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EXECUTIVE SUMMARY

1. The Secretariat of thimternational Seabed Authoriogpmmissioned the preparation of this
reportto study the potential impact of mineral production from the Area on the economies of developing
landbased producers of those minerals, which are likelyetanbst seriously affected, with a view to
minimizing their difficulties and assisting them in their economic adjustment, taking into account the work
done in this regard by the Preparatory Commission.

2. The purpose of the study is to provide a preliminary assessment of the impact of activities in
the Area on developing ladshsed producers States (DLBPS). Activities in the Area may lead to serious
adverse effects on the export earnings or economies oPBLBsulting from the decline in price or supply
volumes of the affected metals. The need for such a study is determined by the provision of the Unitec
Nations Convention on the Law of the Sea that developing States must be piititeatealdverse effects
on their economies or on their export earnings resulting from a reduction in price of an affected mineral, ol
in the volume of exports of thatineral, to the extent that such reduction is caused by activities in the
A r e a(€onvention, articles 150 (h) dd (3)).The Agreement relating to the Implementation of Part XI
o f the United Nations Convention on the Law o
provides that between the entry into force of the Convention and the Approval of the firef plark for
exploitation, the Authority shall concentrate on, among others, study of the potential impact of mineral
production from the Area on the economies of developing-tesed producers of those minerals which
are likely to be most seriousely affed, with a vew to minimizing their difficulties and assisting them in
their economic adjustment, taking into account the work done in this regard by the Preparatory Commissiol
(Section 1, paragraph 5 (e), Annex to the 1994 Agreement).

3.  The studyconsiders the implications of metals production from the future exploitation of
polymetallic nodules in the AreAffected metals include copper, nickel, cobalt and manganese.

4, Potential impacts of seabed mineral production (including polymetallic noaduld3)BPS
and the criteria of their assessment were considered by the Special Commission 1 of the Preparatol
Commission. The Special Commission 1 has also identified areas of research that are needed to |
undertaken in order to study the possible impatiseabed mineral production on DLBPS. Conclusions
and methodology of the Special Commission 1 of the Preparatory Commission have been confirmed in th
submitted report.

5.  The study supports the conclusion of the Special Commission 1lthat an assessment of the
relationship between mining in the Area and Hwaded mining should be made for each mineral separately.
The assessment of the impacts of mining in the Area should also be carried out for each specific DLBP!
that may be affected individually.

6. The membersf the study group fully support the conclusion of Special Commission 1 that
statistics on current export levels allow only preliminary identification of DLBPS, which are likely to be
seriously affected by the start of deep sea minipgclic impacts ca only be assessauhce mining in
the Area has commencedSuch an assessment can be made by comparing certain quantitative indicators
(such as the value of exports of affected metals' products and its contribution to the value of total expor
earnings, phsical volumes of production of affected metals, the value of export earnings relative to GDP,
etc.) before and after the beginning of seabed mininglt is important to understand, however, that
provisionally identifying certain DLBPS as the States that beynost seriously affected does not mean
that those same States will indeed be severely affaftexdthe beginning of seabed mining.

7. Special Commission 1 emphasized that when assessing the impact of the start of seabe
mining on DLBPS, it should be kept mind that any change in the market situation affecting the price
dynamics is always determined by a set of diverse and/or multidirectional factors. It is very difficult to
guantify the individual role of each of these factors. The members of the gtuay fully support this
conclusion, while noting that, in addition to the obvious factors affecting mineral prices, there may also be
hidden factors whose very existence is not obvious.

8. In assessing the potential impact of activities in the Area by sieareh group, the following
factors have been taken into account:



i.  the timing of the production of polymetallic nodules, its volume and the number of affected
metals (copper, nickel, cobalt, and manganese), which can be extracted from the mined
nodules;

ii. thedemand/supply balance for each of the affected metals that may have developed by the
time the mining of polymetallic nodules in the Area begins;

iii.  the place of any DLBPS in the markets of affected metals;
iv.  the role of the affected metals in the economy poexearnings of specific DLBPS.

9. In its work, the study group took into acco@astsumptions from the economic model for
polymetallic nodule exploitation developed by the Massachusetts Institute of Technology, as well as
assumptions from the economic models proposed by the African Group, Germany and China.

10. There is considerable uncarity concerning the time frame of the commencement of
mining, which is compounded by uncertainty concerning future processing of nodules. It is likely that
individual contractors may start seabed mining in about 2027. It is also likely that the nunsheh of
contractors will increase in the following years and may reach 12 by 2035. If one contractor extracts 3
million tonnes of dry nodules per year, jointly they will produce 36 million tonnes of nodules. The
processing of this amount of nodules could eB56.4 thousand tonnes of copper, 444.6 thousand tonnes
of nickel, 61.2 thousand tonnes of cobalt, and 9.2 million tonnes of mangdpesaer, it is more realistic
that only a few of the twelve contractors would be fully prepared to commence praductiome. The
remainder will continue working under exploration contracts, which will be extended under the 1994
Agreement.

11. At theaverage global market price over the past five years, the price of metals in 3 million
tonnes of nodules would amount to eppmately USD 173 million for copper, approximately
USD 436.5million for nickel, and aboutJSD 220 million for cobalt. The nodules themselves were
considered equivalent to manganese ores; their price can amount to approXisaidigs million. The
priceof the manganese products that can be produced as a result of nodule processing will be several tim
higher. However, the specific composition of nodules (high phosphorous content) may have a negative
impact on their demand as an equivalent to mangameseand on their price.

12. The actual value of nodules and the products derived as a result of nodule processing will be
determined by the market situation during the period of extraction.

13. In the analysis of trends and prospects of the development of dffewtals markets
(including supply and demand prospects), each market was considered separately. The selecte
retrospective level is 2008, the selected forecast horizon is 2035. When estimating demand foospects
affected metalsconsumption forecastsgpared by various consulting agencies and research groups were
used. When assessing supply prospects fromBasdd producers, parameters of existing mines and
expectedndicatoss of projected mines were used.

14. Considering mining of polymetallic nodulesaaits potential impact on markets of affected
metals three scenarios were considered: minimum (two contractors), base (six contractors) and maximui
(twelve contractors). All scenarios imply that the first contractor starts mining in 2027 and the decond
in 2030; the remaining contractors (if they participate) join the process inZUE&A. It is also implied that
a maximum aggregate production level of six or twelve contractors could be reached in 2035. Under thes
introductory conditions, three despa nming scenarios for each of the metals in question were considered
(Table 1).

15. Copper. There is a considerable number of world copper consumption forecasts. They are
based on the expected growth rates of world GDP and population, the developfigestiotechnologiés
the transition to renewable energy sources, compliance with the Paris Agreement on the regulation ¢
measures to reduce carbon dioxide in the atmosphere, and other factors. For all diversity of forecasts, tt
projected growth rate ofopper consumption varies betwek8i 4 % per year.

16. Three cases of world copper consumption growth were chosen for the ana¥gsia:8%,
and 3.5%.



17. It is expected that the bulk of lafihsed mine projects will be commissioned from 2025,
and in 2035 thewill be able to produce 10:illion tonnes of copper (5% of the current level).

Production of secondary copper is also expected.

Table I. Projected rates of mining of polymetallic nodules and productiaffested metals with two,>si

and twelvecontractors mining

2 contractors 6 contractors 12 contractors
Beginning of production, year 2027 2027 2027
Reaching full capacity, year 2032 2035 2035
Eﬂa'gg‘gtif E)%'%L“Seta'“c nodules at full 6,000,000 18,000,000 36,000,000
Production of affected metals with mining at
full capacity, tonnes
Cobalt 10,200 30,600 61,200
Nickel 74,100 222,300 444,600
Copper 59,400 178,200 356,400
Manganese 1,533,600 4,600,800 9,201,600

18. With the global copper consumption growing b%sder year and the implementation of all
land-based projects, the market will be saturated with copper until 2035, which will have a negative impact
on price movements. Under such conditions, some of thebaseld mine projects will be delayed or
temporariy abandoned.

19. With the copper consumption growth at 28per year, the threat of metal shortages may
arise even if all projects are commissioned, but after 2032.

20. Withthe global consumption growth at 3Gper year, metal shortages may occur after 2030,
ard if the commissioning of some of the projects is delayed for some reason, metal shortages may occt
earlier.

21. It can be expected that if the average annual growth rates of real consumption will exceed
2i 2.5%, then from the mi®020s new projects of ladshsed production will appear, including those based
on the currently explored objects.

22. Mining of polymetallic nodules, with copper consumption increasing by@Bfer year
alone, will not have any impact on the copper supply/demand balance; under sutisteinces, even a
maximum scenario would not have serious adverse effects on the market. However, there may still be son
decline in copper prices, as possible supply tensions will be reduced. Under other consumption growitt
scenarios, copper shortage maynifest itself either after 2032 or not at all all the world economy's
copper needs may be met by ldmased production and secondary metal. In this case, even small volumes
of copper from polymetallic nodules may put additional pressure on the market.

23. Nickel. The main prospects for growth of nickel consumption are related to the electrification
of motor vehicles and the production of higdpacity batteries. Estimates of nickel demand growth in this
area vary greatly and range from 4 to 14 times increa2930.

24. Three cases of world nickel consumption growth were chosen for the analy$is: 4%,
and 5%.

25. ltis expected that the commissioning of new Haaded mines will start in the next year or
two. In 2035, they may provide about 750 thousand tooheslditional metal; as a result, nickel mine
production may exceed the current level by one third.

26. Despite a significant increase in production with consumption growth 86 .ér year after
2029, the market may face a primary metal shortage. Howdwnerfotecast does not take into account



stocks reserves (exchanges and companies) and secondary metal (there are prospects for growth of
production). Therefore, the shortagay turn out to be significantly lower.

27. Inthe other two scenarios, the mankety experience a shortageer the whole period under
consideration. This would create conditions for the intensification of preparations for the exploitation of
known but inactive deposits. In addition, in recent years, there has been an increasadiuegpdor
nickel exploration, which may result in the identification of new deposits that can be put into operation
quickly.

28. If production of polymetallic nodules starts in 2027 and increases with the intensity we
expect, it will not cause overproduaticof nickel even with the minimum expected growth rate of
consumption, the commissioning of all currently known projects of newhasdd mines, and offshore
mining by twelve contractors. Only the first years of offshore mining can be an exception.riidre ea
appearance of nickel from polymetallic nodules on the market at the lowest expected growth rate of meta
consumption may cause a significant surplus of the metal, which may persist for several years. Only i
nickel consumption growth rates are higtien the low scenario of consumption growth, the beginning of
offshore mining will not cause overproduction of the metal.

29. Cobalt. Almost all cobalt production is a bggroduct mainly with coppeKfrom sediment
hosted stratifornandstrataboundopper depositg)r nickel(from magmatic nicketoppercobalt sulphide
deposits and nickel laterites). As a result, the dynamics of cobalt mining and production are correlated witt
the production of copper and nickel from certain types of deposits.detésmines the complexity of
bringing the demand for cobalt and its production in a balanced state.

30. Prospects for cobalt consumption are linked to the lithimbatteries sector. At the same
time, several factors (including price volatility atmhcerns about insufficient supplies) have led to changes
in the chemical composition of lithition batteries, which are aimed at complete replacement of cobalt or
reduction of its content.

31. To date, there is quite a large number of forecasts for globaltcconsumption growth.
Three cases were chosen for the analysis¥h .62 %, and 8.8%.

32. The commissioning of new ladshsed mines is expected to start in the next year or two. By
2035, they may provide 75 thousand tonnes of additional metal; as ta cebalt mine production may
exceed the current level by otigrd even if some of the currently exploited fields are exhausted.

33. With an annual growth rate of 5% in world cobalt consumption and the realization of all
projects, the metal shortage maywcafter 2028. Given the expected overproduction in previous years,
the market may feel it with a delay.

34. If the cobalt consumption grows by more tha#o per year, the threat of a shortage will
already occur in 202@027, even if all projects are commiesied.

35. The expansion of landased production of cobalt is complicated by theptmduct nature
of its production. However, there is reason to believe that with the shortage approaching, the commissionin
of projects based on cobaibntaining ore depositahich are currently inactive or are on the early stages
of exploration, will accelerate. The shortage of cobalt and the resulting price increase may also stimulate
its fuller extraction from mined ores, primarily laterite ores.

36. If production of polymetalt nodules starts in 2027 and increases according to any of the
scenarios we are considering, even with a minimum expected consumption growth rate peb.gear)
and the commissioning of all currently known new Koaded mine projects, there will be foymal
overproduction of cobalt. Only the first years of offshore mining can be an exception. However, significant
overproduction of cobalt can be expected up to 2028 and is difficult to avoid. As a result, so large stocks
of cobalt may accumulate in vatis warehouses that insufficient production will be compensated for by
these stocks for a long time to come. Accordingly, the metal prices will be at a low level. Then, the
beginning of offshore mining will exacerbate the situation. At the same timeyasgble that the price
level will be critical for the offshore mining itself, making it lqwofit or even unprofitable.

37. Manganese. The main factor determining the prospects of the world manganese
consumption is thdynamicsof steel industry developmenthich, in turn, depends on the global economic
situation as a whole.



38. Forecasts of manganese ores consumption made by various analysts are relativély close
it is expected tancreasedy 1i 3 % per yearThree cases of manganese demand forecastschvesen for
the analysis: %6, 1.5%, and 3%.

39. Production of manganese ores on existing mines can increase by approximdtelyy20
mid-2020s by expanding their capacity. In addition, in the next year or two, nevbdaed mines will be
commissioned, whittogether could provide over 7 million tonnes of additiamalper yeaty 2035 As
a result, production of manganese ore may exceed the current level by about a third by 2035.

40. If the consumption of manganese ores grows #yder year (this scenariofp®ssible with
a decrease in steel output growth rates in China, which is forecasted by many analysts), demand for it wi
be provided by existing operations. At the same time, the production volumes of manganese ores ma
significantly exceed the consumptitevel, which will have a negative impact on priddarket surpluses
and low prices will force producers of manganese ore to reduce output or suspend operations; most ne
mine projects will be frozen and exploration will be stopped.

41. If the consumptiorof manganese ores grows by ¥%5er year, the capacity of the existing
enterprises will be sufficient tprovisionmanganese ores until 2030; the shortage that may arise in the
future will be covered by the existing projects.

42. At the growth ofconsumption of manganese ores I Per year, the operating mines and
ground projectsanprovidemanganeseres only until 2025. Expectancies of shortage in the next years
can cause intensification of development of new deposits, and also exploratienaivoed at revealing
new manganese ores deposits. Commissioning of new deposits may eliminate the potential shortage of re
materials.

43. A Aniched in the manganese meaamkiadg willemdigec h
only if consumption of manganesre grows by more tharf2 per year. At the same time, the volumes of
fise@ manganese production, which the market will be able to absorb painlessly, will be determined by the
consumption growth rate. If they aré@per year and production starts in 2@2 our anticipated rate, the
manganese market is likely not to be adversely affected by the operation of no more than six contractors
With more contractors operating or at a lower rate of growth in consumption, the manganese market will
be adversely affcted, which may have a negative impact not only ontesed producers but also on the
contractors themselves.

44. Polymetallic nodules It is important to understand that the situation in the markets will also
have an impact on the prospects for implemgnsimabed mining projects. A decrease in prices for one or
more of the four affected metals, caused by any reason, automatically reduces the market value ¢
polymetallic nodules as raw materials for the extraction of these metals. This decline may sesuét or
even all seabed mining projects becoming subeconomic or unprofitable. This transformation is possible
both before and during seabed mining. At the same time, one should expect tougher competition betwee
different market participants, which wiliclude seabed mines; the survival of each of them will depend on
the level of profitability at a certain level of prices for affected metals.

45. The market position of polymetallic nodules and, consequently, the profitability of their
production projects willlso be affected by the organization of their processing. At present, it is anticipated
that nodules will first be processed to extract copper, nickel, and cobalt, and the remaining maiganese
slag will then be sold to producers of manganese prodigects-alloys or EMM). In this connection, the
issue of interaction between different links of such an organizational and production chain remains
unsolved.

46. Assessment of potential impact on relevant DLBP ®ffshore mining, under any scenario,
will have asignificant impact on the markets of affected metals, changing the direction and volume of
supply of these metals. An additional factor of influence on affected metals markets and their participants
will be a possible decline in prices for these metalshBloe change in the structure of markets and the
decline in prices can have a negative impact on the economy and export earnings of DLBPS, with varyin
degrees of intensity. First of all, it may affect those DLBPS, export deliveries of which are ottetited
markets of the contractor sponsoring countries.
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47. Developing landbased producers StateDepending on the state and specialization of the
economies of specific DLBPS, the degree of negative impacts of seabed mining may vary. Such an indicatc
as a share of export earnings from affected metals in export earnings of DLBPS as a whole imused as
criterion for estimation of the severity of negative effects. It is accepted that if at |€4sboflODLBPS
export earnings are generated by affected metals, the economy of this DLBPS is dependent on the expc
of affected metals, and a decrease in inedram it can lead to serious negative effects.

48. It has been determined that among the countries exporting affected metals, which are likely
to be most seriously affected by seabed mining, there are 13 DUBBE ).

Tablell. Countries exporting copperickel, cobalt and manganese products which are likely to be most
seriously affected by seabed production

Products share in export | Products share in GDR
revenues, % %
Exporters of copper products
Zambia 56.1 18.7
Democratic Republic of the Congo 55 11.1
Eritrea 50 5.6
Chile 48.9 12.8
Lao People's Democratic Republic 34.4 7.7
Mongolia 26 15.9
Peru 25.8 5.1
Exporters of nickel products
Madagascar 20.3 3.7
Zimbabwe 15.6 3.1
Exporters of cobalt products
Democratic Republic of the Congo | 24.3 | 4.8
Exporters of manganese products
Gabon | 21.9 | 5
Cumulative effect of exports of all affectedtals
Mauritania 12 4.8
Namibia 11.4 4.9
Papua New Guinea 10.6 4.3

49. It should benotedthat this study identified DLBPS, which are likely to be seriously affected
by seabednining, but did not offer any assistance or compensation to such DLBPS since that this issue is
taken into account in the Agreement relating to the Implementation biXPaf the United Nations
Convention on the Law of the Sea of 10 December 1982 (1994 Agreement).

50. 1994 Agreement establishes principles for the provision of economic assistance to

developing countries which suffer serious adverse effects on their expuorigsaor economies resulting

from a reduction in the price of an affected mineral or in the volume of exports of that mineral, to the extent
that such reduction is caused by activities in the Area. According to that document, the Authority shall
establishan economic assistance fund in the proportion of the Authority's funds, which exceeds those
necessary to cover the administrative expenses of the Authority. For the establishment of such a fund, onl
those funds from royalty payments received by the Aitthérom contractors, including the Enterprise,

and voluntary contributions shall be used (1994 Agreement).

51. Thus, the first step for the Authority is to determine the rates of royalty payments to be
receivedfrom contractors in order to be able to {@&ess the possible extent of the economic assistance
fund for the affected DLBPS. With the start of seabed mining, the amount and duration of economic
assistance will be determined individually, taking into account the nature and magnitude of the problems
faced by the affected DLBPS (Agreement 1994).
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1. INTRODUCTION

52. For about half a centurynankind has been concerned that the rapidly increasing production
of mineral resources could lead to the rapid depletion of the world's mineral resource base. The main reas
of such anxiety is in fundamental importance of mineral resources both foregorildmy and for existence
of human civilization as a whole. Loagrm provision of economwith mineral resources is oraf
guarantors of its sustainable development.

53. These fears are not quite groundless. Statistical data on production indicators ofldhe wo
mining industry unequivocally show the increasing load on the Earth's mineral and raw material base. Thus
if we consider the basic metals contained in ocean polymetallic nodatEwdingto USGSestimatek
over the entire XX century, global copgeoduction amounted to 396.4 million tonnes, and over the period
from 2000 to 201% to 251.2 million tonnes. For nickel, these figures were 34.8 and 28.6 million tonnes
respectively, for cobafh 1.34 and 1.31 million tonnes, for manganésd33.3 and 18.2 million tonnes.
Therefore, it is natural to expect that at this rate of mining growth, there will be a moment when there will
be no mineral resources available for humankind.

54. Indeed, increased mining has resulted in accelerated depletion of the essourcined
deposits, a reduction in the number of untapped deposits located in traditional mining areas or in easil
accessible areas, and a decrease in the quality of mined ores. However, the vast majority of minerals a
not experiencing quantitativedections, as the data in Table 1.1 clearly demonstrate. Among the metals
presented in the table the exception is manganese, but in 2016 its reserves increased to 690 miflion tonne

Tablel.1. Identified landbased resources copper nickel, cobalt, and mangandse1995 and 201and
joint production of these metals 11995 2015

Identifiedland-basedesources Totalmine
Metal production for
1995 2015 1995 2015
Copper billion t 1.6 2.1 0.3
Nickel, Mt 130* 130* 34
Cobalt, Mt 11 25 1.5
Manganese, Mt 680** 620** 235.6

* § resources containing at least 1% nickel
** § reserves; no resource estimate

55. The growth of resources against the background of incrgaeddction is based on two key
factors. Firstly, it is active exploration with the involvement of new methods and technigues, including new
areas, and secondly, the emergence of new and better known technologies in the field of ore processin
which transérs deposits unprofitable in the past into the category of profitable.

56. Thus, the exhaustion of raw material bases of industrial metals in general is a distant
prospect. Nevertheless, active work is being done to identify potential and promising sounce a@if.
These include the mineral resources of the World Ocean floor.

57. The emergence of a major source of a new type of raw material and the beginning of the
process of its development make the question of what consequences it may provoke for the nketld ma

! USGS.NationalMineralsInformationCenter Historical Statisticsfor Mineral andMaterial Commoditiesin the
United Stateg2016version),https://www.usgs.gov/centers/nmic/historissdtistics mineratandmateriat
commoditiesunited states

2 USGS.Mineral CommoditySummarie2017,https://s3uswest2.amazonaws.com/prd
wret/assets/palladium/production/minepalbs/mcs/mcs2017.pdf

3 USGS.NationalMineralsInformationCenter Historical Statisticsfor Mineral andMaterial Commoditiesn the
United Stateg2016version),https://www.usgs.gov/centers/nmic/historisgtisticsmineratandmateriat
commoditiesunited states

4 USGS.Mineral CommoditySummaries 996, https://prdwret.s3us-west
2.amazonaws.com/assets/palladium/production/atoms/filest8@&8ocr.pdf

5 USGS.Mineral CommoditySummarief016,https://s3uswest2.amazonaws.com/prd
wret/assets/palladium/productionifraratpubs/mcs/mcs2016.pdf
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of raw materials in general and its individual participants in partictifasquestions usuallyof theoretical

nature However in relationto the resource®f the World Oceanfloor, it is of fundamentaimportance

The reasonfor thatis, accordingto the UN Conventionon the Law of theS e a , Afarea of t|
ocean floor and the subsoil thereof, beyond the limits of national jurisdiction, as well as its resources, ar
the common heritage of mankind, the exploration and exploitatievhwh shall be carried out for the
benefit of mankind as a whole. o0 AActivities in
healthy development of the world economy and balanced growth of international trade, and to promote
internatioral cooperation for the ovall development of all countries, especially developing States, and

with a view to ensuring: é f) the promotion of
consumers for minerals derived both from the Arehfeom other sources, and the promotion of kbexgn
equilibrium between supply and demand; €& h) t he

on their economies or on their export earnings resulting from a reduction in the price of & afieetral,
or in the volume of exports of that mineral, to the extent that such reduction is caused by activities in the
Aread (Convention, article 150 (f, h)).

58. Under the regime of the Area established by the Convention and the 1994 Agreement,
activitiesin the Area are organized and controlled by the International Seabed Authority (Authority).
Among other things, the Authority's functionsinclide t udy of t he potenti al i
from the Area on the economies of developing {aaded poducers of those minerals which are likely to
be most seriously affected, with a view to minimizing their difficulties and assisting them in their economic
adjustment, taking into account the work done i

59. The sudy has been carried out in line with the terms of the referemcEssed by the Legal
and Technical Commission at its meetings in March 2019.

60. The purpose of the study is to inform the Legal and Technical Commission, in performing
the funcition of theEconomic Planning Commission, with a preliminary assessneérthe potential
magnitude of any impact on developing ldrased producers who may suffer serious adverse effects on
their export earnings or ecnomies as a result of a reduction in price or reduction in the volume of an affecte
matals, and where suchdrection could be caused by activities in the Area. The Study is also expected to
make an important contribution to the development of an economic assistance policy by the Authority in
accordance with the principles established by the 1994 Agreement (/Aewiqn 7), and to recommend
areas of further study or research.

61. The study concerned four metals containedalymetallic nodulescopper, nickel, cobalt,
and manganese
62. This report presents the results of the study

Objectivesand methodology

63. Potentialseabednineral production (including polymetallic nodule®ductior) for DLBPS
and their evaluation criteria were considered by Special Commission 1 of the Preparatory Commission
Areas for indepth studies to be carried out to examine the possible isnpbseabed mineral production
on DLBPS were also identified at that time. These included, in particular, the following areas

a) projection and estimation dfie production volume of each of the following metals from
mining in the Area,

b)  assessment of the interaction between-laased mining in the Area and production in the
context of the world supply and demand situation and the various world markets;nsuch a
assessment should indicate skeri (less than 5 years), mediterm (between 5 and 20 years)
and longterm (more than 10 years) trends,

c) quantitative assessment of the impact on export and economy.

6 Seeparagraphl4 of ISBA/25/C/19.
7 At this stage the studywill be indicativeof the potential magnitudeof anyimpact,and considerationof how this
is properlytracedthroughthe valuechainat the later stageof exploitaion activities.
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64. These directions were in line with the key tasks asgigto the research team by the
Authority.

65. The research team was also tasked with identifying and demonstrating development trends
in copper, nickel, cobalt and manganese markets.

66. In accordance with the recommendations of Special Commission 1, 2035 wan esdhe
forecast horizon for the ongoing study.

Projection or estimation of the volume of production of dametal from mining in the Area

67. Owing to the uncertainties in the timing of the commencement of mining in the Area and its
possible scale, the gnpossible approach to addressing this issue was a sceasagd approach.

The start of production scenarios considered were based on the completion dates of the current exploratic
contracts. Information in public space regarding the status of exploration contracts, which expire in 2021
and the readiness of the processing itrgu® operate on new raw materials was also taken into account.
This has made it possible not only to assess the possible timing of the commencement of production, b
also the maximum number of contractors who may be ready to commence productiontadupegadd

under review. The results, combined with the economic model of the Massachusetts Institute of Technolog
(2019), allowed to identify scenarios of dessgm production development.

68. In order to estimate the production of each of the four metalddawad (copper, nickel,
cobalt and manganese) for mining in the Area, data on the productivity of one polymetallic nodule mining
contractor (including the rate of full productivity), the polymetallic nodule contents of those metals and the
recovery ratesfdhose metals as shown in the economic model of the Massachusetts Institute of Technology
(2019) were used. Production volumes for different scenarios were proportional to the number of
contractors producing in a given estimated year.

69. As a result, the stly considered three possible scenarios for the development ckdaep
mining: a minimum scenario involving two contractors; a baseline scenario involving six contractors; and
a maximum scenario involving 12 contractdk$.of the scenarios assumed thdéldwing:

9 the first contractor starts production in 2027 and the second one in 2030; the remaining
contractors (subject to their participation) join the process iniZURB;

1 a maximum aggregate production level of six or twelve contractors may be raalas;

1 each contractor achieves full capacity progressively over three years: the first y&ar, 33
(1 million tonnes of dry nodules), the second year®@ million tonnes of dry nodules), the
third year and beyond, 188 (3 million tonnes of dry nodes).

Assessment of the relationship between mining in the Area and4basked production in the context of
the world supply and demand situation and tharius markets around the world

70. This task required a comparison of the expeaepply/demand balance in the copper,
nickel, cobalt and manganese markets over the period under review with the possible production of thes
metals in the Area.

71. To assess potential demand, current consumption projections of the affected metals made b
various research groups and international organizations, as well as some interested companies, were us:
Since these forecasts are multiple, we also used a scenario approach. For these purposes, we chose 3 c:
minimum, maximum and basic (intermediate).

72. In order to assess the potential proposal, a possibleblased mining production was
assessed for the period until 2035.

73. Possible future production consists of two components: production of currently operating
mines and production that can be achievedutjinanew deposit development projects.

74. The expected production from existing mines was determined based on actual production in
2018, taking into account planned expansion projects for existing capacity (if any). At the same time, the
resource base of theterprises was taken into account while maintaining production at the achieved or
planned level. In this way, the operations that could drop out during the period under review due to the
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complete exhaustion of resources were identified. Prospects of expansesource base at the expense
of geological exploration works and, accordingly, possible prolongation of term of existence of the
operations, were not considered. The main source of information for this was mining companies' reports.

75. Due to the facthat most countries do not have data for all the countries in operation, in order
to get the most complete picture of the world mining industry, the missing production volumes were
recorded based on official government statistics and/or industry stafi$tisgprimarily concerned China,
but also several other countries such as DR Congo and Latin America (Chile, Peru, etc.). Data for the
country as a whole were also drawn from relatively small producing countries. Taking this part of
production into accounit was assumed that it would remain at 2018 levels.

76. When assessing production at the fields currently under development, the expected (design
production and planned commissioning dates of the projects were taken into account. If for a project the
commssioning dates are not defined by the company that implements the project, they have been evaluate
on the basis of its implementation stage (Preproduction, Construction, Feasibility Study, Prefeasibility
Study). Also on the basis of design productivity &me sizes of resource base the possible term of existence
of the operations was considered.

77. As part of the scenario approach, all the projects under consideration were conditionally
divided into the Proved and Possible categories in terms of theiripbtemblvement in operation.

78. Comparison of consumption growth scenarios with{aased production scenarios allowed
to estimate possible balance of supply and demand in the period under review. Inclusion of the expecte
levels of metal production in thArea under different scenarios made it possible to assess possible
interaction between laAdased and offshore production depending on market developments.

Analysis of maket trends for affected metals

79. The analysis of trends characterizing the marketdfe€t®d metals was carried out on the
basis of data reflecting the dynamics of production of various products (primaryfirieired and end
products), dynamics of their consumption and international trade, and world market prices.

80. The materials dBritish GeologicalSurvey InternationalCopperStudyGroup International
Nickel Study Group Cobalt Institute InternationalManganesdnstitute and United StatesGeological
Surveywere the sources of production and consumption .détabsites ofinternational Trade Centre
(https://www.trademap.org) and Chathaidouse, the Royal Institute of International Affairs
(https://resourcetrade.eartlipre the sources of international trade data.

81. The period under consideration includz@Dg 2017.

Quantitative assessment of consequences for export and economy

82. Depending on the state and spee&tion of the economy of a particular DLBPS, the degree
of adverse impacts from seabed mining may vary. Criteria for identifying DLBPS which may be most
severely affected by seabed mining have been proposed by Special Commission 1. These criteria are call
dependency thresholds. They make it possible to estimate how much the export earnings or the DLBP
economy depends on the four affected metals fdirwtas assumed that States whose dependency levels
exceeded the established values could be severely affected by seabed mining.

83. In this study we used such thresholds of dependence as absolute value of export revenue i
total DLBPS export revenue analue of export revenue from four minerals in DLBPS economy. It is
accepted that if at least ¥ of DLBPS export revenue is generated by affected metals, the total export
revenue of this DLBPS depends on the export of affected metals. The second wr#ediasnthe share of
export earnings in DLBPS GDP: if at leas¥dbof GDP is based on export earnings from the four affected
metals, the economy of this DLBPS is dependent on exports of affected metals. If a DLBPS met the criteria
the State was considerdependent on one or more of the four metals affected. The decrease in that State's
income from the export of those metals, due to seabed mining, could then have serious negativi
consequences.

15



2. OVERVIEW OF WORK DONE BY THE PREPARATORY

COMMISSION
84. While egablishing an international régime for the newlgfined maritime zone, the Area,
i . e., -bietdheansdeaocean fl oor and subsoil thereof
(Convention, article 1 (1)), the 1982 United Nations Convention on theot. tve Sea dealt with a number
of related issues, one of them being Athe prot

economies or on their export earnings resulting from a reduction in the price of an affected mineral, or in
the volune of exports of that mineral, to the extent that such reduction is caused by activities in the Area,
... 0 i .e., nal l activities of exploration for,
150 (h) and 1 (3)).

85. In the above conkt, pursuant to paragraphs 9 and 5 (i) of Resolution | of the Third United
Nations Conference on the Law of the Sea, the Preparatory Commission for the International Seabe
Authority and for the International Tribunal for the Law of the Sea, during iismed session in Summer
1983, established Special Commission 1.

86. Mandate of the Special Commissimeludedi undert ak (i ng) studies
would be encountered by developing ldvabed producer States (DLBPS) likely to be most seriously
affectal by the production of minerals derived from the Area with a view to minimizing their difficulties
and helping them to make the necessary economic adjustment, including studies on the establishment of
compensation fund, and submit(ting) recommendationsd he (I nternati onal Se
(Resolution 1, paragraph 5(i)).

87. The Special Commission started its work in Spring 1984 during the second session of the
Preparatory Commission. Under st andi n gbhasedpeotluceii n
States, it is necessary to know, first, which minerals would be produced frdmedsaurces; second, how
the introduction of the minerals from this new source would affect the existindpéeedl producers; third,
what would these effectse and which developing States would be affected; fourth, what problems or
difficulties, in connection with these effects, these developing States would encounter; and finally, what
could be done to minimize t he s workdfithe SpeadalCornissiand ¢
1. The programme included the following subject areas:

i.  Projection of future production from the international seabed Area;
ii. Relationship between production from the Area exidting landbased production;
iii. Identification, deihition and measurement of effects of seabed production on DLBPS;

iv. Determination of the problems/difficulties that would be encountered by the affected
DLBPS;
v. Formulation of measures to minimize problems/difficulties of affected -tased
producer States.
88. The discussions revealed the interrelationships between all these areas, especially betwee
(i), (iii) and (iv). Furthermore, the need for relevant data and information was recognized and discussed ol
several occasions by the Commission. In this regheddiscussions on the problematic areas have been
conducted in an integrated manner. Nevertheless, four main areas of concern can be:identified

A. Projection of future production from the international seabed Area;

B. Relationship between production from the Area and existing-basdd production;
Identification, definition and measurement of effects of seabed production on DLBPS;
Determination of theproblems/difficulties that would be encountered by the affected
DLBPS;

C. Formulations of measures to minimize problems/difficulties of DLBPS,;
D. Data and information needs.

89. Regarding the necessary data and information, the Commission concluded that the following
topics are of particular importance:
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- Information about minerals, their markets, production, consumption, export, import, trade
flows, prices etc.

- Information about DBPS, their production, importance of minerals for their economies;

- Information of the existing international or multilateral economic measures that can be
related to thevork of the Special Commission.

90. It should be noted thah¢ mandate of Special Commass 1 wasof a somewhat different
nature from that of the other organs of the Preparatory Commigdsidinl not presuppose procedural
preparation for the start of the functioning of various structures, but the conduct of studies, mainly aimed
at determinig the potential impact of future development of the seabed on the production of relevant
minerals in developing States, and making recommendations on the basis of suchSautheswork of
the Special Commission was very difficult from a technicahipof view; it provided for the use of data
and information, research and analysis, studies and assessments. As a result of this work, it was recogniz
that the documentation, which is a report on its work, is an extremely useful source of materel for th
Authority. In this regard, all the documentation of Special Commission 1 is fully presented in the Report
of the Preparatory Commission for submission to the Assembly of the Authority at its first session
(document LOS/PCN/153). These documents wereded in volumes Vi IX.

A. Analysis of work in connection with potential impacts

Minerals that were used as a basis for identification of potential impact

91. Special Commission 1 came to a conclughmat the Authority should concentrate its work
on polymetallic nodules, including the projected timing of commercial production from the Area. It was
further decided to concentrate work on extraction of copper, nickel, cobalt and manganese which appeare
to be more cosgffective, rather than consider all the minerals contained in polymetallic nodules. For other
minerals it was recommended by the Special Commission 1 to keep in view all theatrénidvelopment
regarding them.

Relationship between the abed mineral production and the price and the volume of export of the
relevant mineral

92. Regarding the relationship between production from the Area and existindgdaad
production (identification, definition, and measurement of effects of seabed powdwcti DLBPS;
determination of the problems/difficulties that would be encountered by the affected DLBPS) Special
Commission 1 came to a conclusion that, taking into account the fact that seabed mining will only occur in
the future, the abovwmattescannot be studied with any reasonable degree of precision and accuracy. In this
regard the Authority should concentrate on relevant data, information and analysis as well as on the
expected time frame for the beginning of production from the Area, whaghre the projections regarding
the demand for manganese, copper, nickel and cobalt containdgriretailic nodules to identify.

93. At that, the Commission came to a conclusion that it is more efficient to assess the
relationship between the productionrfrehe Area and lantdased production for each mineral separately.
This assessmeshould be of longerm nature.

94. A similar approach should be used to assess the effects of production from the Area: these
should be considered separately fackestate thatan be affected.

95. The Commission identified that the adverse effects of seabed mineral production on the
export earnings and economies of DLBPS are the possibility of the excess supply of primary products
extracted from the relevant minerals and tbl#owing price reductionln addition to that, there is an
opportunity for consumer countries to supply the import demand with the seabed mineral production, whict
will lead to the reduction in export volume from DLBPS to these countries.

96. Price reduction for cémin mineral or the reduction in its export volume may lead to the
reduction in export earnings or to the adverse effects on the economies of DLBPS. These adverse effec
may lead to

i. direct reduction of earnings for DLBPS,
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ii. increase iinemployment,

iii. lack of foreign currency,

iv. reduction in state income and reduction in development investment funds,
v. the secalled side effects as reduction in production of minor minerals,

vi. the multiplier effect which reflects the connections of affected rgisectors with other
sectors of the economies of DLBPS.
97. The difficulties may also be encountered in the field of balance of payments, economic
slowdown, social upheal and political implications.

98. At the same time Special Commission 1 noted that the resire ifor DLBPS may be their
limited ability to counter and control these effects and not the effects themselves, whereas the degree «
limitations may be different for each state depending on a number of factors. This reguinesnimation
by the Authoity.

Isolation of the effects of the seabed exploitation

99. Special Commission 1 noted that it is an issue to identify if the price reduction for a certain
mineral or reduction in export volume from DLBPS was caused by the seabed production of this mineral,
because this can be the cumulative effect of seabed mineral production as well as other factors. Thus, if tt
seabed mineral production begins simultaneously with commissioning of the big nelbatetimining
operation, the resulting price will reflect timpact of the new mineral flow both produced from the seabed
and from the new lantdased mining operation. To identify the impact of flow of minerals produced from
the seabed, it is necessary to separate it from the impact of the minerals produced fremw|dnebased
mining operation.

100. Following this reasoning, a list of factors which can act simultaneously with the seabed
mineral production and impact the price or export volume of the relevant minerals, was composed.
Therefore, the effects of these tias must be isolated. The list included the following factors:

i.  change of economic environment in relevant DLBPS;
ii.  changing situation on the market of relevanatals;

iii. change in supply of relevant metals from other sources and changing of production costs
from other sources;

iv. change of technology in exploitation, processing and using of relevant metals;

V. substitution of one mineral with the other;

vi. natural disasters occung in the relevant time frame;

vii. strikes or riots occurring in the relevant time frame;

viii. changing situation in DLBPS regarding the reserves and resources of relevant metals;
ix. change in the system of using of secondary resources (recycling);

X.  cyclical fluctuations of economy;

xi. fluctuations of exchange rates etc.

