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PREFACE

1. Tn resolution 2750 & (XXV), the CGeneral Assembly requested the Secretary-
General to co-operate with the United Nations Conference on Trade and Development,
specialized agencies and other competent organizations of the United Nations

system in order to:

"(a) Tdentify the problems arising from the production of certain
minerals from the area beyond the limits of national jurisdiction and
examine the impact they will have on the economic well-being of the
developing countries, in particular, on prices of mineral exports on
the worid market;

(b) Study these problems in the light of the scale of possible
exploitation of the sea-bed, taking into account the world demand for
raw materials and the evolution of costs and prices;

(e¢) Propose effective solutions for dealing with these problems. "

2. The Secretary-General was requested to submit his report to the Committes
on the Peaceful Uses of the Sea-Bed and the Ocean Floor Beyond the Limits of
National Jurisdiction for consideration during one of its sessions in 1971 and
for making its recommendations as appropriate "to foster the healthy |
development of the world economy and balanced growth of international trade,
and to minimize any adverse economic effects caused by the fluctuation of
prices of raw materials resulting from such activities".

3. The Secretary-Ueneral was alsc requested, in co-operation with UNCTAD,
specialized agencies and other competent organizations of the United Kations
system, to keep the matter under constant review so as to submit supplementary
information annually or whenever it was necessary and recommend additional
measures in the light of economic, scientific and technological developments.
4, It will be recalled that many delegates in the debates prior to the
adoption of resolution 2750 A (XXV) expressed strong support for the principle
that the development and use of the area and its resources should be undertaken
in such a manner as to fogter the healthy developmeﬁt of the world economy and
balanced growth of internafional trade, and to minimize any adverse eccnomic
effects caused by the fluctuation of prices of raw materials resulting from

such activities. It wag pointed cut that since a number of developing countries

. . — /..
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were dependent on the export of some minerals, to ob£ain foreign exchange,
unregulated use of sea-bed resocurces from the area would tend, by depressing

the prices of their products in the international market or causing fluctuations
in prices, to affect the development efforts of those countries.

5. Some delegations were in favour of the international machinery., to be
egtablished as part of the regime for the sea-bed, being given regulatory powers.
to control the production and markets and avoid drastic fluctuations in the prices
of raw materials. According to them strong internationsl machinery insuring
adequate particupation by all was the best safeguard. Others felt that the
problem could only he effectively attacked in a wider context, that of the
rationalization of international trade. -

6. The sponsors stated that their intention, in drafting this resolution, was
to provide adequate protection for the interests of the developing countries.
They felt that the time had come to carry out a study of the impact which the
new sources of raw materials would have on price levels and therefore on the
economy of certain countries and to examine the rational choices open to the
internaticnal community for the harmonization of interest% in the exploitation
of the sea~bed. _ .

T. The revised draft resolution, which was sponsored by Algeria, Chile,
Democratic Republic of the Congo, El Salvador, Indonesia, Irag, Ivory Coast,
Kuwait, Lebanon, Liberia, Libya, Madagascar, Pakistan, Peru, Yugoslavia and
Zambia, was adopted in the First Committee by 86 votes to none, with

18 abstentions and in the plenary meeting by 104 votes 4o none with 16 abstentions.

Scope of the study

8. A full~scale study along the lines of the reguest made by the General
Assembly would have required considerably greater resources and information than
those of which the Seeretariat could avail itself and still meet the deadline

for the July meeting. Therefore, the present paper 1s in essence a preliminary
report aiming at: (1) placing the subject in perspective, (2) providing on the
basis of the information presented some tentative conclusions on the possible
impact of sea-bed mineral production, and {3) suggesting areas for further study
since, in accordance with resolution 2750 A (¥XV), this subject will be kept under

constant review and reporied on in greater depth at a later stage. - — R
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9. General considerations should be borne in mind in connexion with the
materials and observations contazined in this report: (1) It is based on
available knowledge of preéent and anticipated technology, and major technological
advances could alter significantly many elements of thelsituation; and (2) some
variation is pdssible in the situvation, especially as regards hydrocarbons,
depending on the nature of the precise definition of the area of the sea-bed
beyond national jurisdiction and the type of régime and machinery that may be
established.

10. In view of the preliminary nature of this report, only two groups of
resources Wiil be studied, namely hydrocarbons and "manganese’ nodules. These
minerals have been selected because they are the most likely to be commereially
exploited in the foreseeable future. TFurthermore, they seem to be the most
important among those now under study in & nuwber of industrial countries.

Other sea-bed resources mighl be studied in the future such as: marine
phosphates, metallized muds and hot brines.

11. Offw-shore productior of hydrocarbons is primarily in petroleum. Natural

gas production has also increased rapidly,essisted by improvements in
transportation and liquefaction facilities and a rising demand in industrial
countries. This report will concentrate on the study of petroleum, since the
same basic considerations and conclusions are also largely applicable to

natural gas. |

12, Metallized nodules, generally referred tc as "manganese" nodules, are found
in mogt ocean b;sins, and contain, in addition to manganese, other metals such
as copper. nickel and cobalt. A preliminary analysis of the possible impact of
mineral production from the area beyond the limits of national jurisdicticn on
the markets for these four metals is attempted,;/

13. The first part of this report (I) contains = summary of the study; a list of
topics for further study is also suggested. UGeneral background information on

the minerals involved is presented in the next part {II); hydrocarbons and solid

. 1/ The arca beyond the iimits of national jurisdiction will be referred to
as "the area”. Moreover, for ithe purposes of this repert, it is assumed that
in accordance with the terms of General Assembly resolution 2749 (XXV), a certain
form of international régime (and machinery) for the area will be established.

foo.
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minerals are analysed separately. For both groups, the following aspects‘are
discussed: ‘the main uses and substitutes; present patterns of'production and
trade; prospective demand and supply, including the reserve situation; and the
present importance of these minerals to developing countries. A preliminary
analysis of the possible impact of sea-bed mineral production on the markets is
made in part III; hydrocarbons and solid minerals are again treated separately.
Tentative suggestions for possible international approaches to commodity policies
and arrangements is presented in the last part (IV). Additional statistical
information is provided in several annex tables. A study of "long-term prospects
of the world manganese ore market", prepared by the UNCTAD secretariat3 is

presented as an appendix to this report.
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I. SUMARY

14. Tt is now apparent that technological developments will eventually make
deep-sea petroleum and manganese nodule exploitation, not only technically
possible, but alsc commercially feasible. Early agreements, by the international
comtunity, on the nature of the international ré&gime and machinery will
consequently clarify existing uncertainties regarding the rules for exploitation
of resources in the area, and help toc accelerate progress in deep-sea

exploration ané exploitation.

15. But it is unlikely that-in the near future petroleum markets will be
affected in any significant way by the production from the area beyond the limits
of national Jurisdiction; the impact of the latter will of course depend on the

final delimitation of this area. In so far as the petroleum production from the

area tends to be from deeper waters, it is likely to be more expensive than on-shore
or shallow-water production. In view of this cost differential and the abundance
of on-shore and shallow-water petroleum, production from deep water is not

expected to amount to more than a few per cent of total world requirements within
one or two decades.

16. Manganese nodules contain copper9 cobalt, manganese and nickel in great
guantities. These metals will have to be recovered from nodules as joint products,
that is, in fixed proportions as they occur in nature. Since the weight ratio of
the metal recoverable from the nodules is very different from that of the world
metal demand, the impact of nodules exploitation on the markets will vary
conaiderably from cne metal tc another.

17. Copper, the second most important mineral export of developing countries,

is not likely to be seriously affected by marine production in the foreseeable
future. Available information on the €conomics of manganese nodule exploitation
indicates that nickel would have %o be recovered simultanecusly with copper,

in order %to make exploitation economicélly feasible. Copper and nickel are likely
10 be recovered from nodules in approximately the same volumes, but world
requirements of copper are about ten times larger than those for nickel.
‘Therefore, even if nodules become the major source of nickel supply, the joint

productdion of copper would only provide a minor proportion of world copper
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requirements. This situation could change if major technological breakthroughs
and different economic conditions, e.g. conéiderably higher copper prices, permit
the exploitation of nodules for their copper content alone.

18. Tuture ncdule exploitation might become an important scurce of the world's
nickel requirements. The possible impact on nickel prices, however, is not
1ikely to be gerious, at least during the next two decades, due to the fast
rising demand for nickel. For instance, by 1980, it would take the commissioning
of 4.5 new nodule mining rigé each year - of 5,000 ton/day'capacity - just to
meet the expected increase in demand for this metal. Two developing céuntries,
Cuba and Indonesia, are major exporters of nickel - about 2.7 per cent of Cuba's
total exports in 1968 and 6.7 per cent of Indonesia’s. Récurrent nickel éhortages
and high prices have resulted in recent substantial foreign investments to
develop nickel reserves in_other countries.. ' -

19. Cobalt is a minor item in world trade. Eventual production from nodules
would become a major source of cobalt supply. The impact of ncdule production

on cobalt prices is not likely'to be as drastic as it was previously thought.
Cobalt can be used as a partial substitute for nickel - in plating for instance -
therefore future cobalt prices are not likely to drop much below nickel prices.
The Democratic Republic of the Congo, Morocco and Zambia are major cobalt
exporters among the developing countries - cobalt amounting to less than

6 per cent of their total exports. Cobalt recovery is a secondary activity of
the large copper mining operationsg in these countries, which might not be
seriously disrupted by possible production from nodules, during the next one

or two decades.

20. The possible extent of manganese production from nodules is still uncertain:
the incremental cost of mangansse - after recovery of copper and cchali and

nickel -~ is rather expensive. Pending further knowledge of recovery costs,
menganese production froﬁ,nodules might supply.some part of the specialized
requirements for high purity manganese metal in industrial couniries. The

market areas most likely to be influenced by manganese from nodules are Japan

and the United States. Manganese prices might drop still further from the current
low levels because of sea-~bed production and some high-cost developing country

producers might find it inereasingly d&ifficult to compete in world markets within

/...
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s decade or twb, - On the other hand, the annual increase in demand for manganese,
by 1980 would be enough to absorb the total prbduction of 2.5 new rigs each year -
‘based on 5,000 toﬁ/day capacity.

21. The Declaration of principles governing the sea-bed and oce:’:mfZI.oozc'.3 and

the sub-soil thereof, beyond the limits of national jurisdiction, adopied at

the twenty-fifth session of the Genersl Assembly provides for "a rational
managemnnent of the ares and its resources” by the international regime to be
established., The concept of rational management implies necessarily some form
of international régulatioh_in the spirit of the Declaration of principles.

22. Traditional stabilization schemes and, in particular, a quota system might
not be adequate under essentially new circumstances since production from nodules
would come from a new source of supply.

23. As a general principle, it is felt that enterprises operating'in the area
should not be either subsidized or in any way discriminated against.

2L, A levy per ton of metal produced, approximately equivalent to the average
tax burden imposed on mineral enterprises operating under usual ecircumstances,
could provide a built-in stebilizer for those metal markets likely to be affected.
25. It appears that somerform.pf compensatory arrangements might be reguired
only for.the few developing countries which could be affected by the produétion '
from the area. A part of the international machinery's proceeds could be
reserved for such a purpose.

26. Technological developments improving the supply condition of primary
products generally cause dec¢reasing market prices, which benefit particularly
the major consumers. Thus, another possible source of compensatory funds might
be the appropriation of part of the real income gained by these consumers. This
might be done by.consuming countries agreeing to pay a levy propertional to

the decrease in market prices from an aceepted "equilibrium" price level prior

to the start of nodule exploitation.

Suggestions for further study

27. The subject as a whole would seem at this stage, to merit further study
for the purpose of assessing the economic implications of sea-bed mwining and

formulating appropriate recommendaticons for international arrangements in the

spirit of General Assembly resclution 2750 A (XXV) including.tﬁeigaiiawihg toﬁics:
/.
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(2) technolegical developments affecting the exploration and exploitation of
sea-bed resources, including the processing of metalized nodules:

(p) recent trends in the market situation and long-term production for the
principal minerals concerned;

(¢) dimplications for developing countries of possible decreases in proceeds
from metals which might be affected by production from the area effects on
employment , government revenues, foreign exchange earnings and domestic incomes

(d) revenue of the internsticnal machinery; the issue of "double taxation™;

{e) determinants of the international machinery revenue from petroleum
production in the area; advisability of establishing a new simple system of levies
for petroleum explcitation in the areas

(f) special arrangements so that developing countries might purchase petroleum
produced in the area at the best prices available to large-scale buyers, with
possible exemption from the international machin.ery"s levies;

{g) possibility of having the international machinery revenue from solid
minerals in the form of a levy per ton of metal recovered from nodules;

(nh} study of possible levy, paid by consumers, equivalqyt to part of the
possible declines in metal prices from "eguilibrium" levels prevailing hefore

sea~bed exploitation is undertaken.

IT. PATTERES OF SUPPLY ARD DEMAND

28. Some of the minerals that might be eventually produced from the ses-bed are
among the most important in world mineral production: petroleum, natural gas,

copper, nickel, manganese and cobalt. The importance of international trade in

these commodities is well known.

>

29. Crude petroleum, by far the most valuable of all mineral products, accounts

for over k0 per cent of world mineral production. Its estimated value in 1968

was $US31.L billion (109). Natural gas and copper ranked third and fourth in

world mineral production for that year with an estimated total value of $US5.1 and
$US5.0 pillion respectively. World nickel production was estimated at $US661 million
1/

in 1963; manganese at $US35L million; and cobalt at $US3T million.=

-1/ —-Annales des Mines - 1968, January 1071.-
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30. The following table 1 shows that world petroleum exports, with over

$USG billion in 1968, represented aimost three times the value of the five other
commodities combined. It should be noted that export figures for copper as given
in table 1 are incomplete since they only include ore concentrates. Most copper
ore is smelted in the producing countries and exported as metal. In fact, the
value of copper ore sxporits was only one fourth the total value of all copper
exports ($U82,100 million) from developing countries in 1968. The values of

other minerals exported in 1968.from developing countries were as follows:
menganese, shout 3USI00 million; nickel, $USE8 million; natural gas, $USEL million,
and cohalt, perhaps $US35 million. The share of developing countries’® exports in
world trade of these commodities in 1968 was as follows: petroleum, 93 per cent;
natural gas, 16 per cent; mangsnese ore, 63 per cent; copper ore, LT per cent; and
nickel ore, 25 per cent.

31. The importance of mineral production to the economy of a country can be
measured in several ways, such as: share of gross demestic preduct, generation

of foreign exchange, creation of employment., source of governmént revenue, and
promotion of other industries within the economy.

32. Mining operations are, as a general rule, highly capitaf intensive, and
workers in the mining sector (for either hydrocarbons or solid minerals) are
usually paid above average wages. As employment statistics in developing countries
are not always sufficiently detailed, no statistical analysis of the importance of
employment in the production of minerals under study will be attempted at this
Juncture. This is, however, an iwmportant area for further study.

33. Government revenues derived from mineral exploitation are very important to
many developing countries, particularly tc major prodﬁcérs of petroleum and copper.
Given the limited scope of this preliminary report, however, it will not be
possible to estimate govermment revenues from mineral prdduction. This should

be préﬁided in subsequent studies, so that the possible impact on tax revenues

and forelgn exchange earnings caused by future production in the area might be
estimated. It wil? be sufficient at this stage to determine the relative importance
of exports of these minerals for developing ccuntries by reference to their share

in the gross domestic product and total exports.



Table 1. World production and exports of six minerals
|

Production Bxports _
World Developing ccuntries World Developing couniries
Mineral Unit Quantity Value(e) Quantity Value(é7 Quantity(5) Yalue Quantity(B) Value
lO6$US 106$US 106$US 106$US
{metric
tons )
Petroleum . . 10° 1,923,800(1} 31,%92.0 1,075,90;(i) 14,986.8 697,477 9,07L.2 6&9,098(6) 8,u52.2(6)
Naturel gas . 102 890,600(1} 5,05%.2 u8,556(l) 277.6  34,212.0 588.9(5) 1,895.7 61.2(5)
I .
COLPET o » 105 5,&75.03/(h) L,g65 .4 2,212.59/(“) 2,143 .4 1,&86.09/ u15,69/9/ 795.13/ 19&.69/
Nickei . e e 100 5&9.19/(2} 660,9 162.92/(2) glt, 9 2,925.69/(6} 555.7(6) 2,681.59/(6) 88.2(6)
I _ ]
‘Manganese . . 100 7,7005/(5) 350.9  2,760%/ (%) 147.3 5,5815/(5} 158.5(5) 2,15:2/(5) g9.8(5)
Cobalt . . . 107 20.28) 1w 1,228 26.1  n.a. 1A n.a. n.a,

|

ﬁ%urces: (1) United Nations, 8tatistical Yearbock 1969.

(2) Annzales des Mines, 19068, January 1971.

(3} Organization for Economic Co-operation and Development, Commodity Trade: Imports (Series ¢). (Derived from

import statistics of twenty-four OECD reporting ccuntries, which account for over four £ifths of world trade in
these commodities,)

(L) Metallgesellschaft Aktiengesellschaft, Metal Stetistics 1960-1969, Frankfurt, 1970.
(5} UNCTAD, Problems of the world market for manganese ores, June 1970.

{6} United Nations, World Trade Annual, 1968,
economy countries.)

(Derived from import statistics of twenty-four developed market,

liotes: a/ Metal content of ore.
b/ Actual weight of ore.
g/ Value of ore exports only.

.../
£T 93vg
ysrrdug

QE/OET Ny /v
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L. HYDROCARBONS

1. Jses and substitutes

(a) Petroleum

34. World consumption of petrdleum has been rising at an over-all rate of
approximately 8 per cent per annum over the past decade, due in part to substitution
for coal as basic fuel. Tt is anticipated'that consumption of oil will continue
to grow in the next ten years but at a slightly lower rate, as the substitubtion
procegs has probably reached its pesk in most cases;

35. Recently, the declining trend in crude oill prices was reversed by substantisal
inereagses in tax reference prices in the major producing countries. This price
increase will have two principal effects: first, it will mske competing energy
sources, such as coal, nabtural gas and nuclear energy,more attractive; second,’
it will increase the economic attractiveness of the off-shore oil industry, even
though off-shore development costs are estimated to be about three times higher
than the cost of developing an equivalent on-shcore deposit.

36. In addition to the conventional sources of petroleum, synthetic liquid fuels
gimilar to crude petroleum can be obtained from oil shales,\far sands, and from
coal. It is also possible to‘manufacture synthetic gas from these substances. At
present crude petroleum prices, these processes are not economically attractive.
Nevertheless, the existence of such alternative energy sources places an economic
limit on the development of off-shore petroleum resources in deep water, since the

cost of exploiting such resources increases with greater depth.

(b) Natural gas

37. Natural gas is the third most valuable mineral after petroleum and coal, but
has not been a major commodity in international trade. Consumption has been
largely restricted to producing countries although this situation is changing
with the development of transport facilities. Liquefaction plants and specially-
built LNG (liquefied natural gas) tankers have ushered econcmic ocean transport
for gas. The new pipelines across frontiers from eastera and north-western

Turope have also made natural gas increasingly available to the major consuming

centres in Europe.
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38. Demand for natural gas has been growing at a tTaster rate than for petroleum.
Moredver, Government actions relating to problems of air poliution are likely to

cause further increases in the demand for natural gas.

2. Production and trade

{a) Petroleum

39. Petroleum is the largest single ifem in wdrld trade, both in terms of wvalue

and in gquantities traded. Some countries are dependent on supplies of imported
pefroleum for a very large part of their basic energy supply. About half the

world oil production is located in North America and the centrally plannéd egonomies
where production and consumption are approximately in balance. These réléﬁiﬁgly

- self-sufficient areas are conseguently insulated to some extent from the'influence
of the international market. '

40. World production of petroleum is directly correlated'to7consumptioﬁ; KStOCK—
piling is insignificant by comparison. Total production_of'cque petroléum '
amounted to 7.7 billion (16”) barrels in 1960, rising to lé;SIbillion barrels in

1970. There are Fforty-two US gallons in one barrel and one ton of oil in

w

approximately 7.3 US bafrels.g/
41. The oil entering world trade comes principally from the countries bordering
the Persian Gulf and from lLibya, Algeria, Nigeria, Venezuela and fndonesia. The
principal consumers are the industrialized countries of Western Furope and Japan.
Importslof North America represent only a minor fraction of total consumption
there, and exports of petroleum from the group of centrally planned economies are
also marginal in terms of the total production of these countries. B

42. There is no open world market for pefroleum as there ié for some other
commodities. The so-called "posted price" system is in fact a tax reference base
and does not give an accurate picture of prices at which crude petroleum is sold.
Furthermore, a very large proportion of the petroleum entering world trade is not

"s01d" in the usual sense; it is rather a transfer between subsidiaries of major

0il companies.

2/ Detailed statistics of petroleum production snd trade are presented
in amnex I, tables A.1 and A.T.
e S ...
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{(b) Natural gas

43. WNatural gas is mostly found in the same areas as petroleum. However, it has
been common practice in the petroleum industry to burn the gas derived in exploiting
for crude 0il or to pump the gas back into the coil reserveirs in order to maintain
reservoir pressure. The relative neglect of natural ges as a basic fuel was due to
the high costs of storage and transportaiion,

Lh, As mentioned previcusly, transport by LNG tankers, and by overland pipeline
have contributed signifantly. to the upsurge in natural gas production over the

last years. Also, the policy of regulating prices in scme countries has made
natural gas relativély cheaper in comparison with other fuels and has further
stimulated the demand. )

k5. Major producers of natural gas are the United States, the USSR, Canada, the
Nefherlands, Romania, Mexico, Italy and Venezuela. Despite its huge domestic
production, accounting for 61 per cent of total world production in 1968, the
United States is still the major single importer of natural gas, which comes mostly
from Canada and Mexico. In Western Europe consumption of natural gas is growing
rapidly with the increased availability of gas from northern Africa in liquefied
form, from the USSR by the recently completed "Friendship Pipeline"9 and from
north-western Europe (on-shore fields in the Netherlands and off-shore fields in

the North Sea) ,-1—/

L6, Tncreased demand for natural gas and the recent price rises for alternative
fuels - coal and fuel oil - have exerted an upward pressure on natural gas prices.

These higher prices are expected to have a positive impact on the availability of

supplies,

3. = Prospective demand

(a) Petroleum

L7, Total energy demand can be estimated quite accurately for the short-run but
for longer periods estimates pecome less reliable. Moreover, the pattern of
energy consumption, uniike total energy use, cannot be accurately predicted even
in the short run, because the choice of fuels depends on relative prices. In the
last two decades, oil consumpticn has usually been greater than predicted, because

0il prices have tended to decline and coal prices to rise.
1/ Statistics of production and trade in natural gas are presented in
annex tables A.2 and A.8. - , /
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48, Table 2'presents a forecast of a petroleum demand prepared by the Institut

frangails du pé&trole. Following the tradition of forecasts in this irndustry, the

growth rates used in this table seem rather conservative in view of recent trends;
during the periocd 1959-1969 world consumption of petroleum increased by 8 per cent
per year and in 1970 by 11.5 per cent. Whatever the growth rate in demand is for
the next two decades, supply conditions would not be affected as petroleum reserves
are abundant and production could be inereased with 1little change in unit cost.

4o, Petroleum reserves are thought to be guite sufficient for consumption levels
forecast to the year 2000. In the Persian Gulf area alcne, ''published proved
reserves"” amounted to sixty years' production in 1970. This calculation is made

on the assumption that only one fourth of the oil-in-place will be recovered. A
more realistic recovery factor of 40 or even 60 per cent would mean that Persian
Gulf proved reserves amounted to 118 or 178 times current production (see figure‘l).
50. A breakdown of proved, probable and possible reserves by major regions is
presented in table 3. On-shore and off-shore reserves arelgiven, but the latter
includes only thoge areas situated in less than 200 metres of water.

51. The highly productive fields of the Persian Gulf area and the rapidly
increasing off-shore production areas of the world indicate that average production
costs per barrel in the principal exporting regions are not expected to increase
very much despite the higher levels of production that will be required in the next
decade or two. These production costs, however, do not include the payvment of
rdyalties and other taxes to CGovermments, which are obviously an element in the
final price charged to the consumer.

