2.1.5 Work environment and energy conservation

A large guantity of gas that is generated from the electric
furnace can be utilized effectively as fuel by capturing it and
not permitting it to burn at the surface of the furnace. To
accomplish this purpose, the furnaces were not only made larger
in capacity but were made into the closed type. Table B~17 sum-
marizes the ratio of the closed type to all electric furnaces
for ferro-alloy in Japan. As shown in Table B-17, 100% of the
electric furnaces for high-carbon ferro-manganese production are
of the closed type.

2.2 Silico-Manganese

The production standards for silico-manganese have been improved
in terms of raw materials, production facilities, environmental con-
ditions and operating conditions just as for high-carbon ferro-
manganese.

For referehce, factors in the silico-manganese standards diffe-
rent from those of high~carbon ferro-manganese are shown in Table B-
18.

2.3 Medium- and Low-Carbon Ferro-Manganese

The conventional electric furnace for producing medium- and low-
carbon ferro-manganese is the stationary type of furnace, in which
silico~manganese is used as the raw material and manganese ore is
reduced by silicon, As it is operated in batches, the raw materials
are completely molten down which is probably what is different from
producing either high~carbon ferro-manganese or silico-manganese.

" ¥n the case of batch operation, heat radiation from the sur face
of the furnace is large. A technique of leaving the raw material ore
unmolten at the surface of the furnace was thus established to
prevent heat ioss, but since then the furnace type began to be
changed into the tilting type of furnace as a result of technological
progreSs and because of the latter's relative ease in furnace body
maintenance.

. Establ ished only quite recently is the outside-furnace smelting
process which uses a shaking converter and other eguipment. I§
attempts at making a drastic saving in power consumption by using
molten silico-manganese as raw material.

[4]1-41
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Table B-18 Comparison of Silico-Manganese Production
Facllities and Operating Standards

Around 196__5_ 1982

- (small furnace) {large furnace)
racilities 1) Electric Small, open type Large, closed type
furnace
below 15,000 kva. around 30,000 kVA.
No closed-type 82% closed type
furnace. furnace.
operating 1) Unit power 4,200-4,000 kWh/MT 3,700~3,400 kWh/MT
per formance consumption
2) Mn yield 80% 85%
3) Slag ratio 1.4 1.0-1.2
4) Slag B.R. Acidic Acidic

" {Basic ratio}

" gource: The Study Team

31, Future Production Technology for Ferro-Alloys

Basically, there are two different approaches to develop the
technology for producing ferro-alloys.

One is which leads to innovations in production technology to meet
the requirements of iron and steel producers who are the c¢onsumers of
ferro-alloys, and the other is the approach that results from pursuing
reductions in ferro-alloy production costs.

The key point in cost reduction is probably that of reducing power
consumption, or in other words, energy saving as far as the current
electric furnace system is concerned.

_As an example of technological innovation along this line, there
is the R&D on smelting reduction method which has been launched in
Japan. South Africa has a plan to start producing ferro-chrome with
plasma-arc furnace in 1983, The use of this plasma-arc furnace method
is believed to reduce the unit power consumption by 20%. Depending on
its success, the same production method may be applied to manganese as
well.

Outstanding technological innovations such as these are of.course
important but we must not overlook also the improvements that might be



made in production technology by the betterment of existing tegpy;
and facilities. ehni

ey

Technological innovations that are being éoﬁght from the st
of the consumers extend to such matters like quality and shape o?mmi
manganese. We will take this subject up in Section C, "Consumpnoﬁn



c. CONSUMPTION

1. World and By-Country Consumption Trends of Manganese
1. World and By-~Country Consumption Trends of Manganese Ore

Consumption of manganese ore by the major countries of the world
was at a level of 18 million tonnes in 1965. 1In 1979, it had increased
to the level of 24 million tonnes. The average annual rate of growth
during the period was 1.9%.

Wwhen consumption is reviewed by country, we see that the USSR has
consumed the most, followed by the United States, Japan and France. We
also see that the combined share of the top ten countries has remained
almost constant at around 90% during 1965-1979.

However, a review of the consumption shares by country reveals

that the share of the United States, Japan and South Africa have under-—
gone big changes, Especially the consumption share of the United States
dropped sharply from 20% in 1965 to as low as 5% in 1979. The reasons
for this were that in addition to the fact that there was no growth of
crude steel ‘production, in the United States, its ore consumption also
decreased due to the deteriorating cost competitiveness of its domesti-
cally produced ferro-manganese.

Japan's consumption share rose from 7% in 1965 to 12% in 1979 be-
cause of the growth of its domestic crude steel preoduction which grew
at a high average annual rate of 5.8% and also because the necessary
ferro-manganese for it was domestically produced.

South Africa’s consumption share also rose from 4% to 8% during
1965-1979. This was because the domestic crude steel production grew
at a rapid pace of 6.8% per annum and because the country was able to
export a lot of ferro-manganese (see Table D-6).

Table C~} shows the trends of consumption volume and Table C-2 the
trends of consumption pattern by country.

2. World and By~Country Consumption Trends of Ferro-Manganese

. The worldwide ferro-manganese consumption during the late 1960s
was three million tonnes. In 1974 consumption doubled and reached a
record high of six million tonnes. Today, it has fallen to a level of

five and a half million tonnes due to the cutback in crude steel.

Fig. C-1 compares the trajectory of ferro-manganese consumption
with that of crude steel production.
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Pig. C-1 Trends of Ferro-Manganese Consumption and Crude Stee)
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A review of consumption by country shows that contries that pro-
duce a large quantity of crude steel, like the USSR, the United States
Japan and Federal Republic of Germany also consume a large guantity of
ferro-manganese,

Tables C-3 and C-4 show the consumption volumeg and consumption
shares of the USSR and free world countries. ‘They show that there has
not been much change since 1573.
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1I. Manganese Consumption Yrends by End-Use and by Type
1. Manganese Ore Consumption Trends by End-iUsge

Typioal cases of manganese ore consumption by end-use of Japan and
the United States are shown in Tables C-5 through c-8.

The following summarizes these specifically for 1980:

(1,000 MT)

Iron and steel: 2,609 < for ferro-manganese:

{94.6%) " 1,586 (57.5)
Japan v for pig iron:

2,758 1,023 (37.1)

fa

Other than iron and steel: 149
(5.4%)

. Iron and steel: 779 ©  for ferro-manganese:

} (80.3%) S 660 (68.0%)
USA { _ -  for pig iron:
971 : 119 (12.3%)

Other than iron and steel: 192 (19.7%)

From the above, we conclude that:

1) Japan's ore consumption for ferro-manganese production is
twice ag much as the United States.

2} Cre congumption for pig iron usge in the United States is one-
“tenth that of Japan.

3) ' _Manganeée ore consumption by sector other than iron and steel
of the United States is more or less on the same level as Japan,

The conceivable reasons are:

1} The soaring energy cost since the 1973 oil crisis and growing
expenditures for environmental protection led to a decline in the
cost competitiveness of the American ferro-manganese industry and
increased its imports of ferro-manganese; and :

2) when add1ng manganese to steel, the choice of whether to use
ore or ferro-manganese rests with each country's differing
economic appraisal which stems from the difference in pig iron
making and steel making technologies of the two countries,
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ror reference, the volume of ore consumed ag input to blasgt
furnace and unit ore consumption per tonne of pig iron in Japan, the
United States and several other countries are shown in Tables ¢-g an

C-10,

Table C-9 Selected Countries: Additions of Manganese Ore tg
Blast Furnaces, 1973 to 1980

{1,000 wp
: - ——
1973 1974 1975 1976 1877 1978 1979
) e
Japan 1,440 1,470 1,440 1,310 1,130 952 1,058 1
USA 283 293 208 210 252 298 286
Germany, FR 200 éé? 162 207 19¢ 208 —— _
Ttaly 167 133 141 135 171 | 189 —— .
UK 108 . 160 104 138 158 30 —— N
France 8¢ 90 70 70 ? 80 -—— .
Australia 50 58 71 94 102 96 — .
south Africa 49 66 78 26 1901 100 ———
Note : -~-— Data unavailable

Source: Roskill Information Service Ltd., The Economics of Mangansse

Table C-10 ARddition of Manganese Ore to Blast Furnace per ton

of Pig Iron in Selected Countries, 1973 to 1980 :
(%9 Mn Dre i3

1873 1974 1375 1375 1377 1978 1973 198 f

Japan 16,0 1§.3  16.6 15.1  13.2 12,1 2.6 17 f
UsA 3.1 3.4 2.9 2.7 3.4 3.7 1.6 20 %
Germany, FR 1.4 6.2 5,4 6.5 6.6 6.9 -
Italy 16,5 1L.3  12.4  11.5 14,9 16.6 -
UR 6.3 7.1 8.6  10:0 12,7 7.8 —— E
France 3.3 4.9 1.9 3.7 4.1 4.3 BIDE—
Australia 6.5 8.0 9.3 12.7 15.2 13.1 —— “r=
South Africa 11.3 14.3 15.1 16.6 17.3 16.9 o -
Note : --- Data unavallable

Source: Table C-9
Japan Federation of Iron and Steel Industry, Overseas ITon ofd
Steel Statistics
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2. Ferro-Manganese Consumption_Trends by Type

On the whole, high-~carbon ferro-manganese commands the highest
percentage ratiol} of ferro-manganese consumption by type in tgetma'
countries of the free world, accounting for 74% of the total, fol- o
lowed by 16% of silico-manganese and 10% of medium- and lowuéarbdn
ferro-manganese.

The difference in consumptlon however is large among countries.,
Japan, Brazil and Spaln for instance consume high ratios of siljco-
manganese ~ almost as much as high-carbon ferro-manganese.

This is probably because the price of silico-manganese is cheaper
relative to the cost of using a combination of ferrosilicon and high~
carbon ferro-manganese, because silico~-manganese which uses high-,
mediun~ and low-carbon ferro-manganese slag as the raw material is pro-
duced -in parallel with ferro-manganese which is produced by the
electric furnaces in these countries.

The reason for the high percentage ratio of high-carbon ferro-
manganese In the United States, Federal Republic of Germany, France and
the United Kingdom is probably because these countries mainly use the
hblast furnace manufacturing method which can only produce high-carbon
Ferro~manganese.

Percentage ratio of ferro-manganese consumption by type is shown
in Table C-~11 and trends of its consumption by type and by country in
Tables C~12 through C-14.

3. Ferro-Manganese Consumption Trends by End-Use

‘All of ferro-manganese is used for iron and steel which can be
classifed into carbon steel, special steel, and cast irons and steel.

in Tables C-15% and C-16, we have taken the United States as an
example to show the trends in ferro-manganese consumption volume and
consumption share in thege three segments. When we compare the early
19705 with the latter half of the 1970s, we see a relatively
significant difference. The carbon steel segment, in terms of
consumption share, decreased its share in both high carbon ferro-
manganese and silico-manganese whereas it increased its share in
medium~ and low-carbon ferro-manganese. LIn terms of its share in total
ferro~-manganese, it declined from 78% to 74%.

1} Splegeleisen had been used much in the open hearth furnace steel
making process in the past, but it 'is seldom used now because of
the decline in the use of the open hearth furnace in steel making.
Statistics prove the use of only a nodicum of spiegeleisen yet in
the United States and elsewhere, its percentage share in total
ferro-manganese consumption being less than 1%.
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Special steel increased its consumption share in both high-cagy, ?
ferro~manganase and silico-manganese and raised its share in total -
ferro-manganese from 15% to 21%.

cast irons and steel increased its share in silico~manganese but
lost its share in medium- and low-carbon ferro-manganese. In togy, of
the ratio to total ferro-manganese, it rose in share from 2,5% i

These changes are presumably attributable to the upgrading of
carbon steel and quantitative expansion of both special steel ang oast
irons and steel. : :

4, Historical Trends in Unit Consumption of Net Manganese Content in
Ferro-Manganese per tonne of Crude Steel

Pable C-17 shows the trends In consumption level of ferro-
manganese in terms of the unit consumption of net manganese in feyyro.
manganese per tonne of crude steel,

The consumption level of the free world as a whole remains
constant in the range of 6.2 to 6.6 kg, but the disparity among
countries is large. .