101. It was noted that these factors should be taken into actodetreloping the methodology
of identifying the price reduction for the affected mineral or the export reduction of the mineral caused by
the seabed mineral production.

B. Criteria for or background to concept of serious adverse effects

102. Special Commission 1 marked that the characterization of adverse effects of seabed
production on the export earnings or economies on developingbkes®t producer States (DLBPS)
involves a combination of two aspects:

1. one or more of the four minerals concernepper, nickel, cobalt and manganese
T have an important or significant role in the total export earnings or economies of the individual
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DLBPS, that is, the individual DLBPS have to be dependent to a certain degree on these
minerals;

2. there has to be a dease of a somewhat substantial extent in the export earnings
of individual DLBPS from the export of these minerals, ouafavorablechange of a somewhat
substantial extent in the economies of individual DLBPS.

103. These two aspects of the dependency of a [B.BRthe export earnings of the four minerals
concerned, and a somewhat substantial fall in export earnings have been discussed in Special Commissi
1. There have been attempts to characterize the dependency aspect in a quantifiable manner with the use
some figures. These are callddkependency levebs Again, there have been attempts to characterize the
aspect of somewhat substantiafavorablechange after seabed production occurs in a quantifiable manner
with the use of some figures. These are dditeégger level®, because they form the basis of triggering
some action by the organization concerned.

104. Under agreements reached in Special Commission 1, DLBPS can contact the Authority if it
considers that it is affected or is likely to be affected. Atthority will examine the request of the State
and will conduct an wdepth investigation with a view to identify common effects on the export earnings
and economy of the State, to find out to which extent these effects were/will be a result of seatsd min
production, and to determine the remedial messto be taken, if necessary.

Criteria for identification of DLBPS likely to be seriously affected as a result of seabed production of
minerals

105. In conformity with the provisions of Articles 150(h) and1{®0) of Convention, Special
Commission 1 agreed that the criteria on which DLBPS should be considered most seriously affected b
seabed mining, would be related to export earnings or economies of DIB&s® criteria will be based
on the extent to whicimdividual States depend on the contribution of copper, nickel, cobalt and manganese
to their export earnings and their economies before the beginning of the seabed mining.

106. Special Commission 1 concluded that as quantitative indicators reflectimgl¢hef the
metals in question in export earnings and the DLBPS economy, one can use

i. absolute value of exports of the four minerals;
ii. absolute value of export earnings in relation to total export earnings;
iii. absolute amount of production;

iv. value of production in relation to total Gross National Product or total Gross Domestic
Product;

V. value of export earnings from the four minerals in refato the economy;

Vi. some combination of various quantifiable yardsticks related to export earnings and those

related to economies. The Special Commission, if it preferred such combination, should
have expressed this quantitatively.

107. The Commission concludethat the most efficient implementation of these criteria lies in
the use of relevant statistical data. Under this approach the emphasis should be placed on statistical
measurable indicators.

108. Members of Special Commission 1 agreed that the effectporteearnings are more
suitable for statistic assessment than the effects on economy. The clearest statistically measurable indicat
of export earnings from one or more minerals concerned is their price. It was noted, however, that such a
assessment iklated to a number of issues, among them the need to consider the export on barter basi
correctly.In terms of direct economic indicatoreenf themis the value of production of one or more of
the four mineral commodities concernéidivas noted thathie main issue to be considered with regard to
the value of production is the availability of statistics on the valuation of the amounts of outputs in the
mineral sectors concerned. For the purpose of measuring gross domestic or national product adocountable
these sectors, doubt®unting of the values of secondary inputs has to be avoided. The prices at which the
outputs are valued should be the prices the producers receive rather than any reported prices. This
considered a major issue in the presaat&@as so in the past.
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109. The criteria for identification of DLBPS likely to be seriously affected as a result of seabed
mi ner al production will be the Acriticalo | evel
noted by Commission#ght t he numeri cal indicators of Acrit
factors, such as

i.  producing capacity of certain state regarding one or more relevant minerals;
ii. the projected future production;

iii. size of raw material base (resource) of relevant minerals;

iv. Gross Domestic Product (GDP) and per capita income;

V. population size;

vi. the size of the state;

vii. geographical position of the state.

110. Special Commission 1 pointed out that the statistical data on trentievel of export can
only allow preliminary identification of relevant developing states. It was emphasized that preliminary
identification of various DLBPS as states likely to be seriously affected will not presume that these states
will be identifiedas seriously affected after the seabed mining occurs. The final identification of DLBPS
that will be seriously affected by seabed mining will only be possible with taking into account the actual
effects of seabed mining on export earnings or the econbrmejesant DLBPS.

111. During the work of Special Commission 1 the question of categorization of DLBPS based
on the dependence of their economies and export earnings from the production and export of copper, nicke
cobalt and manganese was actively discussaedas originally suggested that three DLBPS categories
should be distinguished by their dependency: i) dependent, ii) highly dependent, and iii) very highly
dependent. Accordingly, it was also suggested that three DLBPS groups should be distinguikked by
level of probable negative impact: i) likely to be affected, ii) likely to be seriously affected, and iii) likely
to be most seriously affected.

112. These proposals were subsequently revised and, as a result, Special Commission 1 decide
to designate onlpne category of DLBPS by degree of dependéniyd e pendent 6. Thi s
include DLBPS, which receive on average at leaskol®f annual export earnings from exports of the
metals in question in the last 3 years preceding the applicRegardigy t he Al east deve
identified in the relevant United Nations documents, crifeatls of dependency fall by 38. In certain
cases, when DLBPS can demonstrate that they are likely to face or are facing certain issues as a result
seabed mine a | production, the Authority can consider
metals in their export volume is lowdrain the established percentage.

Serious adverse effects of seabed mining

113. Special Commission 1 emphasized that gssential to agree on critetimbe used by the
Authority to determine, when seabed mining occurs, whether dhedffects on the export earnings or
economies ofhe DLBPS concerned are serious.

114. After seabed mining occuri,the observed effects ondhexport earnings or economies of
the DLBPS concerned are of an extent more than, or equal to the established indicators, the Authority she
carry out an irdepthstudy, which will include a thorough assessment of the effects of seabed production
in the Area on the DLBPS concexd, and the associated probleffise study will be carried out on a case
by-case basis; the cases will pertain to particular DLBPS and particular minerals. In the course of the study
one of themost importanmattesthat would beaddressed ithe determination of whether, and to what
extent, theobservedserious effects have been caused by seabed production. The conclusions made by th
Authority following by thefindings of the indepth study willform the basis for the applicatioof
appropriate remedial measures.

115. The following formulations to categorize serious adverse effects were suggested:

A.  The adverse effects on the export earnings of DLBPS could be consideresetmhs if,
in the year seabed production occurs:
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i. the price of any of the four minerals conceriradpper, nickel, cobalt and manganése
falls by the average oK(per cent) from the price of these minerals in the previous year;
or

ii. the volume of export®f any of the four minerals from the DLBPS, provisionally
identifies previously, falls byMper cent); or

ii. the export earnings of the DLBPS, provisionally identified previously, from the four
minerals falls by Z per cent).

B. The adverse effects on the eoories of DLBPS could be considered to be serious if, in the
year seabed production occurs:

i. the national income of the DLBPS concerned falls Myér cent) from the previous
year; or

ii. the rate of economic growth of the DLBPS concerned falldf)yp€rcentage point; or
ii. the rate of unemployment in the DLBPS concerned increasé? pgicentage point;
iv. the foreign exchange reserves of the DLBPS concerned fdR pgr(cent).

116. Following the results of the discussion, Special Commission 1 made a deeisosby
trigger threshold is the actual fall (if the applications are submitted after the commencement of commercia
production from the Area) or the estimated fall (if the applications are submitted before the commencemen
of commercial production fronhé Area) in the export earnings of a particular DLBPS from the export of
one or more of the four metals concerned by at least 10 per cent in comparison with the situation wher
there is no seabed production. | DLBPS, identifiesl nehe o f
relevant United Nations documents, the dependency thresholds and the trigger thresholds shall be reduc
by 33 per cent. In the cases of DLBPS where the actual or estimated fall in export earnings from the expol
of one or more afhe four metals concerned is less than 10 per cent, the trigger thresholds under which the
Authority should determine, on a casgcase basis, the necessary remedial measure or measures to help
that particular DLBPS, were disssed but not fully coordinadl.

C. In-depth investigation of potential effects of seabed mineral production for DLBPS

117. Following the results of the discussion Special Commission 1 came to a conclusion whereby
there are two main fields that require thorough investigation regardingdepihstudy of potential effects
of seabed mineral production for DLBPS:

a) After the beginning of seabed exploitation, the resulting price of certain mineral and
the volume of export of this mineral from DLBPS can be affected by other factors aside from
seabed mineral production. These factors can be of internal nature as well as of external natur
regarding DLBPS. It is necessary to take these factors into account to identify the effects of the
seabed mineral production as such. This is a technicallpleararea.

b) The problems of DLBPS will be to a large extent associated with limited abilities of
these states to eliminate the effects of seabed mineral production on their export earnings or thei
economies, and to control these effects. It is necessahptoughly assess these limitations,
and any longerm remedial measures should take into account the elimination of these
limitations.

118. The planagreed by the Special Commission 1 foriradepth study of potential impact of
seabed production from the &a for DLBPS and related issues coordinated included the following
positions:

a) Identification of resources of the Area exploited, and the metals extracted from these
resources

b) Forecast or estimation of volume of production of each metal from the Area.

c) Assessment of the relationship between production from the Area anebéessdi
production, within the context of the world supglgmand situation and the different world
markets as well as different trade practices; such assessment should indicate-tbensiiieds
than 5 years), mediuterm (5 to 20 years) and loitgrm (longer than 10 years) trends.
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d) Formulation of methodology to establish to what extent effects on price or volume of
exports of a metal of a DLBPS can potentially result from or are cayspob8uction of the
metal from the Area. Such a methodology shall take into account: world metal market situation;
change in consumption patterns; production from maritime zone under national jurisdiction;
substitution; recycling; technological developngerdther relevant factors, such as the general
economic conditions, the government policies and the exhaustion of deposits within national
jurisdiction of the DLBPS concerned.

e) Quantification of effects on exports

f)  Quantification on effects on economies, taking into account the various factors
such as

i. Unemployment, to the extent that it is caused by or related to reduced production
of the four metals;

ii. Lack of development as a result of reduced government revenues from the four
metals;

iii. Side effects, such reduced production of accessory minerals as a result of the
reduction in the production of the four metals;

iv. Multiplier effects on the economy as a whole

g) Investigation of the problems directly linked with the effects, including assessment of
capabilities and limitation of the affected State to counter or control the effect.

h) When applications are made simultaneously, a study should be made in order to
detgmine in what way the adverse effects of seabed production would cause more problems to
certain DLBPS as compared to other loaded producers, in order to establish a priority.

119. It was found that aneasurement of actual effects should be carried outaitdy seabed
production occurs.

22



3. OVERVIEW OF MINERAL PRODUCTION FROM ACTIVITIES IN
THE AREA

A. Types of mineral resources and affected metals for study purposes

120. The contracts for exploration currently cover all three mineral resources for which the
International Seabed Authority has adopted regulations on exploration. These are polymetallic nodules
polymetallic sulphides and cobaith ferrcomanganese crusts. @ite are three types of desga mineral
resources: polymetallic nodules, polymetallic sulphides and cobhltferromanganese crusts. The
International Seabed Authority has adopted Regulations on prospecting and exploration of these mineral:
and to datehirty contractors have concluded contracts with the Authority for exploration of these mineral
resources.

121. Inthis study only polymetallic nodules are considered as minerals. This study will be focused
on polymetallic nodules.

122. Polymetallic nodulegonsist of more than 50 metals, including precious, refractory and rare
earth elements (REE)Meanwhile, Preparatory Commission recommended to concentrate only on four
metals: copper, nickel, cobalt and manganese, extraction of which seemed to be adiynteasible.
Economic models developed by Massachusetts Institute of Technology (MIT), African Group and China
Central South University (CSU) are also based on extraction of these four metals from nodules. However
according to MIT experts, thallium, bidium, other REE & yttrium, titanium and precious metals are also
of economic interest. Model prepared by German Federal Ministry for Economic Affairs and Energy Model
(BMWi) provides only the extraction of copper, nickel and cobalt.

123. In this study, four ratals contained in polymetallic nodules weoasidered: copper, nickel,
cobalt, and manganese. We do not allow for failure to extract manganese from nodules, as it contradict
with the principle of rational management of the resources of the Area fogrbét of mankind as a whole
(UN Convention on the Law of the Sea, Article 150(b)). Failure to extract manganese will also principally
lower the economic performance of the nodules exploitation project, which will result in reduction in
derivative paymeust including payments to the Authority.

124. The assessment of resource potential of polymetallic nodules from the &ldipparton
Zone and manganese, copper, nickel and other metals contained in these nodules is provided in Table 3.

Table 3.1 Amount ofmetals in manganese nodules from the Cla@tipperton Zone compared to land
based reserves and resources (in million tons)

Elements Visbeck M, ISA (2012) Global resourceson land Global reserveson
Gelpke N (both economicallyand sub- land?®
(2014) economicy

Nodules 21,100 21,10G 30,700

Manganese(Mn) 5,992 5,950 8,657 NA 810
Copper (Cu) 226 2341 341 2,100 870

Nickel (Ni) 274 270r393 130+ 89

Cobalt (Co) 44 46.4167.5 25 7.0
Titanium (Ti) 67 1,200 491

Rare earth oxides 15 NA 120

8KuhnT., WegorzewskiA., RihlemanrC., Vink (2017)A Composition,Formation,andOccurrencef
PolymetallicNodules.In R. Sharmaed.),DeepSeaMining: ResourceéPotential, TechnicalandEnvironmental
ConsiderationsSpringer pp 23i 63

9 USGS.Mineral CommoditySummarie2020, https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf
10 USGS.Mineral CommoditySummarie®020,https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf
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Molybdenum (Mo) 12 25+ 18
Lithium (Li) 2.8 80 17
Tungsten(W) 1.3 NA 32
Niobium (Nb) 0.46 NA 13.0
Arsenic (As) 14 NA NA
Thorium (Th) 0.32 6.4 NA
Bismuth (Bi) 0.18 NA NA
Yitrium (Y203) 2 NA 0.5+
Platinum group metals| 0.003 0.1 0.07
Tellurium (Te) 0.08 NA 0.03
Thallium (TI) 4.2 0.017 NA

* 8 Inferred Resources

125. Itis notable that the number of metals contained in polymetallic nodules exceeds the reserves
and resources of ladghsed deposits or is consistent with them. Tides it necessary to consider the
technological, financial, economic, and market aspects of extraction of polymetallic nodules in further
studies. It is obvious that economic indicators of eeegp mining and all the derivative payments will
increase du#o the process capability of commercial extraction of additional metals. At the same time, it
can negatively affect the wider range of raw material markets and widen the list of developibgdedd
producer States likely to be affected as a result dbéagion in the Area, which requires to be addressed
separately.

B. Assumptions for future mineral resource production in the Area

126. As at December 2019, 18 contracts for exploration of polymetallic nodules had entered into
force. A complete list of theontracts, with details of the sponsoring State (States) and the dates of expiry
of each contract, is provided Figure 3.1.

127. In our assumptions for future mineral exploitation in the Area, we proceed from the
following input conditions:

i.  the regulationsmmexploitation of mineral resources in the Area are to be adopted in 2020,

ii. applications for approval of a plan of work for exploitation of mineral resources in the Area
in the form of contracts are to be submitted by the applicant after the expirgaftitact
for exploration,

iii. the duration of Design & Build phase preceding the beginning of productidiry ige2rs
Figure 3.2).
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Figure 3.1 Timing of contracts for exploration for polymetallic nodules

Contractor

Sponsoring State(s)

2000
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Poland. Russian
Federation, Slovakia

Yuzhmorgeologiya

Russian Federation

Government of the Republic of Korea

China Ocean Mineral Resources

Research and Development China
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[C)gfeli tOd.ceam Resources Development Japan
lnstitut_fra_nc;ais de recherche pour France
I’exploitation de la mer

Government of India -
Fodersd It o Geosienss | Germany
Nauru Ocean Resources Inc. Nauru
Tonga Offshore Mining Limited Tonga
Global Sea Mineral Resources NV Belgium

UK Seabed Resources Ltd.

United Kingdom
of Great Britain
and Northern Ireland

Marawa Research and Exploration
Ltd.

Kiribati

Ocean Mineral Singapore Pte. Ltd.

Singapore

UK Seabed Resources Ltd.

United Kingdom

Cook Islands Investment Corporation | Cook Islands
China Minmetals Corporation China
Beijing Pioneer Hi-Tech China

Development Corporation

B 1ERM OF CONTRACT FOR EXPLORATION
EXTENSION OF WORK FOR EXPLORATION

| DATE OF EXPIRY/DATE OF ENTRY INTO FORCE
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Timing

Seabed Surveying

Pre-fea5|b|I|ty Studying Site Details

5-10 years

Develop Mining & Processing Plan
Determine Equipment Needs

Feasibility

Design & Build

2-4 years Purchase & Deploy Equipment

Mining & Process Operations

~25 years

Ramp Down Operations

1-2years | Shut Down

Figure 3.2Modeled progression of seabed mining activities (MIT, 2019)

v

128. Two scenarios were considered:

A. first applications for approval of a plan of work xploitation of mineral resources in the
Area are submitted in 2021, after the expiry of timing of the first extension of contracts for
exploration works. In this case, the first contract for exploitation of polymetallic nodules
can be signed in 2022. Thewonsidering the duration of Design & Build phase,
exploitation carbegin already in 2022027 (Figure 3.3);

B. contracts for exploration expiring in 2021 are extended for 5 yeanstil 2026. Then first
applications for approval of a plan of work for exfdtion of mineral resources in the Area
can as well be submitted in 2026, and the first contact for exploitation of polymetallic
nodules can be signed in 2027. In this case exploitation (considering the duration of Design
& Build phase) can begin in 2082032 (Figure 3.4);

129. It appears that, if the contractors with the contracts for exploration expiring in 2021 planned
to proceed tcexploitation, they would have already declared their intentions. Our confidence is based,
above all, on the necessity to finavestments for realization of projeai exploitation of polymetallic
nodules. In practice of ladoiased mining companies this is preceded by open publicatibaasibility
studies results. This information is currently absent from public space. However, one of the contractors
reported the ampletion of Preliminary Economic Assessment only in 2019, bearing in mind that it precedes
PreFeasibility and Feasibility studies. It is noted that the activities undertaken do not allow contractor to
make investment decisions. It is emphasized, howévatr the results justify further analytical work and
technological studiés Another contractor stated that he plans to carry out the mining system test at a depth
of 1000 m? approximately in 2020. It is obvious that such timing will not allow him teare for the
beginning of exploitation in time according to Scenario 1. Thus, we believe that probability of realization
of Scenario 1 is low, while Spnario 2 appears more realistic.

130. In our assumptions for future exploitation it is necessary to takeduount the possibility
of submitting an application before the expiration of the contract for exploration. To date, this can happer
to one of the contractors, who declared his intentions to begin commercial extraction ¥y 12@2quite
possible, howeer, that his plans will change (specifically due to unfavourable market situatioine
market of affected metgldit is possible that other companies will follow the same path, but in the longer
term. In such scenario the dates of signing the conti@cexploitation and, accordingly, the dates of the
beginning of exploitation, cannot align with the limited time frame (such as the expirg obntract for
exploration).

11 Interoceanmetaloint Organization PreliminaryEconomicAssessmentechnicalReportiOM polymetallic
nodulesprojectin CCZ, PacificOcean2019.(https://iom.gov.pwp-content/uploads/2019/05/p@B-Balazet-al-
2019.pdj

12 Chinadialogueocean.né@.h i rdeepsgamining,aview from thetop.18.10.2019
(https://chinadialogueoceanet/10891chinadeepseaexplorationcomraj

13 Nature.comSeabednining is comingd bringing mineralrichesandfearsof epicextinctions.24.07.2019
(https://www.nature.com/articles/d416819-02242y)
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Figure 3.3 Possible dates of the beginning of production. Scenario 1
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Figure 3.4 Possible dates of the beginning of production. Scenario 2
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131. Thus, there is still a significant uncertainty in projecting the time frames of the beginning of
exploitation of polymetallic nodules. It is compounded by uncertainty regarding future processing of
nodules. Information on the existing processing compapesdy to do that, or on the projects of creation
of specific companies, is abseWithout such companies, the beginning of exploitation is impossible. In
theory, such companies can appear within five years, which argues in favour of Scenario 2 or the
intermediate option with the beginning of production approximately in 2027. At the same time, it should
be taken into account that not only the existence of specialized processing plants is necessary to ste
processing, but also the registration of all sugglseements between them and contractors, which requires
additional time.

132. An important factor of assessment of potential effects of production in the Area on relevant
metal prices is the volumed production of these metals.

133. The fundamental proposition afi economic models is production level of three million dry
tonnes of nodules per year by each contra¢tdme assessment of volumes of future production, however,
requires additional assumpti@n the number of contractors.

134. In the MIT mode¥, the baeline scenario of exploitation in the Area by two contractors was
considered. We, following MIT, base our assumptions on the fact that initially the exploitation can be
started by two contractors with production levels of three million dry tonnes ofetopet year each. For
the first one the determined period of the beginning of exploitation can be 2027, for the secénd one
2030. Like MIT, we proceed from steady production increase by both contractors: 33 % productivity (one
million dry tonnes of nodul in the first year, 66 % (two million dry tonnes of nodules) in the second year,
100 % (three million dry tonnexf nodules) in the third year.

135. Atthe same time, we cannot exclude the probability that all nine contractors, whose contract
for exploration(initial or extended) will expire in 2026, will begin exploitation in 203032. The contract
of two more contractors expired in 2027, which allows them to begin exploitation approximately in the
same period (see Figure 3.4). Thus, it is likely that thebmr of contractors who will start degater
mining in the early 2030s may reach twelve. However, it is more realistic that only a few of the twelve
contractors would be fully prepared to commence production on time. The remainder will continue work
on exloration contracts, which will be extended under the 1994 Agreement.

136. In addition, an important factor affecting the number of contractors who have started mining
will be the state of world markets and prices for these metals. If we speak about thiettatearkets, it
means their ability to absorb additional quantities of metals without serious negative consequences fo
DLBPS. In terms of prices, they should be at a level that ensures theffeotive exploitation and
processing of polymetallic nocas.

137. Figure 3.5 shows the possible scenarios for two, six and twelve contractors to increase nodule
mining. The general condition for them is that the first contractor starts mining in 2027 and the second in
2030. The scenarios for six and tweb@ntractors assume that additional contractors whose exploration
contracts expire between 2026 and 2027 will start between 2031 and 2033; full capacity will be reachec
gradually over a period of three years.

¥/ Fi n aReginegiol PolymetallicNoduleMining: A Comparisorof FourEconomicM o d ethaswas
submittedto the ISA by Massachusettsistituteof Technologyon January2019

5 R e ptathe InternationalSeabedAuthority onthe Developnentof an EconomicModel and Systemof
Paymentgor the Exploitationof PolymetallicNodulesin the A r ethabwassubmittedto the|SA by Massachusetts
Instituteof Technologyon 3 June2019
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138. The amount of produced and marketed metal is determined by its content in the ore (in our
case, in nodules) and its extraction parameters in course of processing. Table 3.2 shows the annual amol
of production for each of relevant metals, provided fuilchioning of two, six and twelve contractors, each
producing three milliordry tonnes of nodules per yeém.the case of a different number of contractors,
annual production rates will be proportional to their number and annual productivity. It shouid alsted
that actual metal content and recovery rates of nodules may differ from those estimated in the develope
economic models, which will also have an impact on annual production rates.

Table 3.2Rough estimate of metals recovered annually by 2,1& @ontractors

Composition, Recovery Amount Recoverable(tonnesper annum)
%* Rate,%*
2 contractors | 6 contractors 12 contractors
Cobalt 0.2 85 10,200 30,600 61,200
Nickel 1.3 95 74,100 222,300 444,600
Copper 1.1 90 59,400 178200 356,400
Manganese 28.4 90 1,533,600 4,600,800 9,201,600
*Data from fAReport to the International Seabed Auth
of Payments for the Exploitation of Polymetallic No:¢
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139. On the basis o&verage prices over the past 5 years (this interval is chosen to smooth out
shortterm price fluctuations), the cost of metals encapsuiatganillion tonnes of nodules would be about
USD 173million for copper, approximately SD436.5million for nickel, approximateNJSD 220million
for cobalt (taking into account the period of abnormally high prices iniZ2WIB; at the average price of
approximatelyUSD 172million in 2019)*¢

140. The nodules themselves are considered to be ansldgananganese ores. On the basis of
a five-year average price of manganese ores with comparable manganese content, the value of mangane
ores could be approximatelySD 425 million. The cost of manganese products that can be produced from
nodule processg will knowingly be several times higher. However, the characteristics of the composition
of the nodules, namely their high phosphorous content, may have a negative impact on their demand «
analogues of manganese ores, and on the price.

141. The actual valueof nodules and the products derived from their processing will be
determined by the market situation during the period of extraction.

16 The prices(cash)of the LondonMetal Exchangeareusedfor cdculations.
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4. WORLD MARKET CONDITIONS FOR THE AFFECTED METALS

A. Overview of the value chain for the affected metals

142. Thestructure of value chain intrinsic to the metals industry is shown on Figure 4.1. The end
consumption of the metals industry is divided into industrial production and consumer end consumption.
The industrial production purchases its raw materials thraagers and metal exchanges, the main one of
which is the London Metal Exchange (LME).

Mining : Metal : Consumer
Exploration & Mine_ral 8? ?eei!n?:r? Exchanges, Igg:::l;altliigg End
Processing g Traders P Comsuption

Figure 4.1Value chain in metals industry

143. There are three models of interrelationships between the commaodity links in the value chains
of the metallurgical industryThey are presented in Figure 4.2. The most common are traditional and
resource driven value chains. Metal producers, such as smelting plants, process the raw material comir
from the mining industry. The tr acuemetl§, buntheay oan f ur
be bypassed in the value chain if the metal producer sells directly to the industrial end customer. The glob:
metal community uses LME to trade futures and options to hedge against adverse price movaioents
which are disovered on our markets aateused as the global reference. Participants can trade six different
types of contract against 14 underlying metals (incl. copper, nickel and cobalt) on three trade platforms
This is also call ed &euseatolsed excessfstodk in pesidds of aversoipply a@s
well as a source of material in periods of extreme shortage.

T
Integrated Mining / Processing / Trading companies

Figure 4.2 Vertical integration in minintf

144. In this study we consider the value chain to the industrial end consumption level.

145. Thevalue chain is shown in Figure 4.3 for copper, Figure 4.4 for nickel, Figure 4.5 for cobalt,
and Figure 4.6 for manganese.

17 AlajoutsijarviK., MainelaT., Ulkuniemi P., Montell E. (2012) Dynamiceffectsof businessycleson business
relationshipsManagemenbDecision.V.50 No 2. pp.291i 304

18 The Busines®of Mining (2010).Vertical integrationin mining: thet r a d/auedhain.21.05.2010
(https://thebusinessofmining.com/2010/BBverticalintegrationin-mining-the-tradersvalue-chain)
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Figure4.6. Manganese value ch#in

Mn ore from
mine
{mining sector)
Metallurgical Non-Metallurgical (other uses)
A 4 A 4
Non-Ferrous Manganese EMD
\ 4 A 4
(EMM & EMD sector) |__metal/EMM = -
l N Dry cell Glass industry Ferrites
Aluminium based Copper based Electrolytic zinc
alloys alloys and zinc smelting
Ferrous
A 4 A A A Y A 4 A A A
AEEmt I e Ferroalloys -—— (_A[oy;ssct_orl - Mn hlorid i Iph ioxid
steel process Y Phosphate Mn Chloride Mn Oxide Mn Sulphate Mn Dioxide
g ) I I
construction otassium Hydroquinone MMT Maneh .er
A 4 v h 4 Permanganate Chemicals
High Carbon Refined .
Silicomanganese
Ferromanganese Ferromanganese _
Chemical industry
v v v v v v
v r High M.n non- Hadfield steel Carbon steel Cons.tructl.on/ Stainless steel HSLA
magnetic steel Engineering
Integrated steel L steel
. Mini mill
m||| * ‘ h 4 *
200 Series 300 Series 400 Series Other stainless
steel

Abbreviations: EMM3 electrolytic manganese metal, EMD electrolytic manganese dioxide, MM methylcyclopentadienyl manganese tricarbonyl, HSL Aigh
strength low alloy steel

¥van Zyl H.J.,BamW.G., Steenkamg@d.D. (2016)identifying barriersfacedby key role playersin the SouthAfrican manganesadustry. SAIIE27 ProceedingsStonehenge,
SouthAfrica (https://www.researchgate.net/publication/309556467_ldentifying_barriers_faced by key role_players_in_the Smuthmafiganese_industry
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B. Overview of thevalue chain of developing lanebased producers of the affected metals

146. Currently, 126 UN Member States are classified as developing countries, which, despite
being united into one category, are very heterogeneous in economic situation. Thus, they igbtude hi
income, uppemiddle-income, lowemmiddleincome and lowncome countries (measured by per capita
gross national income (GNI). Among these, the least developed countries, which included 47 ¢ountries
2019 also stand ouf. In addition, some politicadcientists and economists among developing countries
highlight the secalled newly industrialized countries (NIC). These include countries which, by their level
of development, are between developing and developed countries. These countries have nydveih awa
an agriculturebased economy and into a more industrialized, urban economy. The main feature of the NIC
is a significant growth in gross domestic product. The list of existing NICs is open to some debate amon
experts and economist. IMEfers¢  NSo@h Africa, Mexico, Brazil, China, India, Indonesia, Malaysia,
Philippines, Thailand, and Turkéy.

147. The deepening international division of labour in the global economy has created and spreac
global value chains (GVCs), that account for a rising shérmternational trade, global GDP and
employment. Evolution of GVCs in various economic sectors, including commodities, has significant
implications in terms of global trade, production and employment and how developing country firms,
producers and workemre integrated in the global economy. GVCs link firms, workers and consumers
around the world and often provide a stepping stone for firms and workers in developing countries to
integrate into the global economy. For many countries, especialijntmmne countries, the ability to
effectively insert themselves into GVCs is a vital condition for their development.

148. All countries, regardless of the state of their economy or domestic political situation,
participate in GVCs but in different ways. Developed aewly industrialized countries participate in
complex GVCs producing advanced and innovative manufactures and services. By contrast, many countrie
in Africa, Central Asia, and Latin America still produce commaodities for further processing in other
countries or engage in limited manufacturing (Figure 4.7).

149. As for value chains for affected metals (copper, nickel, cobalt and manganese) characteristic
of DLBPS they are generally limited to mining or metallurgical processing of mining products.
Accordingly, such countries participate in GVCs at best as suppliers of metallurgical products, and at wors
as ores and/or concentrates. Often, exports contain botio due lack of capacity of local metallurgy to
fully process mining products. The exception is in the newly industrialized countries that have developed
industries consuming affected metals. These include, first of all, China.

20UN (2020, World EconomicSituationProspect2020,
https://unctad.org/en/PublicationsLibrary/wesp2020_en.pdf

21|MF (2016),The Role of Newly Industrializel Economiesn GlobalValue Chains,IMF Working Paper,
https://www.imf.org/external/pubs/ftiwp/2016/wp16207.pdf
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GVC Linkages, 2015

l:‘ Low participation
- Limited commodities
- High commodities
l: Limited manufacturing
- Advanced manufacturing
and services
- Innovative activities
:I Data gaps

Figure 4.7. Participationf@arious countries in GVCs

Source: World Bank Group

Note: The following four types of country participation in GVC are particularly notable: (1) commodities; (2)
limited manufacturing; (3) advanced manufacturing and services; and (4) innovative ac@atiemodityrelated

countries are divided into three categories: Low pal
exportsislessthan20pere nt ; Li mited commodities: primary goods®
is equal to or greater than 20 pent but lessthan40pere nt ; Hi gh commodi ti es: prim

domestic value added in exports is equal to or greater than 4@mét

C. Analysis of trends and developments in the affected metalscluding future supply and
demand prospects, and potential effects of transfer pricing

Copper

Consumption

150. Copper is one of the most widely used metals in the world due to its high electrical and
thermal conductivity, corrosive resistance atasticity. It is widely used in many fields of industry, among
them building construction and infrastructure, production of consumer and general products, transport
industrial and other equipment production (Figk& Tabled.1).

Building
Construction
28%

Consumer &
General
Products, Other

Equipment

Industrial Infrastructure
Equipment] Transport 17%
11% / l

Figure.4.8. Copper enelse structure in 2017, %
SourcelCA

22World Bank Group(2020),World DevelopmenReport2020: Tradingfor Developmentn the Age of Global
Value Chains https://openknowledge.worldbank.org/handle/10986/32437
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Table 4.1. Copper enalse by products and sector in 2017, kt (copper content)

Copper/Alloy

Castings/

Tube  RBS™  PSS* FOWGEr

Building construction
ElectricalPower 5769 33k -[74 - - - -
Communications 232 - - - - - -
Plumbing - 491+ -/561 12/ - - 138f
Architecture - 4/18 -/78 129+ - 10 58~
Building Plant(Aircon tube) - 213f - - - - -

Infrastructure
PowerUtility 3091 -/185 452/116 4/ 77 - -
Telecommunications 813 - - 28~ - - -
Transport

AutomotiveElectrical 1642 1)- ) 278/276 ) i i
(harnessesnotors)
Auto_motlvean Electrical ) 2/7 1/67 42 66 o i
(radiatorstubing)
OtherTranspor(railroad, 777 136 | 52/32 : . 69 | 295+
shippingandmarine)

Industrial Equipment
Electrical(industrial
transformersindmotors) 1257 i 87135 228/83 ) i i
Non Electrical(valves,
fittings, instrumentsandin - 153/138 -/763 1/- - - 394/
plantequip.)

Consumer& GeneralProducts,Other Equipment

Consume& General
Productqappliances, 1779 1/- 1/123 163/279 - 117 -
instrumentstoolsandetc)
Aircon andrefrigeration 371 1825+ -/55 - - - -
ElectronicsandPCs 474 3/ 4/- 44/280 526 - -
Ammunition,clothing,coins | g 8/70 | 19/168 | 703/762 - 207 | 202/104
andother

SourcelCA

*Copper Wire includebuilding wire, power cable, magnet wire, telecom cable, other communication cable, other
LV energy, automotive wire & cable, bare conductor

*RBS 0 rod bar section, PS& plate sheet strip

151. There are more than 50 saleable types of copperapkrbased alloys in structure of metal
production and consumption. The main types are copper of different purity, brass, bronzenioiggber
alloys. Copper and copper alloys are used for production of wire rods anfirésh@d products: plates,
sheds, strips, foil, rods, bars, tubes, fittings, powders and castings.

152. Pure copper is mainly used in electrical and electronic industry. It is used for production of
power cable and wire, which is further used for winding of motor controllers, electric anptmwer
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accumulators and transformers. In electronics copper is used for production of computer and cellphon
components, including microprocessors.

153. Due to its good thermal conductivity copper is used in production of various heat exchangers,
including ®moling, conditioning and heating radiators, PC cooling systems, and heat pipes. Copper pipes
are widely used for liquids and gas transmission in water, gas supply, heating and conditioning system:
refrigeration units and chemical engineering (productioraecuum apparatus and coil).

154. Due to its high corrosive resistance and resilience to wide range of climate changes coppel
is used for roof covering.

155. In other fields of industry alloys of copper with various metals are mainly used, primarily
with brass, bnze, and nickel (cupronickel etc.).

156. According to the data of International Copper Association (ICA), world copper semis
consumption (inclusive of refined copper and direct melt copper scrap) was estimatedrallid®,ionnes
in 20173, According to International Copper Study Group (ICSG), refined copper consumption in 2017
amounted to 23 million tonne$* Thus, the amount of metal extracted by direct melting from-Gigity
scrap is estimated to be approximately illion tonnes.m further analysis direct melt copper is not taken
into account in the absence of such statistics.

157. In theperiodfrom 2008 to 2017 the world refined copper consumption in general increased
by 33% (Figure4.9). This increase was achieved almost entirglZhina, which had more than doubled
metal consumption due to the increase in pace of construction and production of consumer goods
Meanwhile, in the states considered the largest copper consumers to thé 20@¥s, Japan, Germany
& the consumption decased by 1016 % during the reporting period.

25000

20000 , 7

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

mmm Primary refined copper production* SX-EW production
#5a2 Secondary refined copper production mmmm Refined copper stocks
Refined copper consumption Concentrate production (Cu content)

Figure4.9. World refined copper production, consumption and stocks iniZ00&, Mt
*Production from ores and concentrates, excludingESX copper
Sources: ICSG, WBM3

2 InternationalCopperAssociation Ltd. DataSet.Global2018SemisEnd UseData.URL:
https://copperalliance.org/trendsidinnovations/dateset/

24 InternationalCopperStudyGroup.SelectedData. World refinedcopperproductionandusagerends.URL:
https://lwww.icsg.org/index.php/component/[downloads/finish/165/871

25World Bureauof Metal Statistics URL: https://worldbureau.com/
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Production

158. In 2017 235 million tonnes of refined copper was produced in the world; approximately
67 % of it was extracted from ores and concentrate$p B from low-metal content/oxidéearing ore
under Solvent ExtracticElectrowinning technology (SXW), and 1®6 was proviéd by metallurgical
secondary raw material processing compahies

159. Metal production in period from 2008 to 2017 increased in proportion to the consumption
simultaneously with the increase in its extraction both from primary and secondary séigues 49).
The increase in metal production was ensured by China, its main consumer. Besides from the exploitatio
capacity expansion, China actively purchased raw material overseas, primarily in Chile afd tReru
worl dés | ar gest c¢ o pthexcoppenscrapdmpprt, seabndarecopper prdducton in the
state doubled during the reported period, and in ZHida provided for half of its world production

160. Although copper consumption levels are slightly above the output, copper deficit on the
world market does not occur. The reason is copper stocks, the rate of which varies annually and is o
average b7% from total production volumes. Thus, the global copper market is overall surplus
(Figures4.9, 4.10.

2,000
9000

1,500
6750
1,000 =
2 @
4500 O
500
l I 2250

-500 0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

o

mmm Refined copper stocks mmmm Refined copper deficit/proficit =] ME copper prices (cash)

Figure 4.10 World refinedopper production/consumption balance, stocks (kt; left scale) and prices
(USD/t; right scale) in 2002017
Sources: ICSG, LME

Prices

161. Copper is an exchangeded metal. Copper prices are determined on trading platforms, the
largest of them being London ¢ Exchang&. Having recovered from 2008009 financial and
economic crisis, copper prices started to grow actively and peaked in 2011, which was followed by the long
period of declineKigure 4.10. The growth trend in prices only occurred in 2016 and established in 2017
and in the beginning of 2018 against the background of a deficit threat caused by a prolonged strike on tt

worl dés | argest copper mi ne Es c orond éledtigcal industryC h i
Nevertheless, the prices started to decline already in the second half of 2018 and continued shrinking i
2019. The main reason is fAthe trade waeagetondnes we €

of both countries.