52, Qff-ghore petroleum production ig increasing at a much faster rate than
on-shore. In 1970 off-shore production accounted for 18.5 per cent of total world
petroleum production, and it is expected that by 1980 this proportion will be

32.5 per cent. This high level of off-shore sctivity is likely to lead to new

discoveries and to furtuaer improvement in the off-shore reserve situation indicated

in table bk,
53. According to geologists, it seems likely that the areas of the sea-bed lying

beyond the 200 metres isobath, comprising the zones known as the continental slope
and the continental rise may contain substantial reserves of petroleum. The amount

of these reserves can only be a matter of speculation at the present time.

e [
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Table 2. Petroleum,demand forecast 19702000

_ Consumption in
Year millions of

Average annual
growth rate

Share of petroleum
in total consumption

barrels per day 4 of energy %
1970 46) Cu7
1980 90% ) T 5T
1590 154 )} 5.5 65
2000 - 208 ; 3 59

Source: Tnstitut francais du pétrole

Table 3. TPetroleum reserves as at 1 January 1069%

(in 100 barrels)

Proved Probable Possible
reserves reserves reserves
North America (including Alaska and’
the Aretie) . . « + & « v « « o « « . . 56,000 45,000 200,000
Central America, the Caribbean and Mexico 6,300 T.,200 35,000
South America . . « o & o o o 2 = o « » » 23,000 17,500 80,000
Total, American continent . . . . . 85,300 69,700 315,000
Worth AFFica .« v o & v o o & o o « & Lo ,700 16,700 37,000
st of Africa . . . . v e . e e e e . 6,000 2k ,200 95,000
Total, African continent . . . . . k6,700 48,500 132,600
Middle FaSt « v « « o o « 4 o « 4 « « . . 300,000 2L6 000 305,600
Asia and Oceania . . « + « « & « » . . . . 14,200 18,300 120,000
Western FUXOPE o ¢ o 4 o o o o a o o & 1,800 900 35,000
USSR and rest of Socialist bloc . . . . & L2 ,000 41,300 155,000
Total » o v v v e e o o w ¢ o . . . hoo,000 425,100 1,062,000
ki On-shore reserves and off-shore reserves under less than 200 metres of
water.

Source: Ingtitut frangais du pétrole.
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Figure 1. Petroleum production from 1859 to 1970 and
proved reserves at the end of 1970
Thousand Thousand
Million Tons Million Barrels

15 C ] '
4 . 3 . “T-100

'S§&§§ _

Other
W, Hemisphere

104

20—
-—200

30-}

40+

-

Middle East 1 agg

Source: United Nations; drawn on the basis of information in BP statistical
review of the world oil industry - 1970, the British Petroleum Company Ltd., 19T1.
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Table 4. Petroleum off-shore reserves as percentage
of total reserves#

(in %)
Proved Probable Possible
reserves reserves reserves
North America (including Alaska and
the Arctic) & o v v v o o 0 e e e . 1k 18 35
Centrsl America, the Caribbean, Mexico
and South AMErica . + &« o o ¢ o 5 o o s 22 30 T1
Total, American continent . . . . . 17 22 by
North Afrieca . . . ¢ & o v 4 o o ¢ « 4 & 6 27 , 32
Rest of Africa . « ¢« v ¢« v v & « o = & = 33 71 63
Total, African continent . . . . . . 9.5 _ Ly 55
Middle Bast « o v o o 0 o @ 0w .0 e . 20 22 45
Asia and Oceania + « + o 4 4 o s s s s . 17.5 20 75
Western BUFOPE  « v v v v o o = o s o « « 8 11 83
USSR and rest of sociglist bloec . . . . . G.5 19 . 33
Total v v v v v v e e e e e e b e s 17.5 2h Lo
* These figures are given as & percentage of figures éf table 3.

Source: Institut francais du pétrole.
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(b) Watural Zas

54. It has been pointed out that the demand for natural gas is increasing at a
faster rate than the demand for petroleum, and will continue to do sc. Consumption
in the USSR, the world's second largest producer, has been increasing at about
10 per cent per annum and is expected fo continue growing at a very fast rate, 1In
the past five years in the United States there has been an average annual increase
in consumption of 5.5 per cent and a decline in reserves of 1.3 per cent per annum.
If this trend continues, a shortage in domestic supply will occur within this
decéde. _

55. ¥or the whole world the ratio of proved reserves to annual productiOn in 1969
- was 39 (see table 5).. In the United States, this ratio was 13 in 1969 as compared
to 18 in 1964,

56. Natural gas reserves in other parts of the world are abundant and further
development and new discoveries, particularly in the North Sea, the centrally
planned economy countries and the Middle East, will undoubtedly increase the
magnitude of proved reserves.

57. International trade in natural gas is expected to increase at a faster rate
A"

than trade in crude petroleum.

Table 5. Natural gas reserves in 1969

Ratic of reserves
over production

ReserveggJ in 1969
United Btates o & & v v v v v v 4w v e e e e 275,109 i3
cCanada . . L 4 o w i e h e e e e e e e e e 51,951 26
Betherlands , , , 5 5 5. 5 5 5 5 2 5 5 5 2 5 » 85,532 110
Centrally planned economies . . . . « + o + . 326,664 L3
Ofther countries . . & & + v & ¢ & v o o & .., 571,807 210
World total , , , , 5, » » , 1,311,063 39

Source: United States Bureau of Mines, Commodity Data Summaries, p. 99,
January 197L.

a/ Billion cubic feet, 14.73 psi at 60° F.
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Table 6. Crude petroleumﬁj exports of selected developing countries
as a percentage of total exports and gross domestic product, 1968

Value of petroleum as a

Exports in 1968 percentage of
Country - (millions $US) Total Gross domestic
. exports product
A. Petroleum as major foreign exchange earuer
(above 10 per cent of total exports) -
Libya B/ « ¢« v ¢ o v v 0 e e e . 1,860.0 99.6 58.4
Kuwait B/ o . v o o o o v . e . . 1,590.8 96.8 59.7
Irag b/ + « ¢ « v v v o 0 0 e . . 996.0 95.5 35.9
Iran o/ « « « o v v 0 0 o 0 e . 1,686.6 89.7 19.5
Algeria o v v v 4 4 4 e e 4w e . £09.8 84,3 20.8 ¢/
Saudi Arabia . . . . . . . . . . 1,487.3 78.4 43.6
Venezuela . . + o v « « o & o o . 1,973.9 69.1 19.9
GabOm v v v v v « ¢ 0 e o o e o . 63.9 51l.5 26.8 4/
Lebanon e/ . . . . . . . . « . . 50.8 3.8 16.9
Indonesia « .« « v o 4 . e . 0 e . 276.2 33.7 3.8
Tundsia « & v ¢ ¢ « o« & o & 2 o = 35.5 22.5 3.3
Wigeria ¢ « o =« o o o o o & o + 118.0 20.0 2.9 4/
Bolivia . . o &« o ¢ o o = o o o = 21.1 ¥ 13.8 2.5
B. Petroleum as important foreign exchange earner
{(between 3 per cent-10 per cent of total exports)
SYric « o v v v e e e e e e e k.1 8.2 1.2
United Arab Republic . . . . « & 51.3 8.2 0.8
Colombia . + . « ¢ « 4 w4 v . oo 40.3 7.2 0.b
Trinidad and Tobagc . . . . . - . 29.0 6.2 3.6
Mexico €/ « v ¢ v v v 4 ¢ 4 s o« s Lo.8 3.2 0.2
C. Petroleum as minor forelgn exchange earner
(less than 3 per cent of total exports)
Congo (Brazzaville) . . . . . . 1.0 2.0 .
Pera . . « ¢« v ¢ & s a4 ¢ s 32 s » 12.5 1.4 0.3
Liveria e/ . . 2.18 1.3 ¢/ 0.9 ¢/
Malaysis o v v 0 e o o4 e o 4 8.1 0.6 0.25 £/
Uruguay €/ .« « « & « v o 4 . . 0.5k 0.3 0.03
Southern Yemen ¢/ . . . . . . . . 0.27 0.2 .o
Burma e/ . . . . . . 0 ¢ . 4 .o 1.52 0.13 0.08 da/

(Sgg;ce and foot-notes on following page)
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(Source and foot-notes to table 6)

Source: United Nations Statistical Papers, World Energy Supplies 1065-68;
Organisation for Economic Co-operation and Development, Series C, 1968 (January-
December), Commodity by Trade; International Monetary Fund, International _
Financial Statistics, April 1971; Monthly Bulletin of Statisties, March 1971;
gross domestic product print-outs in national currency; Agency for International

Development, Data Year Books.
a/ Crude petroleum (SITC 331).
b/ Data is obtained from IMF-IFS individual countries.

g/ Ag percentage of gross national product or total exports Irom ATD
Yearbook. '

d/ Using 1967 gross domestic product.

e/ Value of petroleum exports as reported by OECD importing countries.

f/ Using 1966 gross domestic product.
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b, Importance of hydrocarbon production for developing countries

58. Petroleun is. by far the most important mineral for developing countries:
exports in 1968 were valued at over $US8,L50 million. In the seme year, exports
of natural gas from developing countrieSIWEre worth sbout 3$USE0 miliion.

59. Production and export of ?etroleum is of paramount importance to the economies
of meny developing countries (table 6). In eight countries - Libva, Kuwait, Iran,
Iraq, Algeria, Saudi Arabia, Venezuela and Gabon - the value of petroleum exports
accounted for more than 20 per cent of their gross domestic product in 1968.
Petroleum exports from these countries amounted to over 50 per cent of their total
export earnings. Petroleum exports ranged from 14 to 34 per cent of total exports
for Indonesia, Tunisia, Nigeria and Bolivia. TFor Libva, Kuwait, Iran, Iraq,
Apgeria and Saudi Arabia, exports of petroleum products, together with petroleum,
accounted for over 90 per cent of total exports.

60, The major developing countries, exporters of natural gas, are Algeria, libya
and Mexico. Their natural gas exports, however, represent only a minor proporticn
of the value of their petroleum exports. This situation is likely to change
somewhat in the future with the construction of new liguefaction plants and the

commissioning of more LNG tankers.

B. SOLID MINERALS

61. This section deals with four metals which are likely to be produced in

sea~bed mining, namely: manganese, copper, nickel and cobalt.

(a) Manganese

1. Uses and substitutes

62. Manganese, usually in the form of alloys with iron and silicon, is used in
the productibn of nearly every grade of steel. It acts as a decidiser and
scavenger, imparting desirable preperties to certain steels. About 94 per cent

of world manganese consumption is in the steel industry, 5 per cent for chemical
and allied uses, and 1 per cant in dry-cell Datteries. Secondary manganese enters
the steel-making process as a component of open hearth slags fed to pig iron blast

furnaces, and metal scrap fed to open hearth furnaces. Open hearth slags are a

/oo
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63. It cannot be expected that increased use of substitutes will adversely affect
the demand for manganese. 'The substitutes, titanium and zirconium, are effective
agents for desulphurizing iron and steel, but they impart different physical
properties and are higher priced. Similarly, nickel, chromium and molybdenum
impart to steel some but not all of the same physical properties as manganese,

and are alsc more costly.

2. Production and trade

64. World production of manganese-in-ore increased by an average of 5 per cent
a year during the period 1950-1968. By 1968 production had reached a level of
17.4 million tons of ore containing 7.7 million tons of manganese (an average
manganese content of 45 per cent).

65. The largest single producer of manganese is the USSR. TIn 1968 the USSR
produced 43 per cent (3,370,000 tons) of the world total. The other major producers
are South Africa, Brazil, India, Gabon and Australia. The developing countries
account for 36 per cent of world production and 60 per cent of world trade in
manganese.;

66. Despite the steady rise in manganese consumption over tie last twenty-five
years, production has tended to outstrip demand with a resulting decrease in
prices. From the high price level of £US150.18 per metric ton in 1957, mangahese
prices dropped to $US52.66 per ton in 1970.2/

£7. 'The volume of world exports of manganese-in-ore increazsed at an average
annual rate of 6.2‘per cent in the 1950s, falling to 4.2 per cent & year in the
period 1960-1968. The guantity exported‘rose from about 1.4 million tons in
1950 to 2.6 million tons in 1960 and 3.6 million tons in 1968.3/

68. The major importers in recent years have been the countries of the Furopean

Economic Community, the United States, Japan and the United Kingdom, in that order.

1/ See annex tables A.5 and A.9.

2/ Average price of manganese ore (Mn. content), c.i.f. Buropean ports.
UNCTAD, Problems of the world market for manganese ore, 1970, TD/B/C.1/87, page 18.

3/ UNCTAD, ibid., p. 8.
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3. Future demand and supply

69. It is likely that manganese consumption will continue to increase at about

5 per cent a year over the next two decades. Existing sources of supply are ample.
Known deposits of manganese comparable in grade to the ores presently mined contain
at least 1 pillion tons of manganese. This quahtity is twice the total cumulative
requirements at the upper raﬁge of demand projected for the world to the year 2000.
T0. Reserves are primarily located in Séuth Africa, the USSR, Gabon, Brazil and
Australia (see table 7). In view of the low production cost and magnitude of
high-grade reserves of present prodﬁcers, world supply of manganese could be _
increased sﬁbstantially at current prices. Of the four solid minerals.considered,

manganese is the most favoured with respect to reserves and current production costs.

Table 7. Manganese reserves - major producers

Reserves (contained metal)
in million short tomns

Country

South Africa 300.0

USSR ' 200.0 .

‘Gabon g96.0

L

Brazil LhE.0

Australia Moo

India , 22,5

China 20.0
Total . . . . 728.5

Source: United States Bureaun of Mines, Mineral facts and pfoblems,
Washington, D.C., 1971.

(b) Covper

1. Uses and substitutes

T1l., The largest use of copper is in electrical eguipment and supplies, which

account for about half the demand. Communications, including electronics, telephone,
télegraph wire and cable, represent another large market as do radio, television,
household appliances and utensils. About 16 per cent of consumption is in the
construction industry; 12-per cent in—transportation vehicles and 10-per cent in . .

copper alloys. Also copper has minor uses in munitions, jewellery and coinage.

LR}
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72. While copper is salmost irreplaceable for some uses, it faces competition in
certain areas from aluminium, plasticss_steela glass and other materials. Aluminium
is now used in virtually all high voltage overhead transmission lines, and alternate
materials are being used by the bvuilding industry. Periods of short supply and high
prices have encouraged substitution, but scme markets tend to return to copper

during periods of relatively stable supply and lower prices.

2. Production and trade

T3. Copper has the highest world production value of all metals, even higher than
iron ore. The majcr producers are the United States and the USSR, Zambia, Chile,
Cahada, Democratic Republic of the Congo and Peru. Copper depcsits are found in
many other countries supplying domesiic reguirements =nd in some cases a surplus
for export.

Th. Copper is traded in the form of ores and concentrateé, blister, refined
copper and copper rproducts., Most countries which mine copper ores smelt most of the
ore into blister and some also produce refined copper and copper products.

5. In a situation where supply and demand are more or less balanced, world
copper markets are influenced conéiderably by fluctuating production levels in

the major producing countries. In the United States, prices have fluctuated
between L2 cents per pound in 1968 to 52 cents per pound in 1969, to over

60 cents per pound in 1970. The current priece is just over 50 cents a pound.
During this period, the United States producer prices have generally heen

considerably below the free ILondon Metal Exchangs guotaticns.

3. Future demerid and supply

76. While there has recently been some slack in the market for copper, the
long~term trend is fur rising consumption. The forecast to the year 2000 is for

an average growbth rate of between 3.7 and 5.2 per cent per year in the United States
and 3.4 to 5.8 per cent in the rest of the world.

7. Tor the world as a whole, copper consumption increased by 7.5 per cent in

1968 and by 9.25 per cent in 1969, as compared to the 4.5 per cent average

realized over the last two decades. The strong demand can be accounted for by the
increased consumption in Furope, mainland China and the United States, all of

which are et importers of the metal, although the United States is the world's
foon
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largest producer. Substantizl surpluses are anticipated in the first half of

this deces”= due to the far greater productive capacity of the major producing

areas following shortages and the high prices of 1969 and 1970.

78. The reserves of copper in the major producing countries are expected to

remain the major sources of future supply. However, a number of producers will

emerge as porphyry copper deposits located in other parts of the world come into

production in a few years. An increasing share of production will come
(e.g. Iran) and the.area‘bordering the Pacific (Sabah, Bougainville and
In North America, where borphyry copper deposits of 0.5 per cent copper
grade (depending on other minerals in the ore) are being developed, the
will be to exploit lower grade ores, search for Jdeeper-seated deposits,
improve extraction technology.

T79. The higher cost reserves and strong long-term demsnd are likely to
copper prices by the end of this decade, though prices in the immediate

might fall somewhat when producticn from new sources enters the market.

Table 8. Copper reserves

from Asia
Indonesia).
or lower
tendency

and

inerease

future

Reserves (contained metal)

Country _ in million tons
United States 85.5
Chile - 59.3
USSR : 38.5
Zambia 30.0
Peru . 2h.6
Congo (Kinshasa) , _ ‘ 20.0
Canada 10.0
Other _ Lo.o
Total . . . 307.9

- Bource: United States Bureau of Mines, Mineral facts and figures,

Washington, D.C., 19T71.
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{c} Nickel

1. Uses and substitutes

80, The main end uses of nickel are in the chemical, petroleum and alrcraft
industries. Stainless steel and high nickel alloys account for more than half the
cbnsumption of nickel. Other markets are nickel plating, construction steel allaoys,
iron and steel castings, copper and brass products and special alloys. .
81. Desgalination is a field with a potentially high demand.

82. Scrap is a significant source of nickel supply. Although alternate materials
are available to replace nickel in most of its uses, they would involve increased
costs and some sacrifice in product performance. Corrosion resistance is one

field nhowever where nickel is vulnerable to replacement, particularly by plastics.

2. Production and trade

83. Productior and reserves of nickel are highly concentrated in a few countries.
Canada, New Caledonia and the USSR together accounted for 87 per cent of world
production in 1968. Other producers are Cuba, the United States, Indonesia,

South Africa, Australia and Finland. These nine countries together produce
practically all the world's nickel ore. In recent years, supply shortages have
caused considerable price increases.

8. The United States, Rurope and Japan rely on imports for most of their nickel.
Some secondary metal is reutilized, contributing to 15 per cent of supply in

the case of the United States. Canadian production is expected to remain the major
supply scurce for the United States and Buropean markets, although an increasing
share is expected to come from the newer producers, such as Guatemala, Dominican

Republic, Indonesia, Australia and the Philippines.

3. Future demand and supply

85. Demand for nickel, both ir the short and the long-term, is éxpected to be
stronger than supply. making nickel a priority metal for prospecting. A long-term
6 to 7 per cent growth rate is anticipated, with some experts predicting a 1975
requirement of 1.4 to 1.5 billion pounds as compared to 820 million pounds in 1969.
Anncunced expansion programmes mey result in preduction reaching 1.2 billion pounds

in 1972, which would bring about a better balance between supply and demand.
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United States demand by the year 2000 ig forecast for between 895 and 1,295 million
pounds (3.5 times the 1968 consumption). A similar growth in demand is estimated
for the rest of the world - between 1,285 and 1,500 million pounds by the year 2000.
86,_ Nickel 1s found either in sulphide ores or in lateritic oxide ores. Sulphide
ores are mined underground while oxide ores are open pit operations. At present
some 80 per cent of world produétion comes from sulphide ores, 20 per cent from
oxide ores. Known reserves are the exact opposite; 20 per cent sulphide and

80 per cent oxide. Although some new production from sulphide ores is expected from
Australia, the major increase in production will come from the large lateritie

oxide deposits located in a number of countries, including Dominican Republic,
Guatemala, Indonesia, New Caledonia and Australia. While these deposits-are easily
mined by open pit methods, beneficiation is more difficult and more costly than

that of sulphide ores. These increased costs however have been offset by rising
prices.
Table 9. Nickel reserves

Reserves {contained metal)
in milkion pounds

Country
Cuba - 36,000
New Caledonia ' 33,000
Canada _ 20,000
USSR ' 20,000
Indonesia 16,000
Fhilippines 9,000
Guatemala . ' 2,000
Australia 2,000
Dominican Republic 1,600
United States 400
Cther 7,000
Total . . . 147,000

Source: United States Bureau of Mines, Mineral facts and problems,
Washingston, D.C., 1971 :
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(d4) Cobalt

1. Uses and substitutes

87. Cobalt is a relatively expensive metal which has become important in certain
sophisticated industries. Tt has wide use in electronic devices, as a constituent
of certain paints and ceramics, and as an essential element in some machine tools
guch as carbides and high strength permanent magnets. Another major use is in
super-alloys for alrcraft gas turbines.

88. As:a general rule cobalt is only used when it cen reduce fabricating costs.
Nickel and cobalt can be used interchangeably in the production .of some alloys.
When cobalt becomes cheaper than nickel - as in 1968 - it is attractive in some

cases to use cobalt where nickel is normally used, such as in alloys and plating.

2. Production and trade

89. Essentially all cobalt is produced as a by-product, so the gquantity available
depends on the mining of other primary ores (copper, nickle and otheré). World
production in 1968 was probably 20,200 tons, with the Democratic Republic of the
Congo accounting for over half of the total. Other major prdducers are Zambia,
Canada, Morocco, the Federal Republic of Germany and Finland. '
90. Scrap cobalt is generated in large quantity, but there is very little
information on the actual amounts involved. Most United States scrap is processed
in other countries.

91. The market price for cobalt is now around $US2 per pound.

3. Future demand and supply

92. United States demand for cobalt by the year 2000 is estimated;/ at between

18.64 and 30.54% million pounds. This corresponds tc a growth rate of

1-2.4 per cent, compounded on a present consumption of just over 14 million pounds.
The rest of the world is estimated to require between 41 and 54 million pounds

by the year 2000, as against about 30 miliion pounds at present. The Ccobalt

Information Centre,g/ however, has estimasted that in the period 1958-1968, average

annual increase in consumption was T=8 per cent.

1/ United States Bureau of Mines.

2/ Organizatiom monitoring cobalt research and ocutlook in Europe and the
Western Hemisphere. Located in Brussels, Belgium, the Centre publishes a
quarterly report of the Cobalt Development Institute. . /
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93. Production, particularly from African sources (as a by-product of copper

production) is increasing and suppliers are plahning to increase output to meet

anticipated future demand. It is estimated that an increasing percentage of future
production will be provided from the lateritic deposits being mined for nickel.
Therefore, the general outlock for users of cobalt appears favourable. Supply is

ekpected to be adesquate to meet the demand in the year 20C00.
Table 10. Cobalt reserves

Reserves (contained metal)

Country in million pounds

Congo (Kinshasa) . 1,500

New Caledonia 880

Zambia T66

Cubz Thl

USSR (estimate) 450

Canada 386

United States 56

Moroceo . 28
Total . . . L 830

Source: United States Bureau of Mines, Mineral Facts and Problems,
Washington, D.C., 1971.

