a box with a
stretched filter cloth of synthetic fiber. Electrolyte frop
which impurities have been eliminated is supplied to this
cathode box. The anolyte contalning impurities is removed
from the electrolytic cell, and copper, cobalt, ‘iron, ete,,
are eliminated in the purification ztage.  When the matte
anode process is used, nickel ion compensation is. necessary,
The nickel ions are made up either with nickel hydroxide pro-
duced by electrolysis of matte ancdes in.a sodium chloride
sclution or with nickel metal from pulverized matte anode
scrap.

The copper is removed by either cementation with nickel
powder or sulfide precipitation using HyS5. Cobalt and iron
removal is accomplished by oxidation with chlorine. fThe pH of
the electrolyte from which impurities have been removed is
adjusted and used to supply the cathode box in the electroly-
tic cell. The current density is 1.5-2.5 A/dm2. The cathode
is taken out of the electrolytic cell when it reaches a thick-
ness of about iOmm. This is the nickel end-product. Refer-
ence Figs. A-2 and A-3 are the flowsheets for these processes.

(2} Carbonyl me thod

The fundamental carbonyl procéss is based on the historic
discoveries of Carl Langer and Ludwing Mond. Carbon monoxide -
reacts with nickel at normal pressures and at temperatures up
to 90°C to form a colorless gas, nickel carbonyl. fThis reac-
tion can be reversed easily by raising the temperature. At
200°C, nickel carbonyl decomposes into pure nickel and carbon
monoxide. At normal pressures, the impurities in crude metal-
lic nickel do not enter the gas phase. The process is extre-
mely selective. Nickel carbonyl is highly toxic, but it was
this process that first made commercial production possiblie.

INCO Metal Company‘s Clydach plant in Wales in the Uni ted
Kingdom began production based on this process in 1902, As @
result of the many improvemehts made: over the years, Inco's
newly . constructed plant at Copper Cliff, Cénada, accelerates
the nickel carbonyl reaction rate by using high pressure.
Reference Fig. A-4 is a flowsheet for this process.
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(3) Ammonia leaching - hydrogen reduction method {Sherritt
| process)

The nickel refining process used at the Fort Saskatchewan
plant of Sherritt Gordon Mines Ltd. is known as the Sherritt
process.. After nickel concentrate or nickel matte is ground,
it is leached with ammonia, the leaching residue and the solu-

- tion are gseparated and some of the copper is removed. After
filtration, the rest of the copper is eliminated from the
solution with a copper strip autoclave. Then the purified
golution is oxidized and hydrogen-reduced to obtain nickel
powder,  Some of this powder is made into briquettes. After
reduction, a small amount of nickel {about 1 g/l} is left in
the solution so as not to allow precipitation of cobalt, but

- is then removed as mixed cobalt nickel sulfide by blowing HsS
through. the gclution.  After purification, this mixture is fed
to a cobalt plant. The remaining solution after the cobalt
and nickel have been removed is concentrated and crystallized
as ammonium sulfate in an ammonium sulfate plant. Reference
Figs A-5 ia a flow sheet for this process,

(4) Solvent extraction method

At the Kristiansand plant of Falconbridge Ltd., high-
purity nickel pellets are produced from nickel-copper matte
with g8 solvent extraction process. Reference Fig. A-6 is a
flowsheet for this process.,

1.2 Extraction from Oxide Ores

i,2.1 'Reductien -~ ammonia leaching method

This extraction method is based on the Nicaro process,
which leaches nickel from laterite ore with an ammoniacal solu-
tion. The Marindugue Mining and Industrial Corporation combines
this process with the Sherritt process to produce nickel bri-
quettes. Reference Fig. A-~7 is a flowsheet for this process.

1.2.2 Production of nickel matte

. Nickel matte is produced from nickel oxide ore at the
Soroako plant of P,T. International Nickel Indonesia (P.T. INCO)
in Indohesia. - After the ore is selectively reduced and sulfu-
rized in a rotary kiln, it is smelted in an electric furnace,
and separated into matte and slag. The matte is then blown with
a converter to produce high-grade nickel matte. Reference Fig.
A-B is a flowsheet for this process.