26 International Copper Study Group. ICSG 2018 Statistical Yearbook
27 LondonMetal ExchangeMarket Data.Reportsanddata.Monthly averagesURL: https://www.Ime.com/Market
Data/Reportsand-data/Monthlyaverages
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Forecast of Demand and Consumption

162. The main prospects for growth of copper consumption in the future are being linked to
development of so callelyreen technologi@s electric vehicles and renewable energy (wind and solar
power generations etc.).

163. Accordingto DBS Group Research estimates, copper consumption by electric vehicles will
increase by 19 per year exclusive from chargers and infrastruéumy 2020 already, metal
consumption in this industry will exceed the current level by nine times (fronthB0gand tonnes to
1,91 million tonnes), and by 2035, with sustained growth rate, in®2s, to 4,6nillion tonnes. According
to ICA estimates, copper consumption by electric vehicles will increase at a higher rate and will reach
1.74 million tonnes aleady by 202%.

164. While production of a passenger car with internal combustion engine requires approximately
23kg copper, hybrid electric vehicle requires i4f) plugin hybrid electric vehicled 60kg, battery
electric vehicled 83 kg, hybrid electric bu§ 89kg, batterypowered electric bud 224 369kg.

165. Besides the electric vehicles themselves, copper is required for chargers and necessar
infrastructure. Depending on capacity, one charger requires frono @8 kg copper. For example, the
American WiTricity Corporation developed a wireless charger for sedan type electric vehicle, which
requires &g copper to produée

166. It is obvious that the expected copper consumption growth in electric transportation industry
depends directly on its development sat€he proportion of sales of electric vehicles in the structure of
world vehicle trade amounted ta226, with more than Pnillion electric cars sold in total. At the same
time, this is 644 more than last year and hundreds of times more than in 2019 owlyeseveral thousands
of cars were sofd. According to Bloomberg forecast, sales of electric vehicles will exceedlién by
2035, which will amount to 28 of vehicle saled. At present, the main consumer of electric vehicles is
Chinad according to the data of International Energy Agency, almost hato§4& 5.1 million electric
vehicles in the world at the end of 2018 travel the roads of €&hifaking into account the significant
government support, the market of electric automsh#expected to grow by 256 annually*, and in the
long run the main demand growth will be ensured by China. Besides from the electric motor vehicles, Chine
is actively developing electric rail transport, including hggeed rail transport, demandingrsficant
amount of copper (37kg per train and 1fnnes per km of railroad). According to ICA forecast, by 2030
copper consumption in Chinese transport industry will increase almost three timespiili@ tonnes®.

167. The electric transport markets of European countries, USA, Japan, India etc. are developing
at a lower pace. Chile is worth special mentioning, as it has the largest electric bus fleet after China and |
planning to electrify all public transport by 204@da40 % of private vehicles by 2080

28 DBS GroupResearchCopperand Its Electrifying Future.May 2018.URL:
https://www.dbs.com/aics/templatedata/article/generic/data/en/GR/AABID04_insights_copper_and_its_electrif
ying_future.xml

2 InternationalCopperAssociation Ltd. CopperAlliance. The Electric Vehicle MarketandCopperDemand.June
2017.https://copperalliance.org/wgontent/uploads/2017/06/2017-@Mobility -Factsheet.. pdf

30 InternationalCopperAssociation Ltd. CopperAlliance. Copperin EV Chargingd An EmergingStandard
AroundWirelessCharging.URL: https://copperalliance.org/trends/copfieev-chargingan-emergingstandarel
aroundwirelesscharging/

31 EV-volumes.comGlobal EV Salesfor 20187 Final ResultsURL: http://www.evvolumes.com/news/globaiv-
salesfor-2018/

32 BloombergFinanceL.P. Electric Vehicle Outlook2019.URL: https://about.bnef.com/electriehicle
outlook/#toedownload

33 InternationaEnergyAgency.Global EV Outlook2019.May 2019.URL: https://www.iea.org/reports/global-
outlook-2019

34 DBS GroupResearchCopperand Its Electrifying Future.May 2018.URL:
https://www.dbs.com/aics/templatedata/article/generic/data/en/GR/102018/181004 _insights_copper_and_its_electri
ying_future.xml

35 InternationalCopperAssociation Ltd. CopperAlliance. FutureChinaTransport November2019. URL:
https://copperalliance.org/wgontent/uploads/2019/11/uturechinatransportv22.pdf

3¢ InternationaEnergyAgency.Global EV Outlook2019.May 2019.URL: https://www.iea.org/reports/global-
outlook-2019
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168. Construction of power plants functioning on renewable energy sources implies increase in
copper consumption, but to a lesser extent compared to electric transportation industry. According to th
data of DBS Search Gup, in 20102016 construction of solar, wind etpower generations took
approximately 463housand tonnes of copper, and in the period from 2017 to 2040 amount of metal can
increase to 63fthousand tonnes per year. Wood Mackenzie analytics made a mactebforecasd
according to their estimates, construction of wind power generations alone will take mor® thalos
tonnes of copped about 40@housand tonnes per year from 2018 to 2022 andthGfisand tonnes
through 2028. At the same time, thésea trend towards replacing copper wires with aluminum wires in
wind turbines, which can weaken the demand for cépper

169. Al umi num, for what itds wort h, is the mai
cheapness and lightness) are offsetdlsadvantages (low conductivity compared to copper and higher
material consumption). Therefore, we cannot expect muss substitution of copper with aluminum in the
foreseeable future.

170. To date, there is a large number of world copper consumption foreEastysare based on
expected growth rates of world GDP and populafigreen technologieéslevelopment, shift to renewable
energy sources, compliance with Paris Treaty on the regulation of measured to reduce carbon dioxide i
theatmosphere, and other farto

171. In the course of the work, several options were considered for forecasting the growth in
demand for copper from various sources. Due to the different approaches of researchers to the presentati
of data (graphs, specific figures, annual growth ratés)i, the authors of this Report have performed their
interpretation for visualization on the graffigure4.11):
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McKinsey Global Institute Roskill
Fitch Solutions SSP1-SSP5 (Netherlands scientists)

SSP3 (Netherlands scientists)
EF (Yale University)
MF-PF (Yale University)

SSP2-SSP4 (Netherlands scientists)
SF (Yale University)
DBS Group

Figure 4.11. Copper consumption forecasts in 22@85, kt

37 Mining com. Globalwind turbinefleetto consumeover5.5Mt of copperby 20288 report.02.09.2019URL:
https://www.mining.com/globalind-turbinefleet-to-consumeover5-5mt-of-copperby-2028report/
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172. The copper consumption forecasts offered by Ré&kiMcKinsey Globallnstitute®, Fitch
Solutiond®, DBS Grouf* are based on the growth prospects for copper demand associated with the
devel opment of  geledrie vehides anth renewableyenergy sources. According to the
abovementioned forecasts, the anmraivth in demand for copper will amount to326.

173. The work of Netherlandsscientist and researchers from Yale Universityakes an
integrated approach where many factors are taken into account.

174. The study by a group of scientists from the Netherlandmimeal options for growth in
demand for copper up to 2100 based on 5 world development scenarios-$$SBking into account
Afgreen technologieso, popul ation growth rates
correlate with the emissin scenarios (SRES) of the Intergovernmental Panel on Climate Change (IPCC
Special Report on Emission Scenaritsyhe SSP scenarios assume that the annual growth rate of global
demand for copper up to 2035 will roughly range froni 2.8%. At the sameirne, the least optimistic
scenario (SSP3) implies weak fAgreen technol ogi
GDP growth. The most optimistic (SSP1 and SSP5), which imply the growth of demand for copper at the
same level (about 3.5%) un@060, imply diametrically opposite schemes of global secianomic
devel opment: SSP1l assumes active devel opment of
and SSP5 assumes a course on continuation of use of carbon fuels with low levestohémis in
development of energy on renewable sources, but active economic development and growth of GDP, ar
low population growth.

175. Scientists from Yale University did a copper demand growth forecast up to 2050 based on
UNEP Global Environment Outloek scenarios: Market First (MF), Policy First (PF), Security First (SF),
Equitability First (EF}>. The scenarios are based on dominance of market relations, politics, security or
their harmonious combination in the world order. The most optimistic scéndadoms of annual growth
in demand for copper is the EF scenario, according to which it will re8eHhy 2035. The SF scenario,
aimed at resolving a large number of different conflicts, is the most pessimistic (annual growtbopf 1.8
The MF and PF scamnios assume that demand for copper will grow at the same pace unti 28B86ut
2.9% per year.

176. Thus, despite the diversity of forecasts, the expected growth in consumption varies within
rather narrow limit® 1.8 4 %.

177. Based on the analysis of the above options, and taking into account the average annua
growth in demand for copper over the last decade, we chose 3 Eapes4.12). These cases allow to

38 Roskill. Market Reports Copper.Demandio 2035, 1stEdition. Copperd TheElectricMetal. 01.08.2019URL:
https://roskill.com/marketeport/coppedemandto-2035/

39 McKinsey Global Institute.BeyondThe SupercycleHow Technologyls ResharpindqResources-ebruary2017.
URL:
https://lwww.mckinsey.com/~/media/McKinsey/Business%20Functions/Sustainability/Our%20Insights/How%20tec
hnology%20is%20reshaping%20supply%20a28#%emand%20for%20natural%20resources/AB&yondthe-
Supercyclerull-report.ashx

40 Mining com.Global coppemarketundersupplied demandontherised report.06.01.2019URL:
https://www.mining.com/globatoppermarketsupplieddemandrise-report/

41 DBS GroupResearchCopperAnd Its Electrifying Future.May 2018.URL:
https://www.dbs.com/aics/templatedata/article/generic/data/en/GR/102018/181004 _insights_copper_and_its_electri
ying_future.xml

42 ScienceDirectEstimatingglobal copperdemanduntil 2100with regressiorandstockdynamics04.01.2018.
URL: https://www.sciencedirect.com/science/article/pii/S0921344918300041

43 ScienceDirectCopperdemandsupply,andassociate@nergyuseto 2050.06.06.2016 URL:
https://www.sciencedirect.com/science/article/pii/S0959378016300802

44 IntergovernnentalPanelon Climate Change EmissionsScenarios2000.URL:
https://lwww.ipcc.ch/site/assets/uploads/2018/03/emissions_scetaritis

45 United NationsEnvironmentProgrammeGlobal EnvironmentOutlooki environmenfor developmen{GEO-4).
2007.URL: https://medocs.unep.org/bitstream/handle/20.500.11822/7646/
Global%20Environment%200utlook%20%204%20(GEX2007768.pdf?sequence=3&isAllowed=y
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reflect the full picture of possible development ofghigation, however, as well as any lelegm forecasts,
are to a high degree tentative.

178. Casel implies annual world copper consumption growth 8% 2nd is proposed on the basis
of forecast data by RoskilMcKinsey Global Institute, and SF and SSP3 séesar

179. Case?is based on average copper consumption growth ini2008, which amounted to
2.8 %. A similar annual growth is implied by the SSB3P4 scenarios, while the M- scenarios and
DBS Group and Fitch Solutions forecasts also have similar figures.

180. Case3d implies the highest copper consumptidn3.5%. It is based on SSP3SP5 and
EF scenarios.
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Figure 412. Coppetdand-basedoroduction and consumption forecast in 20A@35, kt

181. Despite different pace of expected copper consumption growth, all analytics agree that China
remains the primary consumer of metal. According to the data of Antaike agency, copper consumption ir
the country will peak after 2027, exceedingkbQper persoriMleanwhile, GDP growth is expected to reach
16 thousand dollars per person, and energy consumption will amount t&VEB34vhich corresponds to
the level of developed countrfés

182. India, whose economy is entering a phase of rapid growth, has significtemtial for
copper consumption growth. According to the data of DBS Group Research, in the short term (througf
2022) the country is expecting very high growth rate of copper consundpt@a %.

183. Thus, we can say that the mdiangin® of copper consumptio is economic growth,
regardless of the course of further energy development, which is due to the wide raqgeatias of
the metal.

Resources and reserves

184. According to the data of USGS, world copper reserves are estimatédratlion tonnes,
resarcesd at 21 billion tonnes, and undiscovered resour@eat 35 billion tonneg’. At the current rates
of copper mining production (more than @@lion tonne$ given the loss in processing, reserves can
provide mining operations fetO years, resources for more than 10§@ears.

46 DBS GroupResearchCopperand Its Electrifying Future.May 2018.URL:
https://lwww.dbs.com/aics/templatedata/article/generic/data/en/GR/102018/181004 _insights_copper_and_its_electri
ying_future.xml

47 USGS.Mineral CommoditySummarie202Q https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf
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Forecast ofland-basedmining

185. To assess the rates of world copper production through 2035 the data about reserves an
identified resources (measuredindicated+ inferred resources) of more than 306rld copper mines and
projects was collated and analyzed; resources of prospected field were not taken into account. Th
production forecast is based on measuréticated+ inferred esources, given the recovery loss. The
expected copper production on existing mines is calculated on the basis of actual production in 2018, takin
into account the planned projects oparsion of existing capacitieBhe main source of information were
the reports of mining companies. Thus, information was obtained on the enterprises that jointly provide
more than 806 of the world production.

186. In view of the absence of data on all mines in most of the countries, the lacking production
volumes are taken tio account on the basis of data from national statistics and/or industrial statistics with
a view to getting a full picture of global copper extracting industry. This particularly applies to China as
well as DR Congo and countries of Latin America (Ch#etu etc.). In addition, data for the country as a
whole was collected from relatively small copper producers (such as Armenia, Serbia, Uzbekistan, etc.).

187. Besides mine copper production (inclusive of concentrates and cathode coppeERY) SX
production fom secondarysources was taken into account. At present-&rie Recycling Rate for
copper amounts to 3%, Recycled Conterd to 30%. It is expected to grow against rising copper
consumption and the general trend towardsgased recycling aksources.

188. Copper projects are conditionally divided into three groups on the perspectivity of their
involvement in production: Proved projects, Possible projectsi@neholdo projects Figure 4.2). The
main criterion for assigning a project to a grougsvacurrentstage of its development (Preproduction,
Construction, Feasibility Study, Prefeasibility Study). Their planned implementation dates and the
difficulties arising therefrom were also taken into consideration. For example, the project of explufrat
Resolution coppeporphyry deposit in USA, implying the construction of the largest new copper
production operation (60Biousand tonnes per year) is technically at the Preproduction stage, but due to
absence of necessary mining permits its operatiti not begin until 2030. Permits are difficult to obtain,
because the deposit is located within the fAsac
project is assigned to the second group (Possible projects).

189. The fiOn-holdd group includesprojects, whose implementation is suspended for various
reasons: court proceedings (Reko Diq in Pakistan, Panguna in Papua New Guinea), mining ban (Kingkin
in Philippines), issues with obtaining permits from environmental agencies (Harper Creek in)@mada

190. Meanwhile, assigning the project to the most perspective Proved projects group does not
imply its timely implementation, because the commissioning dates of deposits (especially those with large
and enormous reserves) are often postponed for vagasens.

191. According to our analysis, copper production from existing mines will decreaséuddlyy7
2035due to the complete depletion of the fields on which they opekathe same time, possible growth
of secondary copper productigapproximately by Btimes by 2035) can offséhe capacity outage
completely.

192. The main number of Proved and Possible projects is expected to be put into operation from
2025, and by 2035 they will provide 4 andn8lion tonnesof copper per yearespectrely. iOn-holdo
projects will only provide B million tonnes of coppguer year by 2035.

193. Thus, with annual copper consumption growth I8¢ Zase 1) and implementation of Proved
and Possible projects, there are no prerequisites for deficit occurrertbés tase the market will be
oversaturated with copper, which can negatively affect the pricing trend. At the same time, if the majority
of Possible projects will not be put into operation on time, difficulties with copper supply to industry can
occur from2030, even with modate global consumption growth.

194. If the average annual copper consumption growth will amounBt&Zcase 2), the deficit
threat can arise even if all the projects are launched, but in the lon@ teafter 2032. In 2035 copper

48 OECD.Global Material Resource©utlookto 2060.2018.URL:
https://espas.secure.europarl.europa.eu/orbis/sites/default/files/generated/document/en/OECD.pdf
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deficit can amount to 3 up to 18illion tonnes, depending on tleenergence anienplementation of new
projects.

195. With the highest prognoses global copper consumption growth rate ofSsde (Ber year,
case 3), copper deficit on the market can arise edliatready after 2030 or even after 2025if the
commissioning of the majority of Possible projects will be suspended. By the end of the period under review
copper deficit can amount go57¥18 million tonnes, which is likely to boost metal prices on wWeld
market.At the same time, expectations of such a deficit will become a powerful incentive to intensify
preparations for the development of new copper deposits.

196. Besides the supply and the demand, copper prices are affected by a variety of factors,
ecaomical (dollar change, OECD CLl etc.)and sggio | i t i ¢ al (strikes, Atr a
price clange forecasts are conditional.

197. As shown in thdé=igure 4.2, the mines operating on the base of existing mines will remain
the main source of cger throughout the period under review. The most significant mines are located in
Chile as well as in Peru, China, USA, Democratic Republic of the Congo and Zambia. The main role in the
planned increase in copper production, in addition to scrap procegsragions, will be played by Proved
and Possible projects they can provide i® million tonnes of metal in total annually after 2025. The
majority of them is located in the aforementioned countries. Besides, large projects are being implemente
in Argertina, Mexico, Canada, Russia, and Papua New Guiii&aholdd projects will only be able to
compensate partially for the copper deficit, which could theoretically arise after 2030.

Impact of nodules mining

198. With regard to the possible development of theuhes] we consider three options: a
minimum (with two contractordrigure 4.13, a base (with six contractorSigure 4.14 and a maximum
(with 12 contractorskigure 4.15%. All scenarios imply the first contractor starting production in 2027 and
the secondh 2030; the remaining contractors (subject to their participation) will join the process ih 2031
2033.1t is assumed that the maximum aggregate production level of six or twelve contractors may be
reached in 2035.
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199. As can be seen frorRigures 4.184.15 if deepsea mining is carried out only by two or even
six contractors, its volume will be practically invisible against the background of ground mines production.

200. Even under a maximum scenario of 12 contractors in 208% about 35Qhousand tonnes
of copper per year could be produced together (Figure 4.15), which is the annual output of a very large
enterprise (e.g. Los Pelambres in Chile). Formally, such an increase is not noticeable for world production
it correspond to less than 2% of current world mining production. If at least part of the ground projects we
are considering are put into operation, this share will be even smaller. However, the real effect from the
start of production will depend on the demand/sugiyaliance that will be formed in the market by that
time.

201. According to the scenarios we are considering, if all of the newldasdd mine projects
currently in place are commissioned on time, @rigy with annual consumption growth of 3.5% by the
possible beginning of deeea mining (i.e. by 2027) that a copper shortage may emerge in the market
by then. In this case, the start of polymetallic nodules miningven under the maximum scenariovill
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not be able to negatively affect the copper supply/desind balance However, it could still lead to some
price reductions, as it would reduce possible supply tensions. With earlier start dates, seabed mining me
increase the metal surplus, likely if all ongoing onshore projects are commissioned, increasung [oe
prices.

202. Under other scenarios of copper consumption growth (+8 % and +2 % per year),
copper shortages may occur either after 2032 or none at aind all the world economy's copper needs
will be met by lanebased production and secondary metdlgh such development, even relatively
small volumes of copper from polymetallic nodules will put additional pressure on the market
Besides, one cannajriore the psychological pressure on market participants, which will be caused by the
fact of appearance of an additional source of metal with a great potential for growth.

Nickel
Consumption

203. Primary nickel products are divided into two classes. The fidtides higkgrade nickel
with 99 % or more metal conterglectrolyticnickel, pellets, briquettes, granules, rondelles, powder, flakes.
The second one is legrade nickel: ferranickel, nickel pig iron(NPI), nickel oxide sinter, utility. The
production of a particular type of product depends on the type of raw material, and the type of product, ir
turn, determines its application in various fields.

204. Themain field of application of nickel is the productionstdinless and special steels, where
the addition of nickelincreasestheir strength, resistance to corrosion and aggressive environments.
Steelmaking consistently accounts for more than two thirds of the world's metal output. In 2017, the share
of this industry in global consumption was ¥ or 1768housand tonnes of nickel (Figure @).1Both
high-grade nickel and some class 2 products are used for steel productiomidkelp NPI. The steel
quality does not depend on the type of product used.

1%

Q‘ = Stainless steel

Special steels

= Nickel-based alloys

2.2 Mt

= Electroplating
= Batteries

= Other uses

Figure 4.16. Primary nickeconsumption in 2017 by industry, %
Source: PJSC AMMC #NORI LSK NI CKELSW®

205. There are several stainless steel series. The biggest amount of nickel is used in 3081304
series steels (82 %, up to 20 of nickel in individual grades; 180% chromium), which have a wide
range of applications. The 308eries steels account for two thirds of total stainless steels volume. The
steels of the 200and 40 series are paduced in approximately equal volumes. The'28éries steel has
a lower nickel content due to manganese alloying and is not a full replacement for grades with high nicke
content. The 400series steels mostly do not contain niekel

206. In other areas offgolication, only highgrade nickel can be used.

“PJSCGi MM@ NORI NS K K EAngual Report2017,https://ar2017.nornickel.com/download/full
reports/ar_en_annuatport_pages.pdf
0pJSCGi MM@ NORI N8 K K EAnrual Report2017,https://ar2017.nornickel.com/download/full
reports/ar_en_annuatport_pages.pdf
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207. Another important area of application is the production of nickel alloys and superalloys,
which are in demand primarily in the aerospace industry for engine manufacturing. In addition, alloys are
used in thegpetrochemical and automotive sectors, where they can replace some stainless steel grades.
2017, nickel consumption for their production amounted%e @ the world's total, or 15Bousand tonnes
(Figure 4.5).

208. Nickel is widely used for decorative armotective coatings with thickness of 1D0
micrometers, saalled galvanizing or nickel plating. Such coatings have high resistance to corrosion in air
and water environments, high hardness and good decorative properties. In 2017 galvanic platinglaccount
for 7% of the world consumption, or 13iousand tonnes (Figure 8)1

209. The application of nickel in the production of batteries for electric transport is most actively
developing. In 201,7109 thousand tonnes of metal were used for their productioohwhcounted for %
of world consumption (Figure 461 Nickel is one of the main components in the production of active
cathode material for battery cells. Nickel is not contained in the most popular (primarily in Zhina)-
ion batteried.CO (lithium cobalt oxidg, LFP (lithium iron phosphate), LMO (lithium manganese oxide).
The nickelmetal hydride accumulators NMC (lithium nickel manganese cobalt oxide), NCA (lithium
nickel cobalt aluminum oxide), where the nickel content depending on théaatioh is from 30 to 8%,
are significantly less common nowad#ys

210. Other applications of nickel include foundry, coinage, its usage as a catalyst for chemical
reactions, in the production of ferrite materials and as a pigment for glass, glazssramits, in the
manufacture of various chemical equipment, in shipbuilding, in electrical engineering and for many other
purposes.

211. Globalconsumptiorof primary nickel extracted from the subsoil has almost doubled since
the early 2000s, reaching Zlli on tonnes in 2017Hgure 4.T). Practically the only reason for this was
the rapid development of the steel industry in China. Metal consumption in the country during this period
increased by more than 10 times and in 2017 amounted tonlllibh tonnes(54 % of the world total).
The rest of the countries are inferior to China in the amount of metal used. Thus, the total share of forme
leaders (EU27, USA, Japan and South Korea) in nickel consumption is approximately a third of the world's
total.
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51 Bloomberg.News.Nickel BanShowsl n d o n Ansbiticen o Build EV Industry(29.10.2019)
https://lwww.bloontberg.com/news/articles/2011®-28/indonesiawill -tradenickekrichesfor-an-electriccar
industry?sref=AjlywoTi

52 InternationaNickel StudyGroup(INSG). World Nickel Statistics.Yearbook.Vol XXVIII. No. 12.November
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212. Changes in the geography of consumption did not affect its industry structure as & whole
stainless steel production remained the main area where about two thiresradtal were used steadily.

213. The structure of metal usage within the main consumer countries corresponds to the world
structure: two thirds are directed to stainless steel production. The main growth of consumption by EV
industry is observed in China, wieethe production of nickelobaltmanganese compounds is developing,
while the trend of partial replacement of cobalt with nickel perd®steduction capacities of nickebbalt
and aluminum compounds are being increased in Japan and Soutt.Korea

Production

214. The increase in world demand led to a corresponding growth in primary nickel production,
which since the early 2000s halsodoubled and exceededllion tonnes in 2017Kigure 4.7). The
main growth in production also came from Chinese produeensever, the amount of nickel produced in
the country does not fully meet the demand for it from domestic consumers.

215. The processing industry is developing most dynamically in Indonesia due to the state policy
in the spheres of subsoil use and industrgdib4 2018 the country was banned from exporting nickel ore,
which forced investors, mainly Chinese, to invest in the construction of processing operations. As a result
primary nickel output increased from% of world nickel in 2015 to 1@ in 2017. From2020, the
Cc 0 u n goveyninent will again impose an export ban, which is expected to lead to even greater productior
growthin Indonesi&*®>,

216. As shown inchaptedA, there is a differentiation between the production of fygkde and
low-grade nickel depending on the type of raw material. The main nickel sources are two type$ of ores
sul phide and silicate (fAl aterit e 0)is.obtavbdeRrocgssing c e s
of laterite ores is possible by two schemes with obtaining eitherriékel andnickel pig ironor refined
metal. The second scheme requires significantly larger investments and is implemented at single sites.

217. Recycling of secaary nicketlcontaining raw materials is not developed properly and is
applicable only for stainless steel production. It is known that the contribution of secondary raw materials
to steel production is most significant in China (there are no reliableagstiraf the share of use) and in
Japan (up to 4% of production). According timternationalNickel Study GrouplNSG) estimates, about
4i 4.6 million tonnes of nickel bearing scrap containing &@usand tonnes of nickel are used annually for
steel prodation®,

218. Until the early 2000s, sulphide ore deposits were the main sourdekef raw materials.
Their main reserves are concentrated in traditional regions of the nickel indusRyssia, Canada,
Australia, China and South AfricdheseCountriesspedfically provided the bulk of nickel mining and
primary nickel production. In the early 2000s, a new-tmst productvas developed in Chind nickel
pig iron produced by processing laterite ores. The rapid growth of production that characterizes the 21s
century became possible due to that. Indonesia, the Philippines, New Caledonia, Brazil, Colombia, Cub:
and a number of other countries have become sources of raw materials for Chinese producers. They we
the ones that ensured the main growth of nickefigpecton. In 20092014 the growth rates of global nickel
production increased sharply. This was due to the announcement of a ban on the export of nickel ore fror
Indonesia, and Chinese companies sought to stockpile raw materials to maintain productitive after
termination of Indonesian supplies. In 2014 global nickel production declined%ydLi# to a sharp drop
in Indonesia, which could not be compensated by the growth in the Philippines and New Caledonia. Ir
2015, the decline in global production contal due to the suspension of nickel plants that did not meet

3pPJSCi MM@ NORI N8 K K EAnmualReport2017.p.36

4 ReutersMinerswelcomelndonesiarexportore ban,plansmeltingexpansior(11.09.2019)
https://mobile.reuters.com/article/amp/idUSKCN1VW2AP

5 Bloomberg.News.NickelBanShowsl n d o n Ansbiticm to Build EV Industry(29.10.2019)
https://www.bloomberg.com/news/article81B 10-28/indonesiawill -tradenickelrichesfor-an-electriccar
industry?sref=AjlywoTi

%6 InternationalNickel StudyGroup(INSG). About Nickel. RecycleandEnvironmentissues
https://insg.org/index.php/abentckel/recycleandenvironmertissues/
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environmental standards in China, primarily thekel pig ironoperations. Since 2016, the global nickel
industry has stabilized and there has been an increase in nickel productoymerg nickel production.

Prices

219. Nickel is anexchangdraded metal. Its prices are formed on trading platforms, the main one
of which is the London Metal Exchange (LME).

220. In 2005 2007 nickel prices demonstrated an unprecedented growth due to increasimglde
from Chinese producers, fears ofieficit, but more due to an inflow of speculative capitg(re 4.B).
The collapse of prices that followed from the middle of 2007 was related exclusively to the introduction of
new rules for exchange trading thsibpped speculation. The consequences of the global financial and
economic crisis of 2002009 aggravated the price failure. Stable growth began only b4, which
was facilitated by continued rapid development of the Chinese economy as a wholereased demand
for raw materials from stainless steel producers in the country. This led to the expansion of production
capacities at existing enterprises and the emergence of a large number of nickel deposit developme
projects around the world. Some thfese projects were successfully implemented, which resulted in
increased production.
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Figure 4.8. World primary nickel production/demand balance, stocks (kt; left scale) and prices (USD/t;
right scale) in 2008017
SourcesiNSG*, LME®®

221. However, the continuous growth of metal mining and metallurgical production, stimulated
by high prices, resulted in a shift of the market balance towards surplus sinceFgfiié 4.B). The
unclaimed metafisettled in LME warehouse$ its reserves reaeld a maximum of 466housand tonnes
in May 2015, which is comparable to a quarter of world production for the same year. At the same time,
refined nickel trading started at Shanghai Futures Exchange (SHFE), which partially reduced LME stocks
but did not chnge the situation as a whole. As of the end of December 2018, LME Stocks accounted for
2064 thousand tonnes of nickel, while SHFE Stocks accounted fd tl®@usand tonnes, which
corresponds to approximatelypdmonth metal consumption.

222. Apart from a sligpt deficit in 20102011, the market was in surplus until 2015, which
affected the drop in exchange prices for nickel. Stesrh growth of quotations was observed in early 2014
under the threat of reduced supplies due to the beginning of the exportibdonesia. However, Filipino

57 InternationalNickel StudyGroup(INSG). World Nickel Statistics.Yearbook.Vol XXVIII. No. 12.November
2019
58 | ondonMetal Exchangehttps://www.Ime.com/
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suppliers that closed the emerging shortage of rough did not allow the nickel price to win back its positions
and it continued to falligure 4.8).

223. Since 2016, the nickel market has been in a state of deficit, aftfgatis the gradual increase
in nickel quotations on the back of the recovery of demand both from the Chinese metallurgical industry
and from alkaline battery producers, the production of which is one of the promising applications of the
metal. Accordingd International Nickel Study Group (INSG), in 2018 the nickel deficit increased to
1442 thousand tonné&% INSG also expects to reduce the deficit in 2019 and 2020 titoé8and tonnes
and 47thousand tonnes respectively. Thizuld havea negative impaoon the growth rate of the metal
exchange value.

Forecast of Demand and Consumption

224. Themainprospects for the growth of nickel consumption are associated with an increase in
the share of electrification of motor vehicles and the production ofdaghdiy storage batteries. The key
factors driving electrification of the transport system are incentives offered by the state, transformation of
the consumer mindset and improved technical specifications of batteries.

225. The electric camarketgrowth is led by @Gina. By 2020, it plans to increase the NEV
(electric cars and plupy HEVSs) sales to million, and by 2025/ up to 7million vehicle$®. The
government has also introduced benefits and subsidies for the purchase and production of passenger elec
trangort. Similar measures have been taken by the governments of a number of European countries
including Belgium, Germany, the United Kingdom, France and Norway.

226. Growthof electric cars production is possible not only due to already established production
clusters in China, European countries, USA, but also due to new régitiresindonesian government has
already announced plans to develop-ilE§ustry in the countfy.

227. Growingnickel consumption in Llon batteries comes not only on the back of increasing
share of nickelcontaining types, but also higher average nickel content in the cathode material triggered
by the need to substitute expensive cobalt units. While in 2016 NCM 1:1:1 (with nickel mass fraction of
20 %) accounted for the lion share of nickehdgnesium compounds of the cathode material, in 2018 nickel
intensive compoundd NCM 6:2:2 (with nickel mass fraction of 36) and NCM 5:3:2 (306) took the
lead. Going forward, batteries are expected to switch to NCM 8:1:1 (with the nickel mass frie4866)p
and some producers announce plans to launch commercial production of LNO, a cathode material witl
nickel content of over 5%. Further development of the automotive industry, the growing popularity of
electric and hybrid cars, along with the euimn of the cathode technology towards niekegénsive types
lay the groundwork for major expansion of primary nickel consumption in this industry in the loftg run.

228. Estimates of nickel demand growth in battery production by analytical agencies valy great
and range from 4 to 14 times by 2030 (Figure9y.Such large differences are due to the inability to
determine the most likely development of the situation in a numbleeyoireas. The main factors, the
impact of which is assessed differently by different experts, include, first of all, issues related to the
prospects of using a particular type of battery and the prevailing type of electric vehicles, on which the
share othis or that metal depends. This raises questions about the speed with which the mining sector ca
respond to potential changes in the demand structure, thadongavailability of raw materials for
expected growth in consumption, and the impact oktlseanges on traditional segments of metal demand.

9 InternationalNickel StudyGroup(INSG). PressReleaselNSG October2019Meetings.(22.10.2019)
80pJSC'MMC "Norilsk Nickel". AnnualReport2018.p.43

61 Bloomberg .News.Nickel BanShowsl n d o n Ansbitica to Build EV Industry.29.10.2019.
https://lwww.bloomberg.com/news/articles/201@28/indonesiawill -tradenickelrichesfor-anelectriccar
industry

62pJSC'MMC "Norilsk Nickel". AnnualReport2018.p.43
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Figure 4.8. Nickel consumption forecasts by Ehdustry,kt

229. The most optimistic forecast is given by the analytical group of BloombergéHimating
the demand for nickel in batteries by 2030 at 18@Qisand tonnes of metalThe agency estimates that
by 2030 the global annual lithivion battery demand will reach 20@Wh, with passenger EVs
accounting for more than 70%.

230. Roskill anticiate an increase in nickel demand from EVs of th@isand tonnes by 2030,
with a slowdown already by 2098

231. McKinsey&Company Australian multinational independent investment bank and financial
services company Macquarie Group Ltd give close estimates, given the other forecast horizon: accordin
to their forecasts, the demand for higtade nickel will increase ibld to 570 590 thousand tonnes by
2025. At the same time, the McKinsey agency estimates that by 2030 the annual demand for electricity wil
increase to 2,300 GWh, while passenger EVs will account for no more than half of them. McKinsey sees
changes in the types of baies produced in China as the main reashereas nowadays, Chinese
preferences for battery chemistries clearly diverge from those in the rest of the world, with Lithium Iron
Phosphorus (LFP) capturing 96 of the Chinese market, analysts expects prefeieto converge toward
Nickel Manganese Cobalt (NMC) chemistries, with NMC811 and NMC622 the winners capturing a
combined market share of >90 by 202530. These chemistries are less cobdknsive, NMC811
contains ~2%4 of the cobalt per kWh comparedNIMC111, but also more nick&itensive, with the nickel
content in NMC811 a factor 1.75 higher per kWh (FiguB&y.

53 Bloomberg .News.There'sOneMetal Worrying Teslaand EV BatterySuppliers05.08.2019.
https://www.bloomberg.com/news/articles/260805/theres-onemetalworrying-teslaandthe-ev-batterysupply
chain

54 Independenc&roupNL. Austmine2019https://www.igo.com.au/site/PDF/2741_2/Austmine2019Presentation
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Exhibit 2
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232. Vale S.A., one of the largest nickel producers, is considering two scenarios of consumption
development. Under the maximum growth scenario, EVs production will exceed 40 million units by 2030,
and demand for nickel will reach 1,700 thousand tonnes, whiichline with Bloomberg NEF estimates.
According to the conservative scenario, the number of EVs would not exceed 20 million units, with nickel
consumption falling within the range of most estimates (Figur@) 4Cn the whole, the company expects
a signficant increase in the first class nickel deficit by 2030, which cannot be covered by the $tooied
of refined meta(Figure 421).
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Figure 421. Class 1 (norstainless) market balance
Source: Vale S.A®

233. Wood Mackenzie estimates strong demé&odh nonstainless applications, increasing by
approximately 36 a year. This is driven by nickel consumption iridn batteries for electric vehicles
(EVs) and energy storage (ES)With such growth dynamics, by 2030 the share of stainless steel in the

85 McKinsey&CompanyMetal mining constraintson the electricmobility horizon.April 2018,
https://www.mckinsey.com/indusés/oitand-gas/ousinsights/metamining-constraintson-the-electricmobility-
horizon

56 Vale S.A. Electric Vehicle RevolutionandIimplicationsfor New EnergyMetals.Mining andSteelConference
2018, http://www.vale.com/EN/investors/informatienarket/presentations
webcast/PresentationsWebcastsDocs/BofA%EZDMay%202018%20620Bob%20Morris%20vFinal_i.pdf
67 HorizonteMineralsPIc. InvestorPresentatio4 2019Nickel market.
https://horizonteminerals.com/news/en_201910R4storpresentation.pdf
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http://www.vale.com/EN/investors/information-market/presentations-webcast/PresentationsWebcastsDocs/BofA%20-%20May%202018%20-%20Bob%20Morris%20vFinal_i.pdf

consumption structure may significantly decrease in favor of the predominance of batteries (E@ure 4.
If this trend continues in the longer term, the share of the battery sector can be expected to equal that «
stainless steel in the mRD30s.

Stainless Steel

Batteries

Foundry
Alloy Steels

Non-ferrous
Alloys

Figure 422. Breakdown of Ni demand 2017 vs. 2030
Source: Wood Mackenzie

234. Speaking about forecasts of future demand from stainless steel producers, all analysts agre
that it will maintain stable growth. At the same time, estimates of its demand growtkig@ificantly:
Roskill expects a 4% increase by 2030, while Wood Mackenzie expects only% #treases®,

235. We chose three cases of primary nickel demand forecast based on the abovementione
consumption growth optiongeflecting both minimum and maxium growth rates of consumption
dynamics (Figure 23). However, like all longerm forecast, they are to a high degree tentative

236. Case 1(low) 0 corresponds to Wood Mackenzie forecast and expects the annual growth of
global demand by 2,%; these are theivest growth rates from the examined forecasts;

237. Case 2Abase)d corresponds to Roskill forecast and expects the average annual growth of
global demand by %; it generally corresponds to the average value of consumption growth rates projected
by most analijcal agencies;

238. Case 3high)d corresponds to Bloomberg forecasts and expects the fastest average annual
growth in demand by %.

Resources and reserves

239. According to USGS®, world nickel reserves estimated at least@ion tonnes of nickel,
identified landbased resources averagingolnickel or greater contaid at least 13@nillion tonnes of
nickel. At the current level of production of nickel commercial ores and ctates (about 2.million
tonnes in 2017), taking into account losses during processing of raw materials, reserves availability at th
achieved production level exceedsy#ars, resources availabilidy 60years.