Table C-11 Percentage of Ferro-Manganese Consumption by Type
in Major Countries

{#)

High~- Medium- and Silico-

Cathon Low"Carbon Manganese
Japan ' 49.1 ' 9.3 41,6
- USA _ 77.1 9.7 12.2
Brazil - 53.7 1.7 34.6
rance 73.8 20.4 6.4
Germany, FR 3.1 5.4 21.4
Spain 49.7. : 3.3 47.G
UK ' 82.0 8.5 ' 9.5
World Average 73.7 10.3 16,0

Soruce: Tables C~i2 thru C-14
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maple C-17 Steel Industry Unit Consumption of Manganese as Ferro“hhnu B

1973

(kq.Mn/MT Ccrude Stee))

Japan 5.61 -5.64 5.58 5.54 5.46 5.5
USA 6.60 6,89 6.94 6.38 6.29 6,28
Canada 5.64 5.93 6.13 5.10 5.28 5.7
Belgium 6.51 6.87 4,69 6.15 4.96 5,18
Germany, Fed. Rep. 6.39 6.63 7.01 6.66 6.49 6.65 !
France 6.71 6.41 6.04 6.14 5.95 6.8
Ttaly 7 7.50 7.87 7.43 7.85 7.86 7.59
Luxemburg 7.48 7.16 7.59 7.21 7.36 7,08
Netherlands 3.93 3.95 4,08 3.48 3.17 2,94
UK 7.17 7.29 7.83 7.25 7.32 6,28
Austria 2.75 3.70 3.75 3.13 3,72 3
Finland 4,99 4,60 5.00 4,42 4.16 4,40 %
Norway 5.98 6.30 6.46 6.42 8.17 7. |
Spain 8,72 8.08 10.30 9.74 10.15 9.15
Sweden #%* 14.64 14.13 9.73 7.93 5.66 7.90
South Africa 4,73 4.89 4.49 4,56 4.67 4,5
Australia** 6.63 8.12 12,66 6.96 9.78 B.63
Brazil 8.09 7.90 7.54 7.40 6.96 7.1 ¢
Latin America**%* 6.12 7.32 9.63 8.82 8.72 5.

Average 6.26 6.46 6.61 6.23 6.19 6.19 3

*+ Selected countries only :

*+% Apparant consumption; production + imports - exXports

xx% Latin America except Brazil

Source: IT1SI, Manganese and the Irowny and Steel Industyy, 1980, p. ¥

Note : We are using the above data in projecting supply and denand
we helieve them to be fairly accurate as a result of having
compared them against following data obtained from another &
source for Japan and the United Kingdom and having found the:

to be alike in value and tendency.

tkg Mn/MP Crude steel

1973 1974 1975 1976 1977
Japan (1) 5.46 5.58 5.58 5.28 5,41
uk{2) 7.10 7.57 7.94 7.10. 7.31
Sources: 1) Japan Ferro-Alloy Association

2) HMetal Bulletin Handbook
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~ The unit consumption of net manganese content is small in
nustralia, the Netherlands, Finland ang South Africa, but large in
gweden, Brazil, Latin America (except Brazil) and Australia.

The major reasons for the difference among countr ies \
he attributable to: e gaid to
1) . differences in the amount of man

. - Janese ore that the countri
add to blast furnace during the pig i ntries

ron making process.

2) differences in yieldl) of manganese due to different methods
that the countries use in the steel making process.

3) - differences in manganese consumption volume resulting from
the differences in ratiog of special steel production volume to
total crude steel production volume.

4} . -differences in manganese consumption volume resalting from
the differences in ratios of production volume of continuous cast
billet to total production volume of crude steel.

I1T. Innovations in Application Technology of Manganese
l. Technological Innovations in Manganese GOre Consumption

There does not seem to be any new technological innovation in the
use of manganese ore that is worth mentioning,

We have already stated that more than 90% of manganese ore is con-
sumed in the iron and steel sector and only 7 to 8% in the non-ferrous
sector. It is our assumption that technological innovations in steel
making, which we will discuss in the next section, will reduce ore con-
sumption for ferro-manganese production and that ore used as input to
blast furnace will remain level in the iron and steel sector.

2. Technological Innovations in Ferro-Manganese Consumption
To talk about the future prospect of ferrc-manganese consumption

is tantamount to discussing the progress in the pig iron and steel mak-
ing technology.

1) Yield of manganese by type of steel making process:

{1}  Open hearth furnace steel making :  about 60%
(2) Pure oxygen converter furnace method : about 90%
{3) Electric furnace method : about 935%
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We might rightly say that as a general tendency the unit Eorrg.

manganese consumption tends to decrease with the progress of the
iron and steel making technology.l) = The following examples show the

relationship between the latest plg iron and steel making techne]
and ferro-manganese consumption trends.

Ogy

Preliminary treatment of molten pig iron: The technology to desy).
furize pig iron with carbide or soda ash during heat Letaining of

pig iron or in the ladle has been developed. This has lesseneq y,
need for desulfurization treatment inside the steel-making Furnace
and as a result reduced the unit managanese consumption.

Improvement in converter opérating technlgue: The adoption OF the

' computerized control in the converter furnace opérating technique

has improved temperature control and the passing rate of component
tests. The development of complex blowing (LD-OB, 0-Bop)Z2) has mags
blowing out possible and raised the manganese content and, as a
consequence, made the use of manganese ore possible in the Converty
furnace also. It is being said that these technological
improvements will probably reduce the unit ferro-manganese consunp-
tion per tonne of crude steel by as much as 1 kg.

Improvement in electric Ffurnace steel making technology: The elect
ric furnace is being made increasingly larger, and in order to pre-

. vent unevenness of molten metal and assure uniform quality, the

guided agitator device has been adopted. This improvement is also
believed to lead to ferro-alloy saving.?

Feeding methods were studied in terms of reaction kinetics, and s
a result the injection process was developed as a method for feedin
ferro~alloy. This method has changed the form of ferro-alloy fron
lump to powder. This technology is popular in Japan. only for effec-
tive utilization of undersize ferro~manganese which naturally occurs
in the sizing process, but if the technology should be diffused ona
tull scale, it will become necessary to improve the sizing
technology for ferro-alloy.

Outside furnace smelting: Spectacular progress has been made in
thig technique, leading to the development of R~H pr0C685,q) n-H

1)
2)

3)

4)

Refer to Table C-17

LD-0B: Top and bottom blown converter

Q-BOP: Improved hottom blown converter

Objects extend to all of ferro-alloys such as ferro-manganese,
ferro~chromium and ferro-silicon.

R~H process: This process, used at the integrated steel mill, uses
blast furnace melten pig iron as a basis. bephosphatizing and
decarbonizing are done dufing the converter process and vacuum
decarbonation and finish smelting in R-H degassing tank. In other
words, it is an integrated process of blast furnace - LD convertet-
outside furnace smelting.
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pfocess,l) vOb process,?) aob3) process and numerous other
techniques. The objectives of these outside furnace smeltin
methods are quite diverse, ranging from decarbonation to K
deoxidation, desulfurization, degassing, component adjustment, etc
of these, the lmprovement in decarbonation technique has resuited é
shift from the use of medium- and low-carbon ferro-manganese with
1eas carbon to high-carbon ferro-manganese.

. continuous casting process: By the popularization of the continuous
casting process, the yield of ingot will rise, and even if the pro-
duction volume of the final products is the same, the production
volume of crude steel will be held down and reduce the consumption
of ferro-alloy (not only ferro-manganese).

Factors that might increase ferro-manganese consumption are the
develepment of new kinds of steel and new applications. For example,
the oil pipeline used in oil development projects reguires the use of
ultra-low carbon ferro-manganese {high manganese, low silicon and low
phosphorus) , and for this a new type of weather-resisting, anti~corro-
sive steel hag been developed. Ultra~low carbon ferro-manganese is
also used in making sheet material for the automobile. Also, as mate-
rial for earth-moving equipment for land development, high manganese
abrasion resisting steel has yet to be developed which will no doubt
lead to the development of high quality ferro-manganese with the least
of unnecessary impurities.

. Import and Stockpile pPolicies in Major Consuming Countries

1. Import Policies

There is no country among the manganese importing countries that
adopts any sort of special import policy.

The tariff rates in the United States, who imports a lot of
ferro-manganese, are l.6% on high-carbon ferro-manganese, 3.9% on
silico-manganese and 1.4% on medium- and low-carbon ferro-manganese.

The EC countries levy import duty of 11.2% on high carben ferro-
manganese and 3.8% on silico-manganese which, compared to the United
States, are high being intended to protect the high-carbon ferro-
manganese producers within the region.

, only D-B process
H process uses two.

1) D-H Process: Same as R-H process in principle
uses ope molten steel suction pipe where as R~

2)  VOD Proceas: A method of decarbonizing in vacuum. . ‘

3)  AOD process: A method of decarbonizing and desulfurizing in Ar, Ng
or atmospheric furnace gas under atmospheric pressuie.
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Japan's import duty is 9.6% on high-carbon ferro“manganem}am
3.8% on silico-manganese.
2. Stockpile Policies

Every ma3or country has some sort of stockpiling ‘scheme on
manganese,

The reason may be attributed to the world's extremely uuevep
distribution of manganese, as we have already seen. The United sty
in particular has no manganese resources at all.

Countries with a manganese stockpile now are the United Stateg,
Sweden, Federal ‘Republic of Germany and others.

Countries that make'stockpiling a means of naticnal security ar
the United States and Sweden, while countries that place their object;
on economic security are countrles llke Federal Republxc of Germany
(conceptual plan only}.

France also adopts a stockpile policy but manganese 1s excluded,

2.1 The United States

The American stockpile policy calls for stockpiling of manganess
in accordance with the Lawl) on "Strategic Critical Materials Stock X
Policy" and the target quantity of stock is three years! supply whicH
is deemed necessary for national security.

The latest information on targets and actual volumes stocked ar
shown in Table C-18.

It is noteworthy that the United States has achieved its targe
volumes on manganese and ferro~manganese and that in the case of
electric manganese, it is maintaining its stock ab a level of 1
thousand tonnes despite the fact that it has abollshed the systenof §
setting any target volume since May 1980.

The objective of stockpll1ng is not only to have an appropnaw”
quantity on stock but to be able to utilize it as a means of market &
adjustment, 2) . 3

1) Thig Law was. enacted in 19392 and amended in 1946,

2) The United States released manganese ore to the market when the
price soared in 1964 and increased the quantity of gtockpile when
the market collapsed in 1960.
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pable C-18 fTarget and Achieved Manganese Stockpile in USA

[ {1,000 MT)
: Ferro—mnganese
Mangancse Electric
ore Uign- - Hedium-, Silico- manganese
carbon low-carbon manganese
7. A. T, A. T, A, T, A. T A
1973 4 1276 1176 50 24
_ 21.
1973 6.30 150 200 10.5 15.9 4.75 s
1974  12.31 4438 600 29 24 P
i976  3.31 3931 600 29 24 14.2
10,1 2052 439 wee 99 —— 81 — 15 '
1978 3.31 2607 600 29 24 14.1
1979 3.31 3592 600 29 24 14.1
1980 5.1 2700 - 439 — — — e e e
1981  4.30 2630 600 29 24 4.1
T,.: Targel A.: Achieved
Mote i T Data unavailable

—- Hot applicable

Seurce: Metal Bulletin Handpook

2.2 Sweden

In Sweden; stockpiling is carried out under national guidance.
The Department of Commerce and the Economic Defence Agency directly
buy from or release to the market as well as keep custody of the
stock at facilities owned by the Agency. The target stockpile is
said to be one month’s supply.

2.3 The Federal Republic of Germany

Federal Republic of Germany has not yet started stockpiling but
a plan is in progress between the Government and about 100 private
enterprises to establish the stockpile Association as a private
organization to initiate and operate a stockpiling project.
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2.4 TFrance

France has been stockpiling since 1975 for the purpose of

. Natie.
nal security, but manganese is not included in the plan.

2.5 Japan
Stockpiling in Japan is carried out by the private sector fo

five kinds of wetals including nickel and chromium, but manganese is
not covered as an object of stockpiling at present.
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INTERNATIONAL TRADE

1. trends of International Trade in Manganese Ore and Ferro-Manganese

1. Changes in Trade Volumes of Manganese Ore

The worldwide manganese ore exportsl) rose from 6.88 million
tonnes in 1965 to a peak of 12,29 million tonnes in 1974, then dropped
to 10.3 million tonnes by 1979. The average annual qrowth rate between
1965 and 1979 was 2.6%.