{2}-5



1.2.3 Sulfuric acid leaching of laterite

This extraction method is used to process laterite ore at
Moa Bay in Caba. It is appropriate because this ore contains
little Mg0. Reference Fig. A-9 is a flowsheet for this process,

2. Nickel Oxide Sinter

2,1 Nicaro Process

This is the method of processing laterite by ammonia leaching
to produce nickel oxide, as used at Cuba's Nicaro refinery.
Reference Fig., A-10 is a flowsheet for this process,

2.2 Matte Roasting Process

in this.processi after nickel matte is ground, it is sub-
jected to fluidized-bed roasting to produce nickel oxide. Refer-
ence Fig., A~1l is a flowsheet for this process.

3, Ferro-nickel

3.1 Rotary Xiln - Electric PFurnace Process

Ore is dried and crushed with a rotary dryer aﬁd an impact
dryer and then sieved, BAfter anthracite or coal is blended as a
reductant, the ore is pelletized and fed into-a rotary kiln.

The calcined ore discharged from the rotary kiln at around
800-900°C is fed continuously into the electric furpace, where it
. is rapidly melted and reduced in the vicinity of the electrodes.
Metallic fine particles of nickel, cobalt and some of the iron
aggregate and cause the slag layer to settle down to the bottom of
the furnace. The crude ferro-nickel tapped from the electric fur-
nace is desuifurized with calcium carbide and soda ash.

Depending on the usage intended, the desulfurized crude
ferro-nickel, whose phosphorus content is usually 0,030% or less,
may be cast into high-carben ferro-nickel as it is, or be con-
verted into low-carbon ferro-nickel by complete removal of the
impurities by oxidizing blowing'in an LD converter or a shaking
converter. Reference Fig., A~12 is a flowsheet for this process.
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3,2 Shaft Furhace - Electric Furnace Process
{8elective Reduction)

ffhis is the method employed by Falconbridge Dominicana C. por
A. Briquettes are pre-reduced in the shaft furnace with the dry
priquetting method and hot-charged into the electric furnace,
where high~nickel~content crude ferro-nickel is produced by selec-
tive reduction. Reference Fig. A~13 is a flowsheet for this
process .

3.3 Other: Processas

- Besides the above processes, the Krupp~Renn process (in use
at Nippon. Yakin's. Oeyama plant), the Ugine process (formerly used
at the Hanna Nickel Smelting Company's Riddle plant), and the
hlast Furnace process (in use at Nippon Mining's Sagancseki plant)
also exist in practiced application,

Y., HNickel Product Standards

Nickel products take the form of nickel metal, ferro-nickel and
nickel oxide sinter, Nickel metal is produced as briguettes, cath-
odes, granules, péllets, powder, rondelle, and shot. Ferro-nickel
takes the shape of ingots and shot. The standards for nickel products
include international standards, national standards in the major coun-
tries, and the standards of the leading producers. Reference Tables
A-2 through A-4 show the details of these standards. However, the
international standards cover only nickel metal, Furthermore, since
not much time has passed since these standards were established {in
1979), various national standards, such as those of the American
Society for Testing and Materials (ASTM), the British Standards
Institute's standards (BS) and the Japanese Industrial Standards
(J18), are employed in transactions.

The leading producers' standards are shown in Reference Table
h-4, Reference Table A-4-1 gives the Class I ') standards, those for
ordinary nickel metal, and reference Table A-4-2 gives the Class II 2)
standards. This category covers ferro-nickel and nickel oxide sinter.
Reference Table A-4-~3 gives the standards for intermediate products.

i) This ig nickel metal of a purity of 99.8% or higher and includes
cathode, briguettes, and pellets.

2) thege are items that fall outside Class I because their purity is
not high enough for it, e.g. ferronickel, nickel oxide sinter, uti-
lity shot, and Inco's Incomet.
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VI. Usages of Nickel

Because of the corrosion resistance of nickel and the many Pro-
perties it contributes to alloys, nickel is used in the productlonof
capital goods and consumer goods in a wide range of fields. ' The maiy
field that uses pure metallic nickel is nickel plating, which is re.
sponsible,  for example, for the nickel crucibles used in 1ab0ratode&

However, the main uses for nickel are as an imporﬁant material ip
the production of various metal alloys, particularly stainless steely
and special steels. WNickel alloys are used in the following fields.

a. Chemical industry and petroleum refining
‘Because stainless, heat-resistant steel alloys with a nickel
content of 8% or more are highly corrosion-resistant, they are used
as plant materials and materials for components to be exposed to
corrosive chemicals. Wrought cast nickel alloys containing 90-954
nickel are used for parts requiring resistance to strong caustic
solutions, :

b. Ships and desalination plants

. Copper-nickel alloys are used for their resistance to salt
corrosion in condenser tubes in ships and thermal power plants, in
‘desalination plants, etc,