C. IMPORTAKNCE FOR DEVELOPING COUNTRIES

(a) Manganese

9Lk, Several developing countries export manganese ores-in values of

over $USL million per year. However, in only one country, Gszbon, is manganese a
major foreign eﬁchange earner, accounting for over 21 per cent of total exports
(see table 11). For Ghana, manganese exports represent 3 per cent of tobal
exports. In seven countries - Democratic Republic of the Conge., Brazil, Indis,
Morocco, Guyana, Ivory Coast, and the Philippines - the percentage of manganese

exports to total exports ranges from 0.1 per cent to 1.6 per cent.
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Table 11. Manganese exportséj of developing countries as a

percentage of total exports and gross domestic product

in developing countries 1969

Faports in 1969 Value of manganese exports
Thousands us As a percentage As a percentage
Country , metric dollars of total of gross
tons {.000) ~__exports domestic product

Manganese as major foreign exchange earner:
(above 10 per cent of total exports)

Gabon . . . . . . . 1,384 30,0095 21.2

Manganese as important foreign exchange earner:
(between 3 per cent-10 per cent of total exports)

Ghana . + o & o o o 305 9,149 33.04

Manganese as minor foreign exchange earner:
(less than 3 per cent of total exports)

Democratic Republic

of the Congo . . 272 9,134 1.6
Brazil . . . . . . 808 25,408 1.10
Indig . « « « . . . 897 17,619 0.96
MOrdceo .- v . . . 73 L, 4oT 0.91
GUYana .« « o o o 29 501 0.4
Ivory Coast . . . . 82 1,573 0.35
Trinidad and Tobago 13 L87 0.1
Philippines 31 815 0.08

1.7/

0452/

o°639¢
o.og%v
0. 0L

0.1%

0.28/
0.12
0,059/
0.01

Source: Agency for International Development, Economic DataBook; Bulletin

~annual de la statisticue de la Rep. Gabonic 1964 and 1970; Monthly Bulletin of

] Statistics, March 1971; International Monetary Fund, International Financial
Statigtice, April 19T1.

a/  Manganese ore concentrate {S8ITC 283.7).
b/ 1967 data.
¢/ 1968 data.
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(b) Copper

95. Copper is the most valuable metal export of developing countries amounting
in 1968 to over $US2.1 biilion. For Zambis, the Democratic Republic of the
Conge and Chile, the copper industry has almost the same relative importance as
the petroleum industry has for the major Middle East producers. In Zambia, the
Democratic Republic of the Congo, Chile, Peru, Philippines and Uganda, copper
exports account for over 10 per cent of total éxports; in Haiti, Bolivia and

Nicaragua, for 4 to 6 per cent of total exports; and in Mexico, Morocco, Cuba and

China (Taiwan), from 0.3 te 1.5 per cent of total exports (see table 12).

(c) Wickel
96. Two developing countries, Cuba and Indonegia, and one Territory, New Caledonia,
exported substantial volumes of nickel in 1969. New Caledcnia {a French

Territory) is the major exporter, accounting for about three guarters of total

nickel exports from the developing world. Nickel aceounted for about 2 per cent

of Cuba's total exports and 6 per cent of Indonesia's {see table 13).

. i
(d) Cobalt
97. The role of developing countries in the production of cobalt is similar to
that of nickel. Only three countries exported significant amounts of cobalt in
1968, n=mely the Democratic Republic of the Congo, Morocco and Zambia. Cobalt

accounted for 5 per cent of Conge's total exports and 0.6 of Zambia's.



AJAC.138/36
English
Page 35

Table 12. Copper exportsgj of developing countries as a percentage
of total exports and gross domestic product, 1969

Exports Value of copper exports
: in 1969 As a percentage of
Country . ‘millions Total Gross domestic
Us $ Exports product

A. Copper as major foreign exchange earner
(above 10 per cent of total exports)
Zambis B/e « v 4 v 4 e e e e e s e w e e . . T20.8 gh.éc/ 52.6,
Congo-Kinshasa . . v v « « o v o v o « s & 4 475.8 83.0~ 33.0=
Chile B/ « v v o v v 0 v v e e e e e e e . T30.7 78.3 12.7
PEPL & v v v v o s o s s e e e e e e e e 250.1 8.9 . 6.lg/
Philippines . . . « & ¢« ¢ « 4 4« « « « o » o 150.9 15.6 1.8c/
Uganda o « « v s v s e e e e e e e e e e e s 21.h 16.8 2.4=

B. Copper as importanf foreign exchange earner:
{betwesen 3-10 per cent of total exports)
Haiti & v v v v v e e e e e e e e e e e e 2.3 6.2 -
Bolivia « 5 v 4 4 4 b e e e e e e e e s T.h h.1 0.8
Nicaragla . « « « « = « o « o « s o « « « & 6.3 b1 0.83

C. Copper as minor foreign exchange eérner:
{less than 3 per cent of total exports)
MEXICO « o 4 v o o v e v e e n e e e s e . 215 1.5 0.08%/
MOrocco .« o v v 4 4 v v 6 e = s 6 e e 5 s s 2.3 0.5 o/ 0.07
Cuba v & ¢ & 4 & 5 4 5 4 e e s e e s e s 2.3 0.35—
China (Taiwan) . . « & & v 4+ & v o =« & = o = 3.5, 0.3 0.07
Bouth Korea . . . v ¢ o « o « o o = & ¢ o 0.1 G.02 Co=
Tndia .« & & & 4 4 4 © o o & & & 2 o & o o 0.2 0.01 -

Source: Orgsnisation for Economic Co~operation and Development, Series ¢, 1969
(January-December), Commodity by Trade: Imports; Monthly Bulletin of Statistics,
March 1971; International Monetary Fund, International Financial Statistics,
April 1971. :

gj' Copper ore concentrates, including matte {sITC 283.1): copper and alloys,
unwrought (SITC 662.1); copper and alloys of copper, worked (SI?C 682.2).

b/ 1968 data based on International Monetary Fund, International Firancial
Statistiecs.

¢/ 1968 data,
a/ 1967 data.
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Table 13. Nickel exportsEJ of developing countries as a percentage
of total exports and gross domesiic product 1969

Exports in Value of nickel exports
] 1969 As a percentage As a percentage
Country (miliions of ~ of gross
US deollars) total exports  domestic product
Cuba o v v v v e e e 13.4 2.1/
Indonesia .« . o o o o b,k 5.9 0.62/
New Caledonia . ... « . 67,&3/ o . eee

Source: Annales des mines (1968), January 19T71; Organisation for Economic
Co-operation and Development, "Series " 1969 (January-December) Commcdity by Trade -
Imports; Monthly Bulletin of Statistices, March 1971.

a/  Wickel ore and concentrate, including matte (SITC 283.2); nickel and
alloys, unwrought {(SITC 683.1); nickel and alloys, worked (SITC 683.2).

b/ 1968 data.

e/ Territory of France.

Table 1k, Cobalt exports of develcping countries as a percentage
of total exports and gross domestic product, 1968

Exports in Value of cobalt exports
Count 1968 As a percentage As a percentage
£y (mitlions of a of gross .
US dollars) total exports— domestic product—
Democratic Republic of b/
the Congo . - « « « .+ . 29. 7 5.2
Zambiz . . . e . . . .7 0.6
MOXroeco o« ¢ & o o o o s n n.a. - -

/ United Nations, Moﬁthly Bulletin of Statisties, March 1971.

/ Bangue Nationale du Congo, 1970.
/  BRepublic of Zambia, Annual statement of External Trade 1968,
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IIT. PRELIMINARY ASSESSMENT OF RECONOMIC IMPLICATICNS

Introduction

98. The problems involved in off-shore exploration and exploitation of hydrocarbouns
are of a different nature from those of sclid minerals. Therefore the economic
implications of sea-bed nineral production for these twc groups of commodities
will be studied separately.

G9. In value, crude petreoleum production and exports are far more important than
natural gas. The analysis of the economic implications of deep water hydrocarbon
exploitation, is made primsrily in terms of petroleum, although the same general
considerations also apply to natural gas to a large extent.

100. Sclid minerals found in "manganese nodules” (manganese, copper, nickel and
cobalt), will be produced from the same ocean-floor mining operation. Therefore,
they will be initially studied together as joint products of metallized nodules.
After a general consideration of nodule mining économics the implications for the

markets of each metal will be studied separately, including their possible impact

A"

on developing countries.

Methodology

101. When speaking of the impact of sea~bed mineral production on world markets, one
tends to assume that there is a one-way relationship, namely, the effect of marihe
production on traditional minefal markets. In realj.ty5 the large-scale economic
unit required in sea~bed mining creates a situation in which all factors in the
equation become variables. In other words, marine production may affect the
mineral markets which in turn may affect the conditions of marine production.

102. From a methodological point of view the analysis must be divided into two

broad stages. First, the fsctors affecting the economic attractiveness ¢f mining,
and second, the effects of sea-bed mining cperations on the world mineral markets

in general, and the developing countries in particular.

(1) PFactors affecting the operation of sea-bed mining enterprises

_103. A number of institutional, fiscal, technological and commercial factors will

affect the economic return of sea-bed mining operations. The essential element is

S - R .
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ig knowledge of existing exploitable resources. Extensive exploratory sctivity
is still required in most cases before decisions on gpecific investments can be

made for mineral exploitation.
104, The institutional factor refers to the legal framework for exploration and
exploitation of marine resources.
105. Tt is.not sufficient to know where the attractive rescurces are or what the
rules are for their exploitation. Technology is needed to 'mine” the ore-ﬂaodies3
transport -the minerals, and have them processed‘into commerceiazl products. The
technological requirements for exploiting petroleum and manganese ncodules from
the sea-bed will be discussed in the following sections below.
106, Finally, the mining and procéssing methods must be not only technologically
possible, but also commercially Ffeasible. The total cost of production per unit
.of output should be at least comparable to existing alternatives (land-based mines
" for solid minerals and on-shore and shallow water off-shore production for
petroleum). The costs of production of petroleum and solid minerals which are
analyzed in the respective sections include exploration costs, research costs’
involved in developing suitable technology, mining costs, tran5portation costs
(to processing plant and consuming centres), as well as processing costs. '
107. The guestion of feeg, bid prices, and other levies that would be paid by
enterprises for the exploitation of sea-bed resources has several important
implications., Levies will influence investment decisions, the revenues of the
international machinery, the level of marine mineral production and the coﬁcomitant

~impact on world markets.

{2) The impact of sea-bed mining operations on world markets

108. Naturally, the larger the mineral supply from thq sea-bed the greater will be
ites impect on world markets. The first step in the analysis then, is to study

the factors governing the size of marine mining enterprises and the possible

economies of scale. Once the likely range of production velume from individual

operations is determined, the next step is to estimate the total volumes which might

ke supplied by different numbers of mining operations.
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109. The extent of any depression of mineral prices, due to competition from marine
productlon, will depend on the price elas t1c1tyi/ for these commoaities. Additional
research is requlred on the elasticity of demand for the six minerals undef review
in this preliminary report. .

110. The final step will be the analysis of the specific implications for developing
countries, of assumed marine mineral production. These implications will be
examined in the light of the present economic importance of these minerals to

developing countries.

A. PETROLEUM AND NATURAL GASQ/

111. This chapter is divided into three parts dealing with: (1) the factors
_affecfing the operation of petroleum ventures in deep-sea; (2) the possible impact
of deep-sea petroleum production on world markets; and (3) the implications for

developing countries.

(1) Factors affecfing the operation of petroleum ventures in deep-gea

112, The factors affecting the operations of deep-sea petroleum ventures are
‘basically the same as for shallow-water 6perations, but more pronounced because of
technologiéal complexities, the high cost of operations and institutional unknowns.
The institutional question can only be defined by the international community and

as such will not be deaslt with here.

{(a) Location of reservoirs

113. Exploration for petroleﬁm is currently under way off the coast of more than

seventy-five countrieg and drilling is in progress of forty-two of them.éj Most of

1/ Price elasticity or the degree of demand respousiveness to price changes,
is determined to a considerable extent by the availability of substitutes when
prices increase and by the possibility of using the mineral for other purposes, and
consuming greater quantities in the traditional uses, when prices drop.

2/ For the purpose of this analysis it is assumed that the petroleum
production of the area will mainly come from wells below the 200 metres isobath
although one cannot preclude the possibility that the area may contain shallower
petroliferous zones. The term deep-sea is used only in this sense.

3/ V.E. McKelvey and F.F.H. Wang, World Subsea Mlneral Resources,
Unlted States Department of the Tnterior 1969, p. 8. S
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this exploratory activity, however, is in shallow waters, generally regarded as
within the national jJurisdiction of the coastal States. What is the likelihood of

finding substantial petroleum reservoirs beyond the 200 metres isobath in the

continental platform, the slope and the ocean basins? ?Preliminary geological

investigation indicates thet in many cases Tavourable sedimentary basing extend from

the inner shelf to the shelf edge and beyond. Such outer shelf (and slope) areas

probably contain as large guantities of petrcleum rescurces as the near shore
fields. In addition, many types of folding and faulting kﬁéwn'to occur in the
cuter shelfl and upper slope, raise the possibility of petroleum accumulation in
traps that are unigue to this environmenta"i/ The relatively slow pace of
exploratory activity in deep-water regions is explained by existing technological

limitations and economic considerations.

(b) Technological constraints.

114, The preliminary stages of deep-water exploration {geophysical reconnaissance)
do not present any major technological problems or éxcessive costs as compared to

The technical difficulties and high costs begin with
Over the last

shallow-water explcration.
exploratory drilling, the only certain proof of the presencd of oil,
ten years considerable advances have been made in off-shore drilling techniques, and
it is now possible to carry out roubine test drilling at depths up to 1,000 metres.
Further improvements are expected in drilling technigues, though it is expected
that exploratory and development costs will remain a function of water depth.

‘115, When a petroleum reservoir ig evaluated, exploitation begins by tapping the

It is at this stage that the most serious technical
01l well

field with production wells.
problems appear and costs rise steeply as water depth increases.
completion and the storage and transportation of petroleum produced in deep-sea
pose congiderable prohlems. However, technological progress already hclds

Two recent innovations are indicative of things to come: a

encouraging promise.
wellhead completion system designed to work at LOC netres depth, and a re-entry

system permitting a drill to re-enter a hole in the ses-bed 3,000 metres below the

surfaceog- The petroleum industry is exploring such new technologies primarily

1/ See "Mineral Resources of the Sea”, E/LOT3.
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for their potential cost reduction effects: the need is for deep~water production
costs to be reduced at least to the level of the existing high cost producers.

This goal appears attainable in view of the wide range of prcduction costs among

major suppliers.

(¢} Economic considerations

116. Development costs for an off-shore field, in shallow waters, are generally
three to five times those on land. Even within the water depth range exploitable
by existing technology, off-shore development costs rise rapidly as water depth

increases. Taking the North Sea as an example, a fixed platform in 100 feet of
walter ccsts aboub $U83,5 million; in 200 feet of water it would cost about

$Ush.75 million; in 300 feet more than $UST million; in LK0O feet about -
$US10 million; and in 500 feet some $Us1h .25 miilion.;/ '

117. Despite these high development costs, off-shore production is rising rapidly
and is expected to account for about one third of world production by 1980.
Diversification of sources of supply is & very important incentive for off-shore
Moreover, current off-shore cost of production per barrel is not

production.
‘This is explained by the

necessarily higher than for neighbouring on-shore fields.
tendency to exploit rather large-size off-shore fields with high yields per well.
118. The cost of petroleum production, moreover,.is*not the major determinant of
supply price. The C.I.F. price at the ports of principal importing countries
consists of four basic elements: (1) cost of production, (2} producer
Government's take, {3) the profit of the oil company, and (L) transportation costs.
The cost of produ&tiqn in the Persian Gulf area may be as low as 5 cents per
barrel (excluding return on capital). If a 21 per cent return on invested capital
is allowed, the total cost of production - plus return on capital - of petiroleum

placed on board of ships at port of embarkation would be around 10 US cents per

2/

baryal.~ .
119, Government revenues from petroleum,vafy congiderably depending, among other
things, on tax rates and posted prices. For example, Arabian light crude - API

gravity 34° - with posted price of $US2.18 per barrel in May 1971 is expected to

yield the host government revenues of sbout 3US1.32 per barrel. Most oil

Petroleum Press Serv1ce January 1969, P 27

M.A. Adelman9 p. 5. 0il demand, supply, cost and price in world Harkets.
ESA/RT/Meeting IT/6, March 1971.
. YA

o [
~
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transactions are conducted at (unpublished) transfer prices within international

petroleum companies. Between 10 per cent and 20 per cent of exports are sales to

large third party buyers often made at considerable discounts.

120. The shortage of oil tankers in recent years has led to unusually.high freight
costs on oil shipments. During the first guarter of 1971, the cost from the
Persian Gulf to Europe averaged an all time high of $USL.25 & barrelul/ However,
the Mediterranean producers being cloger to their European markets have obtained
substantial price differentials. If petroleum were discovered in the sea~bed,
beyond the limits of national jurisdiction, and close to the major importing
markets, the transport cost differential would improve its attractiveness.

121. Three cost elements therefore would condition the attractiveness of petroleum

ventures in deep waters: freight cost, cost of production and the take of the

international machinery.

(d) The international machinery "take"

122. There are two tasic alternative approaches to income generaﬁion for the
international,machinery. The first would be to adopt a system loosely based on

the patterns of existing arrangements ip petroleun producing countries.~ Since
the international machinery would presumably operate under novel conditions, the
other alternative might be to adopt considerably simpler and more practical'methods.
to determine the take by the international community. Regardless of the method to
be adopted the levy by the international machinery will have a distinct bearing on
the economic attractiveness of petroleum production in the area. '
123. In the lﬁght of the régime to be established, a thorough study will be

required in order to devise the most suiteble formula to determine and collect

revenue for the international machinery.

(2) The impact of deep-water petroleum production on world markets

124, The first step in analysing the possible impact of deep~water petroleum
production on world markets is to estimate future production from the area. Given

the uncertainties as tc three major elements which determine c.i.f. prices, (take

e i/ Petroleum Press Service, March lQTl?mp}WB3. L
2/ See A/AC.138/21. | ’

~
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of the international community, cost of production and transport costs) it is
impossible at this stage to attempt any meaningful forecast of future production.
It should be pointed out that the experts in the field are not very optimistic as
toc the likelihood of substantial oil production from deep water in the next one or
twb decades, This statement is representative:
"Because of the higher cost of deep-water production and the wide availability
of petroleum in shallower parts of the shelves, production from areas beyond
the 200-metre isobath is likely to be largely restricted during the next
decade to giant fields in the most favourable locations. It probably will
not amount to more than 0.5 - 1.0 billion barrels a year by 1980, Bbut might
increase a few billion barrels a year by the end of the
deep-water exploitation technology is further advanced.” 1/
125. Helf a billion barrels s year by 1980 could be considered a high'figure. The
volume of possible deep-water production must be seen in the perspective of a
1970 off-shore production of 2.6 billion barrels {almost all from water depths of
"less than 105 metres) and an estimated off-shore production in 1980 of about
11l billion barrels.
126. The estimates of deep-water petroleum produétion indicate that the impact on
world markets will be of minor significance by 1980. Even ‘the unlikely high level
of production of 1 billion barrels a yvear would amount to only 3.3 per cent of
world demand in 1980 which is estimated at 33 billion barrels.. Assuming a
hypothetical production level from deep-water by the year 2000 equal to twice
Venezuela's 1970 production {or 2.7 billion barrels & year) the possible impact
of this level of supply on world markéts would still be of rather minor
consequence ag it would amount to only 3.6 per cent of world demand in the year

2000.

3. Implication for developing countries

127. Bince the impact of deep-water production on world markets is expecfed to be
rather minor by 1980, and probably still not very serious by the endKOf the
century, it appears that those developing countries which export petroleum would

have no reascn for concern.

1/ V.E. McKelvey and F.F.H. Wang, op. cit., p. 9.
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128, Cne implication worth mentioning is that deep-water production will reinforce
the expected trend of. greater diversification of world supplies of crude oil.

129. Although the possible impact of deep-water production on developing countries
exporters of petroleum is expected to be of mincr importance, the same might not be
true for develpping dountries importing petroleum. In view of the sizeavle

share of petrcleum in the import bill of many developing countries, including all-
the least developed ones, it might be desirable +to study at a later stage, in
greater depth, the. possible implications of deep-water petroleum production on
these countries. The premises for such a study might be briefly summarized:'

(i) Existing marketing methods favour the large-scale buyers, while
transactions with the developed market economy countries are often made
at discounted prices. Consequently, most developing countries pay
substantially higher prices for petroleum than the industrizlized
countries importing larze qguantities of oil.

- (i1} If a system were to be set up under which the developing countries could
purchase at least part cof their import needs vnder arranQEments with the
international machinery at the best prices offered to the European,
American or Japanese importers, those countries might savé an important
fraction of their petroleum import bill.

(iii) Moreover, if thesé purchases by developing countries were also exempted
from the international machinery "take”, the price per barrel could be
even further reduced.

The practical difficulties in implementing such a scheme would indeed Dbe
considerable; but given the stakes to developing countries importing petroleum, it
might be worth examining the matter in greater detail. At the same time, it should
be noted that the adoption of such a scheme could imply a decrease in revenues

for the international machinery.

B. SOLID MINERALS

130. The scale of operation for manganese nodule mining is potentially large; even
a single wventure might affect the market prices for ccobalt and manganese. FEconomic
enzlysis becomes then guite complex, as a change in any one variable might affect

all other factors in the eguation. Moreover, marine nodules contain four major

e : R R
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metals ~ manganese, copper, hickel and cobalt - which may be simultaneously
produced, compounding the complexities. To facilitate the present study, a
division of subjects has had to be adopted which unavoidably over-simplifies the

myltiple inter-relationships possible in this situation.

(1) Factors affecting the operation of manganese ncdules ventures

131. Marine nodule ventures will be affected by several factors in addition to the
legal and institutional arrangements as established by the régime: the knowledge
of location and metal content of deposits; the technological constraints in mining

and metallurgical processing; and the economic determinants of the venture.

{(a) Nodule deposits,

132. Surficial deposits of manganese~oxide nodules occur at various depths in all

oceans. The deposits in shallow waters of the continental shelf are spars. and of

1/

low metal content. It is on the deep ocean floor— that the richer nodules are

found.
133. The most favourable areas have reportedly been those quountered in the

Pacific at depths of 4,500-6,000 metres (15,000-20,000 feet) where nodules with

a high metallic content have been found in abundance and where the bottom

2/

topography is relatively level.~
13k, Some specific locations in the Pacific seem particularly attractive for

potential mining operations. The attractiveness of a site will also depend on

the proximity of processing centres and consuming markets.

{b) Technological constraints.

135. Manganese ncodule ventures will require major technical innovations for the

mining or dredging of the nodules from the ocean floor and the metallurgical

geparation of the associated metals.

1/ Recent sampling in the Pacific and southern oceans around the Antarctic
also show the presence of manganese nodules in sediments at depths of a few
metres below the sea-bed. However, it is not yet certain whether the buried
nodules occur in sufficient quantities to be of economic interest.

2/ 'There is a great range in the estimates of the quantity of nodules.

o - _ — . . . - -’" - / N
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136. The general outlock for deep-ses manganese nodule exploitation, which wasg
considered highly uncertain in the past, is now substantially briéhter as the
result of a recent pilot-scale miningioperation tested by a United States firm in
the Atlantic and an engineering test of Japanese design in the Pacific.

137. After eight years of research testing and after having spent over $USL6 million
for this purpose, this United States firm successfully tested an air-lift

hydraulic drédge_system in 760f915 metres (2,500-3,000 feet) of water on the

Blake Plateau‘iﬁ the Atlantic Ocean. The equipment tested operates somewhat like a
- vacuun cleaner to suck u§ a stream of nodules, air and water. The prototype system
was built to one fifth of the scale of future deép—sea cperational systems. This
éompaﬁj is reported to be now building = large-scale gsystem for depths of

12,000 féet and more and capable of collecting, in its first stage, about

5,000 tons of nodules a day. ' N

138. The Japanese ‘Cest3 also conducted in the summer of 1970, successfully
demonstrated the abiliity of a prototype continucus line bucket system to dredge
nodules in 1,220 to 3,760 metres {h,000-12,33o feet) of water. It is therefore

guite realistic to assume that large-scale collection of deep-gea nodules is
° "

technically possible.

139, An international. syndicate is now being organized by several industrial
corporations Tor further explorstion and to develop and construct a deep ocean
mining system including ore carriersg, supply ships and proqessing plant. The
syndicate expects to start exploiting specific nodule deposits in the Pacific
within a few years.

140. The other technological problem is the metallurgical processing‘of the nodules.
It is reported that "the metallurgicél treatment of deep 1EE§7-nodules and the
recovery of copper and nickel values have not. beén performed to date on an
industrial or_eéonbmic scale, Considerable research is necessary to develop
further an industrial process, but those working on the problem, including the
United States Eureau of Mines and the University of California believe that

extraction is economically feasible without radical or major departures in present
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1/

extractive metallurgical technology'”.= Recently, it was announced that

experiments in a pilot plant to process 1 ton of nodules per day had been

successfully conecluded. This plant designed and operated by Deep~Sea Ventures, Inc.

uses a chemical hydrometallurgical process to produce pure nickel, cobalt, copper
‘and manganese,g/ |

1k1. A crucial factor in the cost of processing the necdules is the recoverj
efficiency of the process. The following approximate rates of recovery have been
estimated for a system of chemical hydrometallurgical processing: 93 per cent for
maﬁganese, 96 per cent for cobalt, 96 per cent for nickel and 94 per cent for

copper. Processing by the.sulfate roast and water leaching method is estimated

3/

to yield recovery rates of TO per cent for copper and 65 per-cent for nickel.