A review of export volumes by country shows South Afrieca to be the
largest exporter, followed by Gabon, the USSR, Brazil, Australia and
then India. The sevén countries collectively account for more than
80%, sometimes over 90%, of the world total exports,

Df these major exporting countries, the growth of South Africa has
been remarkable, recording a 7.0% a year growth from 0,92 million
tonnes in 1965 to 3.3 million tonnes by 1980. The country's share in
the export market rose from 13% ko 35% during the same period and its
ratio of exports to production has hovered around 70%. .The USSR, the
largest producer of manganese ore in the world, consumesg most of its
production internally so that its ratio of exports to production is
low, fluctuating between 13% and 18%. Although its share of the export
market has declined from 16% to 13% it still continues to rank high
among the exporters.

The worldwide manganese ore importsl), on the other hand, rose
from B.47 million tonnes in 1965 to a peak of 11.12 million tonnes in
1974 but fell to 8,06 million tonnes in 1980, The average anmnual
growth rate between 1965 and 1980 computed by taking the average of
each of these two years and the year preceding and following each (3
years each) was 0.6%.

When imports are reviewed by country, Japan is the largest
importer, followed by the United States, France, Norway, Federal
Republic of Germany, Poland and the United Kingdom, - collectively
accounting for 80 to 90% of the world total imports.

Of these major importing countries, the growth of imports of Japan
is remarkable, having grown from 1.07 million tonnes in 1965 to 2.9
million tonnes in 1980 at an average rate of 5.8% a year and its share
of the import market from 13% to 36%.

1) The difference in worldwide ore exports and imports seems at-
tributable to errors and omissions of data in the Metal Bulletin
Handbook and the Roskil Report to which we have referred for data
on manganese. We have had to use these as data source as no other

was available.
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By contrast, the United States sustains a declining trend, yg, .
reduced its imports from 3.5 million tonnes in 1965 to 0.63 millhman
tonnes in 1980, or to less than one-fifth of its 1965 level. my,
country's share in the import market has also declined from 4% to gy |
during the same period.

Its ferro-manganese imports, on the other hand, which we Will gy
cuss in the next section, are yearly rising and when reviewed in torg %
of the combined manganese content, the volume is commensurate Lo the
requirements of its iron and steel and other sectors.

The above situatien is illustrated in Fig. D-l. Also, trends of 3
manganese ore exports are shown in Table D-1, trends of shares in g
port markets of manganese ore in Table D-2, trends of export ratios gf §
manganese ore in Table D-3, trends of manganese ore imports in fable p.§

&

4, and trends of shares in import markets of manganese ore in Tahle p.
5. '

2, Flow of World Trade in Maﬁganese Ore

The flow of world trade in manganesé ore is illustrated in Fig,
2 with primary emphasis on major exporting countries,

A review from importing side:

Japan imports mostly from South Africa. With those imported fr
hustralia and India which are nearer, they account for 78% of total
imports. : '

France imports mostly from Gabon and South Africa which collec-
tively account for 90% of its total imports. In the case of Gabon,its?
nearness and equity relations are probably the reasons for the large §
imports from that country. '

Norway mainly imports from gouth Africa, Gabon and Brazil, with
the three accounting for 84% of its total imports.

Eederal Republic of Géfmany‘s imports from Bouth Africa accounts
for a particularly large share of 60%. When combined with imports Ir
Australia and Brazil, the three account For 88% of its total imports.

The United States mainly imports from Brazil, South Africa,
Australia and Gabon, and the combined share of imports from these

countries is 96%.

The United Kingdom primarily imports from South Africa and Brazil 8
with a combined share of 88% of total imports. :

When reviewed from the exporting zide:

South Africa exports the largest volume to Japan.
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500 -

Fig. D~1 Trend in Manganese Import Volume in ush

_Combined total import volume of manganese (A+R)

AN L
o, S . Net Mn contents in
S N\ ferro-manganese (B)
O L. -0 /

: X *ﬂW¥//x,/*' / __—Net Mn contents in
S manganese ore (A}

16
0o { \
b l L 3 1 1 l L ) L 1 Fl i L l; [} l |
1965 1970 1975 19806
Year
Note Mn content -~ Manganese Ore : 38.5%
Ferro-manganese: 73.0%
Scurce: Tables D-4, D-9, and B-5
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It.alsofexpoxts to most of the maijor importers of th

‘ _ e free world
including France, Federal Republic of Germany, the United Kingdom '
Norway and the United States. !

gabon exports the largest volume to France and also to
N
Japans the Unitsd States, etc. T

Brazil's export destinations are more diverse, including the
gnited Kingdom, Japan, Norway, the United States, France and Federal
pepublic of Germany.

australia exports the largest volume to Japan. TIts other export
gestinations, which include Federal Republic of Germany and United
states, are not many.

tndia exports mostly to Japan.

3. changes in Trade Volumes of Ferro-Manganese

Here, we will review high-carbon ferro-manganese which is the most
produced as well as the most consumed of all ferro-manganese. Exports
of the world's major countries grew from 0.71 million tonnes in 1965 to
a peak of 1.37 million tonnes in 1974 and slightly fell thereafter to
1,24 million tonnes in 1978. The average annual growth rate during the
period was 4.9%,

When export volumes are reviewed by country, France ranks at the
top, seconded by South Africa. These two, with Norway and USSR,
collectively account for 70 to 80% of total exports by major countries.

France, the leading exporter, increased its exports from 210 thou-
sand tonnes in 1965 to 290 thousand tonnes in 1980 at an average
annual rate of 3.7%, and its export share has remained almost Ssame
level, ranging between 25% and 30%.

South Africa increased its exports from 170 thousand tonnes in
1965 to 370 thousand tonnes in 1978 at an average annual rate of 6.4%
and increased its and export share from 23% to 26%.

Norway expanded its exports from 100 thousand tonnes in 1965 to
250 thousand tonnes in 1980 at an average annual rate of 7.0%, and
increased its share of exports from 14% to the 20% mark.

These top three countries' ratios of export to production are very
high, with France having raised its export ratio from about 60% to
roughly 70% and South Africal) and Norway maintaining export ratios of
about 82% and B87% respectively on average.

1) In computing the average export ratio, South Africa's export xat%os
in 1969 and 1970 were excluded as they were considered abnormal in
the light of its domestic supply and demand balance.
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Export/Import ratio
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imports of the world's major countries, on the other hand, iy
creased from 400 thousand tonnes in 1965 to 840 thousand tonnes in 198
at an average annual rate of 5.0%. 1

when import volumes are reviewed by country, the United States i
seen to be the largest importer, followed by Federal Republic of
Germany, Italy, and Belgium. . These four countries collectively accoupt
for 80% - to almost 90% during the latter half of the 1970s « of ¢,
world's total imports by major .countries., -

The increase in 1mborts of the United States was particularly
large, having grown from 180 thousand tonnes in 1965 to 470 thousang
tonnes by 1980 at an average annual rate of 9.5% with an associated
increase in its import market share from 44% to 578%.

The rates of increase in imports of Federal Republic of Germany
and Italy were modest at 2.7% and 1.6% a year respectively. 1In terpg
of import market share, Federal Republic of Germany's qhare fell frop
162 to 13% and that of Italy from 18% to 11%,

Belgium's trade volume is not large but it exports around 70% of

that 1t imports every year as shown in Fig. D-3, and functions as the
Western Burope's distribution center,

Fig. D~3 Movements in Belgium’s Ratio of Fefro—Mahganese
Exports to Imports (Exports/Imports)

e

)] : i r L I '} . i L L J iz )

1965 1970 1975
_ . Year .
Source: Tables D-6, D-9, D-11 and b-13

We have omitted giving any close review of the world trade in
silicofmanganese because the volumes traded are small. We have instead
provided pertinent information in the form of tables as follows:
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rable D-6: Trends in High-Carbon Ferro-Manganese Exports
by Major Countries

Table D-7: Trends in the Share of High-Carbon Ferro

> ; ~Manganese Bxports
by Major Countries

Table D-8: Changes in Export Ratio of High-Carbon Ferro-Manganese
by Major Countries

Table D—-9: Trends in High-Carbon Ferro-Manganese Imports
by Major Countries

fable D-10: Changes in Share of High-Carbon Ferro-Manganese Tmports
by Major Countries

Table D-11: Trends in Silico-Manganese Exports by Major Countries

table D-12: Changes in Share of Silico-Manganese Exports
by Major Countries

Table D-13: Trends in Silico-Manganese Imports by Major Countries

Table D-14: Changes in Share of Silico-Manganese Imports
by Major Countries
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4. Fiow of_WorldrTrade in Ferro~Manganese

Fig. D-4 illustrates the flow of world trade primarily in high-
carbon fe:ro~manganese which 18 the most produced and consumed of all
gerro-manganese.

when reviewed from the importing side:

The Unlted States imports mostly from South Africa which, when
combined with imports from France, accounts for 74% of its total im-
ports. ~The United States also imports from many other sources includ-
ing Norway, Belgium, Canada and India.

Federal Republic of Germany imports mainly from Norway and France
which jointly account for 68% of its total imports. Other sources of
import are South Afrieca, Brazil, Belgium, etc.

ftaly imports mainly from South Africa and France which jointly
account for 84% of its total imports. Italy also imports from Federal
rRepublic of Germany,1) Belgium and other sources.

When reviewed from the exporting side:

Of South Africa's total exports, the United States accounts for
the highest share of 64%. South Africa also exporis to Italy, the
United Kingdom, Canada and other distinations.

Of France's total exporks, the United States accounts for the
highest share of 52%. France also exports to Italy, Federal Republic
of Germany, Belgium and others.

Norway does not give priority to any particular destination but
exports to diverse destinations including Federal Republic of Germany,
the United States and many other consuming countries.

1} Federal Republic of Gérmany ig also a ferro-manganese impor?er,
and what it exports are presumably special products {that with low
carbon, low silicon and low impurities).
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1, [nternational Transaction Modes

Manganese ore and ferro-manganese are internationally transacted in
the same way that usual commodities are transacted but are characterized
by the following:

. the size of manganese Ore may range from what may be as large as
the size of & human head to what may be as small as 0.5 inch or so.
also no definite mineral composition is specified.

1

_The gize of ferro-~manganese is mostly in the range of 10 to 50 mm
or 10 to 100 mm, and packing style is normally bulk handling.

24 Normally, they are transacted mostly through trading companies who
occasionally adopt the sole agency system. Sometimes there are ex-
ceptions, however. where the involvement of trading companies are ex-
cluded-in dealing with state-run enterprises.

3, Generally, the most normal way of concluding a contract is to
agree on the guantity and price by year or by quarter.

France - concludes long-term contracts for definite quantities but
nakes separate agreements on price.

Also, a good many spot contracts seem to be concluded but we have
not been able to drasp the actual situation.

4, In the case of ore, next year's price is determined by the end of
the current year usually according to the following steps.

Pirst, price negotiation is carried out between one of the major
mining companies and one of the major ferro-manganese producers. When
an agreement is reached on price, the rest of the mining companies and
ferro-manganese producers follow their example and determine their
prices along the same Line among themselves.

The price is determined on a CIF basis which means that the ferro-
manganese producers in every country buy ore at approximatley the same
price.

The actual market price of ferro-manganese in every country is
determined on a cost plus formula. In other words, the ore price is
determined in the world market to which power costs, labor costs and
others are added according to the standard rates prevailing in each
country. In international transactions, the price cannot exceed the.
market price in the consuming country and if the price of the exporting
country based on a cost plus formula underruns this, the actual selling
price is determined by both sides meeting half way.
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There is no free market price like at TLondon Metal Exchanggor
producers' price established by a dominant producer.

I1I. Changes in International Price and Contributing Factors

1. Changes in International Price of Manganese Ore and
Contributing Factors o ' ' '

As the_pfice of manganese ore varies greatly depending on grade,
impurities contained, and form, it is difficult to make an accurate
comparison of the various brands.,

Here, we will examine the CIF prices on ores of a similar grade i
the Japanese, American and Eurpean markets,

Price movements in thése three markets a:é shown in Table D-15 ang
Fig. D=5,

The price movements show that the prices in Japan, the Uniteg
States and Europe are generally on the same lével and follow the sane
trajectory. As for the rate of increase in price, the price almost
doubled between 1965.and 1980, but when modified by the change in the
exchange rate of US$/SPR (1.302), it is an increase of about 1.7 times,

When we trace the price movements, we see that the price jumped
temporarily in 1957 due to a supply shortage.  However, by the start-y
of the Moanda Mine in Gakon in 1962 and B.H,P.'s Groote Eylandt Mine in
Australia in 1966, the market turned into an excess supply and
depressed the price to the level of $0.50 to $0.60 per 10 kg. of metric
tonne unit Mn content. ' '

Then since 1973, the price began to soar due to the sharp rise in
freight in the aftermath of the first oil crisis in 1973 in addition to
the fact that supply and demand became tight with the ‘0il crisis havin
coincided with the peak in worldwide production of crude steel while
regource nationalism began to mount among the manganese ore producing
countries. : :

As a consequence, the 1976 price tripled the 19272 lavel to 51.40-
$ll60l .