¢, Storage tanks and tankers

Invar and 9% nickel alloy steel are used for gas storage tanks
and LNG tankers.

d. Aircraft and nuclear power plants

Heat-~resistant nickel-based alloys are used in gas turbines
and jet engines. They are also used in tubes and heat exchangers
for nuclear power plants,

e. Electronic materials and electric appliances

Alloys of nickel, cobalt, and iron are used in integrated cir-
cuit lead frames, etc. Also, nickel-iron alloys are used in tape
recorder heads, high frequency iron cores, transistor vacuum tubes
etc, High permeability nickel alloys (cast magnets) are used in
loudspeakers fox televzsLOns, radios, stereos, etc., and in various
types of motors, ' e

Besides these uses, nickel alloys are used in diverse fields such

as general construction, household goods and coins.  Other uses for
nickel include catalysts and chemical applications,
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Reference Table A-2 International Standards

for Nickel
< -
(:omw Ni9900 | Niogso | Nio9go | Nig9gs
position
Ni + Co min. 99 99,5 9g0% |[aga51
Co max. 1.5 1,0 . 0.5 0,1
Ag miax. 00005
As max, 0,001
Bi max. . 0,002 0,000 5
C max. 0,05 0,05 0,03 0,015
Cu max. 0.3 01 | 003 0,005
Fe max. 0,1 0.1 0,03 0,02
P max. ) 0,002
Pb max. © 0,005 0,0G5 00010
S max, 0,05 0,03 003 | 00025
Sb max. 0,002 0,001
Se max. 0,001
Sn max. ) 0,0005
Te max, 0,000 5
Tt max. 0,0005
" Zn max. 0,002
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Reference Fig. A-2
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peference Fig. A-3 Flow Chart for the WMC Flash Furnace Method
T and the Sumitomo Electrolytic Method
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Reference Fig. A-4  Carbonyl Method
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Reference Fig. A-5
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Reference Fig.

-6
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peference- Fig. A-7
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Reference Fig. A-8 Flowsheet for P.T.
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Reference Fig. A-9 Moa Bay Process
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Reference Pig. A-10
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Reference Fig. A-11 Nickel Matte Roasting Process
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Reference Fig. A~12 Kiln-Blectric Furnace Process
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peference ¥ig. A-13 Shaft Furnace - Electriec Purnace Process
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B,

GEOGRAPHIC DISTRIBUTION AND PRODUCTION TRENDS OF NICKEL ORES

I. Resources and Reserves

As Reference Table B-1l showa, the world's total nickel CeS0UYCpg
on land are estimated to be about 240 million tonnes (nickel content),
Of this, the nickel reserves that can be recovered with currentrmnn
and ore processing technology are estlmated to total about 69 millig,
tonnes. -Nickel is the sedond most common metal on earth, after Lron,
but because it is concentrated in the earth's core and mantle, it ig
not very common in the earth's crust.

On the other hand, the United States Geological Survey's data
gives a figure of about 140 million tonnes for the amount of nickel
resources with an average grade of about 1% as sulfide ores and later-
ite., Furthermore, it is thought that the amount of nickel resources
will increase because nickel is expected to be recovered in future
from manganese nodules found on the seabed.

Nickel resources can be classified into lateritic ores ang
sulfide ores. The former, which account for about 60% of nickel
reserves, are mostly found in equatorial areas. In particular, hign-
grade laterite is mined in New Caledonia and Indonesia. Low-grade
laterite is found in the Caribbean countries, the Philippines,
Australia, and Africa. The rest, about 40%, the sulfide ores, are
found mainly in Canada, the USSR, China, and Australia. However, when
laterite resources and sulfide ore resources are compared, the ratio
is about 80:20. This is because’ the unrecoverable resources include
much low-grade laterite.

Of the currently estimated 69 million tonnes of nickel reserves,
12.9% are in Mew Caledonia, 13.4% in China, 11.5% in Canada, 10.7% in
the USSR, 10.3% in Indonesia, 7,5% in the Philippines, and 7.4% in
Australia. These 7 main countries account for 80.7% of the reserves,
The uneven distribution of nickel resources is evident.