{c¢) Economic determinants.

142. The major components of cost of a nodule exploitation system will be the.

mining operation, the transportation to the land-based plant and the mefallurgicsl

1/ Ocean Sciencé and Engineering, Inc., The Econcmics of Offshore Mining,
paper prepared for the Resources and Transport Division of the United Nations,

January 1971, p. 195.

2/ Processing starts by crushing and drying the nodules to expose their
large surface area to facilitate reaction. Then the manganese dioxide is reduced
from a state of high oxidation to a state of lower oxidation to disrupt the '
crystal lattices. The reducing method used in this current pilot plant is a
resction with hydrogen chloride. In addition to the reduction, the manganese,
nickel, cobalt, and copper of the nodules are simultaneously dissolved with the
conversion of a large amount of hydrogen chloride to chlorine.

In the small-scale pilot plant, the hydrochlorination reaction is carried
out in a2 muiti-hearth furnace, following which the soluble metal chlorides are
leached with water. A solid-liquid separation is then accomplished, resulting in
a leach liquor containing manganese, nickel, cobalt, and copper chlorides. The -
solid residue consists of inert silicates, sulfates and oxides, mainly iron.

The leach liguor is subjected te a liquid ion-exchange sepération process in
which pure agueous solutions of nickel, cobalt, and copper are produced. These
three solutions are then directed to electrolytic calls for metal winning.

The manganese chloride solution remaining after the extraction of the nickel,
cobalt, and copper contains impurities of cadmium, zine, and chromium which are
removed prior to the crystallization of manganese chloride.

3/ Ocean Science and Engineering, Inc., op. cit., p. 201.

?
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processing. The economic feasibility of a venture will depend on the expecied

market prices, which cannot be considered as parameters since they might be

infiuenced by the actual supply from the enterprise.

(i) Nodule mining costs.

143. The type of recovery system used by the operation will ve the‘basic-determinant
of mining costs. Weather and sea conditioﬁs, water depth, bottom topography and
soil mechanics will also influence mining costs. The first estimates of ncdule
mining by Sorengen and Mead,l/ adjusted for increases in capital costs, interest
and insurance rates by Hubred,H/ suggest a mining cost of about $USL3 per tom.

A later estimate is for between $US5.5 to $US11 per ton,§/ This cost range is for
an operation capeble of collecting and pumping 4,500 tons per day at 5,000 metres.
water depth, 300 days a year (cost per ton of nodule mined will be lower the more
the actual days of operatioﬁ per year_achievéd). The total cost of commissioning
the surface vessel, piping, pumps and minehead was estimated at about £37 million.
Recently it was éstimated that the continuous line bucket system could reduce

mining costs to less than $5 ton of nodulesi°

(ii) Transportation costs

14L. These costs will be directly related to the distance of the mining operation
from the prdcessing plant. - In the nore distant future, when the recovery of
manganese from the nodules might become commercially unattractive, there would be
strong locational advantages to build the_processiﬁg plant as close as possible

to the mining site. This because the other metals to be recovered would amount

to only about 3.5 per cent of the weight of the dry nodules. There are, of course,
several other considerations influencing the location of the processing plant, and
a crucial one is the local availability and cost of the reagents recuired for the
process. It is most likely that the first procéssing plants will be built on the
West and Gulf Coasts of the United States and in Japan. '

1/ P.E. Sorensen and W.Y. Mead, "A Cost-Benefit Analysis of Ccean Mineral
Resources Development: The Case of Mangsnese Nodules", Ameriecan Jourral of
Agricultural Economics, vol. 50, No.5, December 1968, pp. 1611-1620.

2/ G.L. Hubred, "New slant on the economy of manganese ncdules”, in
Ocean Industry, August 1970, p.27.

3/ Ocean Science and Engineering, Ine. op. cit.,p. 198.
4/ John L. Mero, "Ocean mining is alive and well and living at sea', in
1971 Offshore Technology Conference, vel. I, p. 365. : /
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145, A processing plant located on the United States West Coast, perhaps about
3,000 miles from the mining srea, would involve transport costs estimated
conservatively at around 2.7 to 5.5 dollars per ton. This estimate is based on

the use of two ore carriers of about 100,000 tons DWT and a capital cost of
$USL00-120 per ton capacity. Total investment cost for transportation and handling
facilities would at both ends be estimated to require about $37 million.%/ Other
experts suggest that the total cost of mining and transporting the nodules to a port
on the Gulf Coast of the United States might be as low as $U516 per ton of nocdule.
{(iii) Metallurgical processing

146, In apalysing the economics of nodule processing, it is important to sepdrate

the general costs, common to all metals, from those direct costs particuvlar to
the recovery of each of the involved metals. This cost separation is not easy in
the analysis of joint products, and generally involves a certain degree of market
strategy. It is assumed, however, that it will be possible to assess the

direct incremental cost of fecovery for each metal.

147. The econcmic mainstay'of nodule wining ventures 1s expected to be the
recovery of nickel and copper. The recovery of cobalt and manganese will depend
on the marginal cost of their extraction and the marginal revenue derived from
the sale of these metals. These considerations are important because the potential
production from a single venture might affect the markets for manganese. For
example, the specific incremental costs of manganese recovery might be as high as
$US15 per ton, while the recovery of copper and nickel might cost $USLT per ton

of nodule processedgg/ In this case, manganese recovery would only be economically

1/ Ocean Science snd Fngineering, Inc., op. cit., pp. 201--202.

2/ Ocean 801ence and Engineering, Inc., op. cit., p. 202.

"In the process considered, ncdules. are roasted in a sulfur dicxide-air
atmosphere and are water lesached. Copper is cemented onto iron, and the nickel
is precipitated using hydrogen sulride. Nickel is then redissclved, purified by
precipitaticon of any copper and iron carried over, and reduced by hydrogen under
pressure (Sherrit-CGordon process), The manganese sulfate is precipitated from the
Teach liquor by heating, is then caleined to regenerate part of the sulfur
dicexide required, and the resulting oxide sintered and partizlly reduced to yleld

a product suitable for ferro-manganese production.
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attractive if more than $US15/ton is expected as the price for the manganese

material after the internationzl machinery take (sse section {3) below).

(iv) Economic feasibility

148, Average processing costs of the system described by Ocean Science and
Engineering, Inc., éould range from about $USS5 to $US3IS per metric ton of dry
nodule mined excluding depreciation. Depreciation cost per ton cof nodule would
range from about $US3.50 to $UST de?ending on whether fwenty or ten years are '
used for the calculation.l/

‘1h9. It is possible that with another system, the totel average costs would range

between $40 and $50 for processing one ton of nodules to recover the manganese,

nickel, copper and cobalt content. Under this process the recovery of other minor

‘metals found in nodules (silver 0.00035% and molysdenum 0.0C2%) is also considered.
150. One venture applying this system might cost approximgtely $US200 million.

This would include all research costs to date9 plus the commissicning of a dredge
ship with about 70,000 ton displacement, ore carriers, handling facilities,
procegsing plant with capacity for 1 million ton of dry nodules pér year, working
capital and funds for contingencies. This system could prodﬁ;e approximately
279,000 tons of manganese, 14,400 tons of nickel, 14,100 tons of copper and

2,880 tons of cobalt per year.

151. Before proceeding, it must be emphasized that all figures for production,
recovery factor and, in particulayr, cost are hypoﬁhetical. They are "educatéd'
guesses” based on preliminary and partial information. Actual Figures will only
be obtained after at least one enterprise has been in operation for some time.
It seems probeble that, despite the likely initial technical difficulties and

‘high costs of production, in the long run sea-bed mining costs will decrease.

(2) The impact of sea~bed mining on world markets

152, The great volumes of nodules estimated to occur on the ocean Floor have
caused considerable speculation about how much of the total worlda demend for the
metals might be supplied by marine production. The knowledge that manganese

nodules are continuously being formed, and at an estimated annual rate which

_“ij“_"Ocean Science and Fngineering Inc., op cit., p. 202
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exceeds the present annual consumption of these metals, seemé te have gtrengthened
these speculations. Table 15 shows that only a minute fraction of the ocean
floor could supply the demand for these metals eicept copper.

153. The relevant factor determining the ivalue” of the nodules is mot the
potential volume existing at the bottom of the sea, but the cost of recovering the
metals as compared to production from alternative sources.- Available information
permits the cauticus conclusion that cost of production from nodules may be in
line with existing land-based operations.' However, in the past, when significant
new sources of supply appeared in the market, the result has generally been a
drop in price, with a cbnsequent decrease in the profitability of all sources of
supply and a limit on subsequent expansion of production. A thorough study of
marine mining economics would require analysing possible volumes of metal supply
which might be forthcoming from the seaabéd, even if metal prices were to I
decrease from present levels.

15Lk. Given the nature of joint production, the possible metal eontent in nodules
and estimated recovery factors, it would be poésibleﬂ for example, for each ton
of cobalt produced, to obtain concomitantly 97 tons of mang%nese,—S.O tong of
nickel and 4.9 tons of Copper.l/ World demand for these metals,= however, is in
completely different proportions. For each ton of cobalt demended in 1968, the
demand was for 381 tons of mangenese, 27 tons of nickel and 279 tons of copper.
This difference in the proporticns of'possible supply and actual demand indicates
that as the marine mining industry prbgresses, cobalt recovery might be abandoned
first,gj rangenese would be next, followed by nickel (if copper recovery alone

&/' Assuming a nodule content of Mn 30 per cent; Ni 1.5 per cent; Cu 1.5 per
cent; Co 0.3, and recovery factor of metal Mn 93 per cent; Ni 96 per cent;
Cu Gk per cent; Co 26 per cent.

2/ Assuming world demand in 1968 to be equivalent to world production,
therefore, ‘disregarding changes in inventories and in conversion factors in user
industries.

3/ In view of the peosgible substitution of cobalt for szome uses of nickel,
at more favourable relative prices for these two metals, cobalt would not be the
first metal whose recovery would bhe abandoned.




Table 15. Tons of nodules and area of ocean floor required to e mined each year tc yield
metals at thc 1968 production level from land sources
1 . :
Jorlq prodgctlon Assumed yield Metric tons  Area of the
in 1968 i -
) A . per ton of ocean floor to Percentage of total
Metal Metric tons of N . :
, dry nodule be mined b/ ocean floor area cf
netal content in . = =
mined a/ sguare km
ore —~ =
Cobalt. 20,200 2.88 kg 7,014,000 0.0014%
Manganese -, © 7,700,000 272 kg 27,598,000 0.0055%
Nickel. 549,100 1k kg 36,132,000  0.0075%
Copper. 5,472,000 1b.1 ke 388,156,000 0.0768%
Source:

a/ Based on metal content in nodule of: Mn 30 per cent; Ni 1.5 per cent: Cu 1.5 per centy
Co 0.3 per cent; and recovery factor in metal separation from nodule:
i 96 per cent; ¢y 9% per cent: Co 96 per cent.

. - . . 2
9/ Based cn nodule density of 1k kg/m~ of ocean floor.

United Nstions Secretariat.

¢/ Bstimated to be 361,000,000 ng,

Mn 93 per cent;

*grd
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could still remsin profitable). Table 16 presents several hypotheses of joint
production from nodules by referring to the 1968 world production of the four
metals: for example, if all of the 1968 nickel vroduction had come from the
sea-bed, there would have been a simultaneous production of 5Ll per cent of 1968
cobalt's requirement, 130 per cent of manganese’s reguirements and only

G.8 per cent of copper's requirement.

155. Ohe practical approach to studying the possible impact of sea~bed mining
production on worid markets, is to compare the hypotheticael supply of metals from
different numbers of marine mining coperations with demand for these metals. The
size of an operation is assumed to be about 5,000 tons of nodules per day. Bince
about one third of the nodule’s weight is made up of water, annual production of
dry nodules is estimated as 1,000,000 tens. Future ventures; however, night have
a capacity of 10,000 tons per day or more, since economies of scale are sizeable
and there are indications that investment per daily ton would continue to decline
at 10,000 tons per day.;/ The metai content of rich Pacific area nodules first
likely to be mined is assumed tc be 30 per cent Mn, 1.5 per cent i, 1.5 per cent
Cu and 0.3 per cent Co. Wodules from scme specific locations, though, might have
even highér metal content. The metaliurgical recovefy factér is assumed to be _
93 per cent for Ma, 96 per cent for Co, 96 per cent for Ni and 9k per cent for Cu.
156, Tabie 17 presents the production volumes of the four metals, considering the
above gssunptions, for one, two, three, five, ten, twenty and fifty mining
operafionsu In table 18 these hypothetical volumes of production are given as a
percentage of estimated world demand for each metal in 1900. For example, one
mining operation would be capablie of sup?lying about 7.9 per cent of estimated world
demand for cobalt in 198032j 2.0 per cent of manganese, 1.3 per cent of nickel and
oniy 0.13 per cent of copper. PFive mining operations, by 1980, night supply

40 vper cent of the estimated world reguirement of cobalt. (if the present pattern
for the use of this metal is vpreserved), 1C per cent of nanganese, 6.5 per cent
of nickel and only 0.64 per cent of copper.

1/ D.B. Brooks, op. cit., p. 35.

2/ Based cn current demand patterns.




Table 16, Sirultancous availabili

ty of four associsted metsls in mancanese nodules for

alternative hypothesis of supplying the entire 1968 world production of each metal

World production

Percentage of 1968 world

Primary metal in 1968 Assumed yield production of associated metals
to bLe . cf metals per that would be made available
Metric tons of .
recovered ton of dry rodules simultanecusly
metal .
from nodules content in ore mined (kg)} a/
Manganese ickel  Copper Cobalt
Manganese, . 7,700,000 279 ks 25.1 184 1.8 100.0
Wickel . 549,100 1h.h kg - 100.0 72.h 7.1 393.5
Copper . . . . 5,473,000 14,1 kg , 138.2 100.0 6.8 S43.7
Cobalt . 20,000 2,88 kg 1,h06.4 1,017.9  100.0 5,534.1

Source: United Nations Secretariat.

a/ Bznsed on the following - {e)
assumptions: '

{b)

netal content in nodules:
Ni 1.5 per cent;

Mn 30 per cent;
Cu 1.5 per cent; Co 0.3 per cent;

recovery factor in metal seperation: Mn 93 per cent;
Ni 96 per cent; Cu 94 per cent; Coc 96 per cent.

G @ded
yst{du

"
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Table 17. Hypothetical annual production from sea-bed mining

of manganese nodules (metric tons)

Manganese Nickel Copper Cocbalt
Possible composition of high
grade nodule a/ . . . . . 30% 1.5% 1.5% 0.3%
Recovery factor in metal
separation . . . . . . .. 93% 96% oLg 6%
One mining operation b/ -
1,000,000 ton/year ... . . 279,000 1k 400 14,100 2,880
Two mining operations - :
2,000,000 ton/year . . . . 558,000 28,800 28,200 5,760
Three mining operations - | :
3,000,000 ton/fyear . . . .. 837,000 43,200 42,300 8,640
Five mining operations - ,
5,000,000 ton/year . . . . 1,395,000 72,000 70,500 ik, ko0
Ten mining operationsg - 5
10,000,000 ton/year, . . . 2,790,000 144,000 141,000 28,800
Twenty mining operations - '
20,000,000 ton/year . . . 5,580,000 288,000 282,000 57,600
Fifty mining operations -
720,000 705,000 1kk 000

50,000,000 ton/year . . . 13,950,000

¢

Source: United Wations Sacrstariat,

&/ Metal content of dry nodules.

b/ With 1,500,000 tor/year of nodules 1ifted from the ocean floor,
prodaction of dry material, to be shipped to the processine plent {(given the

33 per cent water content in the nodules), would be about 1

,000,000 ton/year.
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. . a )
Table 18. World demand—/ for certain metals and lLiypothetical
suppily from the sea-bed (metric tons)

Manganese Nickel Copper Cobalt

mineral production in 1968 .  T,700, 549,100 5,473,000 20,200
Assumed annvual growth rate to 1980 5% 6% 6% 5%

Estimated world demand in 1980 ... 13,800,000 = 1,100,000 000,000 36,300

Percentage of world demand in 1980
which could be supplied from b/:

~ one mining operation ........ bea 2.0 1.3 0.13 7.9
- two mining operations .......... h.o 2.6 - 0.26 15.9
- three mining operations ........ 6.1 3.9 0.38 23.8
- five mining operations ........- o lOul.' 6.5 _O.6h 39.7
~ ten mining operations ........ .- 20.2 13.1 Y 1.28 - 79.3
- twenty mining operations ....... Lok z6.2 .56 158.7
-~ fifty mining operations ........ 101.1 65.5 | 6.h1 396.7
Source: United Natiocns Secretariat,

g/ For the sake of simplificaticn, it is assumed here {hat demsnd is
equivalent to world production (therefore disvesording changes in inventories and
improvenents in conversion factors in user industries).

b/ See table 19 for assumed volumes of production of nodules and associated
metals, from each mining operation producing 1,000,000 tons of dry nodules per
year. '
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157. The price elasticity of demand (or the degree of price response to increase in
supply) is expected to be low for manganese, since this metal is used in more or
less lixed proportions in its consuming industries (mostly steel) and no major new
uses are anticipated. Therefore, manganese prices are likely to respond to the
supply from the very first sea-bed mining operation.

158. The share of world demand for mangasnese that might be supplied from nodules is
uncertain for several ressons. Firstly, 5everal land mines are very efficient and
are likely to continue prcducing for ﬁany years, or as long as prices would be
sufficient to cover their'low'operational costs. Secondly, manganese recovery
appears to be the most expénsive stage of nodule processing.

159, The final cutcome of the competition of marine manganese with traditional
sources is still uncertain. It might be cautiously ventured, however, that the
countries where nodule processing plants would be located (particularly the

United Statés and.Japan) céuld'satisfy a substantial proportion of their domestic
manganese reguirements from nodules. In these copntries, the ccmpetitive edge

of manganese from nodﬁles over other sources, will be determined by the transport
costs from land-based mines (from the mine to the port plus ocean freight). In
some cascs these costs might amount to more than one third of present c¢.i.f.
prices. Since the cost of transporting the nodules to the processing plant must be
incurred even if manganese is not recovered, these cogts cOﬁld be abscrbed by the
other metals thus reducing the price at which manganese cén-be offered in the
market area of the ﬁrocessing plant. However, considering the size of the market
for manganese and its future competitive situation, it is likely that at a later
stage of sea-bed mining, the recovery of manganese would not be attempted, and
nodules would be exploited for recovery of nickel, copper and cobalt.

160. The possible impact of marine production on the markets for cobalt is
Aifficult to evaluate at this time. PBased on existing uses, colkalt might be the
metal to be most affected by pfoduction from nodules. However, cobalt can be
used as a substitute for nickel at lower prices, for several purposes. If
extended use of cobalt in plating, special alloys and steel products becomes more
widespread, it is poésible that cobalt prices might not drop considerably below
nickel prices in the future. It is conceivable that processing plants might

eventually produce a compound of nickel and cobalt, instead of separating the two

netalsy. __
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161. On the Lasis of estimated operational costs of existing processes, it is
unlikely that ocean mining operations would be economic for the recovery of copper
alone. Based on the assumptions of 1.4 kg of nickel and 1h.1 kg of copper
produced from cne ton of nodules a rough idea of the economic feasibility may be
gderived. The average cost for mining, transporting and processing one ton of
nodules for recovery of copper and nickel alone might range between $USL0.00 and
$US50.00 (see section (c}(iv) above). Based on approximate current prices of
$USC.50/1b of copper and $US2,00/1b nickel,_the gross revenue of marine mining

enterprises -~ before payments of levies to the international machinery - would be

about:
Copper - 1h.1 kg at §US1.10/kg =  $US15.51
Nickel - 14.4 kg at $USk.L0/kg = $US63.36
Gross revenue per ton of nodule = $UsT8.87

162. The gross revenue from copper alone - $Usi5_51 -~ would be only zbout one third
of ‘the possibie cost of processing one ton of nodule. It is possible that
technological development will eventually reduce producfion costs. However, on the
basis of existing information, it is not likely that it could be reduced to the
extent which would be necessary to make copper recovery alone commercially
attractive, on the basis of current copper prices. _

163. Therefore, it wguld seem that the profitability of nickel recovery will
condition the extent of future expansion of.the marine-nodule industry. Not enough
information is available at present to speculate on the eventual share of nickel-
from-nodules in total world requirements. Even assuming the unlikely situation of
ten nodule mining rigs te be in operation by 1980 ~ based on the assumptions of
table 17 - nickel production from nodule would amount only to approximatelj‘

13 per cent of world demand_hy that time. Even if all écbalt production from
nodules is used in traditional nickel markets, the combined preduction of nickel and
cobalt from ten rigs would still amount to only 16 per cent of total demand for
nickel., 1In a dynamic perspective an annual increase in demand for nickel of about
6 per cent, would imply that the increase in demand for this metal by 1986 would be

enough to absorb the total production of nickel from L.5 new rigs under the

assumptions made above.
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164, The impact of marine production on copper ﬁarkets for the next one or two
decades is exPécted to be minimal. Even in the improbable circumstance that by
1980 some +twenty ocean mining ventures would be operational (under the assumptions
made in table 17) merine production of copper would amount to only 2.6 per cent of

estimated world demand for that year (nickel would be 26.2 per cent).

(3) The "take" of the international machinery

165. The magnitude and nature of the international machinery "take”™ will have
important implications for investment decisiong and for the potential volume of

mineral production from the sea-bed.

(a) Investment decisions

166. Discriminatory "fiscal" treatment of marine mining ventures in "the area" in
relation to existing land-based mining operations would tend to provoke
distortions in resource allocation. Therefore, it would be desirable to
establish the "take" of the international_méchinery'in such a way as to avoid
possible subsidies or disincentives to deep~sea mining ventures as compared to

traditional mining operations. , ) v

(t) Revenues of the international machihery

167. Inherent in the principles of non-discriminatory "fiscal" treatment of deep-sea
mining ventures is the concept that the international machinery is expected to
derive revenues within the range of magnitude of traditional mining operations.

Yet, marine production of solid minerals might have an impact on the markets for
manganese and'possibly for cobalt and nickel. - Assuming that the prices of

these three metals might drop because of additional supply from competitive ngdule
mining operations, net revenues of these enterprises would eventually be affected
by their own supply. It must be stressed that the large fixed investments required
in mining operations become of zZero opportunity cost. Thus, the individual

enterprises would continue operating for a long time as long as revenues would be

sufficient to cover operational (variable) costs. .
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1E8. Under these circumsstances, based on the net revenue on mining enterprises, the

might be disappointing. Not only the internastional

international mdéhJﬂ”lJ
machinery might be deprived of an ilmportant source of revenue, but similar effects
could be experienced by countries produocing large volumes of these metals.

169. The problem, therefore, is to devise a formula that would be more or less
independent of net revenues of marine mining enterprises. A tax per ton of metal

be an appropriate sclution for this purpose. The levy could be

produced mi

either & fixed amount per unit produced or a certain percentage of the market

[

price. An ad valorem levy would provide gome flexibility with respect to market

I

prices, but in either case the imternational machinery would be assured a

constent source of revenue from marine production, Mereover, a levy per ton of
metal produced avoids mary of the difficulties generally encountered in assessing
net revenues of mining enterprises for tax purposes.

170, Futhefmore9 the suggzested levy per iton of metal pfoéuced (either fixed or

metal markKets involved. The mining enterprises would take inlo account in thelr
commercial feasi%i4'+y calculations the levy per ton of metal. They would

: A"
forecast the fwpact that their production might have on markel prices, following

deduction of the lsvy From the market price. Based on the expescted net-cf-levy

prices for each ton of metal these enberprises would then be in a position to decide

whith metals would actually be profitable for them o recover,

=]

171. OFf course, there is the gquestion of what should he the actual levy per ton
for each metal. {ne of the prerequlsltes to assess 1t would be to translate

exieting "royelties”, income taxes, export taxes, and other levies prevailing in

major producing countries intc a dollar amount per ton of matal. A complex and
time-consuming study will be regquired to e"*abllsh gn aversge levy per ton of

metal produced, which would provide sufficient flexibility for use in marine

mining ventures.