Since then, the demand for ore decreased because of a cutback in
crude steel production by the major steel producing countries of the
free world so that the price hegan to fall from around 1977. But the
second oil crisis in 1978 and signg of a pickup in crude steel prommj
tion pushed the price up again, although not by any large margin:U“F‘1
it reached the record high in 1981, The price since has been levellind
off or perhaps slightly softening, :
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rable D-15 Movements in Manganese Ore Price

e {us?)
Nation - Ush Furope Japan
s
hustralia S. Africa
' - Min., 48% Mn 46-48% Mn 48% Mn A8% Mn
Q“all Y low impurity maK., 0.1% P Fe below Fe above
4% 10%
T =
1965 - 82 79 84
1966 73 78 76 19
1967 12 64 76 76
1968 70 66 66 71
1969 52 53 60 63
1970 52 53 58 67
1971 63 69 61 69
1972 62 62 62 64
1973 83 89 79 90
1974 120 118 98 129
1975 132 140 142 157
1976 139 148 153 163
1977 142 148 156 158
1978 ) 132 135 142 140
1979 132 135 141 140
1980 161 172 175 175
1981 _ - - 180 179
1982 ——— — 169 166
Notes : 1) --— Data unavailable

2} Ore Price: USY, metric tonne unit Mn content, CIF

source: USA, Furope - Metal Bulletin Handbook
Japan - Estimates by the Study Tean
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;.  Changes in International Price of Ferro-Manganese and
contributing Factors

In Table D-16, we have shown the wovements of the market prices of
major countries on high-carbon ferro-manganese to represent all of L
ferro-manganese products, both in local currency and in US$ equiva;m
Jent. Fig. D-6 shows the price movements in terms of US$ eguivalent.

Table b-16 Movements in High-Carbon Ferro-Manganese Prices

(Price per MT)

USA Japan France Germany, FR
Yearl JU—
uss ¥ uss P.Fr Uss D.Mark uss$
1965 175.3 63,000 174.2 ——— —— —— —
1966 167.5 62,000 171.1 708.0  144.1 565 141.3
1967 166.1 62,000 171.1 ——— —
1968 164,5 60,000 166.4 708.0 142.9 538 134.3
1959 164.5 59,000 164.6 §90.0 132.1 -—
1970 181.3 59,000 164.7 75¢.0 135.7 558 153.0
1971 150.90 59,000 169.5 990.0C 17%.7 565 162.3
1972 150.0 59,000  194.6 - ———
1973 195.0 66,000 243.3 995.0 223.4 £30 235.7
1974 345.0 85,000 291.6 1,544.0 321.9 843 325.8
1975 400.0 97,000 326.8 2,115.0 493.4 1,080 443.0
1976 425.0 112,000 3777 2,115.0 442.5 230G 357.4
1977 400,0 120,000 446.9 2,115.0 430.3 g00 387.6
1978 . 120,000 570.2 2,115.0 468.7 900 448.1
1879 437.0 120,000 547.6 2,115.0 £97.1 900 491.0
1980 : 139,000 613.0 2,115.0 500.5 qa0¢ 495.1
Rate of rise in prices %
1979/1966 260.9 217.7 358.3 298.7 347.3 159.3 350.4
Wotes : 1) Domestic prices in each country were converted into USS by

the exchange rate (per Foreign Economigi§tati5tic§éiyearboo%
of the Bank of Japan) then current.
2} Domestic prices: Domestic producer's price for Japan, and
P

actual market for USA, France, ang Germany, Fed. Ret
3) Size: Sizes 10 - 15 m/m for Japan and lumpy size for USA,

France and Germany, Fed. Rep.
-—-- Data unavailable

Source: Metal Bulletin Handbook and the Study Team
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rig., D6 Movements in High-Carbon Ferro~Manganese Prices
{converted into USS/MT) -

700
USA et ,
600 1 Japan [V X _ :
France B — e A
Germany, FR o— --—o
500 |
400 ¢
300 F
200 L
‘x“‘h“%:::_‘l:_—l_,x_ o X
% %‘ -—-A__--HA/
L0G r
i 5, 4 L X { 1 " | f N i 1 i
1965 1970 1975 1983

A review of these show that the price of high-carbon ferro-
manganese began to rise sharply from around. 1974 as in the case of the
price of ore. A comparison of the prices in 1966 and 1979 reveals that
the prices in local currency rose 1.6 times in Pederal Republic of
Germany, doubled in Japan, roge 2.6 times in the United States and
trebled in France, all of which translates into a rise of 3.5 times in
U.8. dollar eguivalent,

The comparative stability of the prices in local currency of each
country bespeaks the declining value of the U.S. dollar during the
period.

A review of the movements in price of each country in U.$. dollar
equivalent show that prices in 1966 were not much different among them,
hav1n9 ranged between $141 -~ $171 per MT and that despite a sharp
increase triggered by the oll crisis in 1973, they followed approxi-
mately the same pattern of movement until 1976 or so.
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pver since, the price in the United State :

. - ) < s has remain . i
prance and the Federal Republic of Germany it is rising slsﬁliezgiéhln .
in terms of each local currency it remains the same); but in-Ja an 929
.4 soaring at a fast rate. The price gap in terms of U.S dollgr t
equivalent ig also widening. As of 1979, the U.S. price ;as S437/Mp
against the Japanese price of $548/MT which means a difference of $110.1)

The reason for the higher price in Japan in terms of U.S. dollar
equivalent_is partly due to the appreciation of the yen excgaﬁge rate
but the main reason is the high pace of cost increases due to the higé
cost of power.

1)  As pricing basis in Japan differs from those of the United States,
France and the Federal Republic of Germany lrefer to footnotes 2)
and 3) of Table D-16), accurate comparisons are difficulit to make.
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E. SUPPLY AND DEMAND PROJECTION

I. Demand Projection
1. Past Trends and Recent Situations

As stated already, the demand for manganese 1is supported by tha
iron and steel industry which consumes L00% of ferro-manganese and gy
than 90% of manganese ore, and this pattern is unlikely to change fo,
the foreseeable future.

The largest demand in the past was 24.2 million tonnes for
manganege ore (in 1979 when crude steel production reached a recorqd
high) and 6.14 million tonnes for ferro-manganese (in 1974 when crude
steel production recorded its fourth highest in history at 799 millio
tonnes, but since then the demand for both seems to have fallen due
to a cutback in steel production.l)

The free world countries and the planned economy countries each
have their own independent channels for supply and demand and hardly
any transaction takes place between the two.

2. Projections by Various Institukions

Table E-~1 presents the published results of projection made by
various institutions., What can be said for all of them is that none of
them necessarily clarifies the assumptions and methods employed in
projections and the projection was made only on manganese ore and not
on ferro-manganese. Also none of the projected demands for manganese
ore matches the existing situation as being excessive in the light of
the prevailing circunmstances.

I.1.5.1. overestimates the prospective growth of crude steel
production and hence, the projected demand for manganese ore which
is made to slide with crude steel production is also too large.

The U.S. Bureau of Mines makes separate forecasts for the
United States and the rest of the world, and the World Bank makes a
detailed forecast by estimating the projected growth rates for each
region for each intervening period. However, their forecast
results, both being expressed in terms of manganese content, are
deemed too abstract and the forecast values also too large.

1} Data on the demands for manganese after 19280 were unobtaindﬂ&
The demand for 5.64 million tonnes in 1978 iz the latest avail-
able data on ferro-manganese.
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Phe Rogkill Report introduces the forecast results of othey
institutions as well as its own, but every one of them seem Sliwwly
too large at this time. :

3. Assumptions for Demand Projection

The demands for both manganese and f[erro-mandanese fluctuate
following changes in the iron and steel production volume,
Accordingly, the demand for manganese ore and ferro-mandanese can by
projected by using the projected crude steel production as a basic :
parameter and also by taking into account the projected trends in upit &
consumption of manganese ore and ferro-manganese per tonne of cruge
steel.,

3.1 Projected Crude Steel production
We adopted YISIts data for crude steel production, but as the
forecast ig For anly up to 1990, we used the projected figures

presented'in the chapter on pig iron and semi-finished steel oftMsg
study (refer to Table E-2).. :

Table E~2 Projected Worldwide Consumption of Crude Steel

(million 41} 3

1981 1582 1983 1985 1990 2000 é
' ' {1.32) {1L.18)
World total 107 672 689 749 800 900
. {1.44) {1.38)
Free world 457 411 435 487 523 600
countries
{(1.12) {0.80)
Planned economy 250 251 254 262 271 300
countries
Note : Figures in parentheses are prbjected'annual growth rates.

Sources: 1) I18I 16th Annual Meeting and Conference {(October 1982)
2} The Chapter on Pig-Iron and Semi-finished Steel
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3.2 Assumptions for Projecting Demands for Manganese Ore

As we have seen cases of the unit consumption per tonne of crud
steel being used as a basic figure in estimating the demand for ’
manganese ore instead of dividing the end-uses into iron and steel
related applications and those for other than iron and steel applica-
tions'liké=in the Roekill Reportl) and the World Bank forecastg? wz
too have: adopted the same approach in presenting the actual unit’
consumption in the free world countries and the planned economy
countries as shown in Table E-3 and Fig. E-1,

. From these results, we adopted the actual value obtained by the
zegression'equation of 31.8 kg as the projected unit hanganese ore
consumption forrfqrecasting demand by the free world countries. For
the planned economy countries, on the other hand, we ‘ook into
account the fact that the actual data rose in 1979 and 1980 and, as a
result, deemed the projected unit consumption to converge into the
1980 value of 44.7 kg computed according to the regression eguation.

3.3 Projection of Demands for Manganese Ore by Consuming Sector

3.3.1 Unit consumption rate of ferro-manganese

‘More than 90% of manganese ore is used in the iron and steel
industry, and a little over half of it for producing ferro-
manganese. ‘To forecast the ore volume used for ferro-manganese,
the ‘demand may be forecast for each type of ferro-manganese, but as
available data are scarce to permit analysis by type to make such
an approach difficult, we have used as a basis the metric ton unit
Mn content obtained by converting the net volume of manganese used
in steel making into unit consumption of net Mn content per tonne
of crude sgteel. :

Here, we have used Table C~17 as a reference and also taken
into account the anticipated reduction in unit ferro~manganese con-
sumption due to the progress in steel making technology as well as
the factors contributing to its increase because of the orientation
toward better quality steel i.e. 6.2 kg/MT of crude steel for the
free world countries.

Aa a figure for the planned economy countries, we have decided
to use 4.3 kg/MT of crude steel in accordance with the Roskill
Report.3)

1)
2)

3)

Roskill Information Services Ltd., The Economics of Manganese, May 1982
World Bank, Price Prospects for Major Primary Commodities, Volume IV;
Metals and Minerals, July 1982

Roskill Information Services, Ltd., The Economics of Manganese, 1981,
P 55
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Table E~3 Changes in Unit-Consumption of Manganese Ore

e

Free World Countries ~ Planned Economy Countr o

Crude Manganese . Unit ' | Crude 'Ma_n:ag:anese Unit

Yeal steel pro- ore con- consump- Ste@l.PfOf ore_cqn~ consump.
suction sumption tion  duction sumption tion

{million {1,000 (kg/tonne (mill;on (1,000 (kg /ton,

M7} - MT) of steel) M1y SOMTY Of stepy

1965 279.6 9,919 35,5 126.6 8,710 65.9
1966 286.9 8,840 30.8  136.4 8,367 61,1
67 299.7 9,132 30.5 137.2 7,486 545
68 317.3 10,013 31.6 144.8 6,797 46,9
69 351,110,182 29.0 152.1 7,693 50,6
70 358.7 10,312 - 28.7 162.4 7,581 461
1971 335.3 11,815 35.2 172.1 8,212 47.7
72 366.7 12,406 33.8  180.8 8,634 47.8
73 417.6 12,569 30.1 150.3 9,122 47,9
74 416.3 12,2686 29,5 1%5.6 9,244 113
75 354.6 13,134 37.0 - 203.2 9,262 45.6
1976 380.6 12,643 33.2 262.2 9,579 47.3
77 368.9 11,773 31.9 210.1 9;565 45.5
78 385.1 11,193 29.1 224.8 10,348 46.0
79 404.6 12,635 3.2 224.6 11,550 51.4

Hotes:; -~- Data unavailable

1) The free world countries were represented by Japan, USh,
France, the Federal Republic of Germany, UK, Italy, Norway,
Spain, Brazil, South Africa, India, and Australia.