The following graph shows the regional and national proportions
of nickel resocurces.

1I. Reserves by Mine, and Mine Production by MNation

Reference Table B-2 shows the reserves of nickel in each nmine.
It lists the wines and deposits for which the quantity and grade of
nickel ore are known. When the year in which the mine opened or 1is
scheduled to open is known, this information is attached.
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Reference Table B-3 shows ‘the mine production by country. e
seven major countries mentioned before that account for 80.7% of tje

amount of nickel reserves held an 85.4% share .of production in 197
and 77.6% in 1980. :

III. Production by Deposit Type

The main types of deposits from which nickel is being produced
are: a. lateritic nickel deposits, b. sulfide nickel deposits in
gabbroic rock, and ¢. sulfide nickel deposits in komatiite and tho-
leiite basalt. These three types of deposits account for over 993 of
the world's nickel mine production. The following diagrams show the
production shares of each deposit type.
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Raeference Table B-1

Nickel Resources and Reserves by Country

{1,000 tonnes)

Resources Recoverable reserves a)

Finland 122.1% 101.6%
Greece 8,810,0% 2,890,0%
Yugoslavia 1,644.0% 1,546,0%
{Buropean subtotal) 10,5761 4,537.6
Burma _ 1,152.8% NA A
Indonesia 56,971.0 7,076,0
Philippines 15,126.0% 5,171.0
India _ S A19.1% 0.,0*%
(Asian subtotal) 73,668.9 12,247.0%
(African subtotal) 14,648,9%* 2,691,3%x
UShA 13,880.0 327.0
Brazil 3,712.0 417.0
Dominican Rep. 1,088.0 998,0
Guatemala 1,088.0 272.0
Canada 19,232.0 7,893.0
Puerto Rico 816.0 0.0
Venezuela 635.0 0.0
Colombia 1,361.0 816.0
Nicaraqua 39.6% 0.0*
{Anerican subtotal) 41,858.8 10,723.0
Australia 7,983.0 5,080.0
New Caledonia 41,731.0 13,608.0
Papua New Guinea 616.5*% G.0*
Solomon _ : 520.,0% 0.0*
{Oceania subtotal) 50,850.5 18,688,0
USSR 19,323.0 7,348.0
Albania 200.0% 0.0%
German Dem. Rep. 62.5% 0.0%
Cuba 15,966.0 3,084.0
China 9,184.3* 9,184.3*
{Centrally planned '

economies subtotal) 44,735.8 19:616.3
World total 236,338.0 68,503.2

Notes:

a) The amount of nickel in the reserves recoverable by

current mining and ore processing technology.

1) Due to error in calcﬁlating the conversion frow pounds
to tonnes and rounding off, the totals do not match.

SBource:

USBM, Mineral Facts & Problems, 1980

* Sumitomo Metal Mining's Mine Information System (MIS)

** OSBM and MIS
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PRODUCTION TRENDS AND THE CURRENT SITUATION

I. Trends in Production Volume

Canada has led the free world's nickel production continuously
since the Sudbury region was established in the late 19th century,
with the exception of 1979, when there was a long Strike by the 1ngg
Ltd. workers. However, as Reference Table C-1 shows, because Canada'sg
producticn was virtually steady from 1965 to 1980, its ‘share of the
free world production, which was 50% up to the early 1960s, gradually
decreased from later in the decade. This is because of the entry of
new producers into the field and of great increases of the production
of other regions, thanks to the nickel boom of 1966~1970. Thus, the
producticon share of the American continent as a whole also decreaseq,
from 57% in 1965 to 39% in 1980.

In Europe also, the production share decreased as . a result of the
stagnation of British production (due to Inco policy) - from 28% in
1965 to 17% in 1980.

In contrast, Asia's production share leapt from 9% in 1965 to 25%
in 1980, with the broad increase in Japan's metallic nickel and ferro-
nickel production from early 1970, the initiation in 1974 of the
HMarinduque's nickel briquette production in the Philippines, and the
start of ferro-nickel production in Indonesia, by P.T. Aneka Tambang
Mining Corporation in 1976 and that of nickel matte progduction in 1977
by INCO's subsidiary, P.T. TNCO.