1720 In wview of the risks and profit marging which migh

marine mining, "double taxeition” could set back tha time-

for meny yesrs. This problem deserves the

cilar

e
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(L) Implications for the developing countries

T3. It is not yet clear whe they the major exporiers of cobalt -« the Democratic
Republiec of Congo, Horocco and Zambia -~ might experience a substantial drop in
their cobalt export earanings after marine mining becomes operational.
Hevertheless, the fall in export earanings might be noticeable particularliy in the
Democratic Republic of Congo where in 1968 cobalt accounted for 5.2 per cent of
total exports (or about ¢U830 million).
17h. Only two developing countries are important exporters of nickel,}j Cuba
exported $USL3.L million in 1968, accounting for 2.1 per cent of her total
exportg: Indonesia's nickel exports in 1968 amounted to $4.4 million,. accounting
Tor 5.9 per cent of total exports. These countriesg, and others where new nickel
mining projects are presently being developed, might be exposed to increasing
competition from,marine produc tlon although the extent and Timing of this impact
cannot yet be estimated. ' ‘
175, The situation of manganese producers is perhaps the most ceomplex since not
encugh is known about the extent of possibie manganése recovery from nodules,
Only one country, Gabon, depends to a considerable extent on MRnganese which
provided 21 per cent of total export earnings in 1968. 1In Ghana; mapgansse accounts
for about 3 per cent of total exports. For the cother major exporters, manganese
accounts for less than 1.6 per cent of total exports. In view of the great
uncertainties involved, it can only be tentatively speculated that manganese
Prices may be depressed in the future. The impact to developing countries of thie
rossible decline in prices would be particularly important to the high cost
producers which are already experiencing stiff competiticon in world msrkets. The
efficient producers, like Gabon, might probably continus exporting at approximately
the samz volume, though at lower prices.
176. Copper producers will face the least competition from ocean production. It
might be speculated thnt the long-tern effegt of eopper production fron nodules
will be a tendency for greater stabilization of market prices. This would lower
the incentive for further substituticn of other products for copper, which in the
-

past decads has reduced the rate of growth in demand.

1/ The French territory, New Caledonia, exported $USET.4 miliion of nickel

Joee
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IV. INTERNATTIONAL ARRANGEMENTS
Introduction

177. The possibility to exploit the mineral resources of the area is a great

| challenge to mankind and raises novel issues of sone complexity. For the first time
resources recognized by the General Assembly as "the common heritage of menkind”
will be svailable for exploitation by the international community "for the benefit
of mankind as a whole, taking into account the special interests and needs of the
developing countries". Consecuently, the internaticnal community itself will have
to agree on the rules and conditions to be applied to production of minerals from
the sea-bed area.

178. In fact, the Declaration of principles governing the sea-bed and ocean floor,
and the subsoll thereof, beyond the limits of national jurisdiection adppted by

‘the twenty—-fifth session of the General Assembly "bearing in mind that the
development and uée of the area and its resources shall be undertaken in such =&
manner és to foster the healthy development of the world economy and balanced growth
of international trade" states that "all activities regarding... the exploitation
of the resources of the area... shall be governed by the inte;national régime to

be established” and that this régime shall provide '"for a ratiohal manasgement of
the area and its resources". The concept of rationsl management implies some form
of international regulation of the exploitation of the resources of the area in the
spirit of thée Declaration of principles. ‘
179, In view of the nature of foreseeable sea-bed mineral production and its impsact
on the world markets, some preliminary considerations on possible international
arrangements and regulastions are put forward. These are, of course, only partisl
preliminery ideas presented for the consideration of the Committee as possible
means "to minimize any adverse economic effects caused by the fluctuation of prices
of raw materials resulting from such actiyities". It is understood that considerable

further work in this respect will be necessarv.

General nature of consequences

180. Changes in market conditions may ceuse two different, though interdependent,
types of disruption. First is the fluctuation in prices of raw materials.

‘Flruetuaticns in prices are indeed disruptive but the -actual adverse effects depend L

/een
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on the difection of the fluctuations. 1If prices rise sharply due to temporary
shortages, consumers are penalized but producers benefit from the situation, If,
on the other hand, the short-term demand-supply imbalance causes prices to drop,
the opposite would result, with consumers benefiting at the expense of suppliers.
The second type of disruption is a constant pressure on prices, leading to a
long-run trend for deterioration in prices. TFor instancé, the possible impact

of production from the area on the markets for manganése and perhaps for cobalt

and nickel is more likely to be in the nature of a long-run deterioration in
prices, though short-run fluectuations might also be experienced.

181. On the basis of the preliminary information available, it seems that the impact
of sea-bed production is likely to be of minor consequence for the two most
important commodities under study. For economie and technological reasons, it is
likely that hydrocarbon and copper production from the area would still be a very
small percentage of world supply by the end of this century. On the other hand,
the eventual activation of manganese nodule mining is ekpected to affect the
markets for manganese and at a subsequent stage the markets for cobalt and nickel.
Possible international arrangements to preserve the intereéts\pf developing
countries in this respect are briefly sketched out in the remaining part of this
chapter, - '

182. The magnitude of the impact upon supplies and prices of manganese, cobalt

and nickel will depend upon the technical properties of the sea~bed minerals, the
particular eircumstances of seambed‘prdduction and the supply/demand situation in
regpect of traditional production - in particular the price elasticity for
additional supplies. If the pre-existing situation for the mineral concerned was
one exhibiting an upward trend in the mineral's resl price, the impact of sea-bed
production might be one of reducing or eliminating, or even reversing, the upward
trend; if, on the other hand, the market price was constant or declining in real
terms, the impact would be one of bringing about a decline or of accentuating a
pre-existing trend. Generally speaking, therefore, the introduction of substantial
volumes of sea~bed production could be expected‘to result in a lower market price

for the mineral(s) corcerned than would have otherwise prevailed.
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Consequences for consuming countries

183. The greater availsbilities and presumed lower marginal costs asscciated with
the production of minerals from the sea-bed would bring direct benefits to the '
consumers of the minerals concerned who are, by and large, the mineral-using
industries in developed countries. As is typical in primary production, the
productivity gain resulting from technological progress making lower-cost sea-bed
production possible would be largely passed on to the consumers, in the form of

1/

lower prices.™
184, One important instance in which this technological progress might be turned

to the advantage of consumers in developing countries is petroleum. Given the
existing structure of world production and marketing of petrcleum, a new source
under the control of the international community might be made to benefit
specifically the developing countries. The international community might like

to consider the feasibility of establishing rules under which developing countries
could purchase at least part of their crude oil requirements from the producers in
the arez under more attractive conditions. (These could be, e.g., at the level of
the best prices offered to large buyers from the industrialxpountries, possibly

with exemption of the international machinery's take.

Conzequences for traditional producers

185. Teking into account the fact that demand for many minerals is not very

responsive to a deeline in their prices, lower cost output from the sea~bed would

tend to displace marginal land production.
185, The net result of price and volume effects could be that the total earnings of

land producers from the minerals concerned could decline or could grow less rapidly

. 1/ Compare with Nicholas Kaldor's remarks that "whereas the benefits of
technical progress in manufacturing are largely retained by the producers (in the
form of higher real wages and profits), the benefits of technological progress in
primary production are largely passed on to the consumers, in the form of lower
prices, leaving little benefit to the producers in the form of a higher real income.
{The exceptions to these are to be found in those casez - such as oil - where the
distribution of tle commodity is controlled by large international concerns.)
"Stabilizing the terms of trade of under-developed countries™, Econcmic Bulletin
for Latin Americe, vol. VIII, No. 1, March 1963.

lens
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than otherwise - in any event, they could be smaller than in the absence of
production from the sea-bed. The severity of the impact would vary according to
relative efficiencies, patterns of trade and market structures. |
187. The economic impact of competing producticn of minerals from the sea-bed

might affect to varying extents the export incomes of a few individual developing
mineral exporting countries. Currently, only two developing countries are important
exporters of cobalt and two others of nickel, In all these four cases export
incomes from the particular mineral accounted for less than T per cent of total
exports of each country. Several developing ccountries are exporters of manganese
ore. In only one of these countries is manganese a major export earner accounting
for a little over one fifth of total exports. In another country manganese exports
earned about 3 per cent of total exports revenves and in all others less than

1.7 per cent. The relative importance to developing countries of exports of these
three minerals indicates that a possible adverse impact on these markets would not
be ecatastrophically disruptive to the economies of the countries concerned.
Nevertheless, any ioSs, current or potential, of éxport revenues to developing
countries creates additional problems to their already strained economies in the
process of dévelopmentc Therefore, even if the exploitation of sea-bed resources
benefits most of mankind, and the developing countries in particular, specific
regulatory and é%mpensatory action will be required to protect the interests of

the few deﬁeloping countries adversely affected.

Some implicationg for policy

188. A& bagic condition concerning sea-bed production presumably should be that

no excessive or disguised discriminatory stimulus should be given to such production.
Any dispriminatory favoureble treatment would be at the expense of the existing
mining industries, including those of the developing countries. The general
objective of efficient resource allocation, for the world community, implies that
enterprises in the area be not subject to unjusiifiable subsidies or disincentives

as compared with alternative‘venturés within national jurisdictioan. In this

respect, the take of the internaticnal community might be a key factor. Further
in-depth studies of the petroleum and mining industries will be required before
concrete proposals can be made for specific systems of levies applicable to

operations in the area.
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189. One possibility for non-discriminatory treatment of solid minerals would be a

levy per ton of metal produced from the sea-bed. There are several advantages in

such a levy on the volume of metal produced instead of levies on net revenue. Among
these advantages are facility of assessment and collection, greater religbility of
revenues for the international machinery and the implicit built-in stabilizer effect
of such a levy. _

190. The traditional national and international schemes to deal with problems of

primary products would have a rather limited applicability in the case of the three
minerals in point. The problem of price fluctuation and potential long~term price
declines is generally dealt with by means of export quotas, and at times buffer
stocks, which are aajusted to coﬁnter possible market disruptions. Sometimes
price support schemes are used. However, price.support is usually = domestic
measure, requiring large government subsidies to cover the difference between the
market and the "guaranteed" priceé° The difficulty with export quotas is that they
are designed to maintain the status gquo of supply, with existing producers allocated
guotas primarily according to theif.past market share. Experience indicstes that
commodity agreements with quotas based on traditional market shares have little
chance of smooth operation when quotas are not periodically redistributed to take
into account new efficient producers. I
191. Buffer stocks are primarily designed for-sitﬁations of considerable price
fluctuations. When prices are below an agreed level, purchases are made to build
the buffer stock. Conversely, when prices rise above a certain agreed limit, the
stock is released until prices return to the desired range. The activaticn of
sea-bed mining enterprises is not expected to cause recurrent fluctuations in
' prices. Instead, it may create a long—term downward pressure in the price of some
_minerals, Therefore, the establishment of bhuffer stocks, for the mineral under
consideration, does not appear to be of relevance in the case of sea-bed mineral
production.
192. In view of the limitaﬁions of traditional commodity agreements to protect the
intérests‘of developing countries, which might be affected by future production from
the area, compensatory arrangements might be envisaged. 'The possibility of such
compensatory finaneing by the internaticnal machinery to minimize the effect of
posgible declines in export revenues on the economy of the few developing countries

which might be affected could be the sybject of' further studies. S

- [ooe
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193. In an industry confronted with inelastie demand, technological inncovations
affecting production tend to result_in.a.relatively greater decrease in price than
increase in quantity demanded. The net result is a lower total income to producers
despite the larger guantity sold. This situation amounts to & transfer of real
income from producers to consumers. This is expected to happen in the markets for
manganese, and to a lesser extent for cobalt and nickel. A possible way to reduce
the extent of this real income transfer, without interfering with the benefits of
technological progress, would be to establish a reverse compensatory flow of a
fiscal nature. The mechanism which could be conceived for this purpose might be a
tax that major consumer countries might agree to pay. Such a tax could be
equivalent to a certain percentage of the decrease in metal price from an agreed
initial "eguilibrium" level. This tax, possibly collected by Coverrments of
importing countries, would complement the funds allocated by the international
machinery for compensatory financing to developing countries.

19L. Based on the preliminary analysis of the possible impact of mineral production
in the area, contained in the present report, this concluding chapter merely
attempts tc submit a few ideas for consideration. However, even in this first.
exercise it becomes clear that an.internationél régime, to be established in
accordance with the Declaration of principles, would have to take into account the
whole range of econcmic implications of sea-bed production. Tt is to be assumed
that, within the framework of the international régime to be established, regulsatory

arrangements in regard to the questions under review would he called for and will

warrant serious and sustained further study.

[eas
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Table A-l. Crude petroleum: Production and exports (1960-1968) & gu% g
(Metrie tons) o R ED
e 19 I
v - H 5\
‘ : In the period of one decade (1960-1960): metric tons {,000) , =
" i : o)
! 1960 1561 1962 1963 196k 1965 1966 1967 1968
Cpude petrcleumﬂf {321, 01)
{wOrld production . . . . 1,053,600 1;122,200 1,217,200 1,%05,800 1,409,700 1,510,700 1,6&1;606 1,760,100 1,923,800
Production from :
developing countries . Lo7,180 53k, 594 596,998 651,485 727,971 800,218 873,203 939,785 1,075,901
Total exports . .i. o e 225,261 254,262 283,217 266,680  kih,65% 569,26h 560, 91k 623,530 697,477
Exports from developing
countries . . . . . . 222,857 237,155 758,101 255,381 583,659 476,536 511,242 576,364 69,098

Source: United Nations, Statistical Yearbook, 1969.

E/ Crude petroleum including shale o0il, excluding natural gasoline.

Table A-2, Natursl gas: Production and exports {1960-1968)
{(Metric tons)

In the pericd of one decade (1960-1969): metric tons {.0CO)

1960 1961 1968 1943 196k 1965 1966 1967 - 1968
\ ' :
N;atural gasg/ (541..1)

warld production + . . - 468,400 505,400 552,200 603,600 658,200 705,100 765,200 823,100 890, ECO
Production from - . _ . '
- developing countries . ah, 379 27,17k 30,01 52,696 36,562 40,185 4=, 167 L6, 872 L8, 386
Tobal exports ..Ql. _ . hgé. 9 559.3 608, 3 1,1gk,2 1,507.8 2,778.0 Y, 37,0 3h,212.0
_Exports from developing | '

countries . . . . . . 3.6 14,6 22.9 399, 0 1,029.2 1,622.8 2,038.2 1,895.7

Source: United Nations, Statistical Yearbook, 1969; Organisation for Econcmic Co-operation and Development,
Commodity Trade Imports (Series ¢).

8/  Netural Gas - Gag Trom (a) petroleum and gas fields; (b) coal mines,



Table A-3. Copper ore concentrates: Produetion and exports (1960-1969)
. (Metric tons)

, © In the period of cme decade {1960-1969): metric tons (.000)

1960 1961 1962 1963 196k 1965. 1966 1967 1968 1669
Copper ore concentr&tesg/
{283.1})
World production . . . . Ch,2i.9 L,393.6 k,555.4 h,62h.1 b,848.2 5,067. % 5,%17.8 5,084.8 5,h73.0  5,950.7
Production from .
developing countries . 1,939.3 1,867.0 1,866.5 1,95.6  3,53L.6 2,0k5.7 2,079.8 2,145.7 2,212.3  2,327.2
Totel exports . . u o o hog. 8 23h.5 293.0 925.8 91g.4 1,034 1,355 1,486.0  1,575.0
Exports from . ' '
developing countries . 3505, 4 153. 4 206. 4 57h, g 5hi,5 606. 5 T72.1 T85.1 957.3
' Source: . United Nations, Statistical Yearbook, 1969; Metellgesellschart Aktiengeselischaft, Metal Statistics, 1660-1969;
Oﬂganisation for Feonomic Co-operation and Development, Commodity Trade: Imports (Series C).
g./ Copper ore - copper concentrates and cuperous pyrites exported.
| )
1 _
| Table A-4., Nickel ore concentrates: Production and exports {1960-1969)
, {Metric tons)
i ‘ For the period of one decade (1960-1969): metric tons {.000)
: 1960 1961 1962 1963 | 196k 1965 1966 1967 _ 1968 1969
Nickel ¢re concentrates E/
{283.2)
‘World production . . . . 341.7 378.9 37L.0 36645 396.1 b3z, 7 hlo.7 L&z, 3 £19.3 brg.L
Production from :
developing countries . 8.9 2.6 617 69,2 85.8 92.5 96.9 108.1 136.0 120.8
Total exports . « « « 47,9 132.2 136.0, 1,274.6 1,120.9 1,455 1,839.4 2,924.6 3,584,909
Exports from developing )
COUNETies « « « .« 4 . k.7 k.0 2.0 1,1k0.8 959.7 1,268.8- 1,647.4 2,687.1 3,362.3

Source: United MWations, Statistical Yearbook, 1'969 3} Metallgesellschaft Aktiengesellschaft, Metal Stabtisties, 1960-1969,

g/ Wickel ore - nickel sulphate.

¢ a8eg
T XsUy
s rsuy

9% /pet oV /Y



Table A-5: Manganese ore concentrates: production and exports (1960-1969)
{(Metric tons)
1960 1961 1962 1963 196k 1965 1966 1967 1968

Ménganese ore concentrate

(283.7)

inrla produetion . . . . &/ 5,200 5,100 5,k00 5,500-‘ 6,000 6,800 7,000 6,800 7,100
\fProduction from ) .

| developing countries . g/ 2,067.2 2,032.1 2,168,2 2,1k0.9 2,552,2 2,932.8 2,922.6 2,665.6 2,907.4

iTotal exports . . . B/ 3,670.5  3,718.0 5,534.7  2,719.4 - h,087.2 5,475.9 5,562.0 5,509.8  6,391.9

|B@mﬁsfmm )

| developing countries . b/ 2,682k  2,577.6 2,240.2 1,%99.5 3,671.7 3,545.2 3,605.3 3,215.8 3,600.9

| . . .

| _

Scurce: E/ United Nations, Sbatistical Yearbook, 1969 (Content of mangenese in ore ineluding ferruginous ores, excluding
manganiferous ores).
B/ OHCD, Commodity Trede Fmports, Series O {actusl weight of ore exported).
Teble A-6. Cobalt: production and experbs (:960-1968)
(Metric tons)
Tn the period of one decade {1960-1969): metric tons {.000)
1960 1961 1962 1963 196&_ 19465 1966 1967 1968 1969

. 4
Gobalt _

tWorld produetion . . . . 16,500 15,900 16,700 14,200 14,900 16,000 18,700

iProduction of . )

! developing countries . 11,385 11,355 11,979 9,726 10,718 11,719 14,629

i

|

Source: United Nations, Statistical Yearbook, 1967.
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Table A.T7 - CRUDE PETROLEUM PRODUCTION BY COUNTRY:
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1953, 1960-1968

Facsimile of pages 186~187 of the United Nations
Statistical Yearbook 1969, New York, 1971

Thousand metric tons

I

Milliers de tonnes mé&trigues

_ including shale oil but excluding natusal gosoline. For countries shown
with footnote 1, original data expressed in units of capacity or volume
hove been canverted to metric tons by use of the specific gravities
shown in the first colummn,

Year-to-year variations in speclf': gmwiy have been disregarded for
ldck of accurate information. Data in thousands of barrels con be
derived by dividing the figures shown in the table by the specific
gravity indicated ond then multiplying the result by 6.2893. Data so
derived will be accurate for countries with feoinote 1 and approximate
for the others.

1 Original dota in vnits of capacity or velume (Iran, beginning 1961).

2 Source: U.S. Bureau of Mines,

2 Source: Bohrain Petroleum Company.

4 Prior o 1964, excluding West rian production.

5 Intluding synthetic crude petroleom (19467: 61; 1968: 774 thousond
metric tons).

Sp. gr.
Country — Pays Pds. sp. 1953 1960 1961 1962 19463 1964 19465 1964 19467 * 1948

WORLD —MONDE 657 700{1 053 600|T 122 200(1 217 200(1 305 800|t 409 700(1 510 700|1 641 400 1760 100| 1 923 BOO

Albanta — Albanie...........o0 0| 094 149 728 771 785 751 764 821 886 84| 21 0456
Algeric — Algérie. . ......0.ivh. . n 0.82 85 8 632 15 664 20 498 23 646 26 231 26 025 33 248 38 388 42 148
Angold. ..o 0.88 _ &7 104 471 300 205 655 53] 537 750
Argentina L — Argentine 1........... 0.88 4 078 8 898 11752 13 6461 13 514 i3 861 13 672 14 559 15953 17 457
Australic L -— Auvstralie 1. ... ... 0.80 — _ — — — 190 334 432 vé7 1766
Austria — Avtriche................. 0.93 3221 2 448 2 356 2 394 2620 2 663 2 B55 2757 2 585 2724
Bahrain 1+ — Bahrein - .., ,,.,.... 0,86 1501 2256 2248 2 249 2 256 2 441 2 842 3079 3 469 3773
Bolivia ' —Bolivie 1................ 0.80 78 465 390 364 443 428 438 779 1838 1 897
Brazi ! —Brésil L. ... .. ...l 0.82 120 3 870 4 549 4 347 4 469 4353 4 488 5548 6 994 7 682
Brunei — Bron&i............... ... .86 4 881 4 583 4 124 3790 3438 3 544 3934 4 693 5099 5978
Bulgaria -— Bulgarie..... e ren s 200 207, 199 173 160 229 404 499 A7 5
Burma ! — Birmonie L.l 0.84 141 545 563 584 636 556 545 568 587 729
Canadd . oo i Q.85 10 941 25 630 29 863 33 020 34 845 A7 147, 39 457 43 248] 47 394| F571 197
Chile!—Chilit................... 0.82 164 243 1208 1 524 1722 1 784 1 656 1620 1 620 1785
China {mainland} 2 — Chine {zont.)?. .. 1 ... 622 5500 6 200 6 80O 7 5008 - 8 500 10.000 13 000 11 000 15000
Ching {Taiwan) * — Chine {Taiwan} 1...] 0.89 3 2 3 2 3 9 19 a2 a5 &0
Colombia ! — Colombie *...,........[} 0.87 45344 7 584 7238 7059 B 228 B597) 10124 9 938 ¢ 603 8 829
Congo [Braxzoville). .. ............. 0.84 —_ 52 103 123 109 84 ra 62 50 43
Cobol... . i, 0.82 1 ¥4 240 2H12 N 37 57 69| 16 %104
Czechoslovakia -—Tchécos!ovaqule. o 093 122 137 154 177 180 195 192 190 200 205
Ecuador 1 — Equateur 1.. ... ..., .... 0.83 391 380 s 340 325 369 376 342 2%0 233
France. ...l e 0.90 368 1983 2163 2370 2322 2846 2 988 2 932 2 832 2 688
Gabon..........o e 0.87 — By 774 827 B8z 1058 1264 1 447 3 444 4642
Germany, F. R. — Aliemagne, R. £.. 0.89 2189 5 530 4201 & 778 7 383 7 673 7 8B4 7 B6B 7 927 7 982
Hungary — Hongrie.,.............. 0.91 844 1217 1 457 14841 1757 1801 1803 1704 1 484 1807
Indig ~—inde............a., 0,84 272 454 514 1077 14653 2212 3022 4 647 5559 5773
Indonesia # — Indanésie *.,..,....... 0.85 10225 20594 21284 22784) 22275 (22943 23920; 23045 25155 29712
West Iricn — drian occidental.. . .| 0.79 262 248 167 124 106 (§5} (58] [*60) [66) (80}

am i .. e .85 1489 52392 593053 65809 T3as557| 84612 94126 105445 128761 140 480

Note. Unless otherwise stated, the figures refer to crude petroleum Remarque. Sauf. avis contraire, le.;. données se rapportent au pétrole

brut y compris Ihuile de schiste, & l'exclusion de %o gazoline naturelle.
Pour chogue poys auquel s'ajoute lo note !, les données originales
exprimiées en wnités de copacité ou de volume ont &té converties en
utilisant les coefiicients de poids spécifique indiqués dans da premiére
colonne.