2) The planned economy countries were represented by USSR,
China, Poland, Czechoslovakia, and German Dem, Rep.

3) Overseas Iron and Steel Statistics by the Japan Iron and
Steel Federation is refered.

4} Manganese ore consumption is based on Table C-1,
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pig. E-1 Changes in Unit Consumption of Managanese Ore and Projected Trend

(kg/MP of crude steel)

60
55 Planned Economy Countriesg
> 1
Regresion equaticn
y = 15%75.2 - 0.773x
50 .
.
ﬁ_o.u-——"—-‘___

0 . .
4 i Free World Countries

Regression eguation

35

30 r
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3.3.2 Consumption share of the use in iron and steel

We have already dealt with the trends in manganese ore
consumption by end.use in Section C, Subsectlon II, wherein y
mentioned that the consumption share of the lron and steel Seckqy
is between 92 to 95% in.Japan and between 90 to 9431} in the Unjgy
States. As these consumption shares are considered unlikely tq ¢
change for some time, we have decided to take 93% - a figure
halfway between the two -~ for projection.

3.3.3 Consumption share of uses other than for iron and stee]

The consumption share of the non-iron and steel industryaSE
is therefore the remaining 7%.

- The end-use applications can be further classified into
chemicals, batteries, ceramics and others. By using the actua}
data of the United States as a gﬁFetence, we have taken 3% as tpe
consumption share for chemicals ‘and 1.5% for batteries 3}, boty
being applicable only to the free world countries,

4, Demand Projection

Projected demands for ferro-manganese and manganese ore are pre-
sented in Tables E-4 and E-5 respectively. These projections were nag
on the basis of the projected crude steel consumption and assumptions
detailed in the foregoing section. As for the projection for year
2000, we considered that the growth rate projected for the period aftyg
1990 might have been too conservative reflecting the current economic
environment, and also because we lacked sufficient technical data to
discuss probable changes in consumption trends of ferro-manganese, we
modified the mean growth rate between 1990 and 2000 by O.5% upward ang
downward to assume both a high and low case.

1) If we translate the imported ferro-manganese of Table C~9 into
equivalent manganese ore for 1973.and thereafter when U.S. import
of ferro-manganese began to inecrease, the consumption share for
iron and steel after 1973 also ranges between 90.2 and 92.6%.

2)  The U.8. consumption share between 1970 -~ 1980 is 2.8 to 5.4%
according to the Manganese Ore Handbook and 2.8 to 5.4% betweed
1969 ~ 1979 according to USHM.

3)  The U.S. consumption share between 1970 - 1980 is 1.1 to Z.1%
according to the Manganese Ore Handbook and 1.2 to 1.6% according

toc USBEM.
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11 gupply and Demand Balance
1. Supply and Demand Balance of Manganese Ore
A8 h_a'r'd].‘y any trade is transacted between the free world countries
and the planned economy’ countries, we have reviewed the balance between

supply. capacities and projected demand for each bloc separatel
gumnat 1zed in Table E-6 _b_elow. pa Y as

Table E-6 Supply and Demand Balance of Manganese Ore

(1,000 M)
Demand
Supply Diffe-
‘capacity Low Standard High rence
{Free World countries)

1983 18,200 : 13,833 4,367
1985 18,200 15,487 2,713
1986 21,300 15,710 5,590
1990 - 21,300 (16,631) 16,631 {16,631} 4,66%
2000 18,150 19,080 20,040 3150 -
: 1260

(Planned economy countries)
1983 12,000 11,354 646
1985 12,000 11,711 299
1987 12,000 11,990 10
1900 12,000 12,382 382
2000 12,000 12,760 13,410 14,090 760 -
2090
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Accordingly, if the development projects are carried oul ag
planned in the free world countries, a surplus supply of 4.367 niyy
tonnes will result in 1983, But the largest surplus would IEmﬁISJ?
million tonnes 1) immediately after such projects as Rio Doce's one
million tonne in Brazil, Comilog's 1.6 million tonhe in Gabon ang
B.H.P,'s 0.5 million tonne in Australia, all of which are planneq g,
1986 and later, have been implemented, and in the year 2000, theye
would still be an excessive supply of between 1.26 to 3.15 millioy
tonnes.

However, if all of the development projects which are Planneg gy
1986 and later are postponed, a supply shortfall will result in ay
after 19972)_if we agsume a standard case of demand growth and in gy
after 19953) if we astume a high case of demand growth. .

In the planned economy countries, supply and demand would be
brought to balance in 1987 if all goes as they are now and a shottage
of 380 thousand tonnes would occur in 1990, . :

2. Supply and Demand Balance of Ferro-Manganese

When we review the relationship between supply capacity and pre-
jected demand, we see that both the free world countries and the
planned economy countries have surplus supply capacities. Even in e
yvear 2000, the excessive supply capacities are estimated to range he-
tween 2.1 to 2.6 wmillion tonnes in the free world countries and betwy
0.63 to 0.80 million tonnes in the planned economy countries.

Even if the expansion projects slated for 1990 and later are fo-
gone, there will still be a surplus capacities of 1.5 to 2.0 million :
tonnes in the free world countries and 0,18 to 0,35 million tonnes ir
the planned economy countries.

1} It was assumed that all of the projects will be implemented ia

1986,
253) The demand for manganese ore in the free world countries (1,006
MT) .
: Low case Standard case High case
1995 17,380 17,810 18,250
1996 17,530 18,060 18,600
1997 17,680 18,310 18,950
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rable E~7 Supply and Demand Balance of Ferro-Manganese

{1,000 MT)
Projected demand
capacity Low Standard High rence
b T e A
(Free world countries)

1983 6,811Note) 3,700 3,111
1985 © 6,811 4,140 2,671
19990 7,461 4,450 3,011
2000 C 7,46} 4,860 5,100 5,360 2,101 -
2,601

(Planned economy countries)
1983 2,030 1,500 530
1985 2,030 1,550 480
1990 2,480 1,630 850
2000 2,480 1,680 1,770 1,850 630 -
800

Note: (Table B~8, Free world capacity 6,661 thousand MT) +
{Table B-~10, 150 thousand MT capacity addition by South
Africa)
= 6,811 thousand MT

{4]-109



F.

COMMENTS ON POSSIBILITY OF EXPORT FROM CARAJAS

X. Manganese_Ora

pProjected supply and demand of manganese ore is as shown M1Tameg.
6. A number of countries of the free world ave planning to step up pr.
duction which is resultlng Ln a tendehcy of excessive sugply HOWevm}
if these expansion programs are not carried out, then a supply ﬂkntme
is certain to occur.

If the supply capacity in 1983 remains unchanged the possible

.shortage for the year 2000 is estimated to be between 0.88 and 1,84 pi1.
lion tonnes for the free world countries .as shown below, in which even,

it will give Brazil and the other countries such as Gabon and Aushalma
chance to implement their production expansion projects.

Shortage in the Year 2000

(1,000 MT)
Freé world Planned economy World

countries " countries total
Low case | 760 760
Standard case 880 1,410 2,290
High case 1,840 2,090 3,930

I1. Ferro-Manganese

The relationship between supply capacity and projected demand for
ferrcé-manganese is ag shown in Table E~7 which shows excegsive supply
capacities in both the free world countries and the planned eConomy
countries, The excess supply of the free world countries is expected to
reach 3.11 million tonnes in 1983, and even i1f the currently knowh expan

. sion projects which are presumed to be implemented in 1990 are not car-

ried out, there would still be a surpluq supply of 1.45 to 1.91 million
tonnes in the year 2000,

FPor the planned economy countries, too, their 1983 supply capacity
vould still be sufficient to supply the projected demand in the year 2000.

Under the above described circumstances, facility expansions would
not be required for some time, However, if we consider the phenomena of
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gorap and build ‘due to aging of facilities!) and also energy issues and
l;egource':Laa'.s_suea, there might be a chance for Brazil to expand its

ferro-manganese industyy.

1f we are to consider the possibility of Brazil expanding its ferro-
panganese industry, it would have to satisfy the following conditions:

.. Resources such as manganese ore must be inexpensive and a stable
supply of them must be secured,

b. gtable supply of electricity as energy source must be secured.

. Although ‘only in the specified area, infrastructures adequate to
operate a plant must be provided,

d. Market outlets must be secured (quality must be stable and the price
cheap) . :

e. Ouality of labor must be satisfactory.

£ Expansion of the industry must be in keeping with the national
policy. '

1) As there are differences in the year constructed and model of eag:%;
facility and also differences in circumstances of each country, 1t
is difficult to estimate when each facility will become obsolete.
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[5] COPPER AND COPPER CONCENTRATES

\. OUILINE OF THE EXTRACTION AND USE OF COPPER

1. Properties and Applications

copper- has the longest history of use among the metals, having
been used by mankind since 4,000 to 3,000 B,C. Along with progress in
human culture and technology, the applications for copper have
expanded and _the-’consumPtion has increased. It has now become the
most important metal a_fter iron and aluminum.

The metal has a range of useful properties such as:

a. High electrical and thermal conductivity

b. Toughness, superior forgeability and ductility, and good
workability -

¢. High resistance to chemicals means that it is not corroded easily

d, Fine metallic luster

e. Ready combination with many other metals such as zinc and nickel to
produce alloys

purthermore, the worldwide distribution of copper ore and the
relative ease with which it is smelted are crucial factors that have
promoted the use of copper as a metallic material.

In ancient times, copper was used for utensils in daily life
because of its mechanical strength and processability. Its beautiful
luster, rarity and corrosion-resistance alsc resulted in its extension
to uses such as for ritualistic implements and personal ornaments.

puring the medieval period, the invention of gunpowder and
artillery increased the demand for bronzeé, a strong copper-alloy used
to make firearms.

Although the principal role of metals in the Tndustrial Revolu-
tion in the 18th century was taken by iron, copper, in the form of
brass, also established an essential place among industrial materials
and its production increased to provide metal parts of machines and
devices for steam engines, ships, rolling stock and so On.

(511



However, the greatest increase in the denand for copper was
accounted for by the advent of the age of slectric powsr and telecop.
munications in the 19th century. This was triggered by the inventioy
of power generators, electric motors and communication equipments,
The progress in electrification and the diffusion of. telecom-
munications led to a rapid increase in the consumption of copper,
This, in turn, promoted worldwide exploration for copper and moder-
nization of the mining, mllllnq, smelting and fabricating processeg,
resulting in the modernization of the copper lndustry at the beglmnnq
of the 20th century. :

The present copper market falls into two groups of uses, i.e,,
electrical conductors and structural materials. The major use in the
former group is for electrical wire and cables, and that in the latter
group includes elongated copper and copper-alloy products,

The demand for copper for electric¢al conductors has been increas-
ing along with worldwide economic growth, dnd it is expected to cop-
tinue increasing., However, steel-reinforced aluminum conductors are
replacing those made of copper in the field of high-voltage overhead
transmission lines, and fiber-optics cables may take over copper in
the field of telecommunication systems which still remains an area of
high growth,

The use of copper as a structural materidl covers a wide range of
applications from machinery to architecture, but in many sectors of
these industries copper faces severe competition from newly-developed
materials such as products made of stainless steel, aluminum and
plastics, and is now suffering a losg in its position mainly because
of its price. The consumption of copper as a structural material has
thus recently declined.

~ The primary reason for the substitution of copper by other
materials is that the price of copper has repeatedly fluctuated
greatly over the past century, due to the imbalance in supply and
demand caused by wars and speculative activities.

Although a proportion of electrical conductors made from copper
has been or may be replaced with other materials, the superiority of
copper in this market is very firm, and itg proportion of the market
for industrial materials is unlikely to change in the future. The
relative position of elongated:copper and copper-alloy products in the
market for structural materials will be somewhat lawer, but the abso-
lute consumptlon is not expected to decrease.