%8 Independenc&roupNL. Austmine2019https://www.igo.com.au/site/PDF/2741_2/Austmine2019Presentation
89 HorizonteMineralsPIc. InvestorPresentatiol®4 2019Nickel market.
https://horizonteminerals.com/news/en_201910R4storpresentation.pdf

70 USGS.Mineral CommoditySummarie020, https://pubs.usgs.gov/periodicals/mcs2020/mcs2020. pdf
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Figure 423. Primary nickeland-basedproduction and consumption forecasts up to 2035, kt

Forecast of landbased mining

240. In order to forecasthe level of theworld production of primary nickel by 2035, data on
reserves and identified resources (measured + indicated + inferred resources) of more iicke 1&@
deposits of various degrees of development were compiled and analyzed; resources of proddscted fie
were not taken into account. The expected nickel production from existing mines is calculated based ol
actual production in 2018, taking into account the planned expansion projects of existing capacities. The
main source of information was mining comgaeports. China and Indonesia were the exceptions; site
specific information on these countries is limited and therefore production estimates for these countries a
a whole are used.

241. Nickel projects are conditionally divided into two categories in teoihseadiness for
development: Proved and Possible Projects. The main criterion for assigning a project to a group was it
development stage (Preproduction, Construction, Feasibility Study, Prefeasibility Study). The timing of
their implementation and themplexities involved were also taken into account. However, it should be
noted that the stated deadlines are quite often postponed for various reasons.

242. 1t should be noted that the information on existing projects is obviously not complete. First
of all, itis connected with inaccessibility of data on projects implemented in the territory of China. Also,
there is no confidence in completeness of data on Indonesia and some other producers (such as Madagas
New Caledonia, etc.).

243. According to the analysisyl?035 the production at the existing operations due to exhaustion
of their resource base may decrease By @mpared to the current levigle to the complete depletion of
the fields on which they operateigure 423).

244. Production at Proved projects magrsalready in 2020. By 2035, these projects will account
for almost 35@housand tonnes of nickel. Possible projects may be put into operation from 2024. By the
end of the period under review, they may jointly produce abouthti®and tonnes of nickélhus, the
well-known projects will not only fully compensate for the retiring production from the existing mines, but
will also ensure its significant growth. As a result, nickel mine production may exceed the current level by
one third in 2035.

245. Despite asignificant increase in production, even if consumption grows bye2p@r year
(Case 1low), the market may experience a primary metal deficit after 2029 (in previous years the market
will be close to a balanced state). At the same time, the possfldié diemetal will begin to exceed the
current deficit only by 203 so the value of metal may be very unstable practically until the end of the
period under consideration. It should be noted that we do not take into account stocks of stock exchange
and private companies, as well as secondary metal, for the production of which there are prospects fo
growth (primarily due to used batteries). Therefore, the actual deficinmaayfest itself later and/dye
much lower.
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246. In the other two scenarios of consuiop growth (base and high), the market may
experience a deficit over the whole period under consideration. This situation may lead to a significant
increase in metal prices. This, in turn, will create conditions for the intensification of work on pogparat
for the exploitation of known but so far inactive deposits, as was already the case in the first half of the
2000s. In this respect, laterite ore deposits are very promising, mainly concentrated on the territory o
developing countries, developmenidfich does not require much time and is relatively cheap. In addition,
in recent years there has already been a significant increase in nickel exploration costs. According t
S&P Global, in 2019 alone their costs increased to USD 3&dlli®n, or by almos USD 54million,
compared to the previous y&aiSuch work may result in the identification of new raw material facilities,
which may also be put into operation promptly.

247. In addition to the balance of supply and demand, the political sentiment regtrding
development of the nickel consuming and producing sectors in Indonesia and China will continue to have
a significant impact on the nickel market situation. The pace of global economic growth in general and the
pace of development of electric transgorparticular will also play a major role.

Impact of nodules mining

248. With regard to the possible development of polymetallic nodules, we are considering three
scenarios: a minimum scenario (involving two contractors; Figu2d), a base scenario (involving six
contractors; Figurd.25 and a maximum scenario (involving t@ntractors; Figurd.26. All scenarios
imply the first contractor starting production in 2027 and the second in 2030; the remaining contractors
(subject to their involvement) will join the process in 208133. It is assumed that the maximum aggregate
production level may be reached in 2035.

249. Provided that the minimum scenario is implemented and that two contractors are involved in
deep sea mining, their contribution to global nickel production will be negligible and will not exééed 3
of the expected sface mining at that time, provided that all the projects under consideration are
commissioned (Figurd.24). However, with a maximum potential production level (abouthB#éisand
tonnesof nickel per year), which is expected to be reached as early asdé@gPsea mining would be
comparable to the production expected at that time in Finland or Papua New Guinea. This level may b
enough to make deep sea mining one of the Top 10 world metal producers. In terms of potential productior
one contractor is compable to a mediurscale surface plant; these include Trident (Zambia), Cerro
Matoso (Columbia), Biankoum@ipilou (Coted'lvoire) and others.
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Figure 4.24. Primary nickel production and consumption forecasts inclusive of polymetallic nodules mining
(2 cortractors) in 20182035, kt

T PRNewswire.2019explorationbudgetrecoveryfaltersdueto difficult marketconditionsandhigh-profile M&A
activity (15.10.2019https://www.prnewswire.com/neweleases/2018xplorationbudgetrecoveryfaltersdueto-
difficult-marketconditionsand high-profile-ma-activity-300938552.html
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Figure 4.25. Primary nickel production and consumption forecasts inclusive of polymetallic nodules mining
(6 contractors) in 2012035, kt

250. Under the implementation of base or maximum scenarios (involving 6 or 12 contractors),
deep sea nickel production wohes in 2035 may amount at approximately 2ffisand tonnesr
445thousand tonneeespectively (seehapter3B). This would be 86 or 15% of the surface mining
expected at this point, provided that all the projects under consideration are commidSiguies 4.25
4.26).
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Figure 4.26. Primary nickel production and consumption forecasts inclusive of polymetallic nodules mining
(12 contractors) in 2012035, kt

251. Thus, if production of polymetallic nodules starts in 2027 and increases with the
intensity we expect, it will not @use overproduction of nickel even with the minimum expected
growth rate of consumption, the commissioning of all currently known projects of new surface mines,
and deepsea mining by twelve contractorsOnly the first years of deep sea mining may be aegtion.

The earlier appearance of nickel from polymetallic nodules on the market at the lowest expected rate o
growth in metal consumption may cause a significant surplus of metal that may persist for several years
Only if the growth rate of nickel conmption is higher than the low scenario of consumption growth, the
start of deep sea mining will not cause overproduction of the metal.
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252. However, even though the development of deep sea mining in the scenarios we are
considering will not have a negative ieqp on the nickel demand/supply balance, it may still lead to a
slight decline in the previously established prices, as it will reduce possible supply tensions. Besides, as
was mentioned above, one cannot ignore the psychological pressure on madipapttwhich will be
caused by the fact of appearance of an additional source of metal with a great potential for growth.

Cobalt
Consumption

253. Cobaltapplication areas can be combined into two segments: chemical compounds and
metals (Figure 4. Its main area of use is production of rechargeable batteries, various alloys and
catalysts. h so doing, the structure of cobalt consumption has changedremdally over the last ten
years: due to the rapid growth of lithidiom batteries production, metal cobalt has given way to chemical
compounds.
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Figure 4.2. Cobalt eneuse structure in 2017, %
Source: Cobalt Institute

254. The most frequently used typesaufbaltbatteries are lithiuaion batteries, such as NMC
(lithium nickel manganese cobalt oxide), LCO (lithium cobalt oxide) and NCA (lithium nickel cobalt
aluminium oxide). Cobalt is also important in other types of hattesuch as nickeladmium (NiCd) and
nickelmetal hydride (NiMH).These batteries are used in portable devices (smartphones, tablets), energy
storage systems (solar panels), ekactric motors and household appliances. The unique properties of
cobalt alow the thermal stability of lithium batteries and the integrity of the cathode to be maintained,
which is a determining factor in their safe use.

255. Cobalt is widelyusedin various alloys in order to make them magnetic,hesistant, wear
resistant and coosionresistant. Cobaitontaining alloys are divided into superalloys, alloys for
prosthetics, magnetic and weasistant alloys by their properties. Their areas of application are aerospace,
cutting tools, automotive, industrial equipment and prosthet

256. Cobalt and its compounds act as a catalyst in natural gas and oil product desulfurization
reactionsCobalt catalysts reduce the activation energy required for industrial processes such as the creatic
of recyclable plastics.

257. Cobalt oxide is used addght blue pigment in the manufacture of glass, porcelain, ceramics,
enamels, paints, and inks.

258. Among other areas of cobalt applications are electronics, medical diagnosis, cancer
treatment, pharmaceuticals, etc.
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259. Products made from cobalt metal anailtsys, as well as batteries, are suitable for recycling.
Cobalt waste and scraperecycled for economical (lower costs compared to extraction of cobalt from
ores) and ecological reasons (to prevent damage caused by battery contents entering thigastoilaste
and scrap are divided into new (generated during the manufacture of alloys and othebezobajt
materials and products) and dtallected after consumption). Collecting old scrap is more difficult because
it is often mixed with other scrapat does not contain cobalt. United Nations Environment Programme
(UNEP) estimates enaf-life recycling rate at 3%, recycled content is estimated at%68. Difficulties
in recycling of batteries are due to the variety of their formscamgposition. In areas such as pigments,
glass, paint, etc. recycling is not possible due to the low cobalt content in waste. The estimates of currel
secondary cobalt production vary greatly and range from 6 tontes$2.

260. In 2008 2017cobaltconsumptiorincreased by more than two times and in 2017, according
to Cobalt Institute, reached 1#%usand tonné$(Figure 428). The main reason for this was its use in
lithium-ion batteries, the production of which was expanding rapidly these years.
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Figure 428. World refined cobalt consumption, production and annual prices iri 2003
Sources: Cobalt Institute, BGS, IMF

Production

261. The refined cobalt production was expanding as well (including cobalt contained in the
chemical compounds). However, it didt match the demand from consumers at certain periods. In such
cases, the shortage of metal was compensated by various warehouse stocks (producers’, traders' or st
exchanges') accumulated in periods of overproduction.

262. The difficulty in bringing the dend for cobalt and its production in a balanced state is that
cobalt mining is mainly carried out along with copper (from sedirhested stratiform and stratabound
copper deposits) and nickel (from magmatic nig@bpercobalt sulphide deposits and nitkaterites).

The only cobalt deposit in the world where its commercial extraction is carried out is Bou Azzer deposit in
Morocco. According to the estimates of CRU, in 2816 a p p r o ¥4 ahprdadecédycobéltlwas

2UNEP (2011),RecyclingRatesof Metals:a statusreport,InternationalResourcePanel.
http://wedocs.unep.org/bitstream/handle/20.500.11822/8702/
Recycling%20rates%200f%20metals%3a%20A%20status%20report
2011Recycling_Rates.pdf?sequence=3&isAllowed=y

3 Al Barazi,S. (2018) Rohstoffrisikobewertung Kobalt, DERA Rohstoffinformationer86, Berlin, 120S,
https://www.deutsche
rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen
36.pdf

74 CobaltInstitute.Productionand Supplyhttps:/ivww.cobaltinstitute.org/statistics.html
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https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-36.pdf;jsessionid=5E27543065DB072D00053BC464611B02.2_cid331?__blob=publicationFile&v=2
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-36.pdf;jsessionid=5E27543065DB072D00053BC464611B02.2_cid331?__blob=publicationFile&v=2
https://www.cobaltinstitute.org/statistics.html

extracted as a byroduct of copper iming, 37% & a by-product of nickel mining. As a result, the
dynamics of cobalt mining and, consequently, refined cobalt production, correlate with copper and nickel
mining from certain types of depositather than with the metal demand dynamiNesvertheless, in

2008 2017 copper production was growing. According to British Geological S(FA/¢BGS), during this

period mine production increased by7 fimes d to 139thousand tonnes (Figure 8)2 the world
production of refined cobalhcreased by 2timesd to 1194 thousand tonnes. According to Cobalt
Institute’®, the refined cobalt production in 2017 was slightly lower117thousand ronnes, having
increased by .2 times over 10 years.
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Figure 4.3. World mine and refinery cobalt production in 208817kt
Sources: BGS

263. The main center of cobalt mine production is Democratic Republic of the Congo
(DR Congo), which accounts for approximately%Qof the world production. Approximatetybi 20 % of
prodtction in this country comes from artisattelsed operations, where child labor is widespgfesdide
distribution of artisanal mining makes it difficult to keep record of mine production in the country, a part
of artisanal minesarriesout illegal mining. Thereforehis might be the reasdhe statistical data on cobalt
mine production in DRCongo differ greatly across various sources (USGS, BGS, S&P Global).

264. The world leader in the production of refined cobalt and its compounds s, Ghihose
production is mainly based on imported raw materials. As of 2016, USGS estimated cobalt refinery
capacities of China at @eousand tonnes of cobalt per year, which accounted for approximatédyofi4
the world's capacit§.

S Al Barazi,S. (2018), Rohstoffrisikobewertung Kobalt, DERA Rohstoffinformationers6, Berlin, 120S.,
https://lwww.deutsche
rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen
36.pdf

6 BGS(2014),World Mineral Prodution 2008 2012,British GeologicalSurvey,Keyworth, Nottingham,pp. 100,
https://www.bgs.ac.uk/mineralsuk/statistics/worldArchive.html

"BGS(2019),World Mineral Produdion 2013 2017,British GeologicalSurvey,Keyworth, Nottingham pp. 100
https://www.bgs.ac.uk/mineralsuk/statistics/worldArchive.html

78 CobaltInstitute. Productionand Supply https://www.cobaltinstitute.org/statistics.html

7 JRC(2018),Cobalt:demandsupplybalancesn thetransitionto electricmobility, EuropearCommission
TechnicalReport,https://publications.jrc.ec.europa.eu/repository/bitstream/JRC112285/jrc112285 cobalt.pdf
80 USGS(2019),Cobalt(advanceelease)2016MineralsYearbook https://prdwret.s3uswest
2.amazonaws.com/assets/palladium/production/atoms/filesh2@bacobal.pdf
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Prices

265. Cobalt prica are largely controlled by the political and economic situation itCDRyo (the
major supplier of cobalt to the world market) and economic situation in China (as its main consumer).

266. At the moment, cobalt is the exchartigeded metad it trades on LondoMetal Exchange
(LME) since 2010. Transactions with it and its compounds are also conducted owt#tledéree market,
including the US market.

267. In 2007 and especially in 2008 the prices for cobalt showed rapid growth. This was
stimulated by the rapid gwth in demand, especially from China, with insufficient supply. As a result, in
March 2008 the monthly average price reached a record high. On the US market (spot) it exceede
USD 95thousand per tonne, and at the end of the year it was ali§@3¥1thousand per tonrfé The
global financial and economic crisis of 20@809 caused a sharp drop in demand for cobalt, while its
production increased significantly (Figure &.2This led to theexcess of metal on the market, which led
to a sharp drop ipriced on the US market, the average of 2009 wastilhes lower than the previous
year 6 s aver adSb32thmusand pettonmegSintearB09, prices started to recover, but a
year later their decline resumed. From @10 to early 2016 prissdemonstrated volatility with a general
downward trend. In 2016, there was an increase, but it was so small that the annual average was still low
than in 2015. The situation changed drastically in the beginning of@0thére was a rush on the market
causedbytheso al | eldo ¢ilB&/. Cobalt prices started to gro
the average of 2016 byZXimes on the US market, and by #imes on LME. This growth resumed until
spring 2018, when metal price reacHg8D 90.8 thousand per tonne on the US market and exceeded
USD 93,5 thousand per tonne on LMEhus, the minimum level of the beginning of 2016 was exceeded
by more than 4 times. This spike in metal prices caused a significant increase in supplies from DR Congc
Howe\er, expectations of the metal deficit turned out to be overstated. China has announced changes in t
policy to stimulate new energy vehicles to cut subsidies by an average¥oste July 201, As a
result, the prices collapsed as rapidly as theygnadiously growrd already in Januaryrebruary 2019
they returned to the approximate level of USMthousand per tonne. Obviously, this drop has had a
negative impact on producers, causing production cuts or suspension.

Forecast of Demand an@€onsumption

268. Prospects for future cobalt consumption are linked to the seciihiaim-ion batteries
primarily for electric transport as well as electronic devices and stationary batteries. At the same time, ¢
number of risk factors, including price vbldy and concerns about insufficient supplies, have led to
changes in chemical composition lghium-ion batterieswhich are aimed at complete substitution of
cobalt or reduction of its content. Thus, LCO used in electronics and contairfiagpb0obidt, are being
gradually replaced by NMC containingil3D % of cobalt, NCA containing 1% of cobalt, and LFP that
do not contain cobalt. At the same time, in E¥fsum-ion batteriesobalt abandonment has not yet been
observedbecause it ensures optintattery performance. In so doing, batteries with lower cobalt content
and higher nickel and aluminum content are considered to be more widely used aftér 2020

81 InternationaMonetaryFund (2019),PrimaryConmmodity Price System http://data.imf.org/?sk=471DDDF8
D8A7-499A-81BA-5B332C01F8B9&sld=1547558078595

82 Mining ReviewAfrica. Batterymetals:Long termdemandemainsstrong,29.01.2020,
https://miningreview.com/battemnetals/batterymetalslong-termdemaneremainsstrongdespiteprice-woes/

83 JRC(2018),Cobalt:demandsupplybalancesn thetransitionto electricmobility, EuropearCommission
TechnicalReport,https://publications.jrc.ec.europa.eu/repository/bitstream/JRC112285/jrc112285 cobalt.pdf
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Figure 4.30. Some forecasts of EVs (incl. commercial) fleet dynamics untif2035
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269. To date, all of the forecasts of global cobalt consumption growth areyldrgeéd on the
development of electric transport, but have different target levels for the growth of the electric car fleet. It
was the diversity of these target levels (Figure 4.30) that determined the diversity of forecasts concernint
the prospects of ¢@lt consumption: according to different experts, cobalt consumption in 2030 may
amount to 320 to 535 thousand tori#&s

270. As an example, let us present the scenarios of the International Energy Agenéy: (IEA)

i. Reference Technology Scenario (RTS)reflects projections that respond to policies on
energy efficiency, energy diversification, air quality and decarbonisation that have been
announced or are under consideration. This forecast is quite conservative: as it suggests, il
2030, the fleet of ela#gc cars will amount to 56 million units, and global cobalt demand in
2030 will not exceed 241thousand tonnes, i.e. the average annual growth rate after 2018
should be 5.6%0;

i. Deep decarbonisation scenadiolEA 2DS0o reflects the ambition for 16@illi on electric
cars in 2030 in a context consistent with @b@robability of limiting the expected global
average temperature increase to 2°C. The forecast assumes that in this case the glob:
cobalt demand in 2030 will reach 488housand tonnes, i.e. tlawerage annual growth
rate after 2018 should be %

iii. Deep decarbonisation scenadiolEA B2DS & projects around 20@illion electric cars
in 2030, targeting the achievement of-neto GHG emissions from the energy sector
shortly after 2060. Thiorecast assumes that the potential demand for cobalt in 2030 will
grow to 5345 thousand tonnes, i.e. the average annual growth rate after 2018 should be
12.9%.

iv.  Paris declaratioBcenari@d provides the indicators necessary to achieve the objectives of
the Paris Agreement on the regulation of measures to reduce carbon dioxide in the

84 BloombergNEF Electric Vehicle Outlook 2019, https://about.bnef.coralectricvehicle-outlook/

85 Fu, X., D.N. Beatty,G.G. Gaustacandal. (2020) Perspectivesn CobaltSupplythrough2030in the Faceof
ChangingDemand EnvironmentalScienceand Technology 2020,54 (5), 2985 2993

86 JRC(2018),Cobalt:demandsupplybalan@sin thetransitionto electricmobility, EuropearCommission
TechnicalReport,https://publications.jrc.ec.europa.eu/repository/bitstream/JRC11ja2BBEI285 cobalt.pdf

87 JRC(2018),Cobalt:demandsupplybalancesn thetransitionto electricmobility, EuropearCommission
TechnicalReport,httpsi/publications.jrc.ec.europa.eu/repository/bitstream/JRC112285/jrc112285 cobalt.pdf
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atmosphere. One of the main goals of this agreement is to limit the increase in the average
temperature on t he pl amestrial peood,2rg @ redeititop a r e
1.5eC if possible. To this end, it is es
to 20% of the total fleet of vehicles used by 2030. This means thamillén electric

cars and 40illion electric twowheelers will be used in 20. In this regard, the forecast
assumes an increase in world cobalt consumption tat@dsand tonnes in 2030, i.e. the
average annual growth rate after 2018 should b&c3@r year.

271. The BloombergNEF scripts are highly respeafedthey are the ones thate based on
UNCTAD &, According to the current BloombergNEF model, sales of electric cars will increase from
2 million in 2018 to 10 million in 2025, 28 million in 2030 and 56 million in 2040. As a result, in 2040,
about 550 million electric vehiclemydluding commercial vehicles, will be moved on the roads, and the
sales of electric vehicles will increase from 2 million in 2018 to 10 million in 2025, 28 million in 2030 and
56 million in 204(°. Based on these parameters, cobalt consumption is projectedch 327 thousand
tonnes in 2030°. To reach this level, the average annual growth in consumption after 2018 should be
8.3%.

272. CRU agency gives a close forecast of cobalt consumption in 2030: according to its estimates
it will be at the level of 30€housand tonnes, of which #8 or more will come from batteries of all typgs.

273. Speaking about the prospects of cobalt consumption ifbatiary areas, a little attention is
paid to them. Nevertheless, significant growth is also expected there. Thudjragtm CRU estimates, it
will increase by 4%846. However, in physical terms, this increase will only be arourti@sand tonned
from about 59 thousand tonnes to over 85 thousand t8fines

274. We have selected 3 cases for analysis, two of which were prepared by the IEA and reflect
minimum and maximum fleet growth estimates for electric vehicles (Figure 4.31). All available forecasts
are limited to 2030. As part of our study, they are extend&ba085, while maintaining the trends that
characterized the previous period of time.

275. Casel (low) 0 corresponds to the IEA RTS scenario (considered the most optimal by IEA)
and assumes an increase in world cobalt consumption %6 pe§ year.

276. For Case? (base), the average value betwegesmse land Case 3of the selected IEA
projections is taken and amounts to %ader year.

277. Case3 (high) 8 corresponds to the IEA Paris declaration Scenario to achieve which, the
consumption growth should be 88per year

88 UNCTAD (2019)Commoditiesand DevelopmenReport2019,
https://unctad.org/en/pag@siblicationWebflyer.aspx?publicationid=2499

89 BloombergNEF Electric Vehicle Outlook 2019, https://about.bnef.com/electrichicle-outlook/

9 peterserd. (2019), The CobaltCliff Could EradicateNon-ChineseEV ManufacturingBefore2030,Seeking
Alpha, https://seekingalpha.com/article/427 33d@baltcliff -eradicatenon-chineseev-manufacturing
2030?app=1&isDirectRoadblock=false

91 JOGMEC(2019),Securingeritical materialsfor Japanesadustry,JOGMECPresentationTokyo, June2019,
http://mric.jogmec.go.jp/wqzontent/uploads/2019/06/mrseminar2019_03_03.pdf

92 JOGMEC(2019),Securingeritical materialsfor Japanesadustry,JOGMECPresentationTokyo, June2019,
http://mric.jogmec.go.jp/wqzontent/uploads/2019/06/mrseminar2019_03_03.pdf
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Figure 431. Cobaltland-basedoroduction and consumption forecast in 2A@35, kt

278. However, we are not sure that these scenarios take into atiteymbspect of reducing the
use of cobalt in batteries.

Resources and reserves

279. According to USG$%, world cobalt reserves are estimated atillion tonnes identified
world terrestrial cobalt resourcés approximately at 2#illion tonnes. At the current level of mining
production of cobalt (about 14Bousand tonnes), taking into account losses during processing, reserves
can provide mining operations fabout50 years, resources for more than 10§ears.

Forecast of landbased mining

280. In order to estimate the level of world cobalt production up to 2035 the data on reserves and
identified resources of more than 90 cofzalhtaining fields under developmeamd being prepared for
operation of the world were compiled and analyzed; exploration resources have not been taken into accour
Production forecast is based on measurattlicated+ inferred resources, taking into account extraction
losses. Expected balt production at the fields under development is calculated on the basis of actual
production in 2018, taking into account planned projects for expansion of existing capacities. The main
sources of information were mining company reports.

281. Due to the laclof data on all fields under development, to obtain the most complete picture
of the world cobalt mining industry, the missing production volumes have been taken into account basec
on official government statistics and/ordustry statistical compilationsThis concerns primarily the
DR Congo.

282. In addition to mining cobalt production, secondary cobalt production was also taken into
account. Against the backdrop of increasing cobalt consumption and the general trend towards increase
recycling of resourcest will definitely grow.

283. The fields to be prepared for operation are conditionally divided into two groups according
to the prospects of their involvement in operation: Proved projects, Possible pnopgctsHigure 431).
The main criterion for assigning project to a group was the stage of its development (Preproduction,
Construction, Feasibility Study, Prefeasibility Study). Planned implementation dates and difficulties were
also taken into account. However, inclusion of a project in the most prongising of Proved projects
does not mean its timely implementation, as commissioning dates of fields (especially large and gigantic ir
terms of reserves) are very often postponed for various reasons.

98 USGS.Mineral CommoditySummarie020,https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf
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284. According to our analysis, production of cobalt from gmgsmines could decline by 28
by 2035 due to exhaustion of their resource base. At the same time, the possible increase in the producti
of secondary cobalt (by about 2 times by 2035) may make this reduction less sharp.

285. The main number of Proved and Possible projects is expected to be put into operation from
2021. By 2035 they can provide 58 and 17 thousand tonnes of pebgtarespectively.

286. As shown in Figure 81, the expected increase in cobalt production will in@table to
provide the projected consumption level over the whole period under consideration.

287. With an annual growth of 5% in world cobalt consumption (case 1; +5.6% per year) and
the implementation of all Proved and Possible projects, metal deficibccay after 2028. However, given
the possible overproduction in previous years, the market may feel it with some delay. At the same time, i
is possible that some part of the Proved and Possible projects will not be put into operation in time (theil
commesioning may be adversely affected by unfavorable prices both for cobalt itself and for the main
components of developed depogitscopper and nickel). Then the difficulties with providing copper to
industry may occur earlier.

288. If the average annual growthte of cobalt consumption is 88 (case 3), the threat of a
deficit may occur already in 2026, even if all fr@ved and Possibf#rojects are launched.

289. Depending on which of the scenarios of consumption growtler reviewwe have chosen,
in 2035 the mtal deficit may amount to 11820 thousand tonnes, even if all the currently available
projects are implemented.

290. As already emphasizedrgyvth of cobalt production is complicated by the absence of cobalt
deposits proper and by the presence of metal gspadaluct in complex ore8 nickel lateritesnickel
coppercobalt sulphideand others. Cobalt mining at such deposits is determined by interest in the basic
metalsd nickel and copper. However, there is reason to believe that as the deficit approaehes, th
commissioning of projects based on colsalbtaining ore deposits, which are not currently active or are in
the early stages of exploration, will accelerate. In addition, a number of new projects may emerge. Sucl
expectations are based on the rapid gnavfitcobalt exploration costs. According to S&P Gléhah 2018
95 companies were working for it, investing ab&®D 111million in exploration. A year earliesuch
works werecarried out by 52 companies, whose costs amounted to dB&UB6 million.

291. The deficit of cobalt and the price increase caused by it may become an incentive for its full
extraction from mined ores, primarily laterite ores. Currently, only part of the mined ores of this type is
used as a source of cobalt.

292. Lack of cobalt may give sk to an active growth of its prices. However, as shown in
Figure4.31, it is unlikely that they will grow in the short term. On the contrary, there is reason to believe
that overproduction, which could continue until the +8@20s, would lead to an everegter reduction in
cobalt prices. It should be taken into account that cobalt prices are influenced not only by the balance ©
supply and demand, but also by a number of other factors. Above all, it concerns the situation in and aroun
DR Congo. As mentined above, this country is the largest supplier of cobalt raw materials in the world.
At the same time, abodti 20 % of this cobalt is produced by artisanal operations, where child labour is
used on a large scale. This is an outrage to the world commandiyneasures have already been taken to
combat the use of such cobalt in the products of major Western companies. An additional risk factor is the
unstable political situation in DRongo. All of this threatens the stability of cobalt supplies from
DR Congo and makes investments in its mining industry highly riBkgitive changes in the country may
attract new major investors, which will have a positive impact on the entire global cobalt industry.

Impact of nodules mining

293. As for possible polymetallic mules extraction projects, we consider 3 options of its
development: minimum (involving two contractors; Figdr82), base (involving six contractors;
Figure4.33) and maximum (involving 12 contractors; Figdré4). All scenarios imply that production
will start by the first contractor in 2027 and by the second in 2030; the remaining contractors (subject tc

94 S&P Global (2019),World ExplorationTrends2018,PDAC SpecialEdition, http://www.egcsouthafrica.com/wp
content/uploads/2018/07/20190425_20A/8rld-Exploration Trends.pdf
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their involvement) will join the process in 202D33. It is assumed that the maximum cumulative level of
production by six or twelve contractors mag reached in 2035.

294. As can be seen from Figurés32 4.34, even if deegea mining is carried out under the
maximum scenario (with the participation of 12 contractors) and provides about 61 thousandtonnes
additional cobalt in 2035, it will not be able to cover even the deficit that is formed at the minimum expected
rate of consumption growth.
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Figure 4.32. Cobalt production and consumption forecast inclusive of polymetallic nodules mining
(2 contractors) in 20112035, kt
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Figure 4.34. Cobalt production and consumption forecast inclusive of polymetallic nodules mining
(12 contractors) in 2018035, kt

295. However, the absence of formal overproduction does not mean that production of
polymetallic nodules will not affeche cobalt market in any way. It is enough to compare its potential
volumes with the current production. According to the scenarios we are considering

1 two contractors, having reached their maximum production, will ensure the market entry
of more than 10 thousand tonnes of additional cobalt per year from 2032, which will
correspond to about% of the expected ground production by that time (abou%s7.5
compared to current production).

9 six contractors, achieving a maximum cumulative production in 2035, will provide an
additional 30.6 thousand tonnes of cobalt, which will correspond to approximat#yi 5
the expected surface production by that time (@29 of current production);

1 12 contractors, reaching a maximum cumulative production in 2035, will provide an
additional over 61 thousand tonnes of cobalt, which will correspond to approximagely 30
of the then expected ground production (abou¥déf current production).

296. Even if there is an uncompensated shortage of metal in the market, the appearance of suc
additional metal portions (this even applies to metal from two contractors) will lead to a reduction in prices
that had been formed by that tinla this case there will be two factors that will wa@k reduction of
supply tension and psychological impact on the market participants by the very fact of appearance of a
additional stable source of metal, which, moreover, has a potential for growth.

297. If deepsea mining starts earlier or develops faster than we anticipate, with consumption
growth in |ine with Case 1 fAmarined cobalt wil
market. In this case, acute competition is expected withcgunfénes (including new ones), most of which
are located in DR Congo. If consumption grows according to Case 2 or Case 3, the threat of sucl
confrontation will be less (especially with Case 3), but it also caremtcluded.

298. The result of the competitiveruggle may be the displacement of the least efficient cobalt
mining enterprises from the market, but this will depend not only on the situation in the cobalt market, but
also on the situation in the adjacent copper and nickel markets, with which sabaded. In addition, the
resulting price level for cobalt may be such that offshore mining itself is not economically viable and its
start is not economically feasible.

299. Thus,if extraction of polymetallic nodules starts in 2027 and increases according amy
of the scenarios we are considering, even with the minimum expected growth rate of consumption
(+5.6% per year) and the commissioning of all currently known projects of new surface mines, there
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will be no formal overproduction of cobalt Only the firg years of offshore mining can be an exception.
However, significant overproduction of cobalt can be expected up to 2028 and is difficult to avoid

The reason for this is that cobalt is mainly mined as -prbguct, which has already been repeatedly
menticned. That is, the emergence of new mines producing cobalt is practically not controlled by the
situation in the market for this metal. As a result, so large reserves of cobalt may accumulate in variou:
warehouses that the lack of extraction will be comaetsby these reserves for a long time. Accordingly,

the metal prices will be at a low level. Then, the beginning of offshore mining will exacerbate the situation.
At the same time, it is not ruled out that the price level will be critical for offshor@gnitself, making it
low-profit or even unprofitable.

Manganese
Consumption

300. Over 90% of the world's manganese is used in ferrous metallurgy. Manganese is used in the
form of manganese feralloys or metallic manganese as an alloying element to improve hardness, abrasion
resistance of steel and, to a lesser extent, foundry pig iron, also for deoxidation and desulphurisation durin
theirs productiof?.

301. Manganese ores are maipljocessed into manganese feailmys. There are two groups of
manganese ferralloys 8 ferroomanganese (FeMn) and silicaanganese (SiMn). Ferrnanganese is
divided into high carbon (HEeMn) and refined (RéfeMn). HCFeMn contains 680 % manganese and
6i 8 % carbon, Ref FeMn (mediurand lowcarbon ferremanganese) contains more thar#8fanganese
and 0.52 % carbon. SiMn contains 685 % manganese and i186 % silicon.

302. Also, manganese ore, including lawade, is used for the production of manganesalme
mainly electrolytic (EMM). EMM is an extremely pure manganese product, containing o9erNg9
content. One of the areas of use of manganese metal is the production of various alloys-feittonsn
metals, primarily with copper, coppaickel, alumhum, and many others.

303. Figure 435shows the structure of use of manganese ore.

= Mn Ferroalloys
= EMM (steel, alloys, battery, other)

EMD (battery) and other chemicals

Figure4.35. Structure of consumption of manganese ores in 2017, %
Source: Benchmark miner&s

304. Important nomAmetallurgical uses of manganese include batteayhodes. For their
production electrolytic manganese dioxide (EMD) and, to a lesser extent, EMM are used.

305. There are several types of EMD produced in the world. The bulk of EMD production comes
from alkaline & other (Liprimary) grades, followed byarbonzinc (GZn) grade (Figure 86). In recent
years, lithium manganese oxide (LMO) grade EMD has demonstrated the most intensive growth in

% ErametS.A (2019),2018Registratiordocumenthttps://www.eramet.com/sites/default/files/2619
05/DRF_Eramet 2018 AMF_UK.pdf

% Benchmark Minerals Intelligence
https://lwww.element25.com.au/site/PDF/1771_0/BenchmarkMinerallntelligenceManganeseTheBlackArt
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productiond by 47% in 2017 and 2018 compared to 2016 and 2017 respectively, however, its share in
total EMD praluction does not yet exceed %b

Lithium Manganese
Oxiode (LMO)
grade production

Carbon-zinc (C-Zn)
grade production

22

Alcaline & other
(Li-primary)
grade production

Figure 436. Global EMD production by grade in 2018, %
Source: IMl

306. According to BenchmarkMinerals, it is estimated that about 2BOusand tonnesf
manganese were used in all types of batteries in 2017 and ab#utvag used in lithiuaion batteries.
The structure of a lithiuApn battery consists of three main functional components: an anode (made of
carbon), a cathode (which is a metal oxide), and an electrolyte between them (which is a lithium salt in at
organic solvent)ln lithium-ion batteries cataining manganese, the cathode is represented by lithium
manganese oxide (LM®)

307. The chemical industry also produces other manganese compounds used in agriculture (as a
ingredient for fertilizers and animal feed), medicine (potasspermanganate), electronics (for the
production of soft manganese ferrites), as a dye in the production of glass, textiles, ceramics, and more.

308. The mainfactordetermining the level of global consumption of manganese is the state and
dynamics of the steehdustry, which, in turn, depends largely on the situation in such industries as housing,
infrastructure construction, automotive industry and shipbuilding. InTZ00& global steel production
grew by 26%, leading to a significant increase in demand fanganese. As a result, during this period
production of manganese ores in terms of metal and manganese alloys in physical terms increased |
approximately 326 (Figure4.37)%9,

97 The ASSAY. GroupMining Magazine ManganeselNo Longer Justan Input on Steel.03 January2019
https://www.theassay.com/technolemetalseditionrinsight/manganeseo-longerjust-arrinput-on-steel/

% |Mnl (2019),Statistics2019,https://www.manganese.org/vgontent/uploads/2019/05/IMnl_statistics_2019.pdf

% IMnl (2016),2013PublicAnnualMarketResearchReport,
https://www.manganese.org/files/publications/PUBLIC%20RESEARCH%20REPORTS/2013_IMnI_Public_Report
.pdf
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Figure4.37. Dynamics of manganese ore production in terms of metal and manganesdldggdleft
scale) and steel (right scale) in 202817
Sources: USGS, BGS, I

Production

309. The engine of the world steel industry is China. The economieaffla China, which has
experienced rapid urbanization wigtowingdemands on its infrastructure, has contributed significantly to
the strong period of growth in steel production and dehfan manganese. As a result, since the early
2000s, China has become the world's main manganese ore consumer, while also acting as its large
producer. Despite increasing its own mining capacity, China imports manganese ore in large volumes
primarily from South Africa, Gabon and Australia, which are among the3Tarld manganese ore
producers (in terms of manganese cont@&gs from Australia and Gabon are of high quality, while those
from South Africa are of medium quality; when producing mangapesiicts, they are added to mainly
low quality (<30% Mn) Chinese ores.

310. Chi na i s al so tproducerwaral r conduimer ofl rmangameset products
(Figure4.38) 8 manganese ferralloys, electrolytic manganesenetal (EMM), electrolytic manganese
dioxide (EMD).

Mn alloys
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Figure4.38. Production distribution of manganese products among main producing countries in 2017, %
Source: IMl

Prices

311. Prices for manganese @remainly formed on a contract basis and depend on a large number
of factors, including market conditions (balance of supply and demand), the volume of stocks in Chinese
ports, the economic situation in the world as a whole, and others.
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312. Between 2009 and 20l4nanganese ore production volumes exceeded steel producers'
demand for then@Figure 439). The reason for this was a significant increase in manganese ore production
in Chind® and the commissioning of about a dozen new deposits, primarily in South Africa, Gabon and
Céte d'lvoire, which has led to market oversaturation. The response to this was a rapid fall in manganes
prices. Thus, the average annual priceSouth32Australian lumpy commercial manganese ore for
shipments to China in 2015 was 2.2 times lower than in 2011. As a result, some mining operations reduce
or completely stopped production, which created conditions for reducing excess supply on the market
However, theglobal economic recession that followed the global financial and economic crisis &f 2008
2009 excluded opportunities for price increases.
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Figure4.39. Dynamics of manganese ore production and demand (left ktafdyln) and average annual
contract prices for Australian lump ore with Mn content of%46or shipments to China (right scale,

USD perl % of Mn in dry metric tonne of oje
Sources: IMl, The Tex Report Ltd.

313. The world manganese market improved only by the autumn of 2016, when in conditions of
revival of demand and shortage of supplies prices for manganese ore began to grow steadily. Thus, tf
average price in 2018 for Australian lumpy rganese ore supplied I8outh32to China exceeded the
average annual price in 2017 by%/and more than doubled since 2015. However, in 2019, due to the new
imbalance of the manganese ore market, prices for manganese ore once again showed a decline.

Forecast of Demand and Consumption

314. In the future, the steel industry will remain the main consumer of manganese products.
Demand for manganese from battery manufacturers, including some lithiupatteries, is also expected
to grow rapidly over the nextecadeGlobally, the demand for EMD, and to a lesser extent for EMM, is
increasing worldwide with the increased production of batteries, in particular due to the growing
introduction of electric vehicles.