On n'a pu tenir compte, por suite du manque d'mformuilons précizes,
des variations annuelles de ces coefficients. La cotiversion en milliers de
barils peut se fuire en divisant les données du tubleau por le coefficient
de poids spécifique indiqué et en multipliant le gquofient par 6.2898.
Les données ainsi obtenves seront exactes pour les poys figuwrant avec
ls notel, et opproximatives pour les autres pays.

! Données originales exprimées en unités de capacité ou de volume

{lran, & partir de 1961).

2 Sovrea: U.5. Bureav of Mines.

3 Source: Bohrain Petreleym Company.

* Avant 1964, non comptis lo production de 'lrion accidental,

%Y compris fe pétrole brut synthétique (1967: 61; 1948: 774 milliers de

tonnes métriques}. .
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Table A.T - {continued from preceding page)

Thovsdnd metric tons Milliers de tonnes métriques

Sp, or.

Country — Pays Pds. sp. 1953 1940 1961 1962 1963 19464 19465 1964 1967 * 1968
Irag —Trak..oocvvvne i 0.84 2B 185 A7 A&7 48 979 49 168 56 669 61 627 64 474 67 959 60 222 73775
lsrael ! —isro@l Y.Ll 0.87 — 129 135 135 151} 199 203 188 %1 249] 122142
ftaly — Mafie,.............. ... G.82 85 1 998 1972 1806; ° 1784 2 469 2 207 1756 14606 i 307
Japanl—Japonl... ... ol 090 296 526 &57, 7460, 785 657 671 782 788 782
Kuwait —Kowelt............. ooe] GBS 43 284) 81867 82715 92177 97202] 106719 109 045] 114354 115175 121 975
libya' —Libyel ... .83 — — 876 B781 22272) 41409 58378| 724645 83477 125539
Malaysia *— Malalsie ®............. 0.04 49 40 50 58 52 © A9 49 48 46 202
Mexico ! — Mexique L. i 050, 10362 14171 15278 16000 16433 16535 16874 17317 19019 20345
Mongoelia — Mongalie...... s e aen 29 28 - 23 Cie 18 14 12 10 vee
Morocco =~ Maree..........0. . e 0,85 io3 92 80 . 127 150 120 103 103 9% 89
Muscat and Oman —~ Mascate et Oman  0.84 — — — —_ — —_ —_ - 3149 *12012
Metherlands -— Pays-Bos. ... ... ... 0,90 820 1918 2 046 2 157 2215 2270 2395 2 366 2265 2 147
Nevtral Zona I+ 2 — Zone neutre & %, . .} 0.92 —_ 7 284 9585f 13153 17108/ 19180 19349 22442f 22154] 22923
New Zealand ! — Mouvelle-ZElande *.| 0.92 1 1 1 1 1 1 1 1 — -
Nige:ria — Nigéria.........e0. 0t 0.85 —_ 850 23271 3328 772 5953 13 538 21 000 13 588 7 298
Pakistan L., ... . ooi s 0.84 237 352 3ra 447 470 499 526 7497 1486 1512
Parut—Péroud. .. ......oooniinnan, 0.84 2137 2 572 2 987 2 822 2 867 3181 3 081 075 "3 453 38613
Poland — Pologne...............xs 0.85 189 194 203 202 213 282 339 400 450 475
Qabar . s 0.82 4062 @212 8382 8 808 2095 10125 10961 13 8450 15 479 164 343
Romania — Rovmanie........c..o. .. 0.84 9058 i1 500 11582 11 B64 12233 12395 12371 12825 13 206 13 285
Savdi Arabia ® — Arabie Scoudite 5..]  0.B5 41 544 62 068 59 232 75750 81 049 85798 101033 119 456 129 304 141004
South Africa * — Afrique du Sud 8,...] 090 37| 25 & — — — —_ - — —
Spain — Espagne................. 0.0 s cee es 827 1084 w7
Swaden® — Swade 5. ... ... e 0.97 56 102 107 101 79 81 57 27 — —
‘5yr1c| —SYTIOL e 091 — — — —_ — — - —_ - *833
Trinidad, Tobago | — Trinité, Tobagof 0,89 3162 5994 6474 6916 ¢ 888 7 036 6913 7 727 9 19_7 9 457
Truclal Oman M4 oo 0.84 — — — 797 2 429 2115 13700 17 480| 18 531 24 318
Oman sous régime de traité 1 4 . .
Tunisla ~— Tunisie. ...ooivuaaninons- 0.82 — — —_ —_ — — — 771 2241 33191
Turkey — Turguie. ., ...coovvennaa., 0.89 26 378 442 595 746 921 1533 2 041 2752 3104
USSR —URSS M. ...........00.us ten 52777) 147 859 166 068( 186 244| 206 069 223 603 242 68| 265 125 288 048] 30% 150
Ukeginian SSR 31 — RSS o'Ukraine 1Y ... {334) [2159) {2 837} {3785) [4713) {5 648) (7 580) {9288} (10 269} {12 130}
United Arab Rep, !—-Rép. arabe unie 7| 0,91 2 690 331¢ 3 819 -4 676 5 599 4351 6481 6 264 5722 ¢ 000
United Kingdom — Royaume-Uni. ., .. 0.83 1461 148 151 128 125 129 841 - 7B a8 81
United States ! — Etats-Unis*....,...] 0.85 318 535] 347 975 354 303] 3ISY 45B] T2 001 3I7E G09) 384 944 409 170{ 434 705] 449 BBS
Venezvela. ............. e 0.90 92 1401 149 372| 152 616] 167 147] 169 671] 178230, 182 409) 176 418] 1B5 48%] 189 206
Yugosiavia — Yougosiavie.,.........] 0.B9 i72 944 1 343 1525 14611 1799 2 043 2222 2 374 2 494

See general nete on preceding page. Voir remarque générale & la page précédente.

1 Original data in units of capacity or volume {United Arob Republic
beginning 1952).

2 Jointly shared by Sawdi Arobia and Kuwoil

2 Produced in Eost Maloysia: Sorawak enly.

% Refers entirely to sheikdom of Aby Dhabi.

5 Source: Arabian American Qil Company,

S Entirely shale oil,

7 Source: U.S. Bureau of Mines,

8 Source: Pefrofeum Times (London),

2 Sourcer World —Oil-{Houston, Texas),

10 Source: Orgonisation for Economic Co-operation and Development.

1 neluding gas eondensates.

12 fncluding estimated production in the occupied Sinai Peninsulo (1947:

1115; 1968; 2030 thousand metric fons).

1 Données originales exprimées en unités de cupacite ou de volume
[République arobe unie: & partir de 1962).

2 Partegée entre "Arabie Sooudite et Koweit

3 Produit en Malaisie orientale: Sarawak seulement,

4les données se rapporient au cheikhat d’Abou Dhabi.

b Source; Arabian American Qil Company.

S Huile de schiste exclusivement,

7 Source: U.S. Bureau of Mines.

8 Source: Pefrofeum Times {londres).

__®Source: Warld Qif (Houston, Texas).

19 Soyree: Organisation de coopération &1 de développement économigque, -

1Y compris les produits de la condensation de gaz.

1Y compris fes estimations de fo production dans la péninsvle oceupde
du Sinai (1967: 1115; 1968: 2 030 milliers de fonnes métriques).



Table A.8 - NATURAL GAS PRODUCTION BY COUNTRY:

1960--19568

Facsimile of pages 194-185 of the United Nations
Statistical Yearbook 1969, New York, 1971

Gas from: A, Petroleum and gos fields

Million cubic metres

B. Coal mines — Gaz ebtenv des:

A, Champs pétroliféres, nappes de gaz.

A/AC.138/36
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Paga T

B. Mines de charbon
Million de méires cubes

Country ~— Pays Code It 1960 . 1941 1982 1963 1964 1965 1964 1967 * 1968
WORLD — MONDE 468 400 | 505 400 | 552 200 | 603 600 | 658 200 | 705 100 | 765 200 | 322 100 | 290 600
Afghanistan.................... A - — —_ - em - — 342 1 600
Algeria — Algérie. . ............ A 7 231 353 400 809 1 B39 2046 2 158 2 478
Argentina — Argentine, .......... A ‘8 400-9 300 1 353- 2357 2978 3 406 3751 4222 4 577 4 802 5346
Australia — Australie............ A 9 0BG — - 2 3 3 4 4 4 [
Austrio — Autriche.............. A ¢ 600 1 469 1556 1635 1499 1764 1724 1874 1797 | 1630
Barbados — Barbade........... A 8 200-% 040 2 3 3 4 3 3 3 3 3
Belgivm — Belgique. ... .ouu... g 500 70 70 70 69 66 79 59 71 83
Bolivia — Botivie. ............... A “ee A9 50 57 59 85 ac @3 21 76
Brozil 2 — Brésil 2. . .. e A 8:100-8 900 535 527 511 503 532 684 789 | 875 982
Brunei — Brunéi.,.............. A 10 680 215 210 209 198 173 21 201 277 213
Bulgoric — Bulgarie............. A B 400 — — — — — 73 109 329 506
Burma — Birmanie.............. A 2t k4 . 18 16 P . ' ‘ee 11 7 1
Cangda.......oo i, AV 9210 14 521 1861 26 924 37 478 37 294y 40 925 44 001 48 083 54 154
Chile — Chili,.................. A s 888 1281 1762 1921 1780 1729 1584 1701 1934
China {Taiwan} ~— Chine {Taiwan). . A 8 000-8 900 ‘23 7 38 a1 169 310 439 527 704
Colombia — Colombie........... A 10 680 404 417 592 702 762 P06 1099 1151 1 1213
Czechaslovekia — Tchécoslovaquie] A P 1240 1164 956 17 845 762 825 758 842
B v 202 246 229 194 174 203 245 25¢ 266
Framge,.... ... _.............. A ¢ 000 2 846 4050 4740 4861 5090 5048 5161 5 543 5482
Gabon..reee e, A . 7 7 ? 9 1c n 12 17 24
Germany, Eastern.............., A 5700 26 38 53 Hal 108 133 114 107 ‘s
Allemagne orientale
Germany, Federal Republic of, .. .. Al 8350-10 500 448 481 | 807 1171 11975 2798 3 38% 4338 5 488
Allemagne, Rép. Fédérale d' B 8 000 471 444 487 509 554 580 491 534 374
Hungary * — Hongrie *........... A 8 320-8 690 342 324 340 811 784 1108 1552 20435 2 691
Indig —Inde..._........,...... A van — e — — 11 148 162 254 392
Indenesia % § — Indonésie 2 6, A cev 2 431 2 568 2705 2798 2731 3156 3162 2776
Tran, .o e A - 8 000-8 800 950 983 1052 1139 1192 1230 1386 1466 1572
Israel - lradl. .., .. ............. A 9 256 — 3 1 10 29 72 &3 109 142
Itaby —ladie................... A 8 200-9 100 & 447 | 6 863 7151 7 267 7 684 7 892 8767 ¢ 300 10 408
Jdpon — Japon.... ... . oee. . A 8 400-12 000 &76 894 1167 14678 1821 1726 1774 1 85¢ 2015
B ¢ 520 148 158 | 200 208 235 238 273 289 292
Kuwait — Kowelt............... A s 941 281 1325 1519 7 1676 1794 | T1875 |7 *2 548 73249
Mexico  E — Mexique B 5, .., . A 8 400-9 000 9 665 10 210 10 514 i1 371 13735 13 945 14 935 16 223 14 335
Morogco — Maroe.............. A g 9 10 12 12 11 13 1 1
Netherlands — Pays«Bas, ., ...... A .| -8370-B750 330 4491 499 549 835" 1743 Jan T 691 140556
B 4 1860-4 460 30 3 61, 64 44 .84 BG 57 a5

For general note and footnoles, see end of table,

» Yoir la fin du tableau peour la remarque géndrale et les notes,
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Table A.8 - (continued from preceding page)

Gas from: A, Petroleum and gaos fields B. Coal mines -— Gaz obtenu des: A, Chumps pétroliféres, noppes de goz, B, Mines de charbon

Million cubic metres Million de métres cubes

Country — Pays Code M 1940 1961 1962 1943 1944 1965 1946 1967 * 1968
Nigeria ~— Nigéria,............. A aee — — - 30 54 28 176 181 145
Pokistan. ... . e e e A 8 675 633 770 949 1189 1429 1631 * 1854 *2012 *z 230
Peru®—Pérov® ...............]| A § 900 837 814 878 920 1448 437 457 ALY 475
Poland 4 — Pologne ¢............ A 2 000 541 723 791 945 1180 1312 1290 1 463 2 402
- g 8 11 29 38 50 (1) B 107 156
Romania — Roumanie.... ... ..., A % 500-10 600 10 142 10914 12 906 14 262 15 483 17 281 1B 416 20 502 21737
RWand . covee i A vas -— — — -— — - 1 1 ]
‘Trinidad and Tobege. ... ... ... A @ 300 764 832 850 832 1089 1174 1379 T 522 1597

Trinité-et-Tobago .
Tunigia — Tunisie......o.o. ..., A 11 Q00 7 7 7 7 8 8 B : ? 2
USSR—URSS. ................. ¢ 500 45 303 58 281 73525 89832 | 108 566 | 127 6466 | 142 942 ) 157 445 | 169 101
Wkrednion 558, ... .. ... A ? 500 {14 284} {20 585)1 {26 158} (31 564) ) {35 645} (39 3462}) (43 617) | [47 443)] (50 942)

RES d'Ulraine . .
. y

United Kingdom — Royayme-Uni...| A ¢ 300 ) ] 3 . 4 é é 13 3 472 2019
B 8 900 78 79 115 153 172 176 181 178 180
United Stutes — Etats-Unis........ A 2211 339673 1 373274 | 390810 ; AV5 313 [ 437 842 | A54 198 ) 407 240 | 514 557 | 547 152
Venexvela.....................] A 10 265 4 406 4 891 5189 5410 6103 6 538 & B56 7 511 7754
Yugosiavia — Yougosiavie........ A 2 700 53 6% 95 i1l 274 33.0 402 4462 584

Mote. The dota relate, os far as possible, to natural gus (consisting Remarque, Lles données se rapporient dons la mesure du possikle, ou

primarily of hydrocarbons) actually collected and utilized as a fuel

or as raw moferial and obtained from (A) gas fields and petroleum

fields and (B} froam coal mines. Unless otherwise stated, the series
exclude gas used for re-establishing pressure in the fields, as well as
gos flored, vented or wosted.

1 Kilocolories per cubic metre. This colorific value column intends
to show for each couniry on approximation in kilocolories per
cubic metre. of gases measured at standurd sea-level atmospheric
pressure from 0°C to 15.6°C, ja the most recent years.

2 Incuding gas repressured and wasted, (Peru: prior to 1964).

3 Prior-to 1962, gas fields enly. Prior to 1984, excluding producer’s own
consumption.

4 Including gas repressured (Hungary: 0.4% of production in 1968),

5 Prier to 1964, converied (approximately) from original data expressed
in terms of weight.

Y Percentage utilized: 85 in 1940,

7 Source: 1.8, Bureau of Mines,

gaz noturel (se composant principalement d’hydrotarbures) effottive-
ment capté et viilisé comme combustible ou matiere premiére, et pro-
venont (A} des noppes et des champs pétroliféres et (B) des mines de
charbon. Sauf indication contraire, les. séries excluent le gaz wiilisé
pour rétublir lo pression de méme que las goz brilés, dventés ou
avtrement perduys,

1 Kilocalories par métre cube. Cetle colonne de la valeur calorifique
indique, pour choque pays, une upproximation en kilocalories par
métre cube du goz mesuré & une pression atmosphérique type au
niveou de lo mer de 0°C & §5.8°C, dons les anndes les plus
récentes,

2Y¥ compris le gaz utilisé pour rétablir la pressian et le gaz perdu
(Pérow: avant 1964). .

8 Avant 1962, noppes de goz seulement. Avant 1964, non eompris lo
consommeation par les producteurs,

1Y compris le gar utilisé pour rétablir lo pression (Hongrie: 0.4% de la

. production en 1968).

8 Avant 1964, les données ont é1é culeulées approximativement & purtir
des chiffres originaux, exprimés en poids.

S Pourcentags uiilisé: 85 en 1960,

* Source: U.5. Bureau of Mines.
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~ MANGANESE ORE (Mn CONTENT) PRODUCTION BY COUNTRY:
1953, 1960-1968

Table A.Q

Facsimile of page 177 of the United Nations
Statistical Yearbook 1969, New York, 1971

Thousand metric tons Millic s de tonnes métriques

Country 1953 1960 1961 1962 1963 1964 1965 1966 1967 *1958 Pays
WCRLD Y 4300 5 200 5100 5 400 5 500 5 00O & BOC 7 000 6 800 7 190 | MONDE1
Angola.............. . ... 31.6 1.6 10.0 4.0 — - — 7.6 13.6 3.8 | Angela
Argenfina..,.............. 2.4 13,8 11.3 2.0 8.8 123 9.3 7.7 11.6 2.3 | Argentine
Austrabie, ... ... L 14.6 3041 42,4 35.0 18.0 31.3 50.7 150.0 262.6 348.3 | Australie
Botswana,.....oo v — 4.8 8.4 7.2 3.2 7.4 3.5 — 1.7 4.4 | Botswana
Brozil..................... 101.8 438.3 447.2 5151 551.9 593.6 614.3 4402 597.7 9225 | Brésil
Bulgatic 5.6 7.4 10.4 10.2 10,6 155 12.5 2.3 12.9 12,4 ] Buigarie
Burmao, ., ..oovvii i 4.9 0.1 0.1 0.1 — — — — —_ — Birmanie
Chile..................... 25.1 128 14.5 18.8 20.6 9.2 7.8 8.4 6.6 10.5 | Chili
China {mainland] *2,.,,.,... 400 | 3400 2400 | 240.0 | 3000 | 300.0 | 300.0 | 300.0 [ 2100 | 270.0 | Chine {confinentale} **
Congo, Dem. Rep. of........| 1083 206.9 159.4 160.5 135.0 163.6 1761 119.4 114.0 187.2 | Conge, Rép, dém, dy
Cuba............... 31401 2492 |%3%19,0 [2*33.0 150 28.1 34.4 31.0 26,7 o Cuba
Czechoslovakia. ..., .. .. A3.4 25,3 157 13.0 13.3 12.9 12.5 141 1341 14.0 | Tchécoslovoguie
Ethiopio. . ................. — 47 | 3.6 —= — — 0.5 — — —_— Ethiopie
Fijle e 1.5 .9 1.8 0.5 1.6 Q.5 27 27 3.0 4.4 | Fidji
Framce.................... — 0.2 0.2 0.3 0.3 0.3 0,3 0.4 0.5 — France
Gabon.. — —_ —_ 1016 315.9 472.5 46403 449,46 585.6 439.8 | Gabon
Ghana. . 563410 2457 210.4 182 195.6 221.8 287.8 2771 239.2 198.4 | Ghana
Greace 8 4.9 13.7 12,5 6.0 8.6 8.1 4.8 z.r 3.2 3.6 | Gréce?®
Guyana. — 49.9 90.5 1157 59.9 47.5 65.0 44,0 3.5 38,4 | Guyane
Hungary. . 40.0 32.5 333 338 38.5 40.2 45.0 43.8 44,1 33.8 | Hongrie
Indic............. e 894.0 5440 562.0 626.0 518.0 568.0 &57.0 487.0 642.0 &634.0 | Inde
1.5 57 740 26.0 o7 27 s .es R (s indenésie
e | 29 0.8 2.3 5.9 12.3 13.9 15.6 16.0 17.1 | iran®
Maby oo LS 14.8 147 133 14.5 15.3 153 11.2 12.2 13.0 ] ltalie
Ivory Coast................ — 331 56,5 4B.5 61.6. 613 758 792 | 442 51.5 | Céle d'ivoire
dapan® L 74,0 1203 106.3 1039 2.5 92.6 6.0 100.5 102.9 94,2 | Japon®
Korea, Rep. of. .. .......... 1.2 o6 0.6 0.4 1.7 17 27 24 2.9 17 | Corée, Rap. de
Malaysio: West,............ —_— 0.9 1,9 [N 2.1 — 0.5 17.6 23.9 13.5 | Malaisie;: Occidentale
Mexico.,................. 757 71.9 * 687 62.9 54.3 &4.1 58,8 31 30.8 26,7 | Mexique
Moracco. , ., 1942 2247 2632 207.5 144.4 153.6 1547 160.6 1197 B80.0 | Maroc
MNamibia V7.7 29.4 21.9 — - — 2.8 10.4 5122 [ Namibie
New Hebrides —_ —_ 3.4 10.7 147 373 330 374 35.2 14.5 | Nouvelles-Hébrides
Pakistan — o -— 0.4 0.8 0.4 02| . 04 0.6 |- 0. ] Pakiston
Paru,..ooiviiiiniiiinan, 0.8 o7 1.6 3.0 0.2 0.2 0.4 0.4 0.5 23.2 | Pérov
Philippiaes. ................ 8.5 7.0 9.2 5.4 3.8 4.1 25.4 12.4 24.4 15.0 | Philippines
Portugal.................. 5.3 3.1 4.8 4.8 33 2.7 3.2 33 3.6 3.7 | Portugal
Romania.................. 28,6 39.6 47.5 43,5 - 597 27.1 314 279 353 29.3 | Roumanie
South Africa, . ... _........ 3327 454.7 545.6 5769 587.6 584.0 725.2 789.9 B56.2 936.1 | Afrique dv Sud
Southern Rhodesia ..., ... .. — 0.5 Q.1 2.2 — - 0.1 . . s Rhodésie du Sud
SPain. . L 14.1 7.6 51 " 4.3 5.0 5.2 5.4 6.0 27 4.2 | Espagne
Sudan.................... — -— — 0.4 Q.1 3.4 14.0 0.6 1.0 - Souden
Sweden................... 1.7 1,3 27 0.6 1.2 0.9 39 2,9 2,5 1.5 | Svéde
Thailand, .. ............... — 0.3 0.3 14 2.6 3.9 109 22,7 357 13.5 | Thailande
Turkey................ e 44.0 17.5 12,9 10.2 8.7 1t.5 10.9 8.3 1.8 ?.5 | Turquie
USSR..................... P 1933.0 {19200 |2087.0 {2 163.0 (22720 ;24B5.0 |2567.0 |2485.0 |2378.0 | URSS
United Arab Republic........ P 74.4 67.5 539 12.0 82.0 46,0 47.0 192.0 1.8 | République arabe unie
Unitad States 7.__..........| 1077 47.2 327 4.2 47.8 353 47.0 A47 42,3 35.0 | Etats-Unis?
Yugoslavia, ............... 31 4. 4.4 4,6 2.5 2.4 2.5 27 2,3 4,0 | Yougoslavie
Zambio...,............... 2.9 260 237 22.5 17.0 V7.3 14.6 131 12,9 9.6 | Zambie

Remargque. Lles données se rapporfent au contenu en mangonése (Mn}

Note. The figures relale 1o the manganese (Mw) cantent of mungunese
ores minad, normaily at o marketable stage of production. Ferruginous
mangaonese ores are included; manganiferous iron ores are excluded. In
many cases the figures are of an approximate nature.

Lingjuding small quantities produced in Bolivia, Mew Zealand and

des minerois de mangondse exiraits, généralement ou stade de la pro-
duction marchande. Minerais de mangonese ferrugineux compris; les
minerais de fer manganésifares ne sont pas compris. Dans plusieurs tas,
elles ont un caractére approximatif,

1Y compris des petites quantités produites en Bolivie, Nouveile-Zélende

Pupua,
% Bosed on U3, Bureau of Mines data, et Papua.,.
# Exports. 2 Chiffres firés de U.5, Bureau of Mines,

4 United States imparts,

B Twelve months beginning 21 March of year stotad, .