11. ‘Type of Ore and Ore Deposits

Copper ores can be divided into sulfide and oxide ores, and

native COPpers.

-8ulfide ores account for 85% to 90% of worldwide

copper mine production and oxide ores, 10% to 15%, but native copper

gupplies legs than 1%.
face and gulfide ores in deeper strata.

sulfide and silicate minerals of other metals.
pinerals are shown in Table A-l.

Many mines consist of oxide ores near the sur-

These ores generally contain
The principal copper

pable A-~1 . principal Minerals from which Copper is Extracted

RS

Wineral 'Theore?igal Theoretical Principal
composition % Cu ocourrence
gulfides
Chalcopyrite CuFeSy 34.6 General
Chalcocite Cuns 79.9 General
Bornite CugFeSy 63.3 General
Covellite Cus 66.4 African Copper
' Belt
Oxides
Malachite CuCO03.,Cu(0H); 57.5 General
Azurite . 2CuC03.Cu(OH), 55.3 General
Chrysocolla CuSi03.2H70 36.2 General
antlerite Cu3504(0H) 4 53.7 Chuguicamata
' {with other
sulphates)

source: - A. K.

The types .of copper deposits are as follows:

Bismas, Extractive Metallurgy of Copper

a, Magsive ore deposits

in its broad definition,
The ore bodies of mass

relatively high copper content.
r metals.

deposits,
lumps with a

include a mixture of ores of othe

exist in parts of eastern Morth America,

Australia and Japan.

[5]-3
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ive deposits are in the form of
Most of the deposits
Masgive ore deposits
parts of southarn Africa,
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b, Strata-bound deposits

These are bedded ore deposits’ consisting of compact, hard ang
massive ores which have a small amount of gangue minerals. ‘hege
deposits occur in the so-called "African Copper Belt" in Central
africa. :

¢, Porphyry deposits

These are large disseminated deposits associated with
porphyry, the copper grade of which is generally as low as 0.3% tg
2.0%. The distribution of porphyry deposits is horizontal rather
than vertical so that large-scale open-pit mining is practicable,
A typical porphyry deposit is located in the "Andes-Rocky Mountaing
Copper Belt" that runs from Chile to western Canada through Pery,
Panama, Mexico and North America. A similar porphyry deposit
occurs along the Circum-Pacific Velcanic Belt which covers a belt
from the Philippines to Papua New Guinea,

The world mineable coppér ore reserves with present technology
total 493 m;lllon tonnes, and the foremost copper mines are in the
following four areas:

a. Circum-Pacific Belt

p. Manitoba, Ontaric and Quebec regions in eastern Canada

c. Zaire and Zambia at the Center of the African Copper Belt in
central and southern Africa

d. Kazakhstan and D?hezkazgan regicons in the southeastern U&SR, and
the Udokan regicn, a new mlnlng area in Siberia.

The characteristics of each area are as follows: (1) in the
Circum-Pacific Belt, copper mines in Japan. and Australia consist of
nassive sulfide deposits, while others have large porphyry deposits,
and as a whole the Belt forms the nucleus of the worldwide copper ore
reserve; (2) mines in eastern Canada are massive sulfide deposits
coexisting with nickel or zinc; and (3} in Zambia and Zaire copper
ores are strata-bound deposits containing cobalt and some other
metals. (Refer to Fig. A~1l). :

IIT. Outline of Production Technologies

1, Mining and Milling

The methods for mining copper ores are roughly grouped into the
following two types:

(51-4
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as Open-pit mining
b. Underground mining

Open-~pit mining is a method to directly stope COPPEr ore bogje,
from the earth's surface by stripping off the surface soil. Thig
nethod is therefore suitable for deposits where ore bodies are
exposed at the surface or occur-in wide, shallow and horizontal
strata just below the surface.

Underground mining is-a method of extracting copper ore throug
excavation of shafts and inclines, and is suitable for deposits
where ore bodies lie deep underground or are distributed vertically,
There are various underground mining methods, and typical Ones are.

a. Cut andg fill

b. Room and pillar
¢. Block~-caving

d. Sub-level caving
e, Shrinkage stoping

The choice of the most suitable method depends on factors such
as the shape of the ore body and the strength of the host rock.

Crude ores from a mine are smashed with a crusher and then
pulverized in a grinding mill. Through the flotation process, thege
pulverized pieces are stirred in a bath containing ‘a diluted aqueous
solution of a collector, during which particles containing copper
adhere to air bubbles floating on the surface. These bubbles are
gathered, dehydrated and dried, thus resulting in copper concen-
trates, the grade of which is generally 20% to 40%. . Residual waste
from the solution is dumped as tailings.

In contrast, because the flotation process is not effective for
oxide ores, crude oxide ores are pulverized, followed by leaching
with sulphuric acid to form dissolved copper sulphate from which
impurities are then separated. The dissolved copper in solution is
precipitated using scrap iron, £orming cement copper (60% to 80%
copper content). This cement copper is supplied as the raw material
for smelting., The dissolved copper in solution can also be treated
by another means, the hydrometallurgical process, explained later,
through which copper is extracted electrolytically.

2. Smelting

The main process for copper smeltihg is pyrometallurgical
smelting, and the hydrometallurgical process is applied to only Io¥
grade ores and oxide ores for which the concentration process canhio
be used economically.

(51-6



The pyrometallurgical smelting of copper consigts of three
principal progesses: emelting to produce matte, converting of the
matte into blister copper, and electrolytic refining to purify the
blister copper. A flow diagram of these three processes is shown in
Pige A-2.

2.1 Smelting

Smelting is a process through which the iron component in
copper concentrates is oxidized and combined with silica, which is
added as a flux, to form molten slags, while the copper component
is thickened to form molten mattes. The main smelting methods
refer to different types of furnace as follows:

a. Reverberatory furnace

b. Flash furnace

¢. Electric furnace

‘d. Continuous smelting furnace

Continuous smelting method utilizes a furnace that continu-
ously performs both the smelting and converting processes.

2.2 Converting

Through the converting process, the iron component in mattes
is completely oxidized and removed in the form of slags, and the
coppexr component is condensed to form blister copper. PBecause
excessive reaction heat 1s generated during the converting pro-
cess; coolants such as reverts including, for example, anode
scraps and used copper scraps, are fed to the furnace.

%
2.3 Electrolytic Refining

The molten blister copper (98.5% to 99% grade) is transferred
to the refining furnace, where impurities are removed by oxidation
and the copper component is deoxidized with reductants such as
ammonia to upgrade it to about 99.5%, and the resulting product is
cast into anodes., These anodes are purified electrolytically into
99.99% grade cathodes which are generally called refined copper.

The term of fire~refined copper refer a purified grade of
copper of 99.8% to 99,9% without electrolytic refining, but this
grade of copper is not suitable for use in electrical induStr}es,
and its production is less than 5% of the world total production
of refined copper.

Some of the electrolytic copper, the final product in the

{51-7
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noer smelting process, is put-on the mar as it i

L M SRS T3 b on mtLcation, e inih o
purified as well to adjust the content of impurities such ag oxy-
gen to produce oxygen~free and tough-piteh coppers, as well as 1{:o
produce deoxidized copper by a treatment with deoxidizers such as
phosphorusy in a variety of product forms such as cake, billet
wire-rod and 8o omn. '

3, Copper Scrap

Copper scrap is one of raw materials for copper and is as
important as copper concentrates and blister copper. Because the
anit price of copper by weight is relatively high and the metal has
good resistance o corrosion, abrasion and breakage, copper portions
of offcuts coming from manufacturing processes for copper products
and used finlshed products are recovered and reused as raw

materials.

a flow diagram for copper scrap, which represents about 15% of
the world production of refined copper, is illustrated in Fig. A-3.
The amount of copper scrap recycled through any direct sources of
gerap or through copper scrap collection and industrial reuse is
more in industrialized countries where historically consumption is
great, whereas it is less in developing countries. For instance,
the percentage of the production of refined copper from scrap is
about 40% in the Federal Republic of Germany, Some 20% in the United
states and around 10% in Japan.

Copper scrap is classified into new or old scrap according to
its origin.

a. New scrap: This comes from various manufacturing processes in
electrolytic refining plants and factories producing wronght
copper products ‘such as electrical wire cables and castings.
guch scraps are usually high grade and quality.

b. 014 scrap: This comes from finished copper products after they
had bheen used by consumers and recovered by scrap metal dealers.
The grade of such scrap is uncertain and much of it often con-
tains various impurities, thus its quality is low.

Reclamation plants and processes for copper scrap vary depend-
ing on the origin and grade of the scrap. In general, new scrap is
reused repeatedly in appropriate processes as return-scrap within
the production plant. O0ld scrap is sorted according to grade and
inpurities; that of higher quality is fed into the anode furnace of
an electrolytic refinery oxr thrown into the melting furnace of a _
plant producing elongated products, while the lowest grade scrap is
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returned to the converter furnace of a copper smelting plant oF
refined in the blast furnace of a secondary smelter which ig
designed especially for the reclamation of old copper scrap.

In industrialized countries, most copper scrap. is ranked
according ta its origin and grade, and traded domestically ang
internationally through established distribution networks, the largg
amount of which has a considerable impact on refined copper markets,
A rise in the price of copper will lead to an increase in the Supply
and recovery of copper scrap, resulting in suppressing the market;
while a decline ipn the price will inhibit recovery and increase the
stocks of scrap, which acts to support the bottom of the market,
Accordingly, the trends in the supply and recovery of copper scrap
are an essential factor that cannot be overlooked in estimating tpe
refined copper supply and the market trends in advanced countries,
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B.

COPPER PRODUCTION

I. Worldwide Reserves of Copper

A reserve in an area means the amount -of ore that has been cep.
firmed as being economically mineable on.the basis of the current
metal price and established mining techniques. Therefore, any
reserves vary over time, according to the technology, the prige of
metals, restrictive environmental controls and other legal regulations,

A research carried out by the U.S, Buréau_of Mines indicates that
the worldwide copper resources are an estimated 1.627 billion tonnes
plus the 689 million tonnes contained in seabed manganese nodules,

The copper reserve which'isreconomica;ly mingeable with present
technology is 493 million tonnes, corresponding to 30%. of the esti-
mated land-based resources, which excludes seabed manganese nodules,

The world estimated reserves of 493 million tonnes in 1982 are
listed by country in Table B-1., The principal reserves are the 97
million tonnes in Chile, which accounts for 20% of the world total apd
22% of the free world ressarves, 92 million tonnes in the United States
{19% of the world total and 21% of the free world), 34 million tonnes
in Zambia (7% and 8% in like manner), 32 million tonnes in each of
Canada and Peru {6% and 7%), 30 million tonnes in Mexico (6% and 7%)
and 24 million tonnes in Zaire (5% and 6%). ‘The total reserves of
these seven countrias account for about 80% of the reserves in the
free world, which indicates the uneven geographical distribution of
COopper reserves,

I1I. Trends in Production of Copper Concentrate

The worldwide production of copper concentrate was 5.067 million
tonnes in 1965. The subsequent trends indicate that the production
increased at an annual rate of 5% reaching 7.683 million tonnes in
1974, which dropped to 7.358 million tonnes in 1975, but recovered to
a little under 8 million tonnes in 1977, and continued generally at
the same level until 1980, ({For copper concentrate production by
country, refer to Appendix Table 2). ' '

Although the world production recorded its highest level of 8.322
million tonnes in 1981, it has been expected to drop to a little over
8 million tonnes in 1982, becauss substantial production cuts have
been initiated in the United States and Canada due to the sluggish
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~ Table B-1 . World Copper Reserves

(million tonnes of copper)

Regerve % Resource %
North America
Usha a2 . 19 472 22
Canada 32 6 173 8
Mexico 30 6 87 4
gubtotal 154 31 734 EYY
South-America
Chile 97 20 366 17
- Peru 32 6 100
Others 10 2 83 4
gubtotal 139 28 549 26
Europe and
22 4
the Near Fast 80 4
africa
Zaire 24 5 75 3
Zambia 34 7 131 6
Others 12 2 42 2
Subtotal 70 14 248 11
Asia ' 27 6 117 6
¢ceania 23 5 100 5
Planned econony
S 60 12 292 14
-countries
World Total
(land-based) 493 100 2,120 100
Seabed Nodules 0 689

e —————————

Source: The U.S. pureau of Mines, The U.S. Copper Industy, 1981

metal prices, and the resulting decline in production seems to be 30%

below the production in 198l.
The trends in copper concentrate production from 1965 through
1981 in major countries are shown in Fige. B-1l.