In the oceania area, after the discovery of large deposits of
high-grade nickel in the vicinity of Xanbarda in western Australia in
1966, a series of other new deposits were found. ‘fThe Western Mining
Corporation constructed a nickel refinery in 1970 and a nickel smelter
in 1972. Australia’s share of free world production was non-existent
in 1965 but reached 7% in 1980, and the production share of Oceania as
a whole, including New Caledonia, grew from 5% in 1965 to 13% in 19%0.

Africa's production share also increased: from 1% in 1965 to 6%
in 1980. The traditional African nickel preoducer, South Africa,
increased its production and “imbabwe (Rhodesia) in 1968 and Eotswana
in 1973 were added to the ranks of producers.

With the above developments, the free world's nickel production
increased between 1965 and 1980 by a factor of 1,8 (4% annual growth
rate) from 302,000 tonnes to 544,800 tonnes. The special features of
this growth were the great increase of production in Japan {83,200
tonnes), which has no ore of its own; and the new entry of the
Philippines, Australia, the Dominican Republic, and Greece into the
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ranks of producers. The production (about 110,000 tonnes) in these
countries, where there had previously been none, accounted for almost
the entire increase in free world production. For reference, the
following graph shoWs a comparison of free world production shares in
1970 and 1980:

1970 1980
Burope
(28%)
33,600 {173%)
92,800 ¢
T e o
Asia (97}
26,100 &
{i%)
3,600 t
{253)
136,400 ¢
America
(63}
3
30200 ¢ Africa
{57%)
174,100 t
{5%)
15,600 t
302,400
{39%)
213,300 ¢
{13%)
70,900 t
Oceania
544,600 t
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In addition, nickel production in thg-eastern bloc hag definiteg
been increasing since 1965. Centrally planned economies' share of
world production bottomed out at 23% An 1974 and peaked at 33% ip
1978, In particular, the USSR increased its production from 80,000
tonnes in 1965 to 177,800 tonnes in 1981; and since 1977, has over-
taken Canada as the world's largest producer.

The breakdown of nickel production by product is not known, sipe
such figures are not published by the producers. However, Reference
rable C-2 shows estimates in the form of proportions of ferro-nicke) .
about one-third - and of other nickels.

II. Production Capacity

1. Nominal Capacity

Reference Table C-3 shows the present status of the world's
nickel producers, and the production capacities, products, and loca-
tions of their smelteries. In this Table, the term production capa~
city includes the capacity for intermediate production, -

For example, the 16,000 tonne production capacity of France's
Societe Metallurgique Le Nickel (SLN) uses matte produced as part of
New Caledonia's 75,000 tonne production capacity. Thus, these
16,000 tonnes are counted twice as production capacity.

After adjustment for capacity that has been counted twice,
estimates of the free world's nominal preduction capacity in 1982,
broken down by nickel products, are shown in the ‘following Table.

{1,000 tonnes)
Nickel oxide

Nickel metal Ferro-nickel . Total
ginter
% % % %
Eurcpe 128 25 41 18 - - 169 2
Asia 60 12 74 31 20 30 ©1B4 19
Africa 45 9 - - - - 45 b
America 243 48 75 32 25 38 343 42
Oceania 30 6 45 19 21 32 96 12
Total 506 100 235 100 66 100 : 807 100
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ror the free world's nominal production capacity at present, a
variety of figures have been reported., Falconbridge, for example,
estimated it at between 770 and 815 thousand tonnes at the AMM
London Metal Forum in Octobexr 1982, and another producer assessed it
at 820 thousand tonnes. However, the 807 thousand tonnes shown in
the above Table — an estimate based on up-to-date data and infor-
mation -—— is commonly regarded as the nominal production capacity of
the free world.

As the Tabile shows, the American Region, including Canada,
holds a 42% share ‘of the nominal production capacity of nickel pro-
ducts as a whole.

2. Effective_Pioduction Capacity

the effective production dapacity naturally almost coincides
with the nominal production capacity when the demand is vigorous. A
prolonged sluggish demand like that at present, however, cuts off
parts of the nominal production capacity, and this activity cannot
instantly be recovered, so that the effective production capacity is
usually below the nominal one.

Estimation. of the effective production capacity is very d4if-
ficult. For instance, the world's leading producers and research
institutes have generally put the Free Wrold's effective production
capacity at 650 to 750 thousand tonnes, while Falconbridge con-
sidered it to be 590 to 635 thousand tonnes at the AMM London Metal
Forum,

The reasons for such differences among estimations are that the
ways in which immediately effective production capacities of plants
that are currently. closed or have been recently established are
taken into conaideration as the effective production capacities vary
from institute to institute.