8 Source: Stotisticel Summery of the Mineral Industry (Londnn)
T Shipments from mines.

8 Content of concentrates.

3 Exportations.

4 Importations des Etgtstinis; - —
5 Douze' mois commengant le 21 mars de l‘année indiquée.

8 Source: Statistical Summary of the Mineral, industcy (Londres).
T Expéditions des mines.

2 Contenu des concentrés,
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Table A.10 - COPPER ORE {Cu CONTENT) PRODUCTION BY COUNTRY:
1953, 1960~-1968

Facsimile of pﬁge 172 of the United Nations
Statistical Yearbook 1969, New York, 1971

Thousand metric fons Milliers de tonnes méiriques

Couniry 1953 1960 1941 1942 1943 1944 1965 1966 1967 | * 1968 Perys

WORIDI | 2790 | 4270 [ 4430 | 4630 4650 | 4840 5050 | 5270 | 5020 | 5390 | MONDE?
Albania *2%,, ... ... ... L0 0.4 2.2 2.4 2.6 2.3 2.5 4.2 50 4.0 4.0 1 Albanie * 2
Algeria 3. ... ... ..., 0.} 0.1 0.7 0.8 1.0 1.0 1O 1.1 1.0 0.8 | Algérie
Angola. .. ... Lol 1.5 e 0.9 1.1 — — — — — — Angola
Awstralia 3 38.1 P12 97,2 1 1087 | 1148 | 1057 ¢1.8 1 1113 ?1.8 | 108.8 | Australie 3
Austric .. oo 3.1 2.0 2.0 2.0 19 1.6 1.6 1.9 2.0 2.1 | Awtriche
Bolivia % 6., ............... 4.5 2.3 2.1 2.4 3.0 47 4.7 57 6.3 6.9 | Bolivie & ¢
Brazil. ..o oo — 2. 2.1 2.0 2.5 3.3 3.3 3.6 3.6 4.9 | Brésil
Bulgario. .. ..o..oii et 0 1.8 17.8 19.5 21.2 20.4 29.9 30.0 35.1 37.3 | Bulgarie
Burma te. il — 0.2 0.1 0.2 0.2 Q.1 0.1 0.1 0.1 0.1 | Birmanie ?
Canoda®.................| 2297 | 3985 | 3983 | 4149 | 4106 | 4417 [ 4607 | 459.1 | 5564 | 562.5 | Canada®
Chile ®,, . .o vuonns o] 3810 | 5364 | s534 | 5916 | 4015 | 4335 | 590.0 | 6813 | 6635 6667 | Chili®
China (mainland) *2.........| 80 70.0 80.0 90.0 90.0 20.0 20.0 90.0 80.0 90.0 | Chine {continentale} * ¢
China [Yaiwan)............. 0.6 2.1 2.2 2,1 1.6 1.7 1.5 2,0 2.2 2,2 | Chine (Tafwan)
Congo, Dem. Rep, of 5. .. ....| 2141 3023 | 2052 | 2970 2713 { 2764 | 2886 3169 | 321.0| 326.0 | Congo, Rép. dém. du &
Cuba? ... .., 3154, ®11.48 250 5.4 6.5 5.8 6.0 5.4 s ver | Cuba ® .
Cypros ™85 ., ..., 2t7 355 28.7 252 26,3 16.8 21.3 247 154 219 | Chypre 5. &2
Czechosiovakio....,......., 1.1 1.6 2.0 .23 2.4 2.5 2.8 3.0 39 4.5 | Tchécoskovaquie
Findland................... 23.3 3641 a6 38.0 36.6 35,1 32.2 287 3k ver | Finlonde
Germany, Eastern, .......... 9.0 24,0 25.0 256.0 240 23.0 220 19.0 19.0 e Allemagne orientale
Germany, Fed, Rep. of ©., . ,. 2.6 2.2 2.2 2.0 23 1.4 1.0 1.2 1.2 1.3 | Allemagne, Rép, fad, d'2
Hoiti2 8, . 0. —_ 0.9 2.9 4.3 59 5.0 4.0 2.8 2.3 1.6 | Haiti® 3
Hungary 3., . ... ...vveans. .3 0.4 0.4 0.4 0.4 0.3 0.3 0.4 0.3 0.3 [ Hongrie 3
Indig, . oovee e 4.0 7.4 9.3 10.5 10.6 16,5 10, 10.3 9.6 10,7 | Inde
fran®, ... . e 8.8 9.6 11.0 120 { *120 | Iran?®
Ireland 3. .. ......... _ 6.2 59 2.4 —_ — —_ 1.1 3.5 4.5 | Irlande ?
Isroel, oo — #58 141 1354 7.2 9.9 8.3 10.3 9.5 10,3 | tsradl
Waly & .o 1.2 4.2 3.5 2.0 1.9 1.3 1.0 1.3 2.1 2.5 1 ftalie ®
Japan ? s 58.9 89.2 96,4 | 1036 107.2 | 106.2 107.1 1.7 { 1178 119.9 § Japon?
Kenya M. .. ........... R LR -3 Le 2.6 2.2 2.2 2] 2,0 0.8 — = [ Kenya 4
Korea, North 2, ... _.......... 0.4 * 6.0 *5.0 *8.0 *a0 ] *100) *100 ! *120| *12.0] *12.0 | Corée dv Nord®
Karea, Rep.of............. 6.8 0.2 0.2 0.4 0.5 0.5 0.9 0.8 0.9 1.1 { Corée, Rép. de
Mexico b ... 40,1 60.3 493 47.1 559 52.5 69.2 744 54.0 61.1 | Mexique ®
Moroceo 2 1.1 1.5 t7 2.5 2.0 1.8 1.8 1.9 1.4 2.5 | Maorocg?
Namibia . _..............0 12.2 20.3 250 238 | 322 34.4 77 37.3 e +++ ] Namibie ®
Nicaragua,.............00 — 4.9 6.3 7.3 7.3 9.2 10.2 LAY 293 211.7 | Nicaragua
Norway 3, .. . ............ 3.0 15.4 13.8 155 143 15.0 14.8 14.8 4.5 166 | Norvége®
POrU. . oeeere e . b 53361 2092 | 2230 | 1740 ( 2014 | 2015 1984 [ 01764 | 81812 | 1945 | Pérou
Philippines .. . ... ........ 127 44.0 51,9 547 63.7 40.5 42.7 73.8 858 | 110.3 | Pilippines *
Poland.. ... it 4.3 10.7 121 13.7 13.2 | 145 151 | *16.0 | *160 | *19.5 | Pologne
Portugal. ................. 0.3 3.4 3.0 3.4 3.3 44 3.9 | 3.7 3.7 4.5 ) Portugal
South Africa 8. .. ._..._.... 359 457 52.0 46.0 54.8 59.2 60.2 114.9 126.7 127.7 | Afrique du Sud ®
Southern Rhodesia & ¢.. .. ... G5 135 13,8 13.7 16.8 16.6 18.0 {T¥151 [2*17.4 [2%18.1 | Rhodésle du Sud * &
Spalr....iei e *4.3 8.2 9.6 7.9 6,8 |. .9 a8 8.8 8.4 8.4 | Espagne
Sweden® ... ............ 13.5 7.5 18.2 19.1 1847 16.2 15.6 15,3 15.3 18.2 | Swade?
Turkey. oo 1238 28,4 28.5 28.2 255 28,2 28.8 289 29.2 253 | Turquie-
Uganda,, .\ ..,..... e — 19.0 16.2 18.3 20.0 19.0 17.2 | 121621 150 | 152 | Ougonda
USSR * 21 L. 3050 ( 5000 | 556,01 6500 | 6000 | 6500 7600 | 750.0 i 8000 ! BOGDO | URSS* "M
United States 12, ... ....... 8405 | 979.9 |1057.0 {11144 |11006 {1131} |1 2263 (12965 8655 [1092.8 | Etats-Unis 12
Yugoslavia. . .............. 353 33.3 37.9 5.7 421 63.2 62.4 62.2 463.2 70.5 | Yougeslavie
Zambia 230, . ... ... 3727 | 5764 | 5747 | 5423 | 5880 6323 | 6957 | 62341 643.0 | 6849 | Zambie d 10

Nofe. The data rélate to the eopper content of copper ores (including

mixed ores) mined. In some coses the figures are only of on approxi-

mate noture.

! Inciuding small quantities in Argentina, Congo (Brazzaville), Ecuadar,
fiji, France, Malaysia and United Republic of Tanzania,

2 Spurce: U.S. Bureau of Mines {North Koreo: except 1933},

3 Content of concenlrafes,

4 Shipments, 5 Exparts, -

¥ Contant of all eopper-bearing materials in the form they are to be
used or exported. " Content of matte.

8 Sowrce: Americen Bureau of Metal Stotisfies.

? Excluding copper content of iron pyrites.

1% Source: World fetal Statisties (London),

i primary metal production. 12 Calewluted as recoverable.

18 Twelve months beginning 1 April of year stoted.

1% Cantent of cement copper.

Remarque. les données se ruppartenf au cantenw en tulvre des mine-

rais de cuivre extraits (y compris les minerals mixtes). Dans certains

cas les données ont un cosactére approximatif.

1Y compris de petites quantitds de "4rgentine, du Congo {Brazzaville),
de "Equateur, Fidji, de la Fronce, de io Maloisie et de la Républigue-
Unie de Yonzanie.

2 Source: U.S. Bureau of Mines (Corée du MNord: sauf 1953).

? Contenu des concentrés. :

* Expaditions, 3 Expertations,

O Contenu en cuivre de fous les matériaux sous leur forme présenie
pour Btre utilisés ou exportés, " Conteru des mattes.

3 Source:—American Bureay of_Metal Statistics..

#Mon compris le confenu en cuivre des pyrites de fer,

10 Source: World Metal Statistics (Londres),

11 produciion de métal neuf. 1% Evalué comme réecupérable,

13 Douze mois coramengant le 197 avril de l'annde indiquée.

14 Confeny de cuivre de ciment,
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Table A.11 - NICKEL ORE {Ni CONTENT) PRODUCTION BY COUNTRY: ‘
1953, 1960-1968

_Faesimile of page 179 of the United Nations

Statistical Yearbook 1969, WNew York, 1971
Metric tons Tonnes métriques
Country 1953 1960 1961 1962 1963 1964 1965 1966 1967 * 1948 Pays
WORLD { 205 006 | 337 000 | 374 000 | 367 000. 358 000 | 395 000 | 458 VOO | 438 000 | 513 000 | 570 000 | MONDE
Albania *2. ..., . ... 2450 3500 4200. 3 000 3 500 3700 aes vay | Albanie * 2
Australia L....,....... — — — e — — —_ — 2 094 4 646 | Australie ?
Brozil.......... ..., 1452 95 84 301 1007 1035 1127 1135 1184 1287 | Brésil
Burma............... 115 *73 2102 2145 98 79 ' 52 44 28 29 | Birmanie
Cancda 3.0, ........, 130 311 | 194 507 | 211 3646 | 210 484 | 196 BAS | 207 288 | 235 126 | 202 B56 | 225 549 | 239 359 | Canada ?
Cuba®,, . ... .. $12 559 |%112 842 |°*14 805 ”176‘603 19806 | 22927 | 28236 | 27854 | 32438 ver | Cuba?
Finland . ... oovunies 525 2 358 3096 3624 4168 4 464 4074 3843 4373 ... { Finlande
Germany, Eastern *2, ., _ 100 100 ‘ 100 100 100 100 e e ..+ | Allemagne otientale * 2
Indonesia ®........... — 400 630 445 14600 1678 3 570 3 933 5118 7 B59| Indenésie 2
Korea, Rep.of......... 33 —_ 37 35 . 34 24 2 — —_ — | Corée, Rép. de
Morocco 5. ...l 2120 254 258 287 274 311 350 *370 * 350 * 300 | Maroc®
New Caledonia........ 17100 | 53500 ¢ 53300 | 34000 | 45000 | 40000 | 81000 | 87000 | 120 000 [ 160 000 | Nouvelle-Calédenie
Poland.........ooul . 1828 1254 1318 P az3 11035 1205 1101 |% *1 300 2"‘].‘5\00 2 %1500 | Pologne
South Africa %5, .. 1715 *3000 | *2800 ) *24001 *2400 | *2400 | *3 000 *5400 | *5400 | * 5900 ] Afriqre du Saud % &
Southern Rhodesial. . . 13 25 65 8¢ 119 172 754 2E7O0 | 2*700 .. | Rhodésie du Sud *
UssR*%... ... e $3000 | 70000 BOOOO | 70000 75000 | 80000 | B5000 | 95000 | 95000 | URss *¢
United States . ., ., ... 544 13 337 12 481 12 481 12792 T4 850 15 451 14 553 15 301 17 530 Etufs-lfln'ls 4

Remargue, les données se ropportent aw contenu en nickel (Ni) des

Note. The figures relate to the nickel (Ni) content of ores mined.
1 Cantent of eoncentrates. minerais extraits.

2 Source: U.S. Bursau of Mines (Aibania; tontent of nickeliferous ore; 1 Contenu des concentrés.

? Source: U.5, Buresu of Mines (Albanie: conteny de minerai nickélifére;

Burma: content of speiss).

3 Refined nickel, nickel in oxides and salts sold, nicke! in matte exported
and recoverchle nickel in concentrates shipped to smelters,

4 Excludes unknown tonnoge in oxide produced at Nicaro offer 20
September.

3 Content of motte and refined nickel,

:Ilr;csluding nickel recovered os a by-product of capper refining.

4,
8 Content of cobalt ore.
Y Content of oxide and content of sulphide.

Birmanie: contenu de speiss).

3 Nickel uffiné, confenu en nickel de l'oxyde et des sels vendus, cantenu
en nickel des matles exportés, et nickel récupérable en concentrés
livrés aux fonderies,

4Non compris le confenu d'un cerlain tonnoge d'oxyde produit &
Nicare aprés le 20 septembre,

5 Conteny des maties et du nickel affing,

5Y compris le nickel récupéré comme sous-produit de I'électrolyse du
cuivre.

71934,

£ Contenu de minerai de cobalt,

¥ Contenu d'oxyde et conteny de sulphide, N
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ANNEX 1T

LONG=TERM PROSPECTS OF THE WORLD MANGANESE ORE MARKET

Prepared by the Commodities Division of the UNCTAD secretariat

1/

I. Past trends in brief—

1. The world manganese ore market in the past decade and a half has been
characterized by a rapid increase in demand and supply and a concomitant
deterioration in prices, particularly in relation to the prices of manufactured

goods entering international trade.

Consumption

2. The consumption of manganese ore in the world {excluding socialist countries)
went up from an annual average of 5.9 million tons iﬁ the'quinquennium ending 1959
to 7.2 million tons in the guinguennium ending 1964 and further to 10.2 million tons
in the quinquénnium ending 1969. This gave an average annual increase of

0.26 million tons or 4.L per cent between the Quinqueﬁniums ending 1959 and 1964 and
an average annual increase of about 0.6 million tons or 8,4 per cent between the
quinquenniums ending 1964 and 1969. Most of this consumptiong/ took place in the
OECD group of countries which showed similar rates of growth as the world {excluding
socialist countries) as a whole. Within the OECD group, the rate of increase was
the fastest in Japan and fairly fast in the Furopean Economic Community, but it was
relatively slow in thé Imited States and the United Kingdom. In the rest of the
world (exclﬁding socialist countries) considerable consumption takes‘place in
Australis, Brazil, India and South Africa, while a large number of other countries
also consume relstively small ﬁuantities each.

3. In the socialigt countries of Bastern Europe3§/ the annual average consumption

of manganese ore in the three guinquenniums was 5.7 million tons, 6.6 million toms

1/ TFor a fuller account of past trends, see "Problems of the world marked
for mangenese ore: report of the UNCTAD secretariat (dpcument TD/B/C.1/105).

2/  Consumption is used in the sense of "apparent consumption" for all
countries, =xcept the United States. Please see foot-note to-table 1.

3/ The data for mainland China, North Viet-Nam and North Korea are not
available,
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and 7.2 million tons respectively, which meant an annual average increase of

0.18 million tons or 3.2 per.cent between the quinquenniums ending 1959 and 106k
and 0.13 million tons or about 2.0 per cent between the quinguenniums ending 1964
and 1969. The trends in consum@tion in different parts of the world are shown in
table 1.

. In terms of manganese content, the trends in consumption are broadly similar to

those described above. These are also shown in table 1,

Stocks

5. An important component of demand, in addition to congumption, has been the
acquisition of manganese ore and alloys by government agencies of the United States
for building up a stockpile, including‘the national stockpile, the supplementary
stockpile, the Defence Production Act stocks and the Commodity Credit Corporation
stocks. It seems that aceruals of these stockpiles took place throughout the

1950s and the first few years of the 1960s. The peak of the stockpiles was reached
in 1966 when they stood at 12.4 million toms in terms of menganese ore. Since then,
there have been net releases from these stockpiles.

6. Commercial stocks have fiuctuated from year to year, but there has been né
marked tendency towards ﬁmmﬂﬁﬂgammmhmﬂm,asiséﬁ@mtfmmimeOMJ
available data for the United States vhere the average year-end commereial stocks

of manganese ore and alloys, expressed in terms of ore, Tor the three Quinguenniums
were 2.11 million tons, 2.32 million tons and 2.13 million tons respectively. A
similar situation appears to exist in most of the consuming and producing couvntries,
but some accumulation of stocks is known to have taken place in Brazil in the past

three te four years as a result of the production of unsaleable fines awaiting the

commissioning of & manganese pelletizing plant.

Production

Te The expansion of production has been ample Tor supplies to keep pace with the

growth of demand in the 1960s, but a significant accumulation of private stocks has
not occurred. There has been a sharp increage in production in fustralia, Brazil,

Gabon and South Africa because of the discovery and exploitation of new reserves.

On the other hand, pfqduction in Tondia has been fluctuating rather than growing,

——— . . . . e L . /.- e .
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% ' o Teble 1

} CONSUMPTION OF MANGANESE ORE TN MAJOR CONSUMING AREAS
i _ ({thousands of tons)

;Period World (exel, Socialist
"(guin- United States* Japan OECD countries of Eastern Socialist countries of
“quennium) . : Total Europe) Eastern Furope
Anmual  Anmual averagé Annual Anmual averagei Annmual Armaal average | Anrual Anmual average | Anmaal Anmual average
average change over aversage change over average change cver average change over average chahge over
consump- previous quin- | consump- Previcus guin-{ consump- previous quin- | consump- previous quin- | consump- rrevious guin-
tion suennivm Tion quennium tion quennium tion quernniim ticn quernmiws
(1) (2) (3) (1) (2} {3 {1} (2) (3) (1) (2) (3) (1) {2) ()
Quantity % Quantity % Quantity % Quantity % . Quantity %
A. In terms of ore )
1955-59 1,702 he2 iy, 54h 5,885 5,656
1960-64 1,775 15 0.9 654 L6 10.9 5,835 258 5.7 7,175 258 L.h 6,57 184 3.2
. 1965-69 2,146 T b2 1,807 231 35.% 8,223 ko8 8.5 |10,19hk 60k 8.4 7,22k 130 2.0
: B. In terms of manganese conbtent
| : . :
1955-59 776 150 ‘ _ 2,091 A 2,b87 2,545
1560-6h 799 4.6 0.6 253 18.6 11.6 2,504 82.6 k.0 2,976 97.8 3.9 2,959 &2.8 3.5
1565-69 966 33.% h.2 755  100.k 39.7 | 3,611  221.h 8.8 | 4,h2k 289.6 9.7 | 3,251 58.4 2.0

| Note: The data on consumption represent "spperent consumption”, i.e., domestic production t+ net imports, no account being taken

of changes in stocks for want of information about them. The only exception is the United States for which the figures relate to
actual consumption. :

' The estimates for OECD as & whole are based on domestic dutput of ore + net imports of ore and mangsnese alloys (in ore equivalent) *
netichanges in the United States commercial stocks and govermment stockpiles. No data on stocks are available for the other
QECD countries. !

Ir the case of world (exci. Socialist countries af Eactern Purope), comsumption represents total world production {excluding Socialist countries

of Eastern Burope) + net imports from the socialist countries of Eastern Furope, with adjustmént for changes in the United States commercial
stocks and government stockpiles. <

. In the case of socialist countries of Burope, Tigures represent production minus net exports to the werld (exel. Socialist countries of
Fastern Furope). If changes in stocks in any particular period are large, apparent consumption would considerably differ from actual
consumption. It is possible that substantial quantities of stocks of manganese ore have accumulated in Brezil in the past three-four years.
Gince these have not been taken into account for want of preeise information, the figures of consumption shown above for the world (excl.
Socimlist countries of Eastern Europe) might err on the higher gide to some extert. This possible error due to the Brazilian stocks is,

however, not reflected in the data for OECD, because apparent consumption for OECD has been calculated by using domestic production + net
imports + changes in the United States private and goverrmment stocks.

% Available data relate to the consumption of manganese ore containing 35 per cent or more of mangsnese.

¢ aBeg
I1 Xauuy

B " i



AJAC.238/36
English
Annex IT
Page 4

Table

2

PRODUCTION OF MANGANESE ORE BY MAJOR PRODUCING AREAS

. (3000 tons)
country or region 1955-59 1960-64 1965-69
Annual Annual Annual average Annual Anfilual average
averzge average change over average rate of change
production preoduction the previous production over. the
guingquennium previous
) guinguennium
Quantity % Ouantity %
A. In terms of ore
Developed countries
Australia 68 6h -1 -1,2 527 93 Thh.7
S. Africa 826 1,k02 115 13.9 2,20k 160 1.k
Others 865 653 =42 =k.g T6L 22 3.4
Total developed
countries 1,758 2,119 T2 k. 3,495 275 13.0
Developing countries )
Gebon nil - 600 120 . 1,269 13k 22.3
Brazil 658 1,158 100 15,2 1,651 99 8.5
India 1,652 1,326 -65 -3.9 1,589 53 h.o
Ghana 580 Lk8 -26 =b.6 Las 0 0
Congo 376 319 -11 -3.0 30k -3 -0.9
Moroeco L2 ko o 0 263 =35 -8.0
Other developing ’
eountries T43 698 .} «l,2 907 ho 6.0
Total developing
countries b, 451 - 4,989 108 2.4 6,471 296 5.9
World (excluding )
socialist countries}- 6,210 7,108 180 2.9 v 9,966 572 8.0
Sccialist countries '
of Eestern Europe 6,027 6,868 168 2.8 T.582 143 2.1
B. In ferma of manganese content
Developed countries
fustralia 31 31 - - 250 Lk 1h1,9
5. Africa 306 552 ho  16.0 877 65 11.8
Others 317 195 -2Y -7.6 193 4] 0
Total developed .
countiries 654 T78 25 3.8 1,320 108 13.9
Developing countries )
Gabon - 306 656 70 22.9
Brazil 302 521 4 1.6 Th3 Ly 8.k
India i Shh 47 -6.0 666 2k bk
Ghana 280 215 -13 -b.6 238 5 2.3
Conge 180 152 - =33 1h6 =1 =0.7
Moroecco 205 201 -1 0.5 118 =17 -8.5
Others - 298 376 16 5.k 372 -1 -0.3
Total developing
countries 2,0k2 2,193 30 1.5 2,939 1ko 6.8
World {excluding
socialist countries) 2,696 2,971 55 2,0 4,250 257 8.7
Socialist countries
of Eastern Europe 2, hgh 3,020 105 k.2 3,315 59 2.0
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while that in Ghana, Guyana and Morocco has been declining due to depletion of
reserves. Annual average production of ore in the world (excluding socialist
countries) in the three gquinquenniums was 6.2 million tons, 7.1 million tons and
10.0 million tons respectively, giving an annual average increase of 0.18 million
tons or 2.9 per cent between the gquinquenmiums ending 1959 and 1964 and of

0.57 million tons or 8.0 per cent between the guinquenniums ending 1964 and 1969.
In the socialist countries of Eastern Furope, the annual average output in the
‘three guinquenniums was 6.0 million tons, 6.9 million tons and 7.6 million toné,
with an annual average increase of 0.17 million tons or 2.8 per cent between the
first and second gquinguenniums and of 0.1l million tons or 2.1 per cent betwee?

the second and third quinquenniums. The trends in production, in terms of cre and

manganese content are shown in teble 2.