315. The automotive sector is expected to be one ofrtaer enduser segments for lithivion
batteries in the near future. Thenetratiorof electric vehicles is anticipated to provide a massive impetus
for the lithiumion battery industry growth. There is much uncertainty about how fast manganese
consumgpbn growth will be in batteries, but production of lithium manganese oxide (LMO) grade EMD
used in lithiumion batteries containing manganese is already increasing rapidly 47% per year in
2017 2018.

1001t shouldbe notedthatstatisticson manganesere productionin Chinaarecontroversialgatafrom different
sourcegnaydiffer almostby afactor of two.
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316. To date, there is a number of forecasts of manganss in batteries. One of them is for
manganese demand growth for use in lithiem batteries was made by Bloomb&tgaccording to this
forecast, demand will reach approximately 0.2 million tonnes of metal by 2030 (BigQyeHowever,
such volumes Jlli not have a significant impact on the global manganese market due to their relative
insignificance.
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Figure4 .40. Global metals and materials demand from EV lithiom batteries
Source: BloombergNEF

317. Cairn ERA and CPM give a more optimistic scenario, according to which in 2030 the
consumption of manganese in batteries will reach 500 thousand tonnes, and in 2040 it will reach 1 millior
tonnes (Figure 4.42y2 This level of additional demand may alreaffect the demand for the metal as a
whole: if we compare it with the current production, it corresponds to al¥but 5
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Figure 4.41 Manganese demand from-ian batteries (nicketobaltmanganese and lithitimckek

manganese oxide battery chemistries only)
Source: Cairn ERA, CPM?

101 pjukanovicG. (2019),Manganesesopperandaluminium:Therole of thesemetalsin globalbatterydemand,
BatteryMaterialsEurope2019
https://www.metalbulletin.com/events/download.ashx/document/speaker/E001854/a011t00000I15R1mEAF/Presentati
on

102 EyroManganesénc. (2019), Manganesehttps://www.mn25.ca/manganese

103 EuroManganesénc. (2019),Manganesehttps://www.mn25.ca/manganese
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Note HPEMM & High-Purity Electrolytic Manganese Metal; HPMSBI High-Purity Manganese Sulphate
Monohydrage

318. Speaking about other forecasts, they are relatively close and expect annual grast¥of 1
per year?4195106 The |argest contribution to the demand growth is expected from China and, to a lesser
extent, from other developing countriespecially India.

319. One of the factors for the projected growth of manganese consumption in China is the
tightening of the rebar standards introduced by the government in 2018, which suggests an increase |
manganese consumption for melting 1 tonne of stéws was a surprise, as a few years before this index
was, on the contrary, reductd.

320. As part of this work, we chose 3 cases of manganese demand forecast, reflecting both
maximum and minimum growth in consumption dynamics (Figutg):

321. Case 1(low) 0 expectsto grow by 1% per year, which is in line with Eramet S.A.'s
forecast.®®

322. Case dbase)d expects annual growth of 196 and is an intermediate evaluation indicator.
A moderate increase in steel production is expected due to the global economic slowdown, modernizatio
of Chinese enterprises to meet environmental requirements, and uncetaimtytirade policy. A close
growth rate (1.4% per year before 2035) is considered in the OECD foré¥ast.

323. Case3 (high)d expects demand for manganese to grow #yr year, which corresponds
to the average annual growth rate of steel production in dhielm 2008 2017.

100
90
80
70
60
50
40
30
20
10

0
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

s Production mines Proved projects Possible projects
= Consumption (3%) e Consumption (1%) Consumption (1,5%)

Figure4.42. Manganese orland-basedoroduction and consumption forecast in 202@35, Mt

104\World steelassociate@2019)
http://www.indiansteelmarkets.com/presentations/Session1/4.0%20Edwin%20Basson_WSA.pptx

105 Chalabyan A., Mori L., Vercammen S. (2018), The current capsiiieup in steel and how the industry is
adapting, McKnsey&Company,
https://www.mckinsey.com/~/media/McKinsey/Industries/Metals%20and%20Mining/Our%?20Insights/The%20curr
ent%20capacity%20shake%20up%20in%20steel%20and%20how%20theUs20if620is%20adapting/The
currentcapacityshakeup-in-steetand-how-the-industry-is-adapting.ashx

106 OECD https://www.oecd.org/industry/ind/ltem_4b_Accenturan®dthy van_Audenaerde.pdf

107 Roskill. Manganes®utlookto 2029.30.09.201thttps://roskill.com/marketeport/manganese/

108 ErametS.A (2019),2018Registratiordocumenthttps://www.eramet.com/sites/default/files/2019
05/DRF_Eramet 2018 AMF_UK.pdf

109OECD (2017),SteelDemandBeyond2030,
http://www.oecd.org/industry/ind/Item_4b_Accenture_Timothy van_Audenaerde.pdf
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Resources and reserves

324. According toUSGS manganeseeservesare estimated @10 million tonnes (manganese
content);resourceassessment is not provided At the current level of mining production of manganese
ore (about 20 million tonne®f manganese content) reserves can provide mining operations for
approximately 40 years. If we take into account the total physical volumes of reserves and resources ¢
manganese ore contained in specific known deposits (both developed and exploreshertres will
amount to more than 5 billion tonnes of ore, and the reso@rcesmore than 12 billion tonnes of ore.
Then the availability of manganese ores to the industry depending on their production level can be estimate
in 70/ 90 years on the basi§ @serves and 15Q00 years on the basis of resources in kind.

Forecast of landbased mining

325. In order to estimate manganese ore production B85 data on reserves and identified
resources (measuredndicated+ inferred resources) of about 90 mangseore mines or groups of mines
and projects have been compiled and analys@te production forecast is based on
measured- indicated+ inferred resources. The expected production of manganese ore at existing mines is
calculated on the basis of actuabguction in 2018, taking into account planned expansion projects of
existing capacities. The main sources of information were mining company reports.

326. Due to the lack obpendata for some countries (primarily Chint),get the most complete
picture of theworld manganese mining industry, the missing production volumes are accounted for based
on official government statistics and/or industry statistics.

327. We did not takento accountthe use of steel scrap by the steel industry, which is gradually
growing. As steel scrap already contains manganese, its use in steelmaking reduces the need for mangan
products.

328. Due to the rather inactive market in recent ygamgjectsto expand theapacity of existing
mines and develop new deposits are not proceeding as actively as they could under other market conditior
However, expansion is envisaged at a number of deposits under development, primarily in South Africe
and Gabon.

329. Manganese ore gjects areonditionallydivided into two groups on the perspective of their
involvement in operatiorProved projecteindPossible projects. The main criterion for classifying a project
as a group was the stage of its development (Preproduction, Cdostréeasibility Study, Prefeasibility
Study), as well as the planned terms of their implementation and the difficulties encountered in this proces:

330. Major provedprojectsare being implemented in Guyana, Togo, Australia, Kazakhstan and
Russia. The possiblprojects include those that are currently in conservation. Such projects are known in
Chile, Australia, Burkina Faso and Russia.

331. At the same timeinclusionof the project in the most promising group of proved projects
does not mean its timely implemetita, as the terms of deposit commissioning are very often postponed
for various reasons, primarily economic.

332. According to ouranalysis the production of manganese ore from existing mines could
increase by about Z& by the mid2020s through the expansiohtheir capacity. In the future, it will be
virtually unchanged throughout the period under review.

333. The first of theProved projectsinderconsideration may come into operation in the very near
future. By 2035 they can provide additional production aual?.3 million tonnes. Possible projects, if
commissioned, could add up to 5 million tonnes ofp@eyearFigure4.42). Thus, as a result of increasing
the capacity of currently operating mines and commissioning of all existing and possible prd68ts, in
the annual capacity of manganese ore may reach 82 million tonnes, which is one third higher than th
current level.

334. It should be noted that China is conducting intensive geological exploration for manganese
ores. In 20162017 alone, the country's manganese ore reserves and resources grew by 454 millior

110 ySGS(2020),Mineral CommoditySummarie202Q https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf
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tonnest!! In the subsequent period, several other facilities weemegh which provided aadditional
increase of 660 million tonnes of manganesé'®ré can be expected that at least some of the discovered
deposits will be put into operation in the period under review, which will significantly increase the
production d manganese ores.

335. In case the average annual growth rate of manganese consumption wilbbgethe Hemand
for manganese will be fully satisfied by the existing enterprises. Such a scenario will be implemented if the
Chinese metallurgical industry sigii@ntly reduces the growth rate of steel output, trends to which are
predicted by many analysts. At the same time, the production volume of manganese ores will exceed th
level of consumption, which on one hand will inevitably reduce prices, but on grehathd will increase
the warehouse stock, primarily of China. The market surplus and low prices will force the producers of
manganese ores to reduce their output, while the small ones, who are the most difficult to survive in sucl
conditions, will have talose down or suspend their work. Most development projects will also be frozen
and exploration will be phased out, especially in areas with low quality mineralization.

336. If the average annugrowthrate of manganese consumption is%.50perating mines W
be able to provide it until 2030. In the coming years there may be a shortage of raw materials, but this coul
be fully compensated by thEoved projectsAt the same time, it is possible that the missing ore volumes
will be replenished with stocks @emulated during the years of surpluEhen the real need for
implementation of proved projects (if they are not yet operational by then) will be delayed.

337. In case the average annual growth rate of manganese consumption will be at the I&el of 3
from 202 there may be an insignificasttortagenf products coming from the objects under development,
but it can be compensated by the proved projects. However, from 2026 onwards, the market may face
deficit even if all the existing projects, both proved andsible, are implemented. This situation may
stimulate price growth and intensify the process of involvement in the development of new deposits, as
well as the expansion of geological exploration aimed at identifying new manganese ore deposits, primarily
of high quality.Exploration for highgrade ores in Indonesia and Brazil and for-gnade ores in China
and Australia has already increased. Commissioning of new facilities in the period under review may
eliminate potential shortage of raw materials.

Impact of nodules mining

338. With regard to the possible exploration of polymetallic nodules, we are considering three
scenarios: a minimum scenario (involving two contractBigure 4.43, a base scenario (involving six
contractors;Figure 4.44, and a maximum scenario (involving élwe contractorsfFigure 4.4%. All
scenarios imply that first contractor starts production in 2027 and the second in 2030; the remaining
contractors (subject to their involvement) will join the process in 2B333. It is assumed that the
maximum aggregatproduction level of six or twelve contractors may be reached in 2035.

339. As shown above, only with annual consumption growth of more tha#b htsthe end of the
period under review will the currently operating mines be unable to fully meet potential détoareler,
the potential deficit will be fully covered by the projects currently under way. Only if consumption grows
by more than 26 per year, the operating mines, together with possible manganese projects, will not be able
to fully meet the expected demd, but such a situation may occur only after 2032. Accordingly, it is only
if manganese consumption grows by more thé@&year after 2030 that a niche may emerge on the market
that deepsea mining may occupy (Figure 4.43). At the same time, as alvessly noted when considering
the prospects of the copper, nickel and cobalt markets, the emergence of a new supplier in almost any ca
may cause a price decline. It is determined not by the imbalance of supply/demand, but by the stabilizatio

of supply.

111 ChinaMineral Resource$2018),Ministry of NaturalResourcesPRC,https://www.gov.cn/xinwen/2018
10/22/5333589/files/01d0517b9d6c430bbb927ea5e48641b4.pdf

1125MM News,China'slstlargemanganeseich mineuncoveredn Guizhou,19.06.2019,
https://news.metal.com/newscontent/100939677/Refidina%?27sl stlargemanganeseich-mine-uncoveredn-
Guizhou/
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340. Let's consider the prospects of the situation on the manganese market after the beginning o
offshore mining under conditions of consumption growth By Ber year.

341. As Figure 4.43shows, under the minimum scenario (two contractors entering tHeetmar
which from 2032 will jointly produce 6 million tonnes and ore containing about 1.5 million tonnes of
manganese per year), there are no prerequisites for overproduction even if all land mine projects are p
into operation.

342. Under the base scenario iving six contractors (from 2035, they will be able to produce
18 million tonnes of ore per year containing 4.6 million tonnes of manganese), in the last years of the perio
under review, there will be prerequisites for excess supply on the miiduetg4.44). If some of the six
contractors start production earlier than the scenario assumes, the excess supply will appear earlier and w
be more significant.

343. Under the maximum scenario of 12 contractors (from 2035, 36 million tonnes of ore per year
containng 9.2 million tonnes of manganese could be produced, corresponding to about half of current
production) overproduction could occur from 2032 and as contractors reach full capacity, this would
increase dramatically={gure 4.4%. This will inevitably leado a price collapse, which will affect not only
land producers, but also contractors themselves.

344. Thus,only if consumption of manganese ores grows by more than%2 per year will
there be a niche in the market that can be occupied by despa mining At the same timehe volume
of fsead manganese producti on, which the markKk
determined by consumption growth rates. If they are in line with Case 3 (+% per year) we are
considering, and production starts in 2027 andéhcreases at the rates we expect, then only if no more
than six contractors are operating, the manganese market is likely to be unaffectdimore contractors
enter the market or if consumption increases at a lower rate, the manganese markperidéhce adverse
effects that may affect not only lafdised producers but also contractors themselves.

D. Primary sector products of the affected metals

Copper

345. Themainprimary sector products of coppareconcentrates derived from the benefication
of sulphide ores (as shown ahapter4A). Intermediate products from oxide ores hydrometallurgical
processing using the solvesttraction/electrowinning (SSEW) method are copper solutions, but they do
not paricipate in the copper project trade cha@opper produced by SKW method accounts for
approximately a fifth of the worldds mining pro
Group (ICSG)®, its contribution to the world index in 20@®17 varied between 18.7 and 2%2
(Figure4 .46).
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Figure 446. World copper production dynamics by process in 220&87,copper contenkt,
Source: IGG

113 InternationalCopperStudyGroup(2018).Annual Publication.Vol. 15 (www.icsg.org)
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346. As of 2017, a significant number of copper ores were mined and processed in 53 countries
worldwide. Mining production volumes in particular countries vary fraBnaillion tonnes (Chile) to
0.1 thousand tonnes (Albartyj.

347. According to ICSG, global copperining production in 2017 exceeded @lion tonnes,
having increased by 2%, or 45 million tonnes, in 1¢ears (Figure 4.7). Simultaneously world mine
capacity in conversion to copper equivalent increased by approxintagatyillion tonnesd up to
23,9million tonnes per year (+28%). Mine capacity utilization in 2017 amounted to 8&9it was
836% in 2008. The worl doés 20 | argest %wofcapacity oper
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Figure 447. World copper mining dynamics by major producing and other countries in 2003,
copper contenkt,
Source: ICSG

348. Increase in copper mining was provided primarily by Peru (+iid@&and tonngs
Democratic Republic of the Congo (+78®usand tonnes), China (+6thbusand tonnes), Mexico
(+495thousand tonnes), Zambia (+26busand tonnes) and Kazakhstan (+tt@Risand tonnes), which
are in t hdolavgest nideGceppel ppopucers.riffigant increase in production was shown by
Spain (+188housand tonnes againsthbusand tonnes in 2008) and Mongolia (+if&Risand tonnes).

349. Democratic Republic of the Congo has benefited the most from the expansion of copper
mining production: in 10&ars, it has risen from rank 15 to 5. After the civil war (12883) the country
started to develop its mining industry, and between 2007 and 2011, several large copper mines were p
into operation, where primarily SKW technology was used, which acctadhfor approximately 72 of
the country's performance in 2017 (48 of 1002thousand tonnes). In 2008, this copper accounted for
lessthan28% of Republ i cds mining pr odhousdandtonmes) appr oXxi

350. The ranking of Peru (from nk 3 to 2), China (from rank 4 to 3), Zambia (from rank 9 to 7)
and Mexico (from rank 11 to 8) also went up.

351. Despite the past shifts in the global copper producer ranking, Chile, where both sulphide and
poor oxide ores are being extracted and processedjs the world leader in the industry (Figdt82).
However, its share in the global index decreased froi8%84n 2008 to 265% in 2017. In 2017
55035 thousand tonnes of copper was produced in the country, which only exceeded the 2008 index b
176thousand tonnes (3 %).

352. The products of mining production, depending on its type, are either smelted and refined
(concentrates) or are immediately ready for further use in various fields of industry (cathode copper
produced by SXEW technology).

114 |nternationalCopperStudyGroup(2018).Annual Publication.Vol. 15 (www.icsg.org)
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353. The consurars of copper concentrates are copper smelters, located not only in countries
where copper ores are mined and processed, but also in countries that do not have their own min
production, or it is insufficient to meet the raw material needs of the copp#esrithis led to largscale
global trade in copper concentrates.

354. More than 60% of copper concentrates produced worldwide participate in global trade.
According to the estimates of Chatham House, the Royal Institute of International’Affair2017 opper
concentrates accounted for ®of world trade in copper products in weight terms an&30 money
terms.

355. In 2008 2017 the volume of global trade in copper concenti@&scode 2603)ncreased
by approximately B times.

356. Increase in export of coppeoncentrates over 10 years amounted to abofiniiflion tons
(Figure 433). It was provided primarily by expanding supplies from Perul(#bllion tonnes), Chile
(+3.4 million tonnes), Spain (+& million tonnes), Mexico (+B million tonnes), Mongoh (+Q9 million
tonnes), Kazakhstan (#0million tonnes), and Brazil (+6 million tonnes). Nevertheless, in 2017 Chile
remained the largest copper exporter, accounting for approximatéydt&vorld exports. As a result of
Peru's strong export growthtiaeeen 2015 and 2017, its share in the world total exceedéd 23
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Figure 448. World copper ores and concentrates export dynamics iri 2008, gross weighkt
Source: ITC

357. The import growth of copper concentrates was primarily obtained by Chindl (hilllon
tonnes) (Figure 48). If in 2008 China imported about the same amount of concentrate as Japan, in 2017 it
exceeded Japan's index by more th&righes. In 2017 total of 13 million tonnes of copper concentrates
were imported into China. The masuppliers were Peru .@million tonnes), Chile (4 million tonnes),
Mongolia (14 million tonnes), Mexico (® million tonnes), Australia (85 million tonnes), Kazakhstan
(0.7 million tonnes), and Spain (Omillion tonnes) (Figure4.49, 450).

115 ChathamHouse the Royal Instituteof InternationalAffairs, https://resourcetrade.earth/

81


https://resourcetrade.earth/

35,000 32,807.1 34,579.3

28,839.

30,000 27,333.7 27,326.7

25,000
19.928.8 20,425.8 21.059.2 503763

20,000

I

10,000
5,000

0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
China mm Japan . Spain mmm Korean Rep. mmmm Germany

s Bulgaria India mm Philippines Others —@—\\/orld

Figure 449. World copper ores and concentrates import dynamics ini200g, gross weighkt
Source: ITC

Australia

-/

;¥
L4

B Export
B Import

Figure 450. Major international trade flows of copperes and concentrates in 2017
Source:https://resourcetrade.earth/

358. The object ofnternationakrade is also the copper mattes. However, their trade volumes are
negligibly small (in 2013 2684 thousand tons, or less thafrwlof trade inconcentrates).

Nickel

359. Depending on thgypeof mined and processed raw materials, primary sector nickel products
include ores with a high nickel content (a product primarily produced from laterite ores) or concentrates (&
product primarily produced from ¢hextraction and processing of sulphide ores). In PRO87 the
production volumes of concentrates in general remained at approximately the same level, however, due 1
a significant increase in the production of laterite ores, their contribution to thed gidex decreased from
52 to 37% (Figure 451).
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Figure 451. World nickel mine production by type in 20@817,nickel contentkt
Source: INSG

360. As of 2017, nickekontaining ores were mined and processed indd®tries worldwide.
Countryspecific mining production volumes ranged from 3s@usand tonng$ndonesia) to @ thousand
tonnes(Norway)-*6,

361. According to INSG, world nickel mine production in 2017 exceedédn@llion tonnes,
having increased by 3% or 579%housand tonnesver 10 years (Figure 32). At the same time, the
maximum mine production level of 2million tonnes was reached in 2013. This was ensured by the rapid
expansion of laterite ore mining in Indonesia; the subsequent sharp (aln®é3tdecline in the global
index was a consequence of the restriction on nickel ore exports imposed by the Indonesian governme
in 2014.
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Figure 452. World nickel mine production by countries in 20@817,nickel contentkt
Source: INSG

362. The main production increase wpgsovided by the Philippines (+2@Bousand tonngs
Indonesia (+136housand tonng@snd New Caledonia (+1G8ousand tonngsSignificant increases were
also seen in Guatemala (+8wusand tonngsMadagascar (+3®ousand tonngsBrazil (+38thousand
tonne$ and Papua New Guinea (+8®usand tonngsin Madagascar, Guatemala and Papua New Guinea,
production only started in 2012. The rest of the world's leading nickel producers, including Russia

118 |nternationalNickel StudyGroup(INSG). World Nickel Statistics.Yearbook Vol XXVIII. No. 12.November
2019
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(-47thousand tonngsCanada-@48thousand tonngsand Australia (21 thousand tonngshave reduced
production.

363. The geographical structure of world nickel production in 22087 underwent significant
changes. Until 2011, Russia, Canada and Australia remained the main producing regions, which provide
about 40645 % of the world annual production. In 202D13 the lading supplier of commercial ores and
concentrates was Indonesia, which increased production volumes frotn 888thousand tonnes of
nickel and accounted for almost 320of global production in 2013. At the same time, the nickel industry
in the Philippnes started to develop; by 2011 it already accounted & @Pworld mine production.

364. This rate of production growth in Indonesia was driven by strong demand for ore, triggered
by the expectation of a ban on ore exports from the country. The ban, wtecadeinto force in January
2014, was adopted by the government with the aim of developing the country's domestic processing sectc
As a result, nickel production in Indonesia fell by almost 5 times, or td thdusand tonnesn 2014
compared to 2013. This threw Indonesia to the sixth position in the ranking of the world's leading nickel
producers. As a result, the Philippines took the lead, providinghdt$and tonnes of nickel. New
Caledonia, the third major supplier gmbducer of laterite ores, increased its production. In the traditional
nickel regionsd Russia, Canada and Austrafia by contrast, production declined slightly during this
period.

365. In mid-2016, thechangeof the head of government in the Philippines dffddhe country's
raw material policy. A powerful campaign was launched against open pit mining because of the significant
environmental damage to the tourism industry, which makes a major contribution to the country's GDP.
More than half of the countrytgperating mines have been shut down, including one third of the nickel
mines. In addition, almost all recently issued mining permits have been revoked. As a result, production ir
the Philippines decreased by &0in 2016, but the country remained the wisrléading producer in this
year. This did not lead to a significant reduction in nickel production as a whole. Discontinued capacity
was offset by increased production in New Caledonia (oriented towards China) and Indonesia, where
several new metallurgitalants started operating.

366. In 2017, after a thregear hiatus, Indonesia again became the mining leaderagicge
production volumes to 3housand tonnesickel mine production. The situation with the mining industry
in the Philippines has not chang&dproduction at the closed mines has not been resumed, but the country
remains the world's second largest producer of nickel raw materials.

367. Other major nickel suppliers with commercial ore and concentrate production volumes
consistently exceeding ZBousand tonne®f nickel include Russia (22housand tonnes 2017), New
Caledonia (215housand tonngsCanada (21thousand tonngsAustralia (172housand tonngsChina
(95 thousand tonnésand Brazil (7thousand tonnés

368. As shown inchapter4A, depering on the initial type of nickel ores, the type of products
produced differs: sulfide ores are used to produce refined metal, laterite ores are makmickeirand
nickel pig ironwith low nickel content.

369. Consumers of nickel raw materials are metgiltal and hydrometallurgical operations
located not only in countries where nickel ore is mined, but also in countries where there is no own mine
production or it is not sufficient to meet the needs of the processing plants. This has leddcelargébal
trade in raw nickel products.

370. Estimating the amount of metal contained in nickel ores and concentrates involved in global
trade is problematic due to the variability in their metal content. Chatham House, the Royal Institute of
International Affairs'’, estimates that in 2017 nickel ores and concentrates accounted%oof&orld
trade in nickel products in weight terms an#9n money termsThe main type of nickel raw material
products is nickel ore. This has been ensured by the fact that foadOthie majority of deliveries have
been from Indonesia, the Philippines and New Caledonia.

117 ChathanHouse the Royal Institute of InternationalAffairs, https://resourcetrade.earth/

84


https://resourcetrade.earth/

371. In 2008 2017 the volume of world trade in nickel ores and concentrates (HS code 2604) on
the whole increased by approximately 2.5 times, or by Bill®n tonnes.The peak value was reached in
2013 and amounted to 1h@llion tonnes, which is 2 times more than in 2017 (Figu5a).

120000
100000

80000

60000 52,419

40000
20,908
20000

0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
mmm Philippines mmmm Indonesia mmmm New Caledonia Others ==@==\Norld

Figure4.53. World nickel ores and concentrates export in 22087, gross weight, kt
Source: ITC

372. It should be noted that according to the available data, in 2018 ore exports from Indonesia
increased by 4 times and amounted to abowd hélion tonnes against.g million tonnes in 2017. Data
for 2019 are not yet available. However, in 2020, supplies from Indonesia should stop again: from Januar
2020, the country once again started banning the export of nickel ore as a measure to stimulate tr
development of both therocessing industry and the domestic consumption $&ctor

373. It should also be noted that exports from the Philippines fell sharply in 2018; the decline
amounted to 13 million tonnes.

374. The vast majority of nickel raw materials is shipped to China (Fsgusd, 455). More than
95% of these supplies are laterite commercial ores from Indonesia, the Philippines and New Caledonia
Imports of nickel concentrates are insignificant. Japan (mainly purchases nickel ores from the same
suppliers) and the Republic Kbrea are also among the F8pworld importers.
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Figure4.54. World nickel ores and concentrates import in 2@08.7, gross weight, kt
Source: ITC

118 Bloomberg.News.Nickel Ban Showslindore s i Ambitson to Build EV Industry(29.10.2019)
https://lwww.bloomberg.com/news/articles/201®28/indonesiawill -tradenickekrichesfor-anelectriccar
industry?sref=AjlywoTi
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Cobalt

375. Primary sector products of cobalt include mining products. As shown aboaptérd ¢ ) ,
almost all cobalt mining is done along with copper and nickel. Depending on the typedfare, mining
products are ore and concentrates, cafigit solution in integrated plants; a cobadth sulphide,
hydroxide or carbonate if further refining is done elsewhere; a eotlalalloy.

376. Accordingto BGS, as of 2017, mining and processirgpbaltcontaining ores in significant
quantities was carried out in 18 countries worldwide. Only one of them, Morocco, extracts cobalt as a majo
component of the ores. Mine production volumes ranged frofatiB@usand tonnes (DBongo) to
approximately O thousand tonnes (USA)

377. Mine production of cobalt in 2017 amounted to approximatelyth@9sand tonnes, having
increased by approximately %0, or by almost 5thousand tonnes, over 10 yed¥! (Figure 456).

119BGS(2019),World Mineral Produdion 2013 2017,British GeologicalSurvey,Keyworth, Nottingham,pp. 100
https://www.bgs.ac.uk/mineralsuk/statistics/worldArchive.html
120BGS(2014),World Mineral Prodution 2008 2012, British GeologicalSurvey,Keyworth, Nottingham,pp. 100
https://www.bgs.ac.uk/mineralsuk/statistics/worldArchive.html
121BGS(2019),World Mineral Prodution 2013 2017,British GeologicalSurvey,Keyworth, Nottingham,pp. 100
https://www.bgs.ac.uk/mineralsuk/statistics/worldArchive.html
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Figure 456. World cobalt mining dynamics by major producing and other countries iri 2008,cobalt
contentkt
Source: BGS

378. Production growth was provided by BFbngo (+4@housand tonnes or by almost 2 times),
New Caledonia (+8 thousand tonnes or by 11 timesypBa New Guinea (production started in 2012 and
amounted to 3 thousand tonnes in 2017), Madagascar (production started also in 2012 and amounted tc
2.8 thousand tonnes in 2017) and the Philippinesy#fiousand tonnes or by22times). At the saméme,
mine production reached its maximum level in 2015, which was mainly due to its surgeCiorgB.

379. As noted above, the main cobalt mining center is@@Rgo. Its share in world production
in 2008 2017 ranged from approximately $9to more than 7@o. In physical terms, production volumes
varied between 412 (in 2008) and 99 thousand tonnes (in 2011). BFbngo also contains the main cobalt
deposits (according to USGS, almost half of the world's deposits,6onilBon tonnes??). They are
enclosed ircobalt stratiform and stratabound copper deposits (the same type of deposits is the source ¢
cobalt in Zambig

380. Approximatelyl5i 20 % of cobalt mine production in DRongo falls on smafcale mining
al so called fAartisanal ternatdnal gstmatesAl@S®thodsand geogleo A
are involved in cobalt mining practic&$.The exact figure cannot be determined due to the lack of
statistical studies and high rates of staff turnover and migratrade in artisanal raw materials is also not
fully controlled and accounted for. Often there are conflicts between mining aed¢aig mining. If large
companies want to start mining in an area that was previously mined artisanal, it leads to displacement ¢
many people and other problems such as the absence of compensation for loss of their livelihood. With th
growing global derand of cobalt, the conflicts between artisanal miners and industrial mining companies
increase. There are consistent conflicts about mining rights and missing space/areas authorized for artisar
miners. Smalkcale miners invade concession areas assignéargescale mining companies for the
purpose of digging for minerals and thereby securing their survival.

381. Due to the peculiarities of the cobalt mining industry in ©Oéhgo and the political
instability in the country, the supply of cobalt from the doyto the world market is assessed as high risk.
This determined the inclusion of cobalt as a critical material in th&“a8d EU countrigs®.

122 ySGS.Mineral CommoditySummarie2020, https://pubs.usggov/periodicals/mcs2020/mcs2020. pdf

123 ONZ (2018),CobaltCritical, https://oenz.de/sites/default/files/oenz_inkota_factsheet_cobalt.critical3.pd
124ySGS(2017),Cobalt,ChapterF of Critical Mineral Resourcesf the United State$ Economicand
EnvironmentalGeologyandProspect$or FutureSupply,https://pubs.usgs.gov/pp/1802/f/pp1802f.pdf

125EC (2017),Critical raw materials https://ec.europa.eu/growth/sectors/materials/specifiénterest/critical_en
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382. Consumers of cobalt mining products are refineries located both in countries where cobalt is
mined and in counes that do not have their own mine production. There is an overall imbalance in the
distribution of major cobalt mining and refining centers worldwide. This has led tedeade global trade
in cobalt raw materials.

383. Estimating the amount of metal cairted in ores and cobalt concentrates involved in global
trade as a whole is problematic because of the variability in their metal content. According to the available
data, in concentrates obtained from the enrichment of sulphide eoipgel ores, the dealt content is
usually 11,5% and 2,53 % in those obtained from the enrichment of coppmalt ores?® According to
estimates based on international trade,data017 cobalt ores and concentrates accounted for abétit 3
of world trade in cobalt prattts in weight terms and abol@ % in money terms.

384. Based on the data on export supplies, in 220&7 the volume of world trade in ores and
cobalt concentratg$1S code 2605)lecreased by almost a third. @®ngo, where refining production was
destroyed by wars and crises and has hardly recovered so far, remains practically the only supplier of cobe
raw materials to the world market (Figur&34. The recipients of this raw material are China and Zambia
(Figures 458, 459).

385. In 2013, it was amounced that DREongo intends to ban exports of copper and cobalt
concentrates to encourage domestic processing. To date, the process has been suspended and
implementation is expected in the near future. The importance of the export of raw materiatffal
GDP and the lack of necessary electricity for an energnsive sector such as refining were cited as the
main reasons (according to US%&Selectricity requirements for the recovery of cobalt cathode from
intermediate products by electrowingiim chloride and sulfate media are on average EW6/tonne and
6500KWh/tonne for operations in China, Japan, Norway, ZambiaCbRgo and Canada. In DEongo
these requirements are said to vary between 5000 and®&UBQonne). Nevertheless, accorditngOECD
data, in 20102014 the country introduced export duties of up t&@6n cobalt ores and concentratés
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Figure 457 World cobalt ores and concentrates export dynamics ini2003, gross weighkt
Source: ITC

126 Al Barazi,S. (2018) Rohstoffrisikobewertung Kobalt, DERA Rohstoffinformationer86, Berlin, 120S,,
https://www.deutsche
rohstoffagatur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen
36.pdf

127ySGS(2011),Estimateof Electricity Requirement$or the Recoveryof Mineral Commoditieswith Examples
Applied to SubSahararAfrica, https://pubs.usgs.gov/of/2011/1253/report/OAP53.pdf

128 JRC(2018),Cobalt:demandsupplybalancesn thetransitionto electricmobility, EuropearCommission
TechnicalReport,https://publications.jrc.ec.europa.eu/repository/bitstream/JRC112285/jrc112285 cobalt.pdf
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Figure 459. Major international trade flows of cobalt ores and concentrates in 2017
Source: https://resourcetrade.earth/

Manganese

386. Primary sector products of manganese inchmdaganese ore. The ores produced are divided
into three categories depending on their manganese cohigm r a d e % M), Midg r a d3®% ( O
andi%Mn)andlowg r a d e Nn). AcBdddg tointernaticmal Manganese Institute (IMnl), high
grade (approximately 4% in metal terms in 2017) and raiplade (approximately 4% in metal terms in
2017) ore¥® account for the main production. Higinade ores are produced mainly in Australia, Gabon,
Brazil and South Africa, but also (in significantly lower quantities) in Indonesia, India, Céte d'lvoire,
Morocco, Namibia and Vietnam. Migrade ores are producedimig in South Africa, India, Kazakhstan,
Malaysia, Australia and Ukraine. Legrade ores are produced mainly in China, as well as in Georgia,

1291Mnl (2019),Statistics2019,https://www.manganese.org/vgontent/uploads/2019/05/IMnl_statistics_2019.pdf
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Ghana and several other countfi€@dlowever, two or all three categories of ores may be produced in the
same couiny. In different years, the proportions of ores of different categories in the production of specific
countries and, as a consequence, in the world, have chéfigece 460).
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Figure 460. Distribution of manganese ore production by ore types, Mn cpiie
Source: IMl

387. According to available data, production of manganese ores in 2017 in significant quantities
was conducted in 29 countries. Mine production volumes in specific countries ranged from around
14 million tonnes South Africg to 1.1 million tonnes (Egypt).

388. According to BGS data available as of the beginning of 2020, which we adjusted based on
national statistics of Kazakhstan, the volume of manganese ore production in 2017 amounted to abot
51 million tonnes, having increaséy more than 346 or 13 million tonnes over 10 yedfSigure4.61).
According to IMnl estimates, production in 2017 amounted to 19.1 million tonnes Mn content, an increase
of approximately 32.96, or 4.7 million tonnes, over 10 yea?s'*
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Figure 461. World manganese ore production dynamics by major producing and other countriesiin 2008

2017,gross weightkt
Sources: BGandnational statistic of Kazakhstan

130|Mnl (2016),2013Public AnnualMarketResearchReport,
https://www.manganese.org/files/publications/PUBLIC%20RESEARCH%20REPORTS/2013_IMnI_Public_Report.pdf
BLIMnI (2019),Statistics2019, https://www.manganese.org/vaontent/uploads/2019/05/IMnl_statistics_2019.pdf

1321Mnl (2016),2013PublicAnnual MarketResearclReport,
https://www.manganese.org/files/publications/PUBLIC%20RESEARCH%20REPORTS/2013_IMnI_Public_Report.pdf
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389. Productiongrowthwas mainly provided by South Africa, where it increased by more than
2 times, or by 7.6 million tonnes. Smaller but significant growth was also provided by Gtia@anillion
tonnes, or by 2.8 times), China (+1.5 million tonnes, or b%)4Gabon (+0.9nillion tonnes, or by 286),
Malaysia (+0.7 million tonnes, or by 2.3 times), and Brazil (+0.5 million tonnes, or by RO#is period,
production decreased only in Australifi.8 million tonnes in 2017, or by almost 4§, although in 2014
productionin the country was at the maximum level (+2.8 million tonnes, é6Edmpared to 2008), India
(-0.2 million tonnes) and Ukraine.

390. South Africa is currently the world's largest producer of manganese ores, in 2017 it accounted
for more than 276 of gross prduction weight (186 in 2008); in terms of metél 36 % (21% in 2008).
In terms of gross weight of ore extraction South Africa was inferior to China until 2014. However, in terms
of metal contained in ore, it was at the top of the world ranking of masgaae material producers due
to the higher quality of the ores in some years up to 2012; after 2012, South Africa's leadership on thi:
indicator has again become steady. In 2@084 the country's manganese ore production dégmeiere
increased throughoth the commissioning of new mines and the expansion of existing ones' capacities. At
the same time, depending on the situation on the market, capacity utilization was changing. Thus, accordin
to IMnl in 2009 (in the conditions of the global financiableeconomic crisis) capacity utilization was only
52 %, whereas in 2008 and 208086 % and 8% respectively, and in 2012 it reached%96%

391. In 2017, China accounted for about%?5of the gross weight of manganese ore production
(29 % in 2008), butmetal accounted for only% (24% in 2008).The problem of the country's manganese
mining industry is the low quality of the raw material bAs¢he average manganese contemhinedores
currently does not exceed 3@ For comparison, in South Africa is 35 38 %, in Australia it is close to
40%, and in Gabon it exceeds %&'%*

392. The main consumers afanganeseres are producers of manganese fatlays. There is a
pronounced disproportion in the distribution of manganese ore andatkyys production centers
(Figure4.62). This has determined a largeale ore trade.
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Figure 462. Distribution of production of manganese ore by content of manganese anrdlii@ysogross
weight among major countries in 2017, %
Source: IMl

133|Mnl (2016),2013Public AnnualMarketResearctReport,
https://www.manganese.org/files/publications/PUBLIC%20RESEARCH%20REPORTS/2013_IMnl_Public_Report
.pdf

134 USGS(2019),Manganes¢advancerelease] 2015 Minerals Yearbook https:/prdwret.s3us-west
2.amazonaws.com/assets/palladium/production/atoms/filesh2@bdmanga.pdf
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393. Approximately 60% of manganeseres produced in the world are involved in world trade.
According to Chatham Hwse, the Royal Institute of International Affaifsin 2017 they accounted for
85% of world trade in manganese products in weight terms and 45% in money terms

394. In 2008 2017 the volume of world trade in manganese ¢ code 2602)ncreased by
approximagly 1.7times.

395. Export growth of manganese ores in 10 years amounted to 13.3 million tonnes 4fE8ure
It was mainly ensured by expansion of supplies from South Africa (+9.8 million toomieg 2.7 times).
Significant growth was demonstrated by Australia (+1.6 million tonnes, or by 1.4 times), Gabon
(+1.3million tonnes, or by 1.4 times), as well as Brazil (+0.65 million tonnes, or by 1.3 times) and Cote
d'lvoire (+0.6 million tonnes, doy 13 times).
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Figure 463. World manganese ore export dynamics in 2@Q08.7,gross weightkt
Source: ITC

396. It should be noted that Cote d'lvoire entered the-F ¢grgest exporters of manganese ores
only in 2017; the rapid development of manganese mauirgexport in this country was largely facilitated
by the arrival of a large Chinese business in 280006te d'Ivoire has very ambitious plans to develop the
mining sector in general and manganese ore mining in particular. The aim is to diversify ttng'scoun
economy, which is traditionally based on cocoa production.