1.226 million tonnes with
which has increased to
£ the world

The production in the United States was
a 24% share of the world production in 1965,
1.538 million tonnes but the gshare has dropped to 18% ©
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Fig. Bei World Copper Mine Production
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countries
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Poland
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| . Canagy
?ig:rworld 5,067 S 8,326
i . thousand Canada thousand
countries I
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3%
Other free
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~ Peru 4% ilioni
_ Phlllizlnes Mexico
~ {1,000 tonnes)
1965 1970 1975 1983
Usa 1,226 24% 1,560 24% 1,282 . 17% 1,538 18
Canada 461 9 610 10 734 10 718 9
Chile 58% 12 686 11 828 11 i,081 13
Peru 180 4 212 3 189 3 328 ¢
Mexico 55 1 61 1 78 1 230 3
EC 3 - 4 ~- 16 - 7 -
Yugoslavia 63 i 28 2 115 2 AR
Japan 107 2 120 2 85 1 52 1
Philippines 63 1 163 3 226 3 302 4
Zaire 289 6 387 6 495 7 505 6
Zambia 696 14 684 11 677 9 587 7
Australia 92 2 158 2 219 3 226 1
Papua New Guinea - - - - 173 2 165 2
Other free world 330 7 427 7 619 & 65t 8
- countries _
Free world total 4,150 82 5,170 81 5,736 78 6,494 78
USSR 750 15 925 15 1,100 15 1,140 M
Poland L 15 - 83 1 230 3 308 3
Other planned.

384 5
economy countries 152 3 _ 200 3 293 4

Planned economy
countries total

World total 5,067 100 6,379 100  7,3%8 100 8,326 100

I

917 18 1,209 19 1,623 22 1,832 22

Sources: Metallgesellschaft, and World Bureau of Metal Statistics (WiHS)
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total in 19814 The production in other principal countries in 198)

vas 1.140 million tonnes (14%) in the USSR, 1,081 million £oﬁne; (13%)
in Chile, 718,000 tonnes (9%) in Canada, 587,000 tonnes (7%) ind?amb'
and 505,000 tonnes {6%) in Zaire. The total in nine countries éhe o
above six plus Peru, Poland and the Philippines, accounted ESQ'about
gos of world production in 1981.

In the period from 1965 through 1981, the production of copper
concentrate in Zambia fell from about 700,000 tonnes to about 600,000
tonnes. This“represented a drop from l4% to 7% of the world totai.
in contrast, during the same period, the production increased from
15,000 tonnes to 308,000 tonnes in Poland, guadrupled to 305,000
tennes in the Philippines, and rose to 230,000 tonnes in Mexico, while
it leveled off in Chile, Canada and Peru. In addition to the nine
top-ranking countries, Bougainville Mine in Papua New Guinea started
its operation in 1972, with a subsequent annual production of 180,000
tonnes (2% of the world total).

111. Trends in Production of REfineQ.COpper

The world production of refined copper was 6.176 million tonnes
in 1965, which subsequently increased with an annual growth rate of
about 4% to 8.909 nillion tonnes in 1974. However, the production
decreased temporarily just after the first oll crisis and thereafter
the annual rate of growth in the production continued at about 1%,
resulting in a level of 9.655 million tonnes in 1981,

The reason why the production of refined copper is greater by
some 15% than that of copper concentrate 1s that the former includes
the portion produced from copper Scrap. The annual growth rates for
the production of copper concentrate and refined copper have
continued, from 1965 through 1981, in parallel with each other, at
roughly simillar rates.

The trends in the production of refined copper in major countries
since 1965 are as follows: The production in the United States was
1,942 million tonnes (31% of the world rotal) in 1965, 228,000 tonnes
(4%) in the United Kingdom and 342,000 tonnnes (6%) in the Federal
Republic of Germany; while that in 1981 was 1,984 million tonnes (21%)
in the United States, 136,000 tonnes {1%) in the United Kingdom and
387,000 tonnes {4%) in the Federal Republic of Germany, showing a con-
siderable fall in their shares of the world total.

Oon the other hand, large increments in production occurred in the
following countries over the same period: From 37,000 (0.6% in 1965}
to 327,000 tonnes (3% in 1981) in Poland, from 16,000 (0.3%) to
145,000 tonnes (2%) in South Africa, from 166,000 (6%) to 1,05 milion
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tonnes (11%) in Japan, and from 289,000 (5%) to 776,000 tonnes (@) i,
Chile {for an outline of and trends in production by country, refer t,
Fig, B-2 and Appendix Table 3 respectively).

IV. Production Capacity

the world preduction capacity and actual production récords for
the mining, smelting and refining sectors in 1981 are as follows:

Capacity - Actual production Utilization rate

(1,000 tonnes) (1,000 tonnes) (%)
Mines 9,580 8,326 87
Smelters 9,720 8,316 86
Refineries 10,880 3,655 89

The United States enjoys a position as the cdountry with the
largest production capacity from mining through the refining stage in
the world, with around a 20% share of the world total in each sector,
Production capacities by sector and country are summarized in Table B-2,

The major copper producing countries can be grouped as follows:

a, Self-sufficient countries — mining, concentrating, smelting,
refining and consuming copper are consistently carried out within
the country — the United States and the USSR,

b. Copper concentrate exporters — papua New Guinea, the Philippines’]
and Mexico :

c. Blister exporter — Zaire

d. Refined copper exporters —— Zambia and Poland

e. Exporters of various forms of copper — Canada, Peru and Chile
£. Coppef concentrate importers —- Japan and the Federal Republic of

Germany
g. Blister importer - Belgium

The production capacity of copper c¢oncentrate in the United
States, the largest producer in the world, has recently diminished.

1) B copper smelting plant is now under construction, to be completed
in 1983.
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Fig. B-2 World Refined Copper Production
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other
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countvies Poland
4% 4%
N Other
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tonnes
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6,176 .
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, tonnes

Otheyr
free world
countries

free worlgd
\ countries

(1,000 tonnes)

1965 1970 1975 1981

USA 1,942 31 2,035 27 1,610 19 1,984 21
Canada : 394 6 493 7 529 6 477 5
Chile 289 5 465 6 535 6 776 8
Peru 41 1 54 1 70 1 209 2
Mexico 46 i 36 - 72 1 68 1
EC 924 15 997 13 967 12 1,022 11
Yugoslavia 56 1 89 1 138 2 133 1
Spain 5% 1 83 1 130 2 152 2
Japan 366 6 705 9 819 10 1,050 11
South Korea - - - - 21 - 113 i
Zambia 522 8 581 8 629 7 564 6
Zaire 152 2 190 3 226 3 151 2
australia 93 2 146 2 192 2 192 2
Cther free world

countries 172 3 286 4 352 4 436 >
Free world total 5,056 82 6,160 Bl 6,290 75 7,347 76
ussr 875 14 1,075 14 1,420 17 1,460 15
Poland 37 1 72 2 249 3 327 4
Other planned 208 3 257 3 437 5 521 S

¢conomy countries

Flanned economy

countries total
World total 6,176 100 7,564 100 8,396 100 9,655 100

1,120 18 1,404 19 2,106 25 2,308 24

—_—

Sources: Metallgesellschaft, and World Bureau of Metal Statistics (WBMS)
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Table B-2

World Copper Production Capacity - 198

{1,000 tonnes)

Refinerjes

Mines Smelters
North Ametica
Canada 830 9% 640 7% 660
USh 1,660 17 1,690 17 2,240
Others 280 3 140 1 120
Total 2,770 29 2,470 25 3,020
South America
Chile 1,170 12 1,020 10 820
Peru 450 5 410 5 240
Others 180 2 - - -
Total 1,800 19 1,430 15 1,060
Turope
W. Germany 2 - 350 4 450
Belgium - - 90 1 480
Uthers 318 3 380 4 580
Total 320 3 820 9 1,520
Africa
Zaire 570 6 520 6 250
Zambia 730 8 620 6 740
Others 370 4 300 3 180
Total 1,670 18 1,440 15 1,170
Asia '
Philippines 400 4 - - -
Japan 60 i 1,200 12 1,240
Others 240 2 220 2 260
Total 700 7 1,420 14 1,500
Oceania 430 4 230 2 210
Planned economy countries
USSR 1,200 12 1,220 12 1,560
Poland 350 4 350 4 400
Others 340 4 340 4 440
Total 1,890 20 1,910 20 2,400
World total 3,580 9,720 10,880

Source: The Study Team
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m 1978 the capacity:was 1.8l million tonnes, which decreased to
1.66 million tonnes in 1981, due to successive mine closures stemnming
from the dull market for copper and its byproducis,

rhe annual production capacity exceeded 100,000 tonnes in the
19708 in Chile, Peru, the Philippines, Canada, Mexico, and in the USSR
and bPoland in centrally planned economies,

. The total capacity of the eight top-ranking countries, the United
gtates, the USSR, Chile, Canada, Zambia, %aire, the Philipppines and
peru, accounted for 73% of the worldwide production capacity for
copper concentrate at 9,58 million tonnes.

The production capacity of the smelter sector in the United
States has also fallen off markedly over the past four years: the
smelter production capacity of the United States was about 1.5 million
ronnes, 25% of the world total of about 6 million tonnes in 1965, and
it increased to 2.045 million tonnes with a reduced share of 22% in
1978, and the share diminished further to only 17% in 198l.

The production capacity of the smelter sector nearly doubled in
the 1970s in Japan, Chile, Peru and Pcland. The total smelting capa-
city of the eight top-ranking countries, the United States, the USSR,
Japan, Chile, Canada, gzambia, Zaire and Peru, accounted for 75% of the
world total capacity of 9.72 willion tonnes in 1981.

similarly, regarding the capacity of the refinery sector, the
share of the United States was over 30% of the world total of about 7
million tonnes in 1965, but fell to some 20% in the 1970s. Refining
facilities were expanded rapidly in the USSR, Japan and Zambia through
the 1960s, and their respective shares were 14%, 12% and 7% in 1981.
Chile's share in 1981 was 8%, which was similar to that in the 1970s.

Countries with a high production capacity in the smelter sector,
after the United States, the USSR, Japan, Chile and Zzambia, are Canada
with 660,000 tonnes annual capacity and a 5% share of the world total
in 1981, Belgium with 480,000 tonnes (around 4%), the Federal Republic
of Germany with 450,000 tonnes (about 4%), and Poland with 400,000
tonnes (some 4%). The total capacity of these nine countries amounts
to §.59 million tonnes, 79% of the world total of 10.88 million tonnes
of refinery capacity.

V. New Projects and Plans for Increases in Production
There are about sixty new copper-related projects and plans to

expand production capacity in free world countries that are definite
at present. The total amount of investment required by these projects
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exceaeds 20 billion dollars.  All projects other.than those which are
now under construction, have been deferred temporarily or indefinj-
tely, due to a slackening of . demand and lower prices qauséd by the
prolonged worldwide recession, uncertainty in the long-term outlogk,
and anxiety over the international financial situation brought aboyt
by excessive foreign debts in developing countries.

The principal new projects and expansion plans due to be con-
pleted in 1983 or thereafter are listed in Table B.-3,

Mine developments are now in progress at Tintaya in Peru and o
Tedli in Papua New Guinea. But concrete development programs for other
big projects such as Valley Copper in Canada, Cerro Colorado in Pananma
and Disputada in Chile have been suspended until the long-term supply
and demand situation has improved, This is because they are so large
that they require an enormous investment of over one billion dollars,

In addition to the above, an integrated project is progressing at
Sar Cheshmeh in Iran to annually produce 158,000 tonnes of refined
copper from mining through to refining, Although 99% of the plant has
been built, full-scale production had not yet started by 1982,

Vi, Production Costs

1. Byproduct Credits and Production Cosks

The costs of copper production vary widely depending on various
conditions, but the following three are crucial factors,

a. Geological conditions — copper grade of crude ores, grade of the
byproducts, and mining methceds and scale.

b, Geographical conditions -—- the location of a mine, supplies of
water and electric powsr, and infrastructure such as road and
port facilities.

c. Social and capital conditions -~ labor costs, tax systems, the
total construction costs, and ways of finances.