Prices

8. Prices of manganese ore and alloys began to rise from the latter part of the
year 1950 as a result of the Korean war boom. They stcod higher or rose further
until 1957, due partly to the additional demand created by large annual purchases
by the United States for its stockpile, Thereafter, prices began to decline
following the sharp reduction or stoppage of the United Stat;s puréhases on the
one hand and the discovery and exploitation of new reserves on the other. The
present prices are not far different from those prevailing in the pre-Korean war
boom period in ﬁurrent terms, but they are appreciably lower in real terms (that

is, in relation to general price levels).

Table 3

UNITED STATES: ANNUAL AVERAGE PRICE OF MANGANESE ORE
AND FERRO-MANGANESE

Manganese ore Ferro-—
Period ($ per ton of manganese
manganese content) $ per ten
19)47__]49 N.3. 152.;}4
19505k 96.9 196.3
1955~59 117.8 232.7
1960-6k 8h. L _ 190.7
1965-69 70.2 164.7
1970 5h.1 182.1

/o..
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TTI. PFactors influenéing demand, supply and prices

{a) Demand

9. Since manganese is almost entirely used in the steel, chemicals and dry cell
battery industries, the demand for manganese depends on the growth of these
industries, The steel.industry pleys an overwhelmingly important role. In the
United States, nearly 93 per cent of the total manganese consumption in the
quinquennium ending 1969 was accounted for by the steel industry, about 1.0 to

1.5 per cent by dry cell batteries, sbout 4.0 to 4.5 per cent by the chemicals
industryrggd,%hé”ﬁﬁianée by miscellaneous industries. ‘Information on end-use
Jgénsumﬁ%ion of manganese in other countries is not available, but it is generally
known that nine tenths or more of manganese consumption takes place in the iron and
steel industry. .

10. There is some evidence in the United States data that the growth of manganese
éonsumption in the chemicals indusiry is faster than in the steel industry. But the
over-all consumption in the chemicals industry being still small, this factor is not

likely to have any significant impact on the total demand for manganese, at least

in the next decade or two. g

11. Apart from the growth of the three industries ir which manganese is used, a
couple of technological develo?ments seem relevant, though there is no conclusive
evidence of their influence on the demand for manganese. One is the steady growth
of the basic oxygen process of steel—makiﬁg. The higher bath temperature of the .
basic oxygen process causes some manganese to revert from the slag to the metél,
thereby reducing the manganese requirements. This may, however, be offset partly
or wholly by the fact that the manganese content of the slags resulting from the

basic oxygen process may often be tco low to warrant their recycling to the blast

furnace, as is done for the slags in the open hearth process.

1/

12, The consumption of manganese alioys in the steel industry in the United States™

averaged 10.57 kg per ton of steel output in the gquinquennium ending 1959 and

1/ Hardly any manganese ore is used directly in steel-making in the United
States. The main manganese alloy used is ferro-manganese, bub substantial quantities
of silico-manganese and relatively small quantities of menganese metal and
Spiegeleisen are also used.

R /“.;
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10.67 kg in the quinguennium ending 1964, but it declined to 10.15 kg in the
quinguennium ending 1969. This shows abhout 1 per cent annual decline in the use

of manganese alloys per ton of steel output, but it is not large enough to proﬁide
conclusive evidence. Similar analysis for other countries is not possible for want
of date on manganese consumption by eﬁd-use.

13. Another technological development relates to dry cell batteries. There is a
trend towards smaller batteries and the grbwing use of rechargeable batteries which
do not contain manganese, This deve€lopment tends to restrict the use of manganese
in dry cell batteries. However, such a trend should not have any significant impact
on total world reguirements of manganese ore, because only 1.0 to 1.5 per cent of
manganese consumption is accounted for by this end-use.

1Lk, As for the influence of the prices of manganese on its consumption, there being
little scope for using substitutes, or for altering the manganese content of steel
as determined by the technology of the time, prices can hardly be expected to exert
& significant influence. They could possibly play some role by encouraging or
discouraging the recycling of slags to the blast furnace.. '

15. TIn making future demand projections, the ideal procedure would be to treat the
demand for manganese in each of the three industries separately. But tﬁis is not
feasible owing to lack of information on end-use consumption. The next best
alternative is to cdnsider total consumption of manganese in relation to the output
- of the steel industry which accounts for an overwhelming part of the total manganese
consumption. The consumption of mafiganese per ton of steel output in the majbr

consuming areas is shown in table Lt below.

Table U

TOTAL MANGANESE CONSUMPTION PER TON OF STEEL QUTPUT
(in kilograms)

' Socialist

Total World (excluding countries of
Quinguennium United States OECD socialist countries) [Eastern Europe

(in terms of ore)
1955-59 17.45 22,65 28.02 82.61
196064 18.00 - 23.81 26.92 65.95
1965-69 _ 17.35 25.30 28.32 53.76

(in Terms of manganese content)

1955-59 7.96 10.k42 11,84 37.17
1960-64 8.10 10.22 11.17 29.68
1965-69 7.80 ] 10.98__ | _12.29 oh1g  — +

/-
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1/

16, The above table shows that manganese consumption per ton of steel owtput=' in
the socialist countries of Bastern Europe is two to three times as large as in the
United States and other OECD. countries. One reason is that the manganese content

of average ore used in the United States and other OECD countries is higher than of
the ore used in thé USSR. The data for the United States excludes cohsumption of
ore containing less than 35 per cent manganese. But more important is the fact that
in the United States and other OBCD countries manganese is used overwhelmingly in
the form of ferro—ménganese and silico-manganese directly in steel production.

These alloys, whose iron content has to be kept low at_l:6 or 1:8, are many times
more expensiﬁe than iron ore, and so they are used only to the extent necessary.

But the USSR freely useé its relatively low-grade manganese ore directly in pig iron
production. Technically, there is no restriction-on the iron content of the ore
used in the production of pig iron.

1f. 1In the OECD group as a whole, manganese consumption per ton of steel output has
shown some inecrease. This could be due partly to the increasing use of medium~grade
ores. For instance, India has been exporting increasing proportions of asbout

30 per cent ore in place of Lk2-45 per cent ore for use in some OECD countries,

particularly Japan. N

Statistical analysis of time series

18. The foregoing discussion indicates the suitable forms of econometric analysis.
One possible approach has been to relate consumption of'manganese with steel output
and the prices of manganese alloys or ore. Steel output has, in turn, been related
with GDP. This assumes that manganese ore per ton of steel oubtpubt has remained
constant. Bince thig is not a reascnable assumption in some cases an alternative
approach has also been tfied by relating mangaﬁese per ton of steel output with a
time trend and prices of alloys or ore. This, together With the relation between
steel ocutput and GDP, provides the framework for estimates of future manganese

consumption. In the case of the socialist countries of Eastern Furope, a time trend

1/ Since total manganese consumption includes a swall part used in the
chemicals and dry cell batiery industries, for which no precise eztimates are
seperately available, except for the United States, total manganese consumption
per ton of steel output is to be interpreted as a relation between manganese
consumption and steel production rather than the quantity of manganese actuslly
used in each ton-of steel output.. B . ——— N

/ov.
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for manganese consumption per ton of steel output and another time trend for steel
output have been used.

19. TFor the United States, this econometric analysis covering the period 19561969
shows that a change of one dollar in the price of ferro-menganese leads to an
opposite change of 0.0226T kg (in terms of ore) in the manganese consumption per
ton of steel output, and that if prices remain unchanged there ig a tendency for
the manganese consumption per ton of steel output to decline by 0.20267 kg annually.
The average elasticity of demand with respect to price comes to -0.25. This result
seems to confirm that, on the one hand, the steady growth in the basic oxygen
process has tended to cause a decline in manganese consumpiion per ton of steel
output. But, on the other hand, the over-all fall in prices has tended to
discourage the recyeling of slags to the blast furnace and the recovery of the
secondary manganese, thereby necessitating greater intake of manganese alloys.

These two tendencies have partly offset each other, so that there has been only a
gradual décline in manganese consumption per ton of steel output. If in future
prices do not fall any further, the declining trend in maﬁganese consumption per
ton of steel oubput might be more visible. As for the steel output, it is found -
to be related reasonably well with GDP. An increase of $US1 000 million in real (DP
is associated with an increase of ahout 1h0,000 tons of steel ousput.

20, For the other OECD countries as a group, the analysis covering the same period
provides no evidence of any significant effect of prices on total consumption or on
consumption per ton of steel oubtput. Total consumption seems 0 be well correlated
with steel output, an increase of one thousand tons in steel output being associated
with an increase of 33.7 tons in the consumption of manganese ore. In its'turn9
steel output bears a good velation with GDP, an increase of $US1,000 million in
real GDP being associated with an increase of L20 tons of steel.

21, For the world (excluding socialist countries of Eastern Europe and the

United States) as well, no significant effect of prices on consumption is brought
out in the analysis. Treatment similar to that for the OECD countries shows that

an increase of one thousand tons in steel output is asscciated with an increase.of
31.9 tons in the coﬁsumption of manganese. Steel output in the non-0ECE countries
{excluding socialist countries) increases by about 330 tons against an increase of

$US1,000 million in real GDP.
T Jese
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22. For the socialist countries of eastern EBurope, consumption of manganese per
ton of steel output has been tending to decline, from its high level, by 2.49 kg

per year, and steel output has been growing by 6.68 million tons per year.

(b) Supply

23. Bupply has two aspects: in the first place, adequate and stable reserves of
ore should be known to exist; secondly, there should be sufficient profit
incentive, i.e. the margin of prices over costs, for the creation and utilization

of mining and processing capacity.

Heserves

2k, Systematic geological explorations carried out during-the past decade or so

has brought about a more than three-fold increase in the known reserves of
manganese ore (of all grades), which now stand at, perhaps, 3.5 to 5.0 billion tons,
nearly half of these being in the Soviet Union. The estimated extent of reserves

in different countries and brief desecriptions of these reéerves are given in

table 5. The periods over which these reserves would last, assuming different
rates of growth of demasnd and the different estimates of th% reserves within and

outside the above-mentioned range, would roughly be as in table & below:



A/AC.138/56

Engltish

Annex II

Page 11
Table 5

WORLD RESERVES OF MANGANESE ORE

—several decades); Algeria {1-2 millidn tons near Bechatr) ete.

Country and Reserves
region {(million Description
tons)
Soviet Union The reserves at Chiatura and Nikopol consist of metaliurgical oxide
1. Chiatura oo ores, ranging from 25 to 49 per cent in mangmnese content but
{ Caucasus apparently requiring concentration for the most part. The deposits at
Mountains) Tokmak contain mostly carbonate ores with a metal' content of
27-28 per cent.
2. Wikopol and
Bolshoi=-Tokmak 2,000
South Africa ’
1. TNorthwestern - 100~1,000 Estimates made some years ago varied between 50 million and 100 million
districts of tons. Intensive prospecting undertaken since has indicated that
Cape Province deposits are considerably larger than thought., Some recent estimates
: put the reserves as high as 1,000 million tons. These ores occur in
conjunction with large depesits of ferruginous mangsnese,
manganiferrous iron and haematite, but intermediate and high-grade
manganese ore (k0-55 per cent range) can easily be sorted out,

Gabon

1. Moanrda 200 The total deposits are estimeted at 450 million tons of crude ore,
from which 200 million tons of merchantable ore with manganese content
of 48-50 per cent can be derived easily.

Brazil

1. Matec Grosso © 50-100 50 million tons proven, 33 million tons potential.

in Urucum '
distriet

2. Serra do Navio 23 wmillion tons proven, 8 million tons potehtial. These deposits have

in Amaps region 25 higk-grade ore.

3. Minas Cerais 10-15 Much of the past production has come from this area.

L., Rondonia 7 No quantitative assessment of these deposits is available, but they are
believed to be extensive, with high-grade ore. )

Indis 180 Estimate by the Geélogical Survey of India put the reserves at
180 million tons, of which about 50 million tons is high-grade ore.

Australis

1. Groote Bylsndt 50+ Large-scale preduction from these reserves began in 1966. The

in the Gulf target for sanual production capaeity is 1.25 million tons by 19Tk,
of Carpentaria .

United States The United States has extensive manganese containing deposits, but
these are of very low grade ore, ferruginous manganese ore and
manganiferrous iron ore and are uneconomic to exploit without the
development of improved techniques of beneficiation.

Philippines 35+ Proven reserves are 35.6 million tons of lump ‘ore averaging kli per cent
nanganese. In addition 57 million tons of lump ore and 120 million
tons of lateritic ore, averaging 44 per cent manganese, are in sight.

Others 100+ In addition to the old reserves in Ghana, Congo, Moroceco, Ivory Coast,

ete., some of the reserves discovered in recent years are those in
Thailand (10 million tons), Tndenesia (10 million tons in-Java),
Upper Volta (10 million tons of high-grade ore of 51 per cent
average), Mexico {10 million tons of carbonate ore which is
nodulized to get good grade ore), Venezuela (5 million proven
reserves near Upata), Jordan (3 millicn in Wadi Dhana}, Yugoslavia
(sufficient reserves of good gquality to meet her requirements for

fooe

(Sources on following page)
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Sources to Table &

Soviet Union

Bureau de Documentation, France, Annales des nines, July-August 1068;
Commonwesalth Feonomic Committee, London, Iron and Steel and Alloying Metals,

No. 2, 1965; :
U.5, Bureau of Mines, Mineral PFacts and Prcoblems, 196h5.

South Africa

State of South Africa - Economic, Pinancial and Statistical Yearbook for the -

Republic of South Africa, 1970;
U.3. Bureau of Mines, Mineral Facts and Problems, 1965.

Gabon

7.5, Bureau of Mines, Mineral Facts and Problems, 1965,

Australia

Department of National Development (Geological Section), Mineral Deposits,
Atlas of Australian Resources, Canberra, 1969.

Philiopines and Thailard .

United Nations, Mining Developments in Asia and the Far Hast, 1967.

Indonesisa

Bureau de Documentation, France, Annales des mines, June 1967,

Upper Volta

World Mining, September 1970.

Mexico

U.S. Bureaun of Mines, Minerals Yearbook, 1968.

Venezuela

Mining Journal, March 1968,

Jordan, Algeria., Yugosglavia

U.8, Bureau of Mines, Mineral Trade Notes, April 1967, September 1967 and
May 1967 respectively.

United States

U.3. Bureau of Mines, Minef#l Facts and Problems 1965 and Materials Survey =
Manganese, 1952. .
/..
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Assumed level of
known reserves
{(pillion tons)

i
L

Year up to which the reserves would last if the
raete of growth of demand is

T2 2 Y 2 R ¢ T - 9%
(a)}} World (excluding centrally planned economies)
1.75 | 2016 2010 ;2006 | 2003 2001
2.00 i 2017 ! 2012 | 2008 | 2005 2003
2.25 2018 é 201k § 2010 i'_ 2007 2004
3.00 202k |} 2018 201k | 2010 2007
4.00 2030 | 2023 2018 i 201k 2010
5.00 2034 | 2027 2021 | 2016 2013
{p)] World (including centrally planned econcmies)
3.5 2026 2019 | 201k | 2010 | 2007
4.0 2029 c022 | 2016 g 2012 | 2008
4.5 2034 2026 2020 | 2015 2011
6.0 2039 2029 2023 2018 | 2013
: 8.0 2045 2035 2027 3 2022 2017
| 10.0 2051 2039 2031 | 2025 , 2020
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25. Tt is clear from table 6 that the existing reserves in the world {(excluding
gocialist countries) would last until the end of the first or seccnd decade of the
twenty-first century, assuming no large-scale trade in manganese ore with the
socialist economies. But if large-scale exports of manganese from the socialist
economies are assumed, the whole world can be treated as a single unit. Then the
existing reserves would last a decade or two longer, because in relation to
requirements the socialist economies have more than a proportionate volume of
reserves. Of course, there is every possibility of new reserves being discovered
in the future, considering how rapidly they have been augmented in the past decade.
Even,if & limited augmentation of the reserves to a total of about 10 billion tons
is considered, they will cover the requirements up to the middle of the twenty-first

century,

Economic factors

26, The creation and utilization of capescity fcr the mining and processing of ore,
vhich is reflected in actual output, is chiefly a gquestion of costs and prices.
Information on cost of production of manganese ore in various areas is nét readily
aveilable and, in the circumstances, it has been assumed fothhe present purpose
that costs have not changed significantly iﬁ the past decade and s half to which
the present analysis relates.i 7 |
27. The high prices of manganese ore in the whole of the 1950s gave a spurt to
exploration, so that the extent of known reserves, which was 1.0-1.5 billion tons
in 1960, increased to 3.5-5.0 billions in 1970. But just as exploration gained 7
momentum and produced results, the prices of ore fell sharply in the 1960s, though
this fall could, in part at least, be regarded as a downward readjustment of the
exceptionally high prices of the 1950s.
28. In empirical analysis, output rey be regarded as the result of two factors:
a time trend representing the general tendency of output to grow in step with
demand, given the adequacy of reserves; two, the prices of ore. This analysis has
been done for a number of important producing countries separately.

1/ Machinery, equipment and labour cost may have been increasing., But the

use of more modernized and capital intensive installations, while increasing the
capital requirements, may have considerably reduced operatiocnal costs.

/...
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29, It ghows that prices have played & significant role in influencing output in
Indie and the OECD countries. Over the period analysed, a decline of $1.00 in

the price of manganese ore resulted in decreases in output of 15.8 thousand tons
in the case of India and 9.8 thousand tons in the case of OECD countries. Given
no change irn prices, output tended to inerease annuzally by T78.3 thousand tons in
India and 44.6 thousand tons in the OECD countries. The prices of the preceding
year show no significant influence on current year's output, For other countries,

the price effects were not significant in the statistical sense.

{c) Prices

30. Prices are influenced, in the traditional sense, by demand and supply. The
demand side mainly includes current consumption. But, as already explained, the
quantities going into the United States Government stockpiles, which in several
years were guite subStantial, also formed part of demand. OCn the supply side,
there is current production and commercial stocks carried over from the previous
year, Releases from the United States Government stockpiles also constitute
supplies in the same way as shipments from mines and factories. Although prices
of different shipments of manganese ore are settled individually, there is a kind
of average price which is determined by the over-all demand and supply. 4 part of
the total demand and supply is "eaptive', a térm which is used when the
corporations consuming manganese (i.e. mainly the steel companies) partly own the
mining and processing of manganese ore and alloys. This together with long-term
intergovernmental arrangements, weakens the assumption that prices are determined
by the free forces of demand and supply. Nevertheless, there remains a large part
of the manganese ore market which is subject to the free play of demand and supply.
31. Among the very few price series available for different markets of the World,
the New York price of manganese core seems to be the most réliable. Tts
comparability cover the past two decades has not been affected by changes in the
exchange rate or any significant changes in the manganese content of ore consumed.
In the following discussion, the New York price is taken as repfesenting the

world vprice, and an attempt is made to assess the role of various facters in

causing movements in this price.
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32X While, in the final analysis, prices are detérmined by the forces of demand
and supply, changes in commercial stocks have an immediate influence on prices,
simply because prices depend on the behaviour of merchants or stockists. Stocks
are, in turn, determined by demand and supply. It is easily seen that if a unit
increase in demand {say 1,000 tons) has the same influence on price as does the
same increase. in supply, then relating prices with demand and supply is tantamount
to relating prices with the levél of commercial stocks. But if a unit increase in
demand and a unit increase in supply have different effects on prices, then prices
must be related not oﬁly to commercial stocks but, in addition, to demand {or supply)
also, TIn the present analysis, no prior judgement is made aboui the equality of
the effects of demand and supply on prices, and so prices are related with

commercial stocks and with demand.
33. This relation shows that an increase of 100,000 tons in the supply of manganese

ore leads to a decrease of 3.5 dollars per ton in. the price of ore. On the other
hand, if demand increases by 100,000 tons, the increase in price is 2.1 dollars
per ton. Thus, the pricemdepressing'effect of a unit increase in supply is
greater than the price supporting effect of a unit increase in demand. This may
partly reflect the fact that there may have been some accumulation of stocks in
the producing or consuming countries which have not been taken intc account in
the present analysis for want of quantitative information. To the extent this is
8, actual consumption must have been lower than apparent consumption used in the
analysis, The differential effect of demand and supply on prices could also be
due to the weaker bérgaining pover of the producing interests as compared with
that of the consuming interests. The weaker bargaining power, which is '
characteristic of the developing countries, may have been aggravated by the
disdovery of large new reserves over the past decade or so, But now that pricéé
have come down sufficiently to be not far from the pre-Korean war level, producers
may not have much scope for further yielding to the superior bargaining power of
the consumers of manganese ore, and consequently the demand and supply may not
have a differential effect on prices in the future, Perhaps it can be conéluded
provisionally that the price-supporting effect of an increase of 10,000 tons in

demand and the price-depressing effect of an equal increase in supply would be of

the order of $2-3 per ton.
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I1I. Possible consequences of sea-bed production

34, The various quantitative relationships which have been tentatively developed
in the previocus section for various producing and consuming areas could be used to
produce integrated projections of demand, supply and prices. The term "integrated"
is used to imply projections which take into account the interactions smong these
various segments of the manganese market. Each of these segments depends not only
on certain autonomous factors but also on the other segments. Thus prices of
manganese are influenced by the level of stocks which, in turn, depends on demand
and supply. Demsnd is influenced, among other factors, by prices and, through
prices, by supply. In this way, demand, supply, prices and stocks move in an
interacting manner, apart from the influence of external factors on cach of them.
35. However, the formulation of integrated projections of the long-term prospeéts
for manganese ore would require considerable further work, both because of éertain
limitations in information concerning past tiends in respect of such factors as
movements in stocks, consumption (for example, consumption data for the United
States relate only to manganese ore containing 35 per cent or more of manganese)
and costs of production, and because of the need for further detailéd consideration
of the assumptions which should be made for the future in relation to important
factors influencing demand and supplies in various groups of countries.

36. Nevertheless, the provisional conclusion reached above from an examination of
past trends, regarding the effects on the price of manganese ore of a given increase
in supplies throws light on the question of the possible effects of production of
manganese from the sea-bed. Assuming that the past relation between prices and .
supply continues substantially unchanged, prices of even one sea~bed mining
operation on the scale assumed in table 17 of the Secretary-~Genersl's report, with
an output of about 260,000 tons of manganese per annum, would be very appreciable
indeed., Unless and until an eguivalent volume of land production were withdrawn
from the market, such additional cutput would have the effect of reducing prices by
an amount of the order of $5-8 per ton below the level which would otherwise
prevail, This estimate is derived by multiplying the price effect per 100,000 tons
of additional supplies by 2.8; the assumed outpuﬁ of one sea-bed mining operation,
The net result of this, given an actuel market price, as in recent years, of

$50-60 per ton, would be that the market value of total world ouiput, and of exports

S e e —_— . . . /_'_‘__.___
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from developing countries, of maﬁganese ore would be lower as a result of sea-bed
producticn. The withdrawal of an equivalent veolume of land-based production from
the market would, of course, tend to restore the market price to its former level.
In that event, however, the land=based producers would still be deprived of
potential export income - amounting, at a market price of $50-60 per ton, to about
$15'miliion per single mining operation on the sea-bed on the scale assumed in
table 17 of the Secretary~General's report.

37T.  Whether the market price of sea-bed production would be lower or higher at
the time when sea-bed production first became available than in recent years would
depend on trends in costs of production, supplies, demand and gvailabilitiés from
accumulated stocks, which cannot be assessed without further reéearch. It is
indisputable, hoﬁever, that the availability of any additional supplies, O‘Eher
factors such as demand remaining constant, would have a depressing (or restraining)
effect on market prices. On the other hand, the expected increase in demand for
manganese, at a rate of about 5 per cent per annum, will facilitate the'absorption
of additional supplies, By 1976, the first mangenese nodule venture might become
operational., During that year, the increase in world (excluding the socialist
countries of Eastern Europe) demand for manganese might be about. 320,000 tons.
This increase in demand would be greater than the ﬁossible production of

280,000 tons from one sea-bed mining operation. In a dynamic perspective this
means that from that time on, prices would not necessarily fall if one new sea=bed

mining operation were started each year, and if the land-based producers did not

expand suppiy substantially.
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