397. The main importer of manganese ores is China, whose purchasesii@@0OD&creased by
13.7 million tonnes, or by 2.8 times (Figuré4); manganese ore in the country is supplied by South Africa,
Australia, Ghana, Gabon, Brazil, Malaysia and many other countries. China, being the main producer o
manganese ores, however|la¥ quality, imports highegrade ores and mixes them with itsrofer further
production of ferrealloys.Major importers also include India (its imports during the period under review
increased by 2.3 million tonnes, or 3.2 times), Ukraine, South Korea, Norway, Russia, Malaysia, Japan
Spain and Francg-igure4.65). It is noteworthy that India and Ukraine, which are their major producers,
import manganese ore in significant quantities. The reason for this in India is that the countrgifofesro
production facilities are underutilized, while Ukraine, like Chinaeasiimported ores with its manganese
ores of insufficient quality.

135 ChathanmHouse the Royal Instituteof InternationalAffairs https://resourcetrade.earth/

136 RTI. La productionglobalede manganfseen C¥% te d'lvoire atteindrae million detonneen 2017,
https://lwww.rti.ci/info/economie/5423Haroductionglobalede-manganesen-cotedivoire-atteindrale-million-de-
tonneen2017
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Figure 464. World manganese ore import dynamics in 2QIBL7, gross weighkt
Source: ITC
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Figure4.65. Major international trade flows of manganese ore in 2017
Source'https://resourcetrade.earth/

E. Semtifinished products sector of the affected metals

Copper

398. Semifinished copperproductsinclude copper mattes, cement copper (precipitates) and
smelter production. Smelter production is divided into three groups relating to the source of material usec
in producing blister, anode and other smeisel products. The three categories are: primagmfr
concentrates; lowrade electrowon from SEW and RLE (roaskeachelectrowon) plants; and secondary,
from scrap materials. According to ICSG secondary copper currently accounts for approximate 16

137 International Copper Study Group (2018). Annual Publication. Vol. 15 (www.icsg.org)
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of blister copper production, compared to41% in 2008. In 20112013, its share exceeded3.66 (Figure

4.66).
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Figure 466. World primary and secondary copper smelter production dynamics iii 2008 kt
Source: ICSG

399. This review focuses on copper extracted from natural ores. In doingrismary and
electrowon production is considered jointly.

400. According to ICSG (2018), primary blister copper production in 2017 exceedmdllibs
tonnes, an increase of more than%g0or approximately .8 million tonnes, over 10 years (Figureés?).
Almostall of this increase was provided by China.GH3illion tonnes). Zambia has also shown significant
growth (+Q5 million tonnes).
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Figure 467. World primary copper smelter production dynamics in 2Q087 by major producing and

other countriesgt
Source: ICSG

401. Since 2005, China has been the worl dbés |
facilitated by the possibility of the largealeimport of copper concentrates, which exceeded the volumes
of domestic mine production for more than 20 years. In 2017 more ti&ro7Blister copper was produced
from imported raw materials.

402. The statistics of international trade do not allow for sejmaraof primary and secondary
metal transactions, and they are considered jointly.

94



403. Blister copper is mainly refined at its production sites. As a result, less #ai the world's
primary and secondary blister copper production is involved in wode trdccording to the estimates of
ChathamHouse the Royal Institute of InternationalAffairs!®® in 2017 it accounted for.B% of world
trade in copper products in weight terms afd B money terms.

404. In 20082017, the volume of blister copp@S code 7402world trade increased by
approximately B times (Figure &3).

405. Increase in blister copper export amounted at approximatelyilion tonnes in 10 years
(Figure 468). It was provided by Zambia (46 million tonnes). The rapid expansion of blister copper
production in this country allowed it to become the largest supplier of metal to the world market within
three years. In 2017, it accounted for?4®f the world total.
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Figure 468. World unrefired copper export dynamics in 20@817,kt
Source: ITC

406. Chile, the main metal exporter for many years, has shifted to second place among blister
copper exporters. In 2008017, its export volumes in physical terms remained unchanged, while its share
in the world decreased from 85 in 2008 to approximately Z5%.

407. The mainexportdirections are China and Western European countries, primarily Belgium
and Germany (Figusst.69, 4.70). In 2008 2017 blister copper import to China increased ®nfillion
tonnes, or by 4 times. As a result, the share of China in world import increased from approximégely 19
to more than 486 over 10 years.

138 ChathamHouse the Royal Instituteof InternationalAffairs, https://resourcetrade.earth/
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Figure 469. World unrefined copper import dynamics in 202817 kt
Source: ITC
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Figure 470. Major international trade flows of unrefined copper in 2017
Sourcehttps://resourcetrade.earth/

Nickel

408. Semifinished nickel products include nickebntaining mattes, mixed sulphide concentrates
(containing more than 3 combined nickel and cobalt), and other intermediate products of nickel
metallurgy, including salts and oxides for further refining.

409. The market for semfinished products is significantly inferior to other nickel products in
terms of volume and has a limited number of participants. According to INSG, in 2017 aniyt@ies
were producing them (Figur¢.71). At the same time, the availabdtatistics do not allow to identify

production indicators for specific types of products. In addition, these statistics are clearly incomplete; this
is indicated by the fact that they do not take into account a number of countries (such as Russia ahd Canac
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that supply serdiinished products to the world markktcan be argued that the production of séimshed

nickel products by these countries is taken into account in mine production. In our view, the indicators of
semifinished nickel products prodtion are important, first of all, for countries with underdeveloped
nickel metallurgy. If we talk about Russia and Canada, these are the largest producers of metallic nicke
so the lack of data on their production of sdimished nickel products as sucloes not affect the
assessment of the industry.
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Figure4.71. World nickel intermediate production by countries in 2QTAR.7,nickel contentkt
Source: INSG

410. In 2008 2017 the production of seffinished nickel products increased by%1 or almost
64 thousand tonnes, in the countries included in the production statistics (Figlrdt4peaked in 2014,
and the previous growth was mainly due to increased ptioduin Australia in 2012014, in these years,
it was 5169thousand tonnes, compared to aboutth®isand tonnes in previous years and about
40thousand tonnes in subsequent years. In addition, production started in Papua New Guinea in 2012 ar
doubledin the Philippines in 2014. It should be noted that throughout the period under consideration,
production in Indonesia remained constant and was supplied by several operations produdinggechi
nickel products.

411. Consumers of senfinished nickel prodcts are metallurgical and hydrometallurgical
operations that purchase them along with mining products.

412. Chatham House, the Royal Institute of International Aftéirestimates that in 2017 semi
finished nickel products (HS code 7501) accounted far @ world trade in nickel products in weight
terms and 186 in money terms. The largest suppliers of sénished nickel products to the market are
currently Papua New Guinea, Canada, Russia, Indonesia, the Philippines and New Caledonf&{Bigure
At the ame time, Russia, Canada, Indonesia, Finland and Botswana are the main suppliers of nickel matt
Papua New Guinea, the Philippines and New Caledonia are the main suppliers of nickel oxide sinters an
other intermediate products of nickel metallurgy (eduig nickel mattes).

413. In 2008 2017 exports of senfinished nickel products increased by almost 2 times, or by
353thousand tonnedigure 472). All the growth took place in 2012017. It was ensured, first of all, by
Papua New Guinea entering the markett60thousand tonngswhere nickel production began in 2012,
as well as by a sharp increase in exports by Russia thd0%and tonngs

139 ChathamHouse the Royal Instituteof InternationalAffairs, https://resourcetrade.earth/
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Figure4.72. World nickel intermediate production export in 200817,gross weightkt
Source: ITC

414. The main consumers of sefimished nickel products are the largest producers of stainless
steeld China, Japan, Norway (Figuder3). At the same time, nickelxide sinters and other intermediate
products prevail in the import structure of China; Japan and Norway import mostly nickel matte.
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Figure4.73. World nickel intermediate production import in 20@817,gross weightkt
Source: ITC

Cobalt

415. Prior to refining, cobalt ores and concentrates are further processed into intermediate
products. The majority of mining producers undertake processing to intermediate products domestically tc
lower the high costs of shipping bulky, low value ores and exunates. Intermediate cobalt products
include cobalt salts (hydroxide, carbonate and sulphate), accounting%enb6apacity and production,
crude cobalt oxide, alliage blagobal{ and cobalt containing mattes. Their production volumes are not
explidtly recorded; they are included in statistical data of mine production. As far as international trade
statistics are concerned, they also do not take into account intermediate products as separate products,
together with refined cobalt products. THere, their trade will be consideredc¢hapterdF.
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Manganese

416. The products of manganese ore processing are manganesallt®rsp manganese metal,
manganese dioxide and other manganese chemicals. AlImost all these products are obtained directly fro
enriched ores. The exception is for refined femanganese, which can be produced either directly from
ore or by refining higkcarbon ferremanganese or siliemanganese. Since it is not possible to determine
which part of the silicananganese and higtarbonferromanganese produced in the world as a whole and
in individual countries are forwarded to production of refined fememganese and which part to
steelmaking, we consider them as the end manganese produitapiedF.

F. End products sector of the afécted metals

Copper

417. End products include refined metal. Refinery production is broken into three statistical
source categories: primary (electrolytic and -fieéined); secondary (electrolytic and firefined); and
electrowon (Highgrade SXEW) refined production. According to ICSt8 secondary copper accounts for
more than 1P4 of refined copper production against 1%5n 2008. In doing so, in 2012013 its share
was at 1771 18 % (Figure 474).

418. According to ICSG (2018), in 2017 refined copper production (secondary included)
exceeded 23.Giillion tonnes, having increased by more tha®2%r by 5.3million tonnes, over 10 years.
At the same time world refinery capacity increased bynilion tonnesd to 27.4million tonnes
(+23.5%). Refineries capacity utilization in 20687. a mo u n £6epird2008it was382.1949 20 largest
refining operations in the world account for approximatel¢#6f capacity.
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Figure 474. World primary and secondacopper refinery production dynamics in 202817, kt
SourcelCSG

419. This review focuses on copper extracted from natural ores. In doing so, primary and
electrowon production is considered jointly.

420. The volume of primary refined copper production in 201 d@amted at 19.million tonnes,
having increased by approximately %7 or by 4.1Imillion tonnes, over 10 years (Figur&8).

421. This increase was mainly provided by China (rillion tonnes) and Democratic Republic
of the Congo (+0.Tillion tonnes). At thesame time, a number of countries that are among the largest
exporters of metal have reduced their supplies. This is primarily about €h8enfllion tonnes).

140 InternationalCopperStudyGroup(2018).Annual Publication Vol. 15 (www.icsg.org)
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Figure 475. World primary copper refinery production dynamics in 28L7 by major producing and
other countriesgt
SourcelCSG

422. Since 2011, China has been the worl dobés | a
the world metal production amounted at a#in84% against 126 in 2008. Approximately 9@ of
production was provided by domestic production of primary blister copper, the rest was provided by its
import. The bulk of refined copper produceddhina is consumed domestically.

423. The share of Chile idomestic production of refined copper in 2017 amounted .&t%2
against 206 in 2008. The decline in the country's role was not only due to the growth of production in
China, but also due to the decline in domestic production. Almost all metal is exported

424. Since 2013, Democratic Republic of the Congo has been amondOTogfined copper
producer states. This was due to the rapid expansion of #&/Bxopper production. In 2017 the country
accounted for approximately?4 of the world production of primamgfined copper. All metal is exported.

425. According to ICSG*, in 2008 2017 the use of primary and secondary refined copper in
industry increased by 3, or by 59 million tonnes, and amounted at.2illion tonnes (Figure Z6).
This increase was providdy Chinad the consumption of refined copper by its industry increased by
6.6 million tonnes(+127%) over 10 years. In 2017 the industry of China provided almo$%t 50 the
world metal consumption; that was 29in 2008.

426. In economically developed countries, the use of refined copper in industry declined during
this period. In EUL5 this declineamounted at 0,Gillion tonnes {17 %), in USA and Japad 0.2 million
tonnes {11 and-16 % respectively). Nevertheless, the industry of economically developed countries in
2017 provided 266 of world metal consumption in total.

141 InternationalCopperStudyGroup(2018).Annual Publication.Vol. 15 (www.icsg.org)
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Figure 476. World refined copper (primary secondary) usage dynamics in 200817 by major and
other countriesgt
SourcelCSG
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427. A comparison of the main centers of production and consumption of refined copper shows
that they are largely fragmented (Figuréd. Desite the fact that the main metal consumers usually have
their own refining operations, often their capacity is insufficient to meet their needs. This also applies to
China. This situation has determined the lasgale inérnational refined metal trade.
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Figure 477. Distribution of refined copper production and usage among major countries in 2017, %
SourcelCSG

428. The statistics of international trade do not allow for separation of primary and secondary
metal transactions, and they are considered jointly.

429. Refined copper in cathodes, billets for wire manufacturing and billets for r¢HiSgcode
740311) is a key product in the copper market. Approximatel§&6f produced refined copper (secondary
included) is involved in the international trade. Accogdio the estimates of Chatham House, the Royal
Institute of International Affaifd? in 2017 it accounted for 1% of world copper products trade in weight
terms and approximately 36 in money terms.

142 ChathamHouse the Royal Instituteof InternationalAffairs, https://resourcetrade.earth/
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430. The dynamics of international refined copper tradéedsfl from those of other copper
products. This primarily applies to its decrease in 2017, while the operations with concentrates and bliste
copper were expanding.

431. In 20072018 the export of refined copper increased by3&+25 million tonnes)
(Figure4.78). However, compared to 2016 it decreased.by# (0.4 million tonnes). The largest increase
in export over 10 years was demonstrated by Chile, Democratic Republic of the Congo and Russia: th
supplies of each country expanded by approxim#&dlyillion tonnes.
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Figure 478. World refined copper export dynamics in 200817, kt
Source: ITC

432. Chile remained the largest exporter of refined copper iniZ0IB/. However, its share in
the world index decreased from 2964to 25.6%. This is largelydue to the increased contribution of small
suppliers.

433. China remains the main export direction (Figu4€r9, 480). In 2008 2017 its import of
refined copper increased by22imes, and this increase occurred in 2009. As a result, the share of China in
the world import increased from B%6 to 374 %. In the following years, China's imports varied within a
fairly narrow range, and its share in the world index wa3i38.4 %.
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Figure 479. World refined copper import dynamics in 202817, kt
Source: ITC
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Figure 480. Major international trade flows of refined copper in 2017
Source:https://resourcetrade.earth/

Nickel

434. End products include unwrought nickel and femickel, including nickel pig iron (NPI).
Secondary nicketontaining products in significant quantities are only used for the production of stainless
steel and often go into production without being jprecessed to met4

435. According to INSG*, in 2017 pimary nickel production exceededllion tonnes, having
increased by .5 times, or by (07 million tonnes, over 10 years (Figu4e81). Unlike the mining industry,
primary nickel production did not fluctuate sharply during the same period. After a brief decline in 2009
due to the consequences of the global financial crisis, there was a steady increase in production. In 200
2013 the greth dynamics was characterized by high ré&eby 10% annually. However, since 2014 the
development has stabilized and the production growth rates have avefagegear

436. The available statistics do not allow for a complete division of primary nickeluption
into product classes: there is no such information on China, which is the largest producer. At the same time
there are reasons to believe that more thabh @b Chinese production falls on products of clags RIPI
& ferro-nickel with a predominace of the former. Therefore, all production in China can be conditionally
attributed to the share of class 2 products. Thus, since 203gréale nickel products have been dominating
in the world primary nickel production (Figude81).

143 |nternationalNickel StudyGroup(INSG). About Nickel. RecycleandEnvironment ssues
https://insg.org/index.php/abentckel/recycleand-environmentissues/

144 1nternationalNickel StudyGroup(INSG). World Nickel Statistics.Yearbook.Vol XXVIII. No.12.November
2019
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Figure4.81. World nickel primary production by class in 26@®17,nickel content, kt
Source: INSG

437. Primary nickel production in 2008017 was carried out in Z®untries. Since 2015,
26 countries have been consistently producing it. At the same tin%é,6f%roduction is provided by only
countries. The industry leaders producing over thddsand tonnes of nickel annually include China
Indonesia, Japan, Russia, Canada, Australia and New Caledonia ¢=8fire
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Figure 482. World nickel primary production by countries in 20@817,nickel contentkt
Source: INSG

438. The main increase in nickel production was provided by Chinese operations; they increased
production by 3 times, or by 4@Bousand tonnes. The decrease in nickel production observed ih 2014
2016 in the country was caused by the state environmental potieg at tightening control over harmful
emissions into the atmosphere in large industrial regions where most NPI production facilities are located

439. Russia, Japan, Canada and Australia, which have long been leaders of nickel metallurgy, ar
now 3 5 times nferior to China.

440. Ferronickel& NPI are produced in 1@ther countries. Besides China, Indonesia, Japan and
New Caledonia are also major producers. Production in each of these countries excebdashdd
tonnesof nickel. In addition, Brazil, the Republic of Korea and Colombia Isgyaficant production (over
40thousand tonnes of nickel per year).
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441. The main nickel producers of class 1 are Russia, Canada and Australia. Annual production
in each of these countries exceeds tHaisand tonnesf metal, and together they provide mdnart half
of the world's production of higgrade metal. Norway, Finland, Japan, United Kingdom, South Africa,
Madagascar are also major producers with annual production of ottes&and tonnes

442. A comparison of primary nickel's major production and congion centers shows that they
are largely disjointed (Figur¢.83). Most major consumer countries of primary nickel are unable to meet
the demand for metal from their own production. This is particularly true for China. Most consumer
countries do not hawtbeir own production at all; for example, the US and some EU countries. This situation
has determined a larggeale international trade in primary nickel.
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Figure4.83. Primary nickel production and usage by countries in 20itKel contentkt
Source: INSG

443. Chatham House, the Royal Institute of International Aftéirestimates that fermickel
(incl. NPI) accounted for % of world trade in nickel products in 20kvweight terms and 1% in money
terms.

444. World trade in ferrenickel and NPI (HS code 720260) in 20@817 was characterized by
positive dynamicsthe volume of export operations increased by 3 times, or by almosttHai@tand
tonnes(Figure 4.84). The man growth was provided by Indonesia9@0thousand tonngswhere own
processing industry started to develop. Supplies from New Caledonia and Japan remained consistently hig

445. The main importer of ferraickel since 2009 is China (Figures88.4.86). In 2015 2017,
its foreign purchases of ferrickel demonstrated abnormally high growth rates, having increased by
almost 5 times in three yeads from 283 to 136%housand tonnes. As a result, in 200817 ferrenickel
imports to China increased by more ti2intimes in physical terms, and its share in the global index rose
from 8 to 64%.

145 ChathanmHouse the Royal Instituteof InternationalAffairs, https://resourcetrade.earth/
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Figure4.84. World ferranickel (incl. NPI) export by countries in 2008)17,gross weightkt
Source: ITC
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Figure4.85. World ferranickel (incl. NPI) import by countries in 2008017,gross weightkt
Source: ITC

446. The main product in the nickel market is refined unwrought nickel (HS code 750201). Over
90 % of the metal produced is involved in international trade. Howeeenrding to Chatham House, the
Royal Institute of International Affairs estimat&sits share in world trade in nickel products in 2017 was
only 2% in weight terms and 3% in money terms.

447. Unwrought nickel is an exchangeadded commodity that the LME and Shanghai Futures
Exchange (SHFE) trade with. Therefore, the geography of metal supplies is affected by the location o
exchange warehouses. For example, LME warehousesaanty located inthe the following countries
Netherlands, Belgium, Germany, the United Kingdom, Spain, the US, the Republic of Korea, Malaysia,
Singapore and the United Arab Emirates. SHFE warehouses are located in China.

146 ChathamHouse the Royal Instituteof InternationalAffairs https://resourcetrade.earth/
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Figure 486. Major international trade flows &&rro-nickel (incl. NPI) in 2017
Source:https://resourcetrade.earth/

448. In 2008 2017 exports of unwrought nickel increased by abou34r by 21&housand
tonnes. In so doing, it reached its maximum in 2015 after abnormal growth in22AB3(Figure4.87).
The reason for this spike wasainly the increase in metal deliveries from lilgsia and Singapore, where
LME warehouses are locatdtlis important to understand, though, that metal exported by countries with
large trading floors can be counted twice in export statistics: first by the country of manufacture (importer
0 the countrywhere the trading floor is located), and tléenby the country where it was stored before
reaching the consumer.

449. The main exporters of unwrought nickel are major metal proddceRussia, Australia,
Canada and Norway.
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Figure4.87. World unwrought nickel export by countries in 202817,gross weightkt
Source: ITC
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450. China has been the main direction of unwrought nickel supplies since 2007. Despite the
wavelike dynamics, in 2008017 they increased by 2 times, or by almost thedsand tonnesA
significant number of supplies are also to the USA. In addition, ini2WI% significant quantities of metal
were shipped to Malaysia and Singapore, where LME warehouses are located ¢=8§,1789).
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Figure 488. World unwrought nickel import by countries in 20@817,gross weight, kt
Source: ITC
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Figure 489. Major international trade flows of unwrought nickel in 2017
Source'https://resourcetrade.earth/

Cobalt

451. End products include refined cobalt products, which are divided into metal products (such as
cathodes, briquettes, ingots, granules and powder) and chemical products (such as oxides, carbonat:
sulphates andthers).
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452. As shown abovechapted &¢) , i n addition to primary r ef
secondary refined cobalt, derived from the processing of new and old waste and scrap. Statistics o
secondary cobalt production are not available, andnests vary greatly. Thus, according to CRU
estimates, in 2016, aboutttousand tonnes of cobalt were extracted from secondary sources. According to
Roskill estimates, world secondary cobalt production currently ranges betwand 18thousand tonnes
with 6.5 thousand tonnegroduced in China. Antaike estimates current production of secondary cobalt in
China at &housand tonn€e'd! Based on the information available, statistics on the production of refined
cobalt does not include secondary cobalt.

453. Accordng to BGS (2019¥8in 2017 the production of refined (primary) cobalt exceeded
119thousand tonnes, having increased by more thames, or by almost 6thousand tonnes, over
10years (Figure 80) In the same period of time, according to USGS estimatedd refinery capacity
increased by approximately.6ltimes & from 956 thousand tonnes in the beginning of 2008 to
149thousand tonnes in the beginning of 268>° There are reasons to believe that the capacity for the
production of refined cobalt drthe production itself is higher than that accounted for. This is particularly
indicated by statistics on imports of cobalt raw materials. Thus, cobalt ores and concentrates ar
intermediate products are supplied to the Republic of Korea, but no statigtiavailable on the production
of refined cobalt products in that country.
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Figure 490. World primary cobalt refinery production dynamics in 208817 by major producing and
other countriesgt
Source: BGS

454. Refined cobalt production growth was primarily provided by China.é#ibusand tonnes,
or by 38times). Significant, but fundamentalgmaller increases have been demonstrated by Belgium
(+4thousand tonnes, or by.3%imes), Japan (+3thousand tonnes, or by almosties), Finland
(+2.6 thousand tonnes, or +2%). In addition, production of refined cobalt started in 2012 in Madagasca
(in 2017 it exceededtBiousand tonnes) and in New Caledonia (in 2017 it exceettemi8and tonnes).

147 DERA (2018),Rohstoffrisikobewertung Kobalt, DeutscheRohstoffagentu(DERA) in der Bundesanstaftir
Geowissenschaftaimd Rohstoffe(BGR), Berlin, https://www.deutsche
rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen
36.pdf;jsesionid=5E27543065DB072D00053BC464611B02.2_cid331?__blob=publicationFile&v=2

148 BGS(2019),World Mineral Produdion 2013 2017,British GeologicalSurvey,Keyworth, Nottingham pp. 100
https://www.bgs.ac.uk/mineralsuk/statistics/worldArchive.html

149 USGS(2010),Cobalt,2007MineralsYearbook https://s3uswest2.amazonaws.com/prd
wret/assets/palladium/production/minepalbs/cobalt/myb®007%cobal.pdf
150USGS(2019),Cobalt(advanceelease)2016MineralsYearbook https:/prdwret.s3uswest
2.amazonaws.com/assets/palladium/production/atoms/files#2§b@cobal.pdf
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455. Since 2004, the world's largest producer of refined cobalt is China. In 2017, its share in global
metal production was more than @8compared to approrately 32% in 2008. In physical terms, metal
production in 2017 amounted to.63housand tonnes versus2&ousand tonnes in 2088.Production
is largely driven by imports of cobalt raw materials in the form of ores, concentrates and intermediate
products, mainly from DICongo. Most of China's refined cobalt is consumed domestically.

456. The Top3 producers of refined cobalt also inclugi@land and Belgium, whose share in
world production in 2017 was more than%0and approximately &, respectively.

457. Until 1992, the largest producer of refined cobalt in the world wa€biyo, which at that
time accounted for about a third of world protan. The domestic political situation in the country in the
early 1990s, which caused political and social unrest, the cessation of foreign investment and rampar
inflation, led to the destruction of the country's economy in general and the productéinexf cobalt in
particular. The ensuing wars and continuing political instability have prevented them from regaining their
former format. In 2017 DRongo produced only.®Dthousand tonnes of refined cobaltZ® of world
total); in 20082016, its ind& varied between thousand and.Z thousand tonne's? At the same time, the
capacities available in the country allow producing upttwoisand tonnes of refined cobalt per yéar.

458. According to Cobalt Institute estimates, cobalt consumption in 2017 d@etbuio
123thousand tonnes, having exceeded the 2008 index by more than 2 times. As mentionechaptare (
4C), the main reason for this was its use in lithiom batteries, whose production is rapidly expanding.
Systemic data on cobalt use in specifimintries is not available. It is difficult to estimate the apparent
consumption of cobalt (calculated by the formiipaoduction + import export) due to the variability of
cobalt content in products grouped into commaodity groups with refined protimigver, even rough
estimates suggest that the main consumer of refined cobalt is China.

459. On the world market, refined cobalt products are traded in the form of metal and chemical
compounds. In so doing, international trade statistics take them into atogetiter with intermediate
products.

460. International trade statistics take into accaefined metal cobalt (unwrought and powders)
together with cobalt mattes and other intermediate products of cobalt metallurgy. We will further consider
them under the unifying name metal cobalt. Metal cobalt is a key product in the cobalt market. ccordin
to estimates based on international trade data, in 2017 it accounted for more $haf Wbrld trade in
cobalt products in weight terms and abouf6 money terms.

461. In 2008 2017 metal cobalHS code810520 exports increased by@&times (+164housand
tonnes). This was provided by BFbngo, which during this period increased its supplies to the world
market by 46 times (+16thousand tonnes). Exports from New Caledoniatfieisand tonnes), Japan
(+3thousand tonnes) and China 3thousand tonnéslso increased, with New Caledonia having become
one of the exporters of metal cobalt only in 2016. All other-8exporters reduced their supplies (by more
than 14thousand tonnes in total) (Figuré2).

151 BGS(2019),World Mineral Produdion 2013 2017,British GeologicalSurvey,Keyworth, Nottingham pp. 100
https://lwww.bgs.ac.uk/mineralsuk/statistics/worldArchive.html

152BGS(2019),World Mineral Produdion 2013 2017,British GeologicalSurvey,Keyworth, Nottingham pp. 100
https://www.bgs.ac.uk/mineralsuk/statistics/worldArchive.html

153 USGS(2019),Cobalt(advanceelease)2016MineralsYearbook https:/prdwret.s3uswest
2.amazonaws.com/assets/palladium/production/atoms/files#2§b@cobal.pdf
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Figure 491. World metal cobalt export dynamics in 202817kt
Source: ITC

462. Since 2007, DRCongo has been the largest metal cobalt exporter. At the same time, almost
all exported metal is represented by intermediate products of cobalt metallurgy. This is indictted b
level of refined cobalt productiad according to BGS, in 2017 it only amounted t8 thousand tonnes.
This is also indicated by the export tariff of the product: according to the International Trade Center, in
2017 it was about/SD 9,000per tonnewhile the export tariff of the product of Canadian origin was about
51thousand dollars per tonne.

463. A comparison of statistics on the production of refined cobalt and international trade in metal
cobalt indicates that the export structure of a numberharanajor supplier countries, such as Canada,
Russia and New Caledonia, includes intermediate products in various proportions. The main expor
direction of metal cobalt is China. In 20@®17 its imports of metal cobalt increased by almost 10 times
(Figures4.92, 493).
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Figure 492. World metal cobalt import dynamics in 20@®17 ,kt
Source: ITC
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Figure 493. Major international trade flows of metal cobalt in 2017
Source:https://resourcetrade.earth/

464. Cobalt is traded on the world market also in filwen of oxides and hydroxidg$lS code
2822) which can be both refined and intermediate products of cobalt. Their belonging to a certain group
can be evaluated by export tariff. According to estimates based on international trade data, in 2017 the
accouned for about 135 % of world trade in cobalt products in weight terms and abod6 24 money
terms.

465. In 2008 2017 exports of cobalt oxides and hydroxides increased by almost 6 times, or by
59 thousand tonnes (Figured4). The main reason for this was the beginning of the export of cobalt in this
form from DRCongo in 2009; in 2017 it exceededthBusand tonnegt the same time, Zambia began
exporting cobalt in the form of oxides and hydroxides; in 2017 it excee8SduoBisand tonnes. Exports of
cobalt oxides and hydroxides peaked in 2013 due to their sharp surge from Zambia. Both countries suppl
the market wth intermediate produc® crude oxides. This is indicated by their export tariffs. In 2017,
they were at the level of fiousand dollars per tonne, while export tariffs of the product supplied to the
world market from China or Great Britain werd 38thousand dollars per tonne.
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Figure 494. World cobalt oxides and hydroxides export dynamics in PRO87 kt
Source: ITC

466. The main recipient of cobalt oxides and hydroxides produced i@@¥go is Zambia, where
some of them are apparently benefined(Figure 495). The Republic of Korea is also a major recipient;
in 2017 China, Belgium and Finland were the main suppliers. Judging by the level of export tariffs, these
countries supply the Republic of Korea with refined products.

69.3
70 67.3
60
50
40
30
2016.7
10
0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Zambia mmm Korea Rep. mmmm Brazil . Spain mmm China
mm USA Morocco m Germany Others —@-\\/orld
Figure 495. World cobalt oxides and hydroxides import dynamics in 22087kt
Source: ITC
Manganese

467. End manganese products include manganese-déays, manganese metal, manganese
dioxide and other manganese chemicals. The main ones are manganes®fesravtich are an integral
component of all steel types (including special): They account for about 90% of manganese product:
produced in 2017 in weight terms. At the same time, sitiemganese prevails in the structure of
manganese ferralloys production (Figte 496).1%

154IMnl (2019),Statistics2019, https://www.manganese.org/vgontent/uploads/2019/05/IMnl_statistics_2019.pdf
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Figure 496. Distribution of manganese feradloy production by type in 2017, %
Source: Ml

468. According to the available data, in 20@817 the world production of siliemanganese
increased by 54%, or by 4.8 million tonnes (Figu@/%.This increase was mainly provided by China
(+3.4 million tonnes, or 686), which has been the largest producer of this alloy since th&98ids. India,
the second largest producer in the worladtsi@009, also showed significant growth (+1.1 million tonnes,
or 2.3 times). In 2017 the two countries accounted fo?6and 14% of the world total production
respectively; in 2008, they accounted for abou¥b@nd 10% respectively.

13,609
14000 12,880 13,100

12,223 12,484 12,653

12000 11,467
8,823

10000
8000
6000
4000
2000

0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

mmm China India mmmm Ukraine s Norway mmmm Georgia Others ==@==\Norld

Figure 497. World silicomanganese production dynamics in 20087 by major producing and other
countrieskt
Sources: BGS, USGS, IMnl

469. Since 2009, almost all siliemanganese produced in China has been consumed domestically
(until 2009 significant volumes of allayere exported to foreign markets, and China was one of the largest
suppliers). Such a high demand for this alloy is ensured by the scale of the Chinese steel industry, which
currently the largest in the world.

470. Silico-manganese, produced in India and &ike (ranks third in the world ranking), is
exported in significant quantities. Although the two countries have a strong steel industry, the volume of
silico-manganese produced by them is significantly higher than domestic demand and the excess materi
is supplied to foreign markets. However, it can be expected that when steelmaking expands, their suppl
may decrease.

471. The relatively large producers of silitmanganese also include Norway and Georgia, whose
production is exporbriented.
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472. No statistics arewvailable to trace the production of higarbon and refined fernmanganese
separately, with a counttyy-country breakdown for the entire time period under review. Therefore, in this
section we consider the production and international trade offer@anese as a whole. In addition, for
a number of countries, total production of fealtoys is reported without differentiation into specific types;
for example, for the US, production of bulk fewtboys is reported, which includes chrome and silicon
alloys in addition to manganese festboys. Therefore, the available statistics cannot be considered
complete.

473. On the basis ddvailable statistics, ferrmanganese world production in 202817 showed
generally unsustainable dynamics, while at the end of the decade it declined slightly (Fedre 4.
However, the dynamics of production of different types of fenemnganese wasifférently directed:
according to IMnl, production of higbarbon ferremanganese decreased by 6%, while production of
refined ferremanganese increased by 793¢ At the same time, in 2012014 ferremanganese output
was noticeably (510%) higher than in 2017. This spike occurred during the period of steel production
growth that followed the decline caused by the global financial and economic crisis b2Q098
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Figure 498. World ferremanganese (incl. higtarbon and refined) production dynamics in 2QI8.7
by major producing and other countries, kt
Sources: BGS, USGS, IMnl

474. The main ferremanganese producer is China, which accounted for about é2world
production in 2017. As the world's largest steel producer, it is also a leadingrfenganese customer. In
10 years, its share in global alloy production has remained virtually unchanged, although production
volumes have declined slightly. This decline, ethiwas also caused by government environmental
measures, did not affect the availability of alloy for Chinese inddstiiy was fully compensated by an
increase in silicananganese production (Figut®7).

475. As shown in Figured.99, China is currently the main production centre for manganese ferro
alloys: it accounts for 5% of world production. It is also the main steehking center: its share in the
world index in 2017 was 5%.1%7 At the same time, it can be said that the curpeaduction volumes of
manganese ferralloys and steel practically match each other: this is indicated by small volumes of imports
of manganese ferralloys to China (at the level of several tens of thousands of tonnes with the total

1551Mn1 (2016),2013Public AnnualMarketResearctReport,
https://www.manganese.org/files/publications/PUBLIC%20RESEARCH%20REPORTS/2013_IMnl_Public_Report
.pdf

156 Mnl (2019),Statistics2019,https://www.manganese.org/vwgontent/uploads/2019/05/IMnl_statistics_2019.pdf

157 SteelStatisticalY earbook2019:conciseversion,World SteelAssociation,
https://www.worldsteel.org/en/dam/jcr:7aa2aS8tBd-4c56b62b
b2457f067cd9/SSY19%2520concise%2520version.pdf
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production of mangaese ferrealloys at the level of 10 million tonnes). There is practically no Chinese
product entering foreign markets.

100%
Others

m Brazil

90%

80% m Russia

70% South Africa
60% m Japan

m Malaysia

m South Korea

m Norway

m Ukraine
India

m China

Mn ferroalloys Steel

Figure4.99. Distribution of manganese feradloys and steel production among major countries
in 2017,%
Sources: IMl, World Steel Association
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476. Among the producers of manganese fattoys there are other countries whose falioy
production is oriented to the domestic steel industry. Among them are Japan, South Korea, Russia ar
several others. At the same time, feattoy production in countries such as India, Ukraine and Norway,
and a number of others, is largely oriented towards foreign markets. In total, about a quarter of mangane:
ferro-alloys currently produced are involved in international trade.

477. As for silicomanganse (HS code 720230), Chatham House, the Royal Institute of
International Affair®® estimates that in 2017 it accounted for %4f world trade in manganese products
by weight and 266 by money. Its largest exporters are India and Ukraine, whose combaredrs 2017
was about 4686 (Figure4.100), as well as Georgia, Norway, Malaysia and South Africa, which together
supply about 296 more. Their main destinations are the USA, Germany, Japan, Turkey, Italy and Russia
(Figure4.10)).
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Figure4.100. World silicoomanganese export dynamics in 202@17,kt
Source: ITC

158 ChathamHouse the Royal Instituteof InternationalAffairs, https://resourcetrade.earth/
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Figure4.101 World silico-manganese import dynamics in 200817, kt
Source: ITC

478. As for ferromanganese, Chatham House, the Royal Institute of International Xffairs
estimates that in 2017 it accounted for 5.3% of world trade in manganese products in weight terms an
20.6% in money terms, including the share of kighbon ferremanganese (HS code 720281)3.5 and
12% respectively, the share of higarbon ferremangamese (HS code 720219 1.8 and 8.6%
respectively.

479. In 2008 2017 the geographical structure of femanganese exports underwent significant
changes. While in 2008 the main supplier of alloy was South Africa, which accounted for about 34% of
world exports (about 674 thousand tonnes) and China (over 18%, or alsotitoB8and tonnes), in 10
years the share of South Africa decreased to about 15% (about 252 thousand tonnes), and China practica
stopped exporting. At the same time, India and Malaysia have become major suppliers, each with a shal
of 16/ 17% (Figure4.102). Export destinations are very diverse (Fighf03).
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Figure4.102 World ferromanganese export dynamics in 200817, kt
Source: ITC

159 ChathamHouse the Royal Instituteof InternationalAffairs, https://resourcetrade.earth/
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Figure4.103 World ferromanganese import dynamics in 2002817, kt
Source: ITC

480. As mentioned above, end manganese products also include manganese metal. According t
IMnl, in 2011-20186, its production was relatively stable at 1.2 million tonnes per year. In 2017, its output
rose sharply (by 37%) to 1.74 million tonnes. Almost all iist@roduced in China, which accounts for
about 98% of the world total. The rest of the metal is produced in South Africa, Ukraine, Gabon and
Indonesia (since early 2019Y.

1601Mnl (2019),Statistics2019, https://www.manganese.org/vgontent/uploads/2019/05/IMnl_statistics_2019.pdf
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5. STUDY DATA AND METHODOLOGY

A. Type of methods of analysis

481. The purpose ofurrent study is to make preliminary assessment of the potential magnitude
of any impact on DLBPS, who may suffer serious adverse effects on their export earnings or economies &
a result of a reduction in price or reduction in the volume of an affecteds;nend where such reductions
could be caused by activities in the Area.

482. As it is hard to analyze changes in the economies of developing States before exploitation
activities in the Area start, it is possible only to make a preliminary assessment afnphet on the
developing States' economies may be. For this purpose, it was decided to analyze exports of affected met:
in the world.

483. Firstl vy, data on a quantity and a value
for the last 10 years (2602017) were collected from an online source called Trade®dame exporting
States were ranked by the value or the quantity of products exported in 2017, thus leading exporter State
could be identified. The total value and the quantity of exportsfettati metals were found by summing
up exports of each product.

484. For identification of developing States, which are likely to be most seriously affected by
seabed production, in this study, two quantifiable yardsticks suggested by the Special Commiss@én 1 w
consideretf? Firstly, concerning the export earnings of a developing State, an absolute value of export
earnings from four affected metals in total export earnings of the DLBPS was found as follows:

Where Se is the absolute value of export earnings from four affected metals in total export earnings
of the DLBPS,

Ei is the annual exported value of product i of each affected metal, exported from the DLBPS,

Et is the annual exported value of all products, exported from the DLBPS.