Making use of the up-to-date data and information used to esti-
mate the free world's nominal production capacity described in Item
II-1, the current effective production capacity can be estimated as
shown in the following Table with adjustments for a. production
capacities of facilities encountering difficulties in obtaining
crude ore {INCO Europe and Zimbabwe), b. production capacities where
problems such as deterioration are affecting the plants themselves
(SLN's New Caledonia plant and Marinduque), c. production capacities
related to intermediate products (many plants), 4. production capa-
cities in facilities where environmental pollution controls such as
restrictions on exhaust gases are causing problems (Canada), and e.
production capacities of plants thought to have been completely
closed,
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Europe
Asia
africa
America
Oceania

Total

Nickel metal  Ferro-nickel ointer
118 37 =
50 74 15
39 - -
223 28 - 58% 25
30 30 21
460 169 - 199 61

(1,000 _tonnes)
- Nickel oxide

690 ~ 730

* Falconbridge Dominicana temporarily closed at the beginning of
1982 and reopened operation in the second half of the same vear,
but there is no saying when its 30 thousand tonne production

It was therefore taken as zero to 30

thousand tonnes for this estimation.

capacity will fall to nil.

3., Rate of Utilization

The demand in 1982 has been estimated to be 450 thousand tan-
nes, while the preduction in the same year has been put at 400
thousand tonnes taking into account an inflow from the centrally

planned economies and inventory adjustments of producers.

The esti-

mated production, 400 thousand tonnes, is equivalent to 50% of the
current nominal production capacity, 807 thousand tonnes, and to 5Tt
of the current effective production capacity, 705 thousnad tonnes
(the average of 690 thousand tonnes and 720 thousand tonnes),

This rate of utilization was pregented to indicate the present

situation into which the nickel industry has been forced.

If demand

becomes lively, the rati® can reach 100% before new production capa-
¢ities corresponding to the newly recovered demand Wlll have been

completed,

TII. Production Costs

1. OCutline

Nickel production can be divided into three categories:

. production from laterite with no cobalt recovery;
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b, production from laterite with cobalt recovery;
¢, production from sulfide ore.

rypical production costs (including mining, dressing, smelting
and refining costs) for each of these three cases are as follows:

Production Costs

(US$/1b of nickel in 1981)

Laterite Ore Sulfide Ore
Without cobalt With cobalt
recovery recovery Falconbridge
Deminlicana ~  Marindugue {Ontario)
Enerqgy 1.65 2.31 0.35
Chemicals, etc. 0.67 0.62
Labor il 1.35 0.42 2.18
Total operating cost 3.00 3.40 3.15
Byproduct credit Lo 0.40 1.83
Net operating cost 3.00 3.00 1.32
Ferm of product Ferro-nickel Nickel metal  Nickel metal
{briquettes)

2, Production of Nickel from Laterite

2,1 HNon-recovery of Cobalt

Rélatively nigh~-grade laterite is treated to produce ferro-
nickel or nickel matte. This type of ore has a relatively low
cobalt content, so cobalt is neot recovered as a byproduct,

2.2 Cobalt Recovery

Relatively low-grade laterite is treated to produce high-
puritY'hickel, e,g., as briquettes. Since this type of ore has a
relatively high cobalt content and cobalt is generally recovered
as a byproduct. This is an important source of profits.

1. Production of Nickel from Sulfide Ores

Sulfide ores generally contain valuable metals, primarily
copper, cobalt, and precious metals, apart from nickel. fThe reco-
very of these byproducts not only reduces costs but also provides a
large source of profits.
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4, Production Cost Breakdown

Estimates of production costs for the world's major nicke] pro-
ducers are as follows:

Production Costs in Main Producing Countries

{(USS/1b of nickel)

Laterite _ Sulfide
. By- Faleon.
No byproducts INCO Con-
Production cost products bridge
Domini- Indo- Guate- Marin-~ Mani- T

Ontario Ontarig

can Rep. nesia mala dugque toba

Energy 1,65  0.93  1.65 2,31 0.31  0.31 o1
Chemicals, etc. . Q.67 0.52 0,52 0.67
Labor d 0 135 135w o8z 200 218
Total operating cost 3.00 2.28 2.76 3.40 1.65 2,83 3,15
Income from byproduct —
Copper - - - Q.00 0.07 1.06 0.93
Cobalt - - - 0.40 0.07 0.08 0.58
Precious metals - - - 0.00° ~ 0.20 0.52 0.32
Total 0.00 0.00 0.00 0.40 0.34 1.66 1,83
Production cost after
deduction of income 3.00 2.28 2.76 3,00 1.31 1,17 1,32
frem byproducts
Form of product Ferro~ Matte Matte Nickel Nickel Nickel Hatte
nickel metal metal metal

{briquette) {pellet)

Note: These costs are estimated by the Working Group, based on 1980
arnual report of major produces, and take inflation into account.