The costs for the mining sector are around 70% of the overall
production costs of copper. The relative merits of a mine depend
basically on the grade of ore and the scalé of operation. The
existence of byproducts such as gold, silver, molybdenum and cobalt
in the ores, and their market prices also greatly 1nfluencc the
copper production costs.
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pable B-3 Major Projects Expected in 1983 and Thereafter
T - Production
. Project scale Expected Investment
country name {copper, start-up (million
tonnes/year) dollars)
(Hine)
canada Golds tream* 18,000 1983 62
valle Withi
. Vi . 130,000 ithin 3 years 1000
Copper after the decision !
UEA Chino 140,000 1983 350
Mexico Cananea 140,000 1986 250
Chile andina _ 80,000 198% 45
. Disputada 100,000 Temporarily postponed 1,200
" Cerro Within 3 years
5%, 000
Colorado* after the decision 330
Pery Ti ntaya* 55,000 1984 327
" Cerro Verde 70,000 1985 288
panama Cerro .
colorado* 235,000 Temporarily postponed 1,000
portugal Neves Corvo 50,000 1983 40
Oman Schar* 20,000 1983 200
pakistan Saindak* 30,000 1986 200
Turkey Kure 25,000 1983 Unknown
OK Tedi
Papua e 100,000 1986 1,500
New Guinea
Australia Olympic Dam* 150,000 1995 1,000
(Smelter/Refinery)
Hexico Empalme 180,000 1985 210
Yugoslavia Krivelj g0, 000 1985 366
Philippines Pasar . 130,000 1983 250

+ These are new mine projects, while

sion projects.

Note

OK Tedl already started oper
will turn into a copper mine as the

to deeper strata.

Source:

Mining, 1982

Engineering and Mining Journal,
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when the value of byproducts that is credited against the
copper production costs ‘is converted into the price per pound of
copper, it corresponded to several cents (about 10% of the ¢opper
production costs) in the 1960s,; but rose to over 20 cents (around
30% of the production costs) per pound of copper at many copper
mines around the world in the 1930s, during 'which the value of gre-
dits such as gold and molybdenum socareéd. As a typical example of
the considerable significance of byproducts, the itemized productioen
costs at Dizon Mine of Benguet Conseolidated in the Philippines are
shown in Table B-4.

Table B-4 Production Costs and Byproduct Credits

Direct_operating cost 125 cent per pdund

Financial charges 47 n
6ross producing cost 172 "
Credit 11_2_. "
Net producing cost 60 "
Note : The crude ore COntains_coppér at 0.5% and gold at 0.9¢

gram per tonne of ore, and the annual production is
21,000 tonnes of copper and about 4 tonnes of gold,

Source: Benguet Consolidated, Quarterly Report, 1982

Trends in the estimated average of the world net production
costs, which is the result of the subtraction of byproduct credits
from the gross production costs, are shown in Table B-5. The world-
wide average in 1981 was some 90 cents per pound.

Table B-5 Trends in Net Production Cost

Average in the 1950s 50 - 55 cent per pound
Latter half of the 1960s 60 - 65 "
Latter half of the 1970s 55 - 6O W
1981 About 90 n

Source: R. Perlman, Cost Trends and the Recession
in the Copper Industry, 1982
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The reason that the net production cost was temporarily lower
in the latter half of the 19705 than in the same period ofAthe 1;60g
was theé increase in credits due to the rise in the prices of byprod;
ucts such as_gold and molybdenum. In contrast, the net production
cost rose in 198l because less credits were derived due to a fall in
the price of byproducts. Although it might be somewhat meaninqlesé
to estimate production costs by country because they vary from mine
to mine, not from country to country, a somewhat artificial estimate
jndicates that one of the countries which has maintained the lowest
production costs is Canada which has a relatively lot of copper
nines producing zince and nickel as co-products. '

" Chile has three large copper mines other than Chuguicamata Mine
with ore grade of 2% and a crude ore treatment capacity of 72,000
tonnes per day, which is one of the world's largest mines. Crude
ores from these mines are high in copper content despite of porphyry
deposits and also contain molybdenum, and their transportation costs
are relatively low. These mines have therefore made Chile one of
the few copper producing countries that could make profits even in
the second half of 1982 during which the market for copper and its
hyproducts were dull.

Other_countries with low production costs are Papua New Guinea,
which extracts ores of high gold content, and South Africa'’s
palabora Mine, where the crude ore treatment capacity is as large as
93,350 tonnes per day_ahd where there are many byproducts including
uranium. ‘The detailed production costs of individual copper mines
are company secrets and can be estimated only through published data
such as annual reports. The range of net production costs of some
major copper mines around the world are listed in Appendix Table 1.

2. DBreak-down of Costs by Process

Production costs from mining through to refining have been
estimated to have roughly doubled through the 1970s alone because of
a rise in the prices of fuels, machinery and equipments, and in
labor and other costs, triggered by skyrocketing crude 0il prices.
As an example, a bresak-down of costs and comparisons of cost items
at a large open-pit mine in the United States are summarized in
Table B-G.

3. Cost of Financing

stry that requires enor-
o construct the new
smelting and refining,

Copper production is a processing indu
mous expenditure for production facilities.
necessary facilities for developing a mine,
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Table B-6 Comparison of Production Cost Components

(%)

1972 1976

Mine 70 130
Labox 19 28
Energy 9 25
Consumable materials - 13 24 -

Parts and supplies
) 8 14
for maintenance
General and administration 21 39
Smelting 18 3
Refining - 12 24
Total . 100 185
Notes : 1) Taxes are included in General costs and administration,

2} Freight charges for copper concentrate to the smelting
sector are included in smelting,

3) Transportation fees for blister copper and further
processing are included in Refining.

Source: F.M. Lewis, Mining Engineering, 1978

the average capital cost estimated from plans of various projects
regquires 7,500 deollars per tonne of production capacity (in 1981
dollarsj. ‘fThis figure indicates that the estimated cost of
financing is over 40 cents per pound of copper with a depreciation
term of 15 years and at 10% discount rate that is generally used for
conversiong of initial expenses, and that the break-even price of
copper generally exceeds 110 cents per pound with an assumed direct
operation cost of 70 cents per pound. An outline of the capital
costs by operational sectors isg given in Table B-7,.

The long preparatory period and the large investment cost to
develop a copper mine results in a very heavy burden of capital
costs in the early stage of the construction work. The schedule of
the capital outlays in a project for a mine provided with smelting
and refining capacity is shown in Table B-8., In thisg project the
annual production of refined copper is 100,000 tonnes, and the
construction requlres 750 million dollars and five years for
completion,
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Table B-7 Example of Capital Costs for a Copper Project
{(in 1981 and dollars per

anmual tonne of
copper production)

Mine and mill

. 5,000
pyrometallurgical smelter 1,800
Electrolytic refinery 700

Total 7,500

Source: The Study Team

Tabhle B~8 Example of the Schedule of Capital Outilays for
New Mine and Smelter Projects

(millien 1981 dollars)

Year 1 2 3 4 5 1-5
Mine 20 30 30 70 30 180G
Concentrator 40 40 S0 10 10 150
Smelter 10 50 60 50 10 180
Refinery - - 10 50 10 70
Road & port 10 20 20 - - 50
ancillary facilities 10 30 30 10 - 80
Potal 30 170 240 190 60 750

Source: The Study Team

VII. Administrative Policies for the Copper Mining Industry

1. Government Controls

Bedause natural resources are consumable, not renewable, deve-
loping countries that are rich in such resources are strongly ‘
willing to utilize their natural resources at the highest 30551b1e
efficiency by keeping such resources and principal industries under
state control,
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The movement towardq natlonal control trlgge:ed by the natiopg.
lization of a copper mine in Zaire in 1960, which had been owned hy
Union Miniare du Haut-Katanga S.A., a Belgian firm, spread to
include the nationalization of copper mines in Chile and Zambia i
1969, and in Mexico and Peru in the 1970s,

Such nationalization, however, resulted in these mines one
atter another suffering from the withdrawal of foreign skilled tecy.
nicians and difficulties in .continuing operations due to factors
such as insufficient funds. Since the second half of the 1970s, the
governments of principal copper produ01ng countries have continued
to participate in the management of existing mines on the one hang,
while they have actively promoted the introduction of foreign capj-
tal for new development projects on the other. The reasons for this
are the uncertainty in sales due to the fluctuation in copper prices
caused by market conditions, increasing maintenance costs, and the
necessity of the introduction of advanced and specialized techniqueg,

The categories in which the state participates in the manage-
ment and administration of major mines in copper producing countrieg
fall roughly into the following groups.

a. State-led type — Zambia, Zaire and Chile (with the exception
of middle, small and newly-developed mines)

b, State-participating type —— peru and Papua New Guinea
¢. State-nonintervening type — Canada, Australia and the
Philippines

2. Tax Systems

The development of mines involves great risks, all the wmore
because it not only requires a long period of time and enormous
funds, but also because earnings are unstable, Consequently, some
copper producing countries have adopted tax systems which alleviate
the heavy financial costs in the early stages just after starting up
the operation of a mine. A depletion allowance gsystem has been
adopted to reserve funds for the develepment of alternative mines
when the present mines become depleted or exhausted.

Other countries, where they earn large amounts of foreign
currency from copper resources, have put into-effect certain pre-
ferential and promotional meastures as follows.

a. Accelerated depreciation —. Because huge capital costs are

required to develop copper mines, the depreciation for structures
and facilities can be accelerated in the earlier stages. This
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system has been in force in such countries as the United States
¢hile, the Philippines and Mexico. o

b, Depletion allowances —- This type of scheme has been adopted in
the United States, Canada and Japan, etq.

¢. Tax exemption —— Newly developed and re-developed mines are
exenpt from income tax for some five years, and the system has
been adopted in Zaire and the Philippines.

d. Special relief — These measures come into force when the export
price of copper has fallen below a certain level, at which time
the government compensates to adjust for the difference in price,
This system was employed by the Philippines, though the period
during which it applied was short.

an outline of tax systems in the principal copper producing
countries is given in Table B-9.

yill. Technological Innovations in Production

Factors that have now made operations ecoromically possible even
with porphyry deposits where the copper grade of crude ores is as low
as 0.5% are the progress in engineering, mining machinery and the
enlargement of the ore treatmwent capacity resulting from technological
innovations in the milling process.

1. Mining
a, Mining

Along with the fact that the scale of mining has become
larger and larger, automation and rationalization have been pro-
moted with the application of computers to increase efficiency in
mining methods. For open-pit mining, efficient pit designs have
been devised with improved safety. The principles of mass pro-
duction adopted in open-pit mining have also been applied to .
underground mining as widely as possible. This has resulted in
the promeotion of large-scale block caving in many mines and the
sub-level caving methoed, which divides blocks into further
smaller ones for more efficient mining, has also been developed.
additionally, pillars have been improved by the use of.standar—
dized steel and artificial roofs have been applied.to improve the
safety and efficiency of underground mining operations.

[5]~27
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prilling

The drilling speed has become faster and faster, and the
motive power hag changed from electricity to hydraullc pressure
resulting in the development of fully hydraulicallywpowereé
drills. In addition, automatic or remote»controlied equiﬁment
for continuous drilling, blasting and loading, such as in full-
gize tunneling, has alsoc been developed.

In blasting, high-safety explosives such as ANFO and slurry
explosives have alsc been developed and used.

Transportation

The conveying devices for transporting copper ores from the

pits in large open-pit mines have become larger year by year, and

conventional track freight cars in underground mines have been
modified into trackless vehicles which provided with rubber
tires, to.achieve high-speed transportation of large volumes of
material. - Moreover, the systen of television monitors with com-
puters is advancing the automation and rationalization of ore
transportation.

Milling
Crushing

The development of wear-resistant materials used in machines
and parts which wear out, has improved the durability of
C:ushers,'grinding mills and slurry pumps, and also enabled
larger machines to be constructed. In particular, the improve-
ment of the rubber liners of grinding mills and the development
of autogenous mills that smash ores by themselves without using
iron balls and bars have made it possible to continuously operate
such machines for longer periods than usual.

Concentration

Advances in the flotation process, which selects pulverized
ore particles with a high content of copper by causing them to
aghere to bubbles in flotation cells with some reagents, have
permitted treatment of low-grade ores in large quantities. Due
to developments in hot water flotation where the temperature of
the flotation solution is kept high and the flotation is accord-
ing to particle size, copper c¢an be separated more precisely now
from mixed ores containing lead and zinc. The advent of on-
stream analyzers utilizing X-ray fluorescence has speeded‘up the
continuocus analysis of chemical components and particle slzes of
ores, enhancing the effectiveness of reccvery-
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