485. Second, concerning the economies of the DLBPS, another yardstick wéisaisatue of
export earnings from the four metals in the economy of the DLBPS (heredhengg of the State is
expressed by GDP), using the following formula:

Sor =2 I%DP

Where SGDp is the value of export earnings from four metals in the economy of the DLBPS,

Ei is the annual exported value of product i of each affected metal, exported from the DLBPS,

GDP is the Gross Domestic Product of each exporting the DLBPS.

486. Data for the GDP were taken from the data center of the United Nations Conference on Trade
and Development called UNCTADs!%t

161 Tradestatisticsfor internationabusinesslevelopnentd TradeMap.URL: https://www.trademap.org/Index.aspx
1621SA (1985).Statemenbf the Chairmanof SpecialCommissionl, provisionallyconcludingthe discussioron the
issueof the concreteformulationof the criteriafor the identificationof developingand-basedoroducerStatedikely

to be mostseriouslyaffectedby seabedproduction.PreparatoryCommissiorfor the InternationalSeabedAuthority
andfor thelnternationalTribunalon the Law of the Sea,SpecialCommissionl. LOS/PCN/SCN.1/1985/CRP.8

163 United Nations  Conference on Trade  and Development i UNCTADstat,
https://unctadstat.unctasg/wds/ReportFolders/reportFolders.aspx?sCS_ChosenlLang=en
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487. Thus, the DLBPS, which are likely to be seriously affected by espiait activities in the
Area, were identified for each of four affected metals using two yardsticks. Herewith, the export earnings
yardstick was considered basic, whereas economy yardstick was used for checking and reinforcing result

488. Then a cumulative \nae of export earnings from all affected metals in total export earnings
and in the GDP of each exporting DLBPS was calculated as follows:

Where Sce is the value of cumulative export earnings from all affected metals in total export
earnings of the DLBPS,

Em is the annual exported value of affected metal m, exported from the DLBPS,

Et is the annual expted value of all products, exported from the DLBPS.

Seepp = a EméDp

Where SC(;DP is the value of cumulative export earnings from all affected metals in the GDP of
each exporting DLBPS,

Em is the annuagéxported value of affected metal m, exported from the DLBPS,

GDP is the gross domestic product of each exporting DLBPS.
489. When the DLBPS, which are likely to be seriously affected, are identified, it makes sense to
focusfurther analysis only on these States.

490. Export earnings of the State from affected metals are directly related to the price of these
metals on the world market. That is why yayear changes in prices of affected metals from 2008 to
2017 were calculateas follows:

Cp — (pn - pn-l) 0, 3100%

Where Cp is a yeatto-year change of price,
P, is the price in year n,

P,..1 is the price in the previous yealn

491. Source for copper andickel nominal price data is the World Baftk Price data for
manganese were taken from the Financial Model of a Nodules Mining Concession by Massachusett
Institute of Technology®. Real 2015 price for manganese metal was used. Several sources wecg used f
cobalt nominal prices:

! from 2008 to 201@ from the report by U.S. Geological Suri&ii Me t a | price
United States through 20100;

164 \World Bank CommodityPrice Data- The Pink Sheet URL: https://www.worldbank.org/en/research/commodity
markets#1

165R. Kirchainetal., 2019.FinancialModel of a NodulesMining ConcessionMassachusettisistituteof Technology
166 J.S. GeologicalSurvey,2013.Metal pricesin the United Stateghrough2010:U.S. GeologicalSurveyScientific
InvestigationdReport2012 5188.URL: http://pubs.usgs.gov/sir/2012/5188
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1  from 2011 to 2013 and from 2014 to 20a5from the U.S. Geological Survey Minerals
Yearbook®%1% and

! from 2016 to 188 from Macquarie Wealth Management Rese&fch

492. Further analysis requires a comparison of changes in metal prices with changes in export
prices (or export tariffs) of each affected metal product per unit. Export price per unit of product was
calculated by dividing the exported value of the product to its exported quantity. In addition, these change:
in export prices of products for each DLBPS, which is likely to be affected, were compared with changes
in the average export prices of these piatdl in the world market.

493. Export prices for various products of one metal can be different. To look at the added value
of different products, exported quantities and exported values of the products were compared.

494. Besides, a share of exports of developitajes on the world market and a concentration of
the metal market were analyzed using an annually computed Herfiddtabhman Index (HHI). Market
share of each State for each product of four affected metals and for the sum of these products for each

four metals was found as follows:
S = '%W 100%

Where Sq is the market share of the State i,
Eiis the exported value of metal 6s product,

Ewislhe exported value of metal és product 1in

495. The market concentration can be found using the following formula:
- 2
Cm - a (S)

Where Cm is the market concentration,

S is the market share of the State i.

496. HHI range between 0 and 10,000 points and indicates the following:
1  HHI less than 1500 shows lemarket concentrations and competitive market,
1  HHI from 1500 to 2500 shows moderateharket concentrations,
1 HHI higher thar500 shows higimarket concentrations.

167 U.S. GeologicalSuvey, 2013. Metals and Minerals: U.S. Geological Survey Minerals Yearbook2013. URL:
https://pubs.er.usgs.gov/publication/70048194

168 U.S. GeologicalSurvey, 2016. AdvanceData Releaseof the 2016 Annual Tables,Metals and Minerals: U.S.
Geological Survey Minerals Yearbook 2016. URL: https://www.usgs.gov/centers/nmic/cobsttisticsand
information

169 Macquarie Wealth Management Research, 2018. Commodities Comment. URL:
https://www.macquarie.com.au/dafiles/Internet/mgl/au/apps/etaisietter/docs/2018
01/MacquarieCommaoditiesComment240118e.pdf
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B. Presentation of the approach and assumptions adopted for the potential impact analysis

497.

Metals are traded globally in a variety of forms including ores and concentrates, mattes and

intermediates, and refined piorts. The refined products are tailored to-esd market requirements and

are traded as oxide, hydroxide, powder, metal, sulphate, chloride, nitrate, acetate, carbonate, and numerc
other compounds of varying metal content. Trade statistics do not erdatd for all the different metal
products, so it is complicated to obtain a world total for refined metal production. Several forms of metals
are commonly grouped under a single trade tade

498.

In this analysis, trade data following thiarmonizedSystem of trade codes were used. In

addition, the Authority decided to emphasize on different forms of metals, such as primaifinisee,
and eneproducts. Thus, four copper products were consitlere

T
T

501.

Copper ores and concentrat@4S 2603)i primary products of copper production,

Copper mattes, cement copper (precipitated copft®) 7401)i semifinished products
of copper production,

Copper, unrefined, copper anodes for electroly&fining (HS 7402)i which are also
semifinished products of copper productj@and

Copper, refined, unwrought, cathodes and sections of cati{t®§40311), which are
endproducts of copper production.

. Four products of nickel production were considemed

Nickel ores and concentrat@ldS 2604)i primary products of nickel production,

Nickel mattes, nickel oxide sinters and other intermediate products of nickel metallurgy
(HS 7501) semifinished products of nickel production,

Ferro-alloys, ferrenickd (HS 720260) endproducts of nickel production, and

Nickel, unwrought, not alloyeHS 750210), which are also epdoducts of nickel
production.

. As for cobalt, three products were considered:

Cobalt ores and concentrat@dS 2605), which are primaryg@ducts of cobalt production,

Cobalt mattes and other intermediate products of cobalt metallurgy, unwrought cobalt,
cobalt powdergHS 810520), which are exufoducts of cobalt production, and

Cobalt oxides and hydroxides, commercial cobalt oxid¢S 2822), which are end
products of cobalt production.

Manganese has not sefimished products, however, there are many end products, which

were considered:

1

Manganese ores and concentrates, including ferruginous manganese ores and
concentrates with a nmganese content of 20% or more, calculated on the dry wgiight
2602)1 primary products of manganese production,

Manganese oxidg$1S 2820)i endproducts of manganese production,

Ferro-alloys, ferremanganese, containing by weight more tha% 2f carba (HS
720211)i endproducts of manganese production,

Ferro-alloys, ferremanganese, containing by weigh¥or less of carboiHS 720219)
T endproducts of manganese production,

Ferro-alloys, ferrasilico-manganese(HS 720230)7 endproducts of manganese
production, and

Manganese, articles thereof, including waste and s¢kp 811100)i endproducts of
manganese production.

170 petavrati, E, Gunn, G, Kresse, C., 2019. Commodity review: Cobalt. British Geological Survey
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502. However, worth noting that usagetdarmonizedSystem gives only an approximate idea of
products' flows. The many different forms that metals are refined into complicate obtaining a world total
for refined metals production. Met al s are mov
subsequently further refined and consequently the fisloable counting is considerable. A product that
is considered by one country as an-pnodduct may simply be a seifimished product in another. Product
reported as fioxides and hydroxidesod for amey cou
exports. The product produced in one country may be of an impure form, which is further refined elsewhere
outside the exporting country.

503. No adjustments have been made for metal content in this analysis. Instead, the gross weigh
of the differenttraded forms is compared and discussed. Metal content can vary significantly for different
traded forms. Adjusting for metal content is not straightforward, especially for the mattes and intermediates
unwrought metal, waste, and scrap, which includesrabdéferent metabearing materials with metal
contents ranging from 2% to 100%'2

504. The HarmonizedSystem trade code for mattes and intermediates, unwrought metal, waste,
and scrap does not differentiate between metal compounds. As a result, it is not possible to undertake «
analysis of specific traded metal compounds from individual countries. EXpotthe different countries
may represent different compounds and consequently different stages in the metal supity chain

505. Normally, only formal and legal operations are included in trade statistics. There is,
therefore, an element of uncertainty abibgt trade of metal ores and concentrates produced by informal
operations, for example, artisanal cobalt mines. Various sources suggest that cobalt ore produced frol
informal mining operations is sold to wholesale traders and cooperatives, who, inltemi@@rocessing
companies for the production of cobalt concentt&t&8’®. It is likely, therefore, that the majority of the
output from informal mining is captured by international trade statistics as the export from these processing
companies is mrded. However, some quantities may enter illegal trade routes and be excluded from global
trade data. At present, it is not possible to quantify informal trade in cobalt compdunds

506. The issue of identification of the DLBPS, which are likely to be meisbssly affected by
seabed production, is important for the Authority. However, before the start of commercial production in
the Area, it is not possible to make the final identification of such States. It can be carried by the Authority
at a time rathecloser to the time of the earliest commercial production from the seabed in the Area.
Nevertheless, some kind of preliminary identification can be done at present, and it is presented in th
current analysis.

507. Before the actual identification of the DLBR&ich are likely to be most seriously affected
by seabed production, the Preparatory Commission should first decide on the criteria for identification. In
conformity with the provisions of Articles 150(h) and 151(10) of the United Nations Convention on the
Law of the Sea (UNCLOS¥, Special Commission 1 decided that such criteria would be related to export
earnings or economies of DLBPS. The idea was to see how dependent a DLBPS is on four affected meta
for its export earnings or its econonyoncerning e criteria of export earnings and economy, several
guantifiable yardsticks, called dependency thresholds, were suggested by the Special Commission 1

171 petavratzi, E, Gunn, G, Kresse,(2019. Commodity review: Cobalt. British Geological Survey

172 petavratzi, E, Gunn, G, Kresse, C., 2019. Commodity review: CobalsrB@eological Survey

173 petavratzi, E, Gunn, G, Kresse, C., 2019. Commodity review: Cobalt. British Geological Survey

174 Amnesty International, 2016. This is what we Die For: Human Rights Abuses in the Democratic Republic of the
CongaePower the Global Trad in Cobalt. URL: https://www.amnestyusa.org/files/this_what_we_die for_
_report.pdf

175 Al Barazi, S. (2018), RohstoffrisikobewerturigKobalt, DERA Rohstoffinformationen 36, Berlin, 120 S.,
https//www.deutsche
rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen
36.pdf

176 Faber, B, Krause, B, & Sanchez de la Sierra, R., 2017. Artisanal Mining, Livelihoods, and Child Labor in the
Cobalt Supply Chainfathe Democratic Republic of Congo. Center for Effective Global Action. U. o. California.
Policy Report. 62. URLhttps://escholarship.org/content/qt17m9g4wm/qt17m9g4wm.pdf
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a) An absolute value of exports of the four metals. If a DLBPS has export earnings of
US$100 million a yeafrom these four minerals during the last 5 years before production
authorizations are issued to the seabed miners, it is likely to be most seriously affected by seabe
production.

b) An absolute value of export earnings in total export earningsDIfBPS is earning
10% of its total export earnings from these four minerals during the last 5 years before production
authorizations are issued to the seabed miners, it is likely to be most seriously affected by seabe
production.

c) An absolute amount of pradtion of four affected minerals. If a DLBPS produces an
average 100,000 tonnes of copper, or 50,000 tonnes of nickel, or 10,000 tonnes of cobalt, o
50,000 tonnes of manganese a year during the last 5 years before production authorizations ar
issued tohie seabed miners, it is likely to be most seriously affected by seabed production.

d) Value of production in total Gross National Product (GNP) or total Gross Domestic
Product (GDP). A DLBPS whose average production of the four minerals per year during the
last 5 years before production authorizations are issued to the seabed miners, repfésent 10
its GDP on GNP, is likely to be most seriously affected by seabed production.

e) Value of export earnings from the four minerals in the economy. If a DLBRRSstS
of the four minerals account for% or more of its GDP, it is likely to be most seriously affected
by seabed productifi,

508. However, the identification of DLBPS under these yardsticks is solely to study their potential
problems and cannot at thisne be considered as an automatic basis for future formulation of remedial
measures about their specific problems. Besides, these yardsticks do not address the issue of whether or
or how much the effects are attributable to seabed nifing

509. Besides thebovementioned yardsticks, the Special Commission 1 has suggested that the
Aut hority could use other dependency threshol d:¢
to determine the importance to a DLBPS of, or its dependence on fouedffeetals for its export earnings
or its economy. Concerning these dependency thresholds, the Authority should be guided by the following

1)  During the relevant period when applications by DLBPS are submitted, either before
the commencement of commercial guation from the Area or after, those DLBPS which earn
10% or more of their total export earnings per year from the export of one or more of the four
affected metals shall be categorized as fAd

2) Inthe cases when DLBPS can demonstrate that thaglpcencounter or that they
are likely to encounter special problems resulting from seabed production, although either their
export earnings from the export of one or more of the four affected metals may not account for
the specified percentage of thttal export earnings, as above, the Authority shall determine,

onacas¢ocase basis, whether they can be categ
3) An average shall be used over three years before the year of application by that
DLBPS®L

510. Thus, according to theuggestions of the Special Commission 1, if a DLBPS considers itself
affected by seabed production, it can apply to the Authority. It should show its statistics on production, the

179|SA, 1985. Statemenbf the Chairmanof SpecialCommissionl, provisionally concludingthe discussioron the
issueof the concretformulationof the criteriafor the identificationof developingand-basedoroducerStatedikely
to be mostseriouslyaffectedby seabedproduction.PreparatoryCommissiorfor the Internatioral SeabedAuthority
andfor thelnternationalTribunalon the Law of the Sea,SpecialCommissionl. LOS/PCN/SCN.1/1985/CRP.8
180|SA, 1985. Statemenbf the Chairmanof SpecialCommissionl, provisionally concludingthe discussioron the
issueof the concree formulationof the criteriafor the identificationof developingand-basedoroducerStatedikely
to be mostseriouslyaffectedby seabedproduction.PreparatoryCommissiorfor the InternationalSeabedAuthority
andfor thelnternationalTribunal on the Law of the Sea,SpecialCommissionl. LOS/PCN/SCN.1/1985/CRP.8
181ISA, 1992 Draft provisionalreportof SpecialCommissiori. PreparatorlCommissiorfor thelnternationaSeabed
Authority and for the International Tribunal on the Law of the Sea, Special Commission 1.
LOS/PCN/SCN.1/1992/CRP.22
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volume of exports, export earnings from one or more of the four minemnaer®d, the changes in the
economy that it feels occurred because of seabed production, indicating how it considers that these effec
have been as a result of seabed production, and, finally, what kind of remedial it t&quires

511.Having received the appfhtion by the DLBPS, the Authority firstly shall determine
whether production, the volume of exports, export earnings from one or more of the four minerals
concerned exceed the abovementioned dependency thresholds. If the dependency thresholds are exceet
then the Authority shall determine whether the effects that are considered to have resulted from seabe
production exceed any of the levels specified belowc(sol | ed tri gger threshol c
was said in Chapter 2)

a) The actual or esghated fall in the export earnings of a particular DLBPS from the
export of one or more of the four metals concerned has to be at |€sinlbmparison with
the situation, where there is no seabed production.

b) If the actual or estimated fall iexport earnings of a particular DLBPS from the
export of one or more of the four metals concerned is less thé b0t more than % in
comparison with the situation, where there is no seabed production, the Authority shall determine
the necessary remedlimeasures to help that DLBPS.

c) If the actual or estimated fall in export earnings of a particular DLBPS from the
export of one or more of the four metals concerned is less thémidGComparison with the
situation, where there is no seabed productionabmounts to 26 of the total export earnings,
the Authority shall determine whether an action would be trigé&red

512. As for the last two trigger thresholds, the Authority shall determine, on daaase basis,
taking into account all relevafdctors, bearing in mind considerations of eefféctiveness and its work
efficiency, whether an idepth investigation needs to be carried out.

513. I n t he cases of t-lasedprddecer Statesghe depéndepcy ttiréshalda n
and the trigger tiesholds shall be reduced by &3

514. However, itis hard to determine a quantifiable effect of seabed mining on the export earnings
or on the economy of DLBPS, because various mineral products are considered, and for seabed minir
only a targeted producticrate of 3 million dry tonnes of manganese nodules per year from one exploitation
area is known. Currently, it is not possible to isolate different metal products from this production rate.
Only the quantity of refined metal can be calculated, but théityuan differ from those on land.
Manganese nodules, collected from the seabed, are considered as an ore, but this ore contains differe
metals, so it is not possible to compare it even with terrestrial metal ores. For that reason, at this stage
the analysis, only theoretical scenarios of the impact of seabed mining on DLBPS' export earnings are
possible to consider.

515. Thatis why, with the purpose of showing how dependent a DLBPS is on four affected metals
for its export earnings or for its economy aaygestion that this DLBPS is likely to be most seriously
affected by seabed production only two following dependency thresholds, suggested by the Specia
Commission 1, were considered in the current analysis:

1)  An absolute value of export earnings in t@sgbort earnings. If a DLBPS is earning
10% of its total export earnings from these four minerals during the last 5 years before production
authorizations are issued to the seabed miners, it is likely to be most seriously affected by seabe
production;

1821SA, 1992.Draft provisionalreportof SpecialCommissiori. PreparatorfCommissiorfor thelnternationaSeabed
Authority and for the International Tribunal on the Law of the Sea, Special Commission 1.
LOS/PCN/SCNL/1992/CRP.22
183|SA, 1992 Draft provisionalreportof SpecialCommissiori. PreparatorfCommissiorfor thelnternationaSeabed
Authority and for the International Tribunal on the Law of the Sea, Special Commission 1.
LOS/PCN/SCN.1/1992/CRP.22
184|SA, 1992 Draft provisionalreportof SpecialCommissiori. PreparatorfCommissiorfor thelnternationalSeabed
Authority and for the International Tribunal on the Law of the Sea, Special Commission 1.
LOS/PCN/SCN.1/1992/CRP.22
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2) Value of export earnings from the four minerals in the economy. If a DLBPS's
exports of the four minerals account fa¥bor more of its GDP, it is likely to be most seriously
affected by seabed producti&n

516. Herewith the first threshold was used as the badise analysis, while the purpose of the
second one was to check and reinforce obtained results.

517. In addition to the identification of dependence of the DLBPS on four affected metals, it
makes sense to analyze the dependence of the world market onttitesdd® the trade of these metals,
which means analyzing the share of exports of these States on the world market. For that purpose, t
concentration of the metal market was covered in the analysis. One way to capture this analytically is
through an arumally computed HerfindakHirschman Index (HHI), a measure approved by the United
States Department of Justice and the Federal Trade Commission for characterizing market concentratio
Usually, this index used to measure the concentration of individuas fin the domestic market of the
country; however, instead of measuring individual firms, HHIs computed for this study evaluate the
concentration of affected metal products exports by country. HHIs theoretically range between 0 and 10,00
points, which intcate low and highmarket concentrations, respectively. Increased risk theoretically
corresponds to high HHI measures, and scores exceeding 2500 show a high coné&ntration

518. Metal prices affect export earnings of the States, consequently, affecting psipest of
products. However, the effect of metal prices on the world market can be different for various metal
products. Some products are more dependent on the price of the world market than others. Anyway, pric
changes can affect export earnings ammhemies of DLBPS. Another issue is that such price changes may
occur not necessarily because of the seabed mining activities in the Area. Consideration of price trends
an important part of the analysis.

519. Affected metals tariffs, which were consideredexport prices of a product unit, were
calculated and compared with the world average export price of the product unit and with metal prices or
the world market. This could help to understand the economic processes going on in DLBPS and why price
of produds may differ from those on the world market. Such a comparison could show how dependent
different products on metal prices on the world market. For understanding export prices, exported value
of products were compared with exported quantities of thdsis. cBn show how export prices change
through the value chain

C. Overview of affected metals tariffs on exports and earnings of developing state
producers

520. First of all, exports of each of the four affected metals of the DLBPS were considered. The
following results of the analysis include an overview of export earnings of the DLBPS from each of four
metals, as well as identification of the DLBPS, which are likely to be seriously affected by seabed
production. For such identified States, export ri@xport tariffs) of each product of four metals and the
relation between exported quantities and values of these products were considered.

Copper

521. In 2017, by exported values, the leader exporter States of copper products in the world are
presented in Tdé 5.1.

185|SA, 1985. Statemenbf the Chairmanof SpecialCommissionl, provisionally concludingthe discussioron the
issueof the concretdformulationof the criteriafor the identificationof developingand-basedbroducerStatedikely
to be mostseriouslyaffectedby seabedproduction.PreparatoryCommissiorfor the InternationalSeabedAuthority
andfor thelnternationalTribunalon the Law of the Sea,SpecialCommissionl. LOS/PCN/SCN.1/1985/CRP.8
186 .S. Department of Justice, 204BerfindahtHirschman index. URLhttps://www.justice.gov/atr/herfindahl
hirschmanindex

126


https://www.justice.gov/atr/herfindahl-hirschmanindex
https://www.justice.gov/atr/herfindahl-hirschmanindex

Table 5.1. The largest exporter States of copper products in the world #2017

Exported value,

State thgusand USD
Chile* 32,935,691
Peru* 13,729,278
Australia 5,799,489
Zambia* 5,519,946
Indonesia* 4,519,242
Canada 4,276,757
Democratic Republic of the Congo* 3,645,247
Russian Federation 3,472,124
Spain 3,258,407
Kazakhstan 3,161,114

* § developing states

522. From countries in Table 5.1, Chile, Peru, Zambia, Indonesia, and DR Congo are developing
States.

523. Regarding various products of copper, the largest exportappier ores and concentrates
among the DLBPS is Chile (USD 15,665,931 thousand). The share of Peru is also veiryU8gh
11,974,968 thousand, then Indonesia (USD 3,439,604 thousand), Brakil{1485,258 thousand), and
Mexico (USD 1,891,122 thousand) follow.

524. The largest exporter @abppermattess Mexico (USD 99,562 thousand). The share of Chile
is USD 46,477 thousand, Malay$i&SD 26,959 thousand, the Republic of Koré#SD 22,293 thousah

525. As forunrefined coppetthe largest exporter is Zambia (USD 3,618,105 thousand), followed
by Chile (USD 2,485,038 thousand).

526. The largest exporter o&fined coppeis Chile (USD 14,738,245 thousand), then DR Congo
(USD 2,464,846 thousand), India (US[225,162 thousand), China (USD 2,054,824 thousand) follow.

527. For al | the countries in the world, expc
exports in total exports of these countries were found. An average value of this parameter for 5 years we
compared to the dependence level, and if it exceeds this level, DLBPS considers likely to be seriously
affected. According to the Special Commission 1, the dependence level is equé tit i€presents the
dependence of export earnings of the DLBPS enetkports of copper products and that this DLBPS is
likely to be seriously affected by seabed produétfohus, DLBPS, exporting copper products, as well
as those DLBPS, which are likely to be seriously affected by seabed productioesamted in Table 5.2
(here and after in such tables DLBPS with shares of more th&a @i be presented, smaller shares are
considered negligible).

Table 5.2. Share of copper productsdé exports il
5 years average shas€Cu
DLBPS productsb6 eX

exports of the DLBPS
02 > Zambia 56.1%
P @ °5 g o Democratic Republic of the Congo 55%
0 S > 8 gl Eritrea 50 %
o £ ¢ g %[ chie 48.9%
- Mongolia 36%

187 Tradestatisticsfor internationabusinesslevelopment TradeMap. URL: https://www.trademap.org/Index.aspx
188|SA, 1985. Statemenbf the Chairmanof SpecialCommissionl, provisionally concludingthe discussioron the
issueof the concretformulationof the criteriafor the identificationof developingand-basedoroducerStatedikely
to be mostseriouslyaffectedby seabedproduction.PreparatoryCommissiorfor the InternationalSeabediuthority
andfor thelnternationalTribunalon the Law of the Sea,SpecialCommissionl. LOS/PCN/SCN.1/1985/CRP.8
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Lao People's Democratic Republic 34.4%
Peru 25.8%
Mauritania 12%
Namibia 11.4%
Papua New Guinea 7.9%
United Republic of Tanzania 2.7%
Syrian Arab Republic 2.5%
Indonesia 2.3%
Philippines 2.2%
Myanmar 1.9%

528. To look at the dependence of the economy of the DLBPS on expartgppér products,
another dependence level was used. Thus, for all the countries in the world, exporting copper products
shares of these productsd exports in the GDP c
parameter for 5 years was comghte the dependence level o%g and if it exceeds this level, the DLBPS

considers likely to be seriously affect&dThe results are presented in Table 5.3.

Table 5.3. Share of copper productsdé exports il
5 years averagshare of
DLBPS Cu product s
GDP of the DLBPS
- o & | Zambia 18.7%
L2 2 9 | Mongolia 15.9%
£ O = "
= J © | Chile 12.8%
Dcn_" 2 % Democratic Republic of the Congo 11.1%
@ 3 | Lao People's Democratic Republic 7.7%
A & 5 | Eritrea 5.6%
? | Peru 5.1%
Namibia 4.9%
Mauritania 4.8%
Papua New Guinea 3.1%
Philippines 0.5%

529. Among the DLBPS, which are likely to be seriously affected according to the export earnings
dependence threshold, economies of Namibia and Mauritania did not excemmbtioeny dependence
level, so these States are not included in the further analysis.

530. Share of copper products exports of the States, which are likely to be seriously affected, in
world exports of these products in 2017 shown in Figure 5.1.

189|SA, 1985. Statemenbf the Chairmanof SpecialCommissionl, provisionally concludingthe discussioron the
issueof the concreteformulationof the criteriafor the identificationof developingand-basedoroducerStatedikely
to be mostseriouslyaffectedby seabedproduction.PreparatoryCommissiorfor the InternationalSeabedAuthority
andfor thelnternationalTribunalon the Law of the Sea,SpecialCommissionl. LOS/PCN/SCN.1/1985/CRP.8
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Figure 5.1. Sha of copper products' exports from the DLBPS, which are likely to be seriously affected,
and the rest of the world (ROW) in the world's exports of these copper products in 2017

531. From Figure 5.1, it becomes clear that exports of different copper produsteniym
distributed among DLBPS. Chile exports mostlypper ores and concentrates, unrefined copgost
refined copperbut its share in exports ocbppermattesis also high compared to other DLBPS. The main
exported copper product of Perudspper ores and concentrateds for Mongolia, DR Congo, Lao
People's Democratic Republic (Laos), and Eritrea, their shares in all copper products are small. EXports c
Zambi mostly based amrefined copperShare otopper ores and concentratesdcoppermattesn the
world exports of copper products in 2017 is less than 1%. A small amoafined coppeexported from
Zambia in 2017.

532. Using the exported values and thentities of copper products, the export price of a unit of
each copper product in 2017 in the world and the DLBPS were found and compared to each other, whic
is shown in Figure 5.2.
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Figure 5.2. Export prices of copper products in the DLBPS and the ind@ll 7

533. The graph in Figure 5.2 shows that generally, export prices of Chile, Peru, and Laos are quite
close to the world export prices. There are gaps for Mongolia and Eritrea because these States did not exp
all copper products concerned. Export psiof DR Congo are close to the world prices in casember
oresandrefined copper (cathodeshput much higher focoppermattesand, in the opposite, lower for
unrefined copperAs for Zambia, only the export price ifined copper (cathodes) 2017is little higher
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than in the world, price ainrefined coppeis close to the world export price, and for other two products,
export prices in Zambia are much lower, probably because the export of these products from Zambia i
2017 was insignificant.

534. Findly, it makes sense to have a look at the exported quantities of copper products and the
values of these products and compare these dat
DLBPS in 2017 and exported values are shown in Figures 5.3 4 §pectively.
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Figure 5.3. Share of the quantity of copper products exported from the DLBPS in 2017
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Figure 5.4. Share of the value of copper products exported from the DLBPS in 2017

535. It can be noticed from Figure 5.4, that in some States quantities and values of products do
not coincide, especially for States, which export products other than the primary product. For example
Chile, an exported quantity oéfined coppeof which accouats for 20% of all copper products export,
obtains for this product about 46 of its export earnings for exported copper products.
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Nickel

536. In 2017, by the exported values, the largest exporter States of nickel products in the world
are shown irmable 5.4.

Table 5.4. The largest exporter States of nickel products in the world i®*2017

Exported value,

State tth))usand USD
Canada 2,570,308
Indonesia* 2,116,090
Russian Federation 2,006,877
Australia 1,782,150
New Caledonia* 1,502,902
Philippines* 1,129,607
Finland 915,379
Norway 892,731
Zimbabwe* 805,222
Brazil* 538,347

* 8 developing states

537. From these 10 States, Indonesia, New Caledonia, Philippines, Zimbabwe, and Brazil are
developing States. However, NeBaledonia is a neN member, so this State cannot claim being
seriously affected by seabed production and will not be considered further in the analysis.

538. Regarding various products of nickel, the main exportersiaifel ores and concentrates
among develping States are the Philippines (USD 685,300 thousand) and Zimbabwe (USD 369,013
thousand).

539. The largest exporters ofckel mattesand other intermediate products of nickel metallurgy
are Indonesia (USD 629,334 thousand), Philippines (USD 444,307 thougandabwe (USD 436,088
thousand), Papua New Guinea (USD 367,466 thousand), and Cuba (USD 140,788 thousand).

540. As for ferro-nickel the largest exporter is again Indonesia (USD 1,331,567 thousand),
followed by Brazil (USD 538,048 thousand), Colombia (USD,360 thousand), and Myanmar (USD
345,042 thousand).

541. As for unwrought nickeltop exporters are Malaysia (USD 534,350 thousand), Madagascar
(USD 340,961 thousand), and Singapore (USD 256,024 thousand).

542. Talking about DLBPS, which are likely to be serioudifeeted, 5years average share of

ni ckel productsd exports in total exports of al
Table 5. 5. Share of nickel productsb6 exports ir
5 years average share of N
DLBPS productsd ex
exports of the DLBPS
o o
s 2
S0 Madagascar 20.3%
QO o
<
se3
=l
ee3
o = 2 | Zimbabwe 15.6%
- Q
() (%))
Cuba 7%
Botswana 3.6%
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Papua New Guinea 2.7%
Philippines 2%
Myanmar 1.4%
Guatemala 1.3%
Colombia 1.1%
Indonesia 1%
DominicanRepublic 1%
Dominica 0.8%

543. Analysis of the dependence of the economy of DLBPS on exports of nickel products had
shown that none of these two States, which are likely to be seriously affected by seabed production, he
exceeded the dependence levels (@&bb). Anyway, both the abovementioned States will be considered
further.

Table 5.6. Share of nickel productsd exports it
5 years average share @
DLBPS Ni product g
GDP of the DLBPS

Madagascar 3.7%
Zimbabwe 3.1%
Botswana 1.7%
Papua New Guinea 1.1%

544. Share of nickel products exports of the DLBPS, which are likely to be seriously affected, in
world exports of these products in 2017 shown in Figure 5.5.
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Figure 5.5. Share of nickel products' exports fromhBPS, which are likely to be seriously affected,
and the rest of the world (ROW) in the world's exports of these nickel products in 2017

545. Thus, Figure 5.5 shows that these States have exported a small amount of all nickel product:
in the world in 2017. Zimbabwe mostly exponigkel oresandnickel mattes None of the States exports
ferro-nickel As forunwrought nickelMadagascar is the nmeexporter from these two States.

546. Export prices of nickel products in the world and in the DLBPS in 2017 are shown in
Figure5.6.
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Figure 5.6. Export prices of nickel products in the DLBPS, which are likely to be seriously affected, and
in the world in2017

547. The graph in Figure 5.6 shows that the export pricg@akel ores and concentrates2017
is very low in comparison with other nickel products. There are gaps in the graph because some States
not export all concerned products. The export pricgeakfelmattesn Zimbabwe is almost as high as world
prices. The export price aihwrought nickefrom Madagascar is close to world prices, whereas the price
in Zimbabwe is much lower.

548. Ni ckel productsd exported qu aaderously affected, f t
in 2017 and exported values are shown in Figures 5.7 and 5.8, respectively.
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Figure 5.7. Share of the quantity of nickel products exported from the DLBPS, which are likely to be
seriously affected, in 2017
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Figure 5.8. Share of ¢hvalue of nickel products exported from the DLBPS, which are likely to be
seriously affected, in 2017

549. It can be seen from the figures, that the quantity and the value of products do not coincide.
As for Zimbabwe, its exported quantities m€kel mattesare very low, but the exported value is quite
significant. This trend is not relevant for Madagascar, because it exportashartyught nickein 2017.

Cobalt

550. In 2017, by exported values, the largest exporter States of cobalt products in the world are
presented in Table 5.7 below.

Table 5.7. The largest exporter States of cobalt products in the world #2017

Exported value,

State thopusand USD
Democratic Republic of the Congo* 3,154,785
China* 529,245
Canada 420,044
Australia 170,501
Japan 158,747
Madagascar* 151,915
Zambia* 150,834
United States of America 93,672
United Kingdom 86,179
Morocco* 80,965

* § developing states

551. From this list, DR Congo, China, Madagascar, Zambia, and Morocco are developing States.
552. Regarding various products of cobalt, an absolute exporttbaiit ores and concentrates
among developing States is DR Congo (USD 524,045 thousand). Shares of other States are insignificant

553. The largest exporter aobalt mattesand other intermediate pducts of cobalt metallurgy
is DR Congo (USD 1,896,638 thousand). The share of China is USD 208,728 thousand, Mad&atziScar
151,915 thousand, and Morocc®SD 79,680 thousand. The share of Zambia is insignificant.

554. As for cobalt oxides and hydroxidethe largest exporter is again DR Congo (USD 734,112
thousand), followed by China (USD 320,382 thousand) and Zambia (USD 150,289 thousand).

55, Shares of these productsd exports in tot
exporting cobalt produst were found (Table 5.8). It was found that only DR Congo is likely to be seriously

1 Tradestatisticsfor internationabusinesslevelopment TradeMap. URL: https://www.trademap.org/Index.aspx
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affected by seabed production in the Area; its share is%84 ®hereas shares of other States are
insignificant. Further analysis regarding cobalt products will be facaseDR Congo only.

Table 5.8. Share of cobalt productsdo exports it
5 years average share of G
DLBPS productsod eX
exports of the DLBPS
(<&} ©
g 2
O
= : :
;ﬁ 2 > Democratic Republic 24.3%
u 5 2 | of the Congo
O X o
m = '—
- [}
() (]
Madagascar 4%
Zambia 0.8%
556. Mor eover, t he share of cobal't productso6

does not exceed a% dependence level (Table 5.9). For DR Congo it is%l.&ven thoughwo
dependence thresholds were chosen for the current analysis, there is no necessity to use both at the se
time. The economy dependence threshold was used in order to check and reinforce the results, produced
the usage of export earnings dependehcyte s hol d, so the fact that the
the GDP of DR Congo does not exceed the dependence level can be neglected.

Table 5.9. Share of cobalt productsd exports it
5 years average share @
DLBPS Co pr ocegportsing
GDP of the DLBPS
Democratic Republic of the Congo 4.8%
Madagascar 0.8%

557. Share of cobalt products exports of DR Congo in the world exports of these products in 2017
is shown in Figure 5.9.
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Figure 5.9. Share of cobalt produ@sports from DR Congo and the rest of the world (ROW) in the
world's exports of these cobalt products in 2017

558. Figure 5.9 shows that DR Congo gets%9bf world export earnings farobalt oresand
concentratesnd half of world export earnings foobaltmatesandcobalt oxides
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559. Export prices of cobalt products in the world and in DR Congo in 2017 are shown in
Figure5.10.
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Figure 5.10. Export prices of cobalt products in DR Congo and in the world in 2017

560. The graph in Figure 5.10 shows that the export pric®bélt ores and concentrates2017
in DR Congo is higher than in the world, unlike prices for two other cobalt products.

561. Cobalt productsd exported quant i tarest®wno f
in Figures 5.11 and 5.12, respectively.
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m Cobalt mattes and other
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m Cobalt oxides& hydroxides (HS
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Figure 5.11. Share of the quantity of cobalt products exported from DR Congo in 2017
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Figure 5.12. Share of the value of cobalt products exported from DR Congo in 2017
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562. It can be seen from Figures 5.1-d&n12 that the quantity and the value of products do not
coincide. For example, the exported quantitycalbalt ores and concentraté®m DR Congo is higfi
almost 40% - in total exports of all cobalt products from the country, however, the valuesgirtsduct is
the lowest in total exported value of cobalt products.

Manganese

563. In 2017, by the exported values, the largest exporter States of manganese products in the
world are presented in Table 5.10.

Table 5.10. The largest exporter Statemahganese products in the world2dl 72

Exported value,

State thousand USD
South Africa* 3,092,939
Gabon* 1,190,316
India* 1,140,100
China* 961,957
Ukraine 898,811
Malaysia* 529,678
Brazil* 459,929
Netherlands 389,631
Norway 356,580
Republic of Korea 323,565

* 8 developing states

564. From this list, South Africa, Gabon, India, ChiMalaysia,andBrazil are developing States.

565. Regarding exports of various products of manganese in 2017, the main exporters of
manganese ores and concentraaesong developing States are South Africa (USD 2,527,273 thousand),
Gabon (USD 1,147,697 thousand), Brazil (USD 365,636 thousand), and GI&nd $5,381 thousand).

566. The largest exporter ofianganese oxidés China (USD 95,339 thousand), whereas exports
of other DLBPS are insignificant.

567. As forferro-manganese (more thar2 of carbon)the largest exporters are Malaysia (USD
300,132 thousand)ntlia (USD 258,586 thousand), and South Africa (USD 221,459 thousand).

568. The largest exporters of another formfefro-manganese (2% or less of carbarg the
Republic of Korea (USD 246,578 thousand), South Africa (USD 127,030 thousand), and India (USD
63,98 thousand).

569. Top exporter offerro-silico-manganeséds India (USD 801,204 thousand), followed by
Malaysia (USD 204,654 thousand) and South Africa (USD 134,387 thousand).