Production costs are largely affected by factors such as
energy, labor costs, and byproduct income deduction,

4.1 Energy

The production of nickel consumes large amounts of energy,
and energy costs account for a large proportion of production
cgst. Only the case of sulfide ores is an exception.. Ore with a
nickel grade of 1 to 2% can be concentrated until its nickel grade
isg a?out 12% by ore processing that consumes little energy.
Furthermore, it is possible to make effective use of the heat of
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oxidation of the sulfur in the ore. TFor these reasons, energy
costs are much lower than for laterite. In contrast to this,
pecause 1t ig difficult to concentrate the nickel in laterite
prior to metallurgical extraction, energy costs are unusually
high. The basic amount of electricity necessary to produce nickel
jg 25,000 to 30,600 kWh per Nl tonne for ferro-nickel from
laterite ores through an electric furnace, and 5,000 to 6,000 kWh
per Ni tonne for nickel metal from sulfide ores through matte.

As was seen @arlier in the production cost table, the energy
cost for sulfide ores is U8$0.3 per pound, but US$1,.60-2.3 per
pound . fox laterite. Even considering that the unit cost of
electricity varies from region to region, sulfide ores still nor-
mally have an advantage over laterite.

4,2 Labor Costs

The labor costs for sulfide ores are higher than those for
laterite, This is because underground mining is used for these
comparatively deep deposits, requiring more numerous and more
skilled miners. Laterite ore, on the other hand, is located close
to the gurface where it can be mined easily, and so labor costs
are low. PFurthermore, Canadian labor costs are on a higher level
than those of other countries, so labor costs are a double burden
in the case of sulfide ores.

4,3 Deduction for Byproducts

The recovery of byproducts is of great importance, since it
provides a major -source of profits, Here is an example of the
contribution of byproducts from the production of nickel from
sulfide ores by Falconbridge and INCO:

Byproduct revenue

{US$ million 1980)

INCO Falconbridge

Amount Proporticon of Amount Proportion of

total sales total sales
Copper 2886 18% 53 17%
Precious metals 153 10% 15 5%
Cobalt (estimated) 39 3% 34 11%
Others 10 1% 25 8%

Total 488 32% 127 42%
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Of these products, because the price of cobalt has declingg
greatly since 1981, its contribution as a byproduct would he

axtrenely low.

Tv¥, Mining Industry Policy

1. Outline

Because of stagnant markets and receding demand, the nicke]
industry world-wide is in difficult straits. Private corporations
in advanced industrial countries such as Canada, the United States,
Australia, and Japan, cannot expect government rescue measures
because they operate in free economies. They must make efforts ta
reduce the cost with layoffs, réduced_production,.or other rationa-
lization measures. State corporations and corporations having
strong ties with thelr governments may be able to expect various
types of suppert from their governments. However, as the recession
continues, there are inherent limits to this state support, so that
each company is likely to have to rely on Lts own resources,

2. Current Conditions in Canada

Canada’s nickel industry operates in a free economy. There is
no basic government aid policy except for temporary countermeasures
such as the extension of unemployment insurance benefits for laid-
off workers and the creation of short-term employment opportunities
in other fields. However, because the Canadian nickel industry has
played a major role in the Canadian economy For a long time, both®
the Federal Government and the provincial governments are concerned
about the current difficult sjituation.

In particular, the nickel industry employed 27,000-30,000
people in the Sudbury area of Ontario province until just a few
Years ago, but due to rationalization and modernization measures,
empioyment is expected to be halved, to 13,000—15,000'people: when
production reopens in 1983, In order te counter this situation, the

Government plans to foster or attract substitute industries, as
follows:

a. To foster a natural resources distribution center;

b. To expand the tourist industry; '

c. To attract service industries related to the mines (mine machi-
nery and facilities, drilling machines, etec.).
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