570. As for the last considered prodtictnanganese articleis the main exporter is again China
(USD 847,770 thousand), while shares of other States are insignificant.

571. Among all manganese exporting countries, there is one State, which is likely to be seriously
affected by seabed production, and it is Gabon (TakB)5

192 Tradestatisticsfor internationabusinesslevelopment TradeMap. URL: https://www.trademap.org/Index.aspx
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Table 5.11. Share of manganese productsbdé export

5 years average share of M
DLBPS productsodo ex
exports of the DLBPS
@ ge}
g 2
O
53¢
ERR
. >.= | Gabon 11.8%
2383
5 =2
- O
(| ()]
South Africa 2.7%

572. Besides, Gabon is at the edge of dependence level, related to the economy of thé country
5% (Table 5.12). Thus, only this State was considered in the analysis.

Table 5.12. Share of manganese productsod export
5 years averagghare of Mn
DLBPS productsod ex
the DLBPS
< o
s 2
532
So°¢
- 2. > | Gabon 5%
LT3
B=2
| [}
(&) (]
South Africa 0.7%

573. Share of manganese products exports of Gabon in the world exports of these products in
2017 shown in Figure 5.13.
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Figure 5.13. Share of manganese products' exports from Gabon and the rest of the world (ROW) in the
world's exports of these manganese products in 2017
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574. Gabon did not exporhanganese oxides afetro-manganese (more thar?2 of carbon)n
2017. Share of this country in world exports of manganese products is low, especfalisofaranganese
(2% or less of carbon)erro-silico-manganes@and manganese articlesThe product, which makes the
State dependent on exportsirianganese oreand concentrates.

575. Export prices of manganese products in the world and in Gabon in 2017 are shown in
Figure5.14.
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Figure 5.14. Export prices of manganese products in Gabon and in the world in 2017
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576. The graph 5.14 shows that export pricesnaihganese oseand concentrates, fersilico-
manganesand manganese articleare higher in Gabon than in the world in 2017, though exported
quantities of the last two products are extremely low compared to world exports of these products. As fol
ferro-manganesethis product was not exported from Gabon in 2017, that is why the export price is
unavailable.

577. Manganese productsdé exported quantities ¢
in Figures 5.15 and 5.16, respectively.

B Manganese ores and concentrates, including
ferruginous manganese ores and concentrates with 1%
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Figure 5.15. Share of tlguantity of manganese products exported from Gabon in 2017

139



m Manganese ores and concentrates, including 205 1%
ferruginous manganese ores and concentrates
with a manganese content of 20% or more,
calculated on the dry weight (HS code 2602)

m Ferro-alloys; ferro-manganese, containing by
weight 2% or less of carbon (HS code 720219)
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Figure 5.16. Share of the value of manganese products exported from Gabon in 2017

578. It can be seen from Figures 5.15 and 5.16, that the quantity and the value of products are
coincided, because atrst all of the exports of manganese products from Gabon is basadnganese
ores and concentrat€99 %), and shares of other products are negligible.

All affected metals

579. During the analysis of four affected metals share in exports of the DLBPS fibmvabsthat
many various States are likely to be seriously affected by seabed mining. Some of such States repeated |
different metals. That is why it is important to analyze the multiple effects of the sum of affected metals in
the exports of the DLBPS. ddeover, the Special Commission 1 specified the effect on exports of one or
more metals concerned.

580. Calculations have shown that the share of affected metals exports in all exports of the DLBPS
is huge, as well as the number of the DLBPS, which are likahe taffected (Table 5.13).

Table 5.13. Share of affected metals exports in total exports of the DLBPS

5-years average share of
DLBPS affected metals exports in
total exports of DLBPS
Democratic Republic of thEongo 79.3%
&g [ zambia 57.2%
(e Eritrea 49.8%
= | Chile 48.9%
= Mongolia 36%
% :acj Lao People's Democratic Republic 34.4%
5 é Peru 25.8%
-g © | Madagascar 24.3%
0 Zimbabwe 15.9%
% Mauritania 12%
- Gabon 11.8%
Namibia 11.4%
Papua New Guinea 10.6%
Cuba 7.3%
Botswana 4.5%
Philippines 4.2%
Grenada 4%
South Africa 3.5%
Indonesia 3.3%

140



Myanmar 3.3%
United Republic of Tanzania 2.7%
Syrian Arab Republic 2.5%
Brazil 1.7%
Dominican Republic 1.6%
Guatemala 1.3%
Colombia 1.2%
India 1.2%
Argentina 1%

Dominica 0.8%
Democratic People's Republic of Korea 0.8%
Malaysia 0.8%
Morocco 0.8%
Mexico 0.6%
Plurinational State of Bolivia 0.6%
Islamic Republic of Iran 0.5%

581. Concerning the economies of the DLBPS, results of the usatye economy dependence
threshold are presented in Table 5.14.

Table 5.14. Share of affected metals exports in the GDP of the DLBPS

5-years average share of
DLBPS affected metals exports in
GDP of DLBPS

03 Zambia 19.1%

S B Democratic Republic of the Congo 16%

5 e Mongolia 15.9%

S ¢ |Chile 12.8%

%) ‘; Lao People's Democratic Republic 7.7%

% E\ Eritrea 5.6%

AL [Peru 5.1%

Gabon 5%

Namibia 4.9%
Mauritania 4.8%
Madagascar 4.4%
Papua New Guinea 4.3%
Zimbabwe 3.1%
Botswana 2.1%
South Africa 0.9%
Philippines 0.9%
Myanmar 0.6%
Indonesia 0.6%
Malaysia 0.5%

582. Some States are at the edge of the dependence level: Eritré (B€ru (5.26), and Gabon
(5%). The remaining States were close todbpendence level but did not exceed it.
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6. IMPACT ON THE AFFECTED METALS TARIFFS FOR
DEVELOPING STATE PRODUCERS

A. Effects of the affected metals tariffs on overall economic performance

583. Metal prices affect export earnings of the Statemsequently, affecting export prices of
products in the world and in the DLBPS, which are likely to be affected by seabed production. However,
the effect of metal prices on the world market can be different for various metal products. Some products
are mee dependent on the price on the world market than others. Anyway, metal price changes can affec
export earnings and the economies of the DLBPS through changes in the share of exports in the GDP 1
the State.

584. Another issue is that such metal price changay occur not necessarily because of the
seabed mining activities in the Area. Other reasons for metal price changes can be such events, like d
stocking, geopolitical unrest, the setting of a joint price, and recession. Besides, usually the price of ¢
commodity varies in response to general global economic conditions, supply and demand fundamentals ar
several other factors of relatively short duration. In order to analyze the effect of these changes on expol
prices of products, the evolution of exporicps of metal products was considered together with metal
prices on the world market.

Copper

585. Changes in copper prices and export prices of copper products in the world are shown in
Figure 6.1.
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Figure 6.1. Changes in copper prices and export priceppec@roducts in the world

586. In general, there was a sharp rise in copper prices from 2003 to 2011. The financial crisis in
2008 influenced this tendency, and price slumped to approximately USD 5000 per metric tonne to 2009
However, the prices were recoverand rose further basically due to the booming economy and high
demané® Right after a peak of almost USD 9000 per metric tonr&911, the downward trend in prices
since 2011 appeared. It was related to weak demand from China and demand for substitutes, such
aluminunt®,

193 Stuermem., 2014.150yearsof boomandbust:whatdrivesmineralcommodityprices FederalReserveBank of
Dallas Research Department. Working Paper 1414, 37 p. URL:
https://www.dallasfed.org/~/media/documents/research/papers/2014/wp1414.pdf

194 UN, 2015.World commoditytrendsand prospectsReportof the SecretaryGeneral.GeneralAssembly,United
Nations,24 p. URL: https://unctad.org/meetings/en/SessionalDocuments/a70d184 en.pdf
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587. Almost all the changes in export prices of copper products coincide with changes in the
copper price, espatly those forcopper oresandunrefined copperfalling ofcoppermattesexport price
because of the 2008 recession was more significant than for other products, and its further increase was,
the opposite, less intense. The trend of more intenseslpersisted over the whole period.

588. Considering exports of copper products of individual DLBPS, which are likely to be
seriously affected, further in this chapter only Chile and Peru will be discussed as examples of such State
Thus, changes in copper s and export prices of copper products in Chile are shown in Figure 6.2.
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Figure 6.2. Changes in copper prices and export prices of copper products in Chile

589. The situation in Chile is close to the situation in the world: export pricesrefined copper
and copper ores and concentratebange in accordance with copper price. The export pricomber
cathodegdoes not follow the general trend, it is reducgd’® from 2008 to 2009 and continued to fall,
unlike the prices of other products. The most inconsistent price is the export prapgpefmattes It has
faced great upturns, like the 23rise from 2009 to 2010 and the @&ise from 2015 to 201@&s collapses
were also more significant than for other products.

590. Trends for Peru are shown in Figure 6.3.
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Figure 6.3. Changes in copper prices and export prices of copper products in Peru
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591. The general trend, when export pricesiofefined coppeandcopper ores and concentrates
change in accordance with copper price persists in Peru, but there are some variations. On the opposi
changes in the export price obpper cathodesompletely coincide with changes in the copper price.
Changes ircoppermattesprice were not such intense, like for Chile, but they are still quite volatile. For
example, from 2010 to 2011 in the world and in Chile price increased, but in Peru it decreaséd. by 64
Such sharp changes happened during the whole period.

592. As it was saidbefore, changes in metal prices affect export earnings of the States with
affecting export prices. This additionally affects the economies of the DLBPS through changes in the shar:
of exports in the GDP of the State. Thus, the GDP of Chile and Periaiteecd copper products exports
in their GDP and copper price were considered.
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Figure 6.4. Changes in the copper prices, the GDP and export earnings from the copper products exports
in Chile

593. Figure 6.4 shows that changes in export earnings from all cqupducts exports fully
consistent with changes in the metal price. In general, the GDP of the State changes accordingly. Fc
example, in the period when export earnings from copper products exports decreased, there was also
decreaseinthe GDP (20241 6 ) , so probably the Statebds econo
product s. According to UNCTADst at data on indi
value added (VA) by kind of economic actiVity the average share exports of all goods and services
from Chile in the GDP of the State during the last 10 years %,3dut it is decreasing throughout the
period. As for the average share of mining, manufacturing, utilities in the VA, it% 28 the last 10
years.

195 United NationsConferenceon Tradeand Developmeni UNCTADstat. Datacenter,Economictrends,National
accounts, GDP by type of expenditure, VA by kind of economic activity. URL:
https://unctadstat.unctad.org/wds/TableViewer/tableView.aspx?Reportld=95
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Figure 6.5. Changes in the copper prices, the GDP and export earnings from the copper products exports
in Peru
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594. Figure 6.5 shows a quite similar situation for Peru. In most years, changes in export earnings
from all copper products exports consistent withrgfes in the metal price. This continued until 2011, then
a shift happened: export earnings reduction occurred one year later than a decrease in the metal pric
However, since 2015 export earnings rose sharply, one year before it happened to metal thrice.
evolution of the GDP similar trends can be noticed, like growth in 2010, then a slowdown of growth until
2014, followed by a decrease of the GDP until 2016. However, this is hardly can be related to changes i
export earnings only. More likely it \8aa cumulative effect of different processes in the economy, which
also influenced metal prices and export earnings correspondingly. According to UNCTADstat data on
individual Statesod6 GDP by type of ¥xheaerahé sharer e
of exports of all goods and services from Peru in the GDP during the last 10 yeaf%.i$\@6or the
average share of mining, manufacturing, utilities in the VA, it i%30r the last 10 years.

595. Indeed, a market definition for affected metavas defined, which includes a market share
of each DLBPS and market concentration. Market shares of the DLBPS, which are likely to be seriously
affected, are shown in Figure 6.6.
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Figure 6.6. Market share of the DLBPS, which are likely to be seriaifsigted, for all copper products

196 United NationsConferenceon Tradeand Developmeni UNCTADstat. Datacenter,Economictrends,National
accounts, GDP by type of expenditure, VA by kind of economic activity. URL:
https://unctadstat.unctad.org/wds/TableViewer/tableView.aspx?Reportld=95
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596. It was found that Chile has the greatest market share of all copper produgtso32
average).

597. Regarding markets of each product, Chile on average has the largest market abgperof
ores and concentrates value (30), followed by Peru (15.%) (Figure 6.7).
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Figure 6.7. Market share of the DLBPS, which are likely to be seriously affected, for copper ores and
concentrates

598. Among the DLBPS, which are likely to be seriously affected, Chile has the largest share in
copper matte®markets (13.86 on average) (Figure 6.8).

35
30
. 25
> NGNS
o
@ 20 @ DR CoNgo
wn
_géa 15 ——| 20S
g Peru
10 7 ambia
5
———— —~
0 e

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Figure 6.8. Market share of the DLBPS, which are likely to be seriously affected, for ougpes

599. Again, Chile has the greatest market sharenséfined copper 42.5% on average. Then
Zambia follows with its average market share of%,3and DR Congo (6.%) (Figure 6.9).
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Figure 6.9. Market share of the DLBPS, which are likely to be seriously affected, for unrefined copper

600. Chile has the largest market shareefined coppeii 32.7% on average. Shares of other
States are much less (Figure 6.10).
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Figure 6.10. Market share of the DLBPS, which are likely to be seriously affected, for refined copper

601. However, from Figure 6.1it seems that concentrations of copper markets are not very high.
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Figure 6.11. The concentration of copper products markets
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602. Thus, the average HHI f@mopper ores and concentratssabout 1400, which proves that
this market has low concentration angitompetitive. As focoppermatte®markets, it has HHI of 1600,
this market has moderate concentration. The concentration aintkeéned coppemarket is higheif
almost HHI=2500i on average, this market is moderately concentrated, but it is on geeoédigh
concentration. The market foefined coppeihas the lowest concentratiortHHI=1300. This means that
generally speaking copper products markets are quite competitive and have moderate to low concentratior
Global production is distributed eMgrover a large number of countries.

603. Thus, based on the results of the anal ys|
that among all the copper productpper oresand concentratesxport prices are the most correlated with
copper prices. In the world, in general export prices of other copper products are also more or less correlate
with copper prices. This, however, changes for some States, for example, export praggseomaties
are not correlated with copper prices in Chile and Peru. In addition, copper prices are directly related to th
export earnings of the States, which export <co
GDP to some extent.

604. A possible derease in copper prices as a result of éaspmining can lead to the decrease
of export prices of copper products, first of all, of those products, which are highly correlated with copper
prices, for examplegopper oresand concentratesr unrefined coper. The market ofinrefined coppeis
quite high concentrated with the highest market share of Chile in there. A decrease in the export price @
this product can result in low export earnings of the State. One may expect that the share of Chile on th
unrefined coppemarket will fall, when a new actor on the market will appear, as it happened in 2014 since
exports of Zambia increased and the market share of this State increased. Probably, the situation would n
be such painful for the markets, which héme&er concentrations, likeefined copper copper oresand
concentrates.

Nickel

605. Changes in nickel prices and export prices of nickel products in the world are shown on
Figure 6.12.
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Figure 6.12. Changes in nickel prices and export prices of nickelgouh the world

606. The decrease of nickel prices since the world economic crisis in 2007 was related to
oversupply®’. After the fall until almost USD 14,500 per metric tonm&009, there was a short rise in the
price with a peak of almost USD 23,000 per metric tonne in 2011. Then the falling trend started earlier
continued, and price slumped to USD 9500 per metric tonne in 2016. However, the trend changed fron

197Ehrlich L.G., 2018.Whatdrivesnickelpricesi A structuraMWAR ApproachHWWI ResearcliPaperl86.Hamburg
Institute of International Economics (HWWI), 44 p. URL:
http://www.hwwi.org/fileadmin/hwwi/Publikationen/Publikationen_PDFs_2018/WI_ResearchPaper_18@p
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2016, following the enforcement of an export ban of unprocessed ores in 2014 by Indonesia, the world
leading nickel producét.

607. Almost all the changes in export prices of nickel products coincide with changes in nickel
prices, especially those féerro-nickel and unwrought nickel Export prices ohickel mattesand nickel
oresin some years have changed according to metal price. However, there were some extreme change
like a 344% growth ofickel mattesexport price.

608. Considering individual States, changes in nickélgs and export prices of nickel products
in Zimbabwe and Madagascar are shown in Figure 6.13.
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Figure 6.13. Changes in nickel prices and export prices of nickel products in Zimbabwe and Madagascar

609. Export prices for all products in Zimbabwe are volatile and do not follow changes of nickel
price generally. However, it worth to mention, that export pricesiéiel ores and concentrataadnickel
mattesdo not seem to be credible. There is a shamease ohickel ores and concentrategport price in
2014 by 4026, which is inconsistent with nickel price changes. In addition, there is a significant increase
of unwrought nickelexport price in 2012 in Zimbabwe by 2%3 whereas world metal prices were
declining by 2. Since Madagascar started exportsraffrought nickeln 2012, its export price changes
fully consistent with metal price changes.

610. The GDP of Zimbabwe, the shasé nickel products exports in the GDP and nickel prices
were considered (Figure 6.14).
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Figure 6.14. Changes in nickel prices, the GDP and export earnings from nickel products exports in
Zimbabwe

198 UN, 2015.World commoditytrendsand prospectsReportof the SecretaryGeneral.GeneralAssembly,United
Nations,24 p. URL: https://unctad.org/meetings/en/Sessionaldoents/a70d184_en.pdf
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611. Figure 6.14 shows that changes in export earnings fromckél products exports quite
consistent with changes in the metal price. However, there were periods, when the metal price decrease
by 30%, whereas export earnings increased bye4gn 2009), or when an increase in export earnings
(145%) was higher thn an increase of prices ¥8) (in 2017). There was a period when the metal price
increased by 12, but export earnings decreased byoh 2014. The GDP of the State has never changed
negatively during the analyzed period. According to UNCTADstatdatao ndi vi dual St at
of expenditure and VA by kind of economic activit§; the average share of exports of all goods and
services from Zimbabwe in the GDP of the State during the last 10 years 9$.283or the average share
of mining, manufacturing, utilities in the VA, it is 23% for the last 10 years.

612. The GDP of Madagascar, the share of nickel products exports in GDP and nickel price are
shown in Figure 6.15.
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Figure 6.15. Changes in nickel prices, the GDP and export garinom nickel products exports in
Madagascar

613. Figure 6.15 shows that changes in export earnings from nickel products exports are intense
compared to changes in the metal price. The GDP of the State generally keeps positive changes. Accordil
to UNCTADstatd at a on individual Statesd GDP by type
activity?%°, the average share of exports of all goods and services from Madagascar in the GDP of the Stat
during the last 10 years is 184 As for the average share of tinigy, manufacturing, utilities in the VA, it
is 9% for the last 10 years.

614. Market shares of the DLBPS, which are likely to be seriously affected, are shown in Figure
6.16.

199 United NationsConferenceon Tradeand Developmeni UNCTADstat. Datacenter,Economictrends,National
accounts, GDP by type of expenditure, VA by kind of economic activity. URL:
https://unctadstat.unctad.org/wds/TableViewer/tableView.aspx?Reportld=95
200 ynited NationsConferenceon Tradeand Developmeni UNCTADstat. Datacenter,Economictrends,National
accounts, GDP by type of expenditure, VA by kind of economic activity. URL:
https://unctadstat.unctad.org/wds/TableViewer/tableView.aspx?Reportld=95
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Figure 6.16. Market share of the DLBPS, which are likely to be seriously affémtedl, nickel products
615. It was found that both Madagascar and Zimbabwe have very low market shares of all nickel
products.
616. Regarding markets of each product, shares of Zimbabwe and Madagascar are in Figure 6.17
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Figure 6.17. Market share gfmbabwe and Madagascar for nickel products
617. The average share of Zimbabweniokel ores and concentratesarket is 9.8%. Its share in

nickelmatte®markets is 3. As forunwrought nickelthe average market share of Zimbabwe is less than
1% and of Madgascai 1.8%.

618. It seems that nickel products markets have not very high concentration, but exports are
concentrated in Indonesia, the Philippines, Zimbabwe, and other DLBPS (Figure 6.18).
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Figure 6.18. The concentration of nickel products markets

619. Thus, the average HHI foiickel ores and concentratesarket is about 1900, so the market
has moderate concentratiddickel matte® average market concentration is also moderate (HHI=2300).
The concentrationf theferro-nickelmarket is low (HHI=1400)HHI rate for theunwrought nickeimarket
is 1317, so the market has low concentration. Thus, markets for nickel products are moderate to lov
concentrated and competitive.

620. Anal ysis of nickel productsb6 exports had
prices are quite well correlated with nickel prices. However, consideration of individual States, particularly
Zimbabwe, shown totally opposite results, which ddaé because of uncertainties in the data. As for export
prices ofunwrought nickefrom Madagascar, these are highly correlated with nickel prices.

621. Hard to say what would happen to export earnings of Zimbabwe with the beginning of seabed
mining, becausedn general, export earnings seem to be correlated with nickel prices, but there are sharp
deviations, probably caused by uncertainties in the exports data. However, it was found that the GDP of th
State is not very consistent with export earnings fronsé#he of nickel products. As for Madagascar, this
State exports only amwrought nickeland export earnings of the State from the sale of this product seem
not to be related to the metal price. The same is for the GDP of the State; it is not corrighateghevt
earnings. This States both have a low share of nickel products markets, especially on the market c
unwrought nickelThis market has low concentration, so it could happen, that seabed mining would not
harm the market, as it is already highlyrgmetitive. What could happen is that exporters, which have low
market share, or which export leguality nickel products, would have to leave the market.

Cobalt

622. Changes in cobalt prices and export prices of cobalt products in the world are shown in
Figure6.19.
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Figure 6.19. Changes in cobalt prices and export prices of cobalt products in the world

623. With the ensuing global financial crisis and economic downturn, demand fell and cobalt
prices slumped to below USD 40,000 per metric tonne in December 20@8al$biwas related to the
instability of DR Congo. Despite a shdisted upturn during 2009, attributed to growing battery demand
and concerns about supply from Canada and Zambia, the cobalt price followed a general downward tren
between 2010 and late Z))aused by cobalt surplus and Chinastbeking®.. While prices have remained
relatively stable and low since 2012 (on average USD 30,000 per metric tonne), these nearly doubled t
values around USD 60,000 per metric tonne in 281The fundamental reass for this spectacular
increase were strong demand from consumers in China for rechargeable batteries, together with concer
about mine production from DR Congo and the availability of cobalt metal from refineries if®€Hihes
upward trendould be transitory, with the industry returning to the lower prices of the recent past, or further
price increases may occur due to limited cobalt oéfthut

624. Almost all the changes in export prices of cobalt products coincide with changes in cobalt
prices, especially those focobalt oresand cobalt mattes Changes ircobalt oxidesexport prices are
different. For example, while the prices for other products and the metal price rose indiEDoxides
price decreased by 34, and the opposite, while ifgice increased by 1% in 2012, other prices have
fallen. Further upturns and slumps were much more intensmlait oxidegrice than for the prices of
other products.

625. Considering individual States, changes in cobalt prices and export prices ofpcobatits
in DR Congo are shown in Figure 6.20.

201 Alves Dias P., BlagoevaD., PavelC., Arvanitidis N., 2018.Cobalt: demandsupply balancesn the transitionto
electricmobility. EUR 29381EN, Publicationffice of the EuropeariJnion, Luxembourg

202 3& P GlobalMarketIntelligence,2018 SNL Metals& Mining datdase

203 petavratziE, Gunn,G, Kresse C., 2019.Commodityreview: Cobalt.British GeologicalSurvey

204 Alves Dias P., BlagoevaD., PavelC., Arvanitidis N., 2018.Cobalt: demandsupply balancesn the transitionto
electricmobility. EUR 29381EN, PublicationgOffice of the Europearinion, Luxembourg
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Figure 6.20. Changes in cobalt prices and export prices of cobalt products in DR Congo

626. The situation in DR Congo is the same as in the world: export pricebalt oresandcobalt
matteschange in accordance with cobalt price. The export pricelwlt oxidesloes not follow the general
trend, but its volatility is not as high as in the world. The main inconsistency is the dsbalif oxides
export price in 2015 by 4%, while the prte ofcobaltmattesose by ®%, the price oEobalt oredecreased
by 2%, and the price of cobalt metal decreased %y. 7

627. The GDP of DR Congo, the share of cobalt products exports in its GDP and cobalt prices
were considered (Figure 6.21).
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Figure 6.21Changes in cobalt prices, the GDP and export earnings from cobalt products exports in
DR Congo

628. Figure 6.21 shows that changes in export earnings from all cobalt products exports are not
consistent with changes in the metal price. The general trend is that changes in metal prices are shifted |
at least one year ahead from changes in export eartiags.to say whether changes in the GDP of the
State are associated with changes in export earnings. These changes have different rates. According
UNCTADstat data on individual Statesd® GDP by t\
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205 the average share of exports of all goods and services from DR Congo during the last 10 yéays is 34
and the average share of mining, manufacturing, utilities in the VA% # the last 10 years.

629. Market shares of DR Congo including each cobalt prodteshown in Figure 6.22.
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Figure 6.22. Market share of DR Congo for cobalt products

630. It was found that DR Congo has on averagd®barket share of all cobalt products.
Regarding markets of each product, the largest share of DR Congo iscobalteoresmarketi 90%. As
for cobaltmattes the share of DR Congo on this market i€/82nd the 3046 share on theobalt oxides
market.

631. Itwas found out that the cobalt products market is highly concentrated with the concentration
of production ofcobalt products in DR Congo (Figure 6.23).
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Figure 6.23. The concentration of cobalt products markets

632. On average, the HHI score for the exported value®bélt ores and concentratesequal
to approximately 8100, so this market is highly concentrat&R Congo. As focobaltmattesand other
intermediate products of cobalt metallyy, its HHI is about 1700 on average, so the market is moderately
concentrated. The market@fbalt oxides and hydroxidésss an average HHI of about 2600, so the market
is highly concentrated.

633. Thus, it was found that export prices of cobalt products are highly correlated with cobalt
prices both in the world and in DR Congo. Export earnings of DR Congo correlated with cobalt prices, but

205 United NationsConferenceon Tradeand Developmeni UNCTADstat. Datacenter,Economictrends,National
accounts, GDP by type of expenditure, VA by kind of economic activity. URL:
https://unctadstat.unctad.org/wds/TableViewer/tableView.aspx?Reportld=95
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with a shift of yeattwo. The economyf the State is quite dependent on cobalt products, especially on
cobalt ores and concentrates.

634. The fact that mined cobalt supply is highly concentrated in one country poses high risk
compared to a circumstance where the global mine production is distrimdre evenly over a large
number of countries. Currently, no alternative country is positioned to increase production to meet global
demand if production from DR Congo were to be constrained or disffpted

635. Problems in DR Congo, such as natural disastehégh sociopolitical instability can result
in vulnerability to supphchain disruptions. Reduction of production in the largest exporter can lead to
political and social unrest, declining economic conditions, a lack of foreign investment and dedlbzilg
mine production, like in 1990 in DR Congo. From 2000 to 2015, cobalt mine production in DR Congo
continued to trend upwagshd by 2015 ondalf of world mine production was from DR Conda.a result,
the geographic distribution of world cobalt mim@duction became increasingly concentréfed

Manganese

636. Changes in manganese prices and export prices of manganese products in the world ar
shown in Figure 6.24.
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Figure 6.24. Changes in manganese prices and export prices of manganese priveuatsrid

637. The economic crisis in 2008 caused a sharp decrease in manganese price, like for othe
metalg®® to almost USD 1500 per metric tonne. A further decrease in manganese price in 2010 again tc
USD 1500 per metric tonne and in 2013 to even lower liew$$D 1200 per metric tonrieis probably
related to the decrease in global crude steel production. The manganese ore market was oversupplied,

206 SheddK. etal., 2017.Globaltrendsaffectingthe supplysecurityof cobalt.Mining EngineeringDecembe017,
pp.37-42

207sheddK. etal., 2017.Globaltrendsaffectingthe supplysecurityof cobalt.Mining EngineeringDecembe017,
pp.37-42

208 pappJ. F., Coratherd.. A., Edelstén D. L., FentonM. D., Kuck P. H., MagyarM. J.,2007.Cr, Cu, Mn, Mo, Ni,
and SteelCommaodityPrice Influences,Version1.1: Reston VA, U.S. GeologicalSurveyOpenFile Report2007d
1257,112p. URL: https://pubs.usgs.gov/of/2007/1257/ofr200257v1.1.pdf
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demand fell faster than production, but recent production cuts are contributing to rebalancing the market
It returned to equilibrium in 20%%, reaching below USD 1700 per metric tonne.

638. Export prices of almost all products, excepdnganese articleahdmanganese oredose
to the manganese price and follow its fluctuations. One noticeable inconsistenapgdnese orgxrice
is its growth higher than other products in 2010 by 64%. AmBomganese articlegs price significantly
decreased by 31% in 2013, unlikeoth pr oduct sé prices. Worth to n
with metal prices in 2016, when manganese prices peaked, while export prices of manganese produc
decreased.

639. Considering individual States, changes in manganese prices and expomfmeeganese
products in Gabon are shown in Figure 6.25.
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Figure 6.25. Changes in manganese prices and export prices of manganese products in Gabon
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640. There are gaps in the graph 6.25 because Gabon does notreapgenese oxideferro-
manganese (more than%2 of carbon) andferro-silicon; also, becausterro-manganese (2 or less of
carbon)was exported from Gabon only once during this pefiad 2013; ferro-silico-manganesavas
exported in 2011, then exports stopped, and started again since 2014; and since 2015 exqragenese
articlesstarted. The export price changes of many products do not coincide with manganese prices due t
the abovemeitned gaps. The export price mlanganese orelsad great inconsistency with manganese
price changes in 2009 when the growthmanganese oresxport price was above 60.

641. The GDP of Gabon, the share of manganese products exports in its GDP and manganes
prices were considered (Figure 6.26).

299 6 Ha r aAnl20i6.@verviewof the Global Manganeséndustrywith a specialfocuson China.International
Manganese Institute (IMnl), Metal Bulletin Conference, March 24, 2016, Singapore. URL:
https://lwww.metalbulletin.com/events/download.ashx/document/speaker/8479/a0lD000000ZP1jZMAT/Presentation
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Figure 6.26. Changes in manganese prices, the GDP and export earnings from manganese products
exports in Gabon

642. Figure 6.26 shows that changes in export earnings from all manganese products exports
inconsistent with chages in the metal price. There is a great increase in export earnings in 201%py 92
while an increase in price was jus¥8 The GDP of the State hardly follows the trend of price and export
earnings changes. However, according to UNCTADstat data anvind d u a | Statesd G
expenditure and VA by kind of economic actiity the average share of exports of all goods and services
from Gabon during the last 10 years is%3s0 probably it includes exports of manganese products also.

As for the average share of mining, manufacturing, utilities in the GDP, it is als® BR¥o for the last
10 years.

643. Market shares of each manganese product for Gabon are shown in Figure 6.27
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Figure 6.27. Market share of Gabon for all manganese products

644. Gabon has a quite large sharenginganese oranarket (1%6), and it is the only significant
contribution of the State to manganese products markets.

645. Figure 6.28 shows concentrations offeatanganese market.

210 United NationsConferenceon Tradeand Developmeni UNCTADstat. Datacenter,Economictrends,National

accounts, GDP by type of expenditure, VA by kind of economic activity. URL:
https://unctadstat.unctad.org/wds/TableViewer/tableView.aspx?Reportld=95
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Figure 6.28. The concentration of manganese products markets

646. The average HHI score for teanganese oresarket is above 2500, which shows high
market concentration. The market foanganese oxiddgs low concentration, its HHI=1208s forferro-
manganese, (more than%2 of carbon)market with an HHI score of 1800, showing the moderate
concentration of the markeThe ferro-manganese (2 or less of carbonjnarket also has moderate
concentration, its HHI score equals approximately 1700. The markédrforsilico-manganesés low-
concentrated with average HHI=130®erro-silicon market has even lower concentration (HHI=900).
However, the concentration of theanganese articlamarket is very high (HHI=4500).

647. The analysis of manganese productsb6 expor
world export prices of almost all concerned manganese products are correlated with manganese price
except f@ manganese oremndmanganese article$n concerned StateGaboninone of t hese
export prices are correlated with manganese price, probably because of the gaps in exports of some produ
from Gabon. The same thing is for the relation of exparnings to manganese price and to the GDP of
the State. However, Gabon has quite a high share ofmtieganese oremarket, which is highly
concentrated.

Summary
648. Production of metals from manganese nodules can lower metal prices on the world market
bemause of increased supply. A decrease in metal

products, as exporters cannot sell their products at high prices anymore, but the products should be sol
Thus, the export earnings of the StatefedinThis can lead to the closure of mines, especially if the profits

of a mining company are less than production expenditures in such a situation when export prices are lov
Closure of mines, in turn, will cause unemployment and other social problems.

649. The present problem of the international economy is a high concentration of metal markets.
Probably, this problem would be solved, if production in the country with the highest market share
decreases considerably, or if there is increased production tinearm@untry. Low market concentration
may become even lower in the case of new production and exports source in the international marke
Concentration can also increase if production in one State increases until it displaces other exporters ar
becomes anonopolist.

650. These changes could happen with the start of seabed production in the Area. Exports of meta
products from the DLBPS can decrease, consequently, export earnings of the State can decreas
Potentially, this would decrease market concentration for metaligioend stabilize the world market, if
the State had a high market share. If the State had a low market share, and if the market has lo
concentration, the start of seabed activities could lead to even greater growth of competition on the marke

651. One of he possible reasons for high exports from the States concerned is economic processe
in the States, like devaluation of national currency. Devaluation means depreciation of the national currenc
against the US dollar. Trade in the world market and exggitamlucts occur in the US dollars. Income
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receiving by the country when exchanging the foreign currency to its national currency called devaluation
income. This income is noticeable when national currency rates are lower than the US dollar rates
Devaluaion processes lead to an increase in exports from the State. With this, the competitiveness of th
national economy and local goods in the international market is increasing. At the same time, domesti
production is stimulated. In particular, the devalmatof the national currency makes it possible for
exporters of this country to lower the prices of their products in foreign currency. They can receive a
premium when exchanging the proceeds of a more expensive foreign currency for a cheaper natione
currency, and sell goods at prices below the world average, which leads to their enrichment at the expens
of material losses of their country.

652. However, devaluation has disadvantages for the economy of the State. It can cause ar
increase in the inflation rata the State. Inflation rate increases, because when domestic products become
cheaper, manufacturers raise prices on the domestic market. Imported products become less competiti
and inaccessible to the average consumer, as well as their prices incoaas@d.of exchange rate leads
to a decrease in the inflow of foreign and national capital into the country.

653. At the beginning of devaluation, countries that artificially lowered the exchange rate of their
own currency face a revival of the economy, causedn increase in export competitiveness. However,
further restrictions on intrand intersectoral redistribution of resources are increasing, most of the national
income is directed to the sphere of production by reducing the share of consumptiarhichitieads to
an increase in consumer prices in the country, due to which there is a decline in the standard of living o
the population.

654. The DLBPS exports metal products and receives earnings in the US dollars, which are then
exchanged f ourren§iThetlogvér the exobhangelrate, the more devaluation income is received
by the State. However, in case of a reduction of exports, for instance, because of seabed production, tl
lower the exchange rate, the more is the loss of export earningsSiathe

655. The economic performance of the State in terms of exports is directly related to the
production of mineral. If there is a high demand for some products, production increases, especially ir
countries, which have high reserve bases. Certainly, drergeveral barriers that can limit production.
These factors include reserves depletion or unforeseeable production stoppages at active mines, the sl
speed of developing mining projects from exploration to production, economic aneesgtimnmental
determinants, high costs of production restricting extraction at certain prices, events such as strikes, plar
failures and other factors that can lead to unforeseeable production stéfpages

656. Probably seabed production is going to be started by such @syrike China, Japan,
France, Russia, Germany, Belgium. Currently, these countries are importers of metal ores from the DLBPS
Seabed production will provide these States raw materials, so their imports from the DLBPS will be
stopped. This will create natjve effects on the export earnings of the developing States. Besides, increased
volumes of raw materials in international markets will push the prices of metals down. Thus, export prices
of metal products from the DLBPS and, respectively, their expontregs will fall. A decrease in exports
may lead to a decrease in production rates, closure of mine sites, and consequently to decrease in exp
earnings of the State.

657. However, the reduction of exports of raw materials could stimulate the DLBp®dess
these materials in their own territory, to develop the metallurgical sector. This will provide a population
with working places and maintain the economy, as well as allow the DLBPS to export more valuable semi
finished and end products of metals.

211 Alves Dias P., BlagoevaD., PavelC., Arvanitidis N., 2018.Cobalt:demandsupply balancesn the transitionto
electricmobility. EUR 29381EN, PublicationgOffice of the Europearinion, Luxembourg
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B. Sectoral effects of the affected metals tariffs

658. As it was mentioned before, economies of the DLBPS are directly related to the production
of minerals. In periods of high demand for some mineral product, production of this mineral increase,
especially inlhe States, which are rich in this mineral resource, like Chile (copper), Zimbabwe (nickel),
DR Congo (cobalt), and Gabon (manganese). Mostly these are developing States, and for implementatic
of new mining projects, they need capital, which is rarelylabi@ in such States. Foreign investments can
help, but it is preferable to invest in projects in the States with a stable economic, social and political
situation.

659. Besides, barriers, such as reserves depletion, unforeseeable production stoppages at actiy
mines, slow speed of developing mining projects from exploration to production, economic and socio
environmental determinants, high costs of production restricting extraction at certain prices, strikes, plan
failures, and other factors can lead to urdesmble production stoppaéfés

660. Probabl vy, seabed production is going to |
Japan, France, Russia, Germany, and Belgium. Currently, these countries import metal ores from th
DLBPS, including those, which alikely to be seriously affected by seabed production. Raw materials,
obtained from manganese nodules, will be used by these States to produce the finished product, and th
will be no more dependent on the DLBPS. This will create negative effects faymei@snof developing
States by reducing their export earnings from exports of affected metals and, consequently, by decreasir
export prices of these metalsé products.

661. In addition, increased volumes of raw materials on international markets will pushgsrices
metals down, which is another related reason for the reduction of export prices of metal products in the
DLBPS and, respectively, decrease of their export earnings. After all, a decrease in exports because of ti
low demand for affected metals from DEBPS may lead to a decrease in production rates of raw materials
in these States, closure of mine sites, and, consequently, to decrease in export earnings of the State. Th
the decrease in export prices of raw materials directly influences the exrsetior of the DLBPS.

662. However, the reduction of exports of raw materials has positive sides: it can stimulate the
DLBPS to process these materials in their territory, as such developing the metallurgical sector. This will
provide a population witkvorking places and maintain the economy, as well as allowing the DLBPS to
export more valuable seffinished and finished metal products.

663. An important issue of future seabed production is where manganese nodules are going to be
processed. What is also impent is that currently there are no special metallurgical plants to extract metal
products from nodules. Such a plant can be located either in the Host Nation of a contractor or in anothe
State. In the first case, all the revenues will go to the cootrand the processor, which are probably the
part of one vertically integrated system, and to their Host Nation, not counting royalties. In the second case
even if the contractor and the processor are part of one vertically integrated system, sonmeyeartes$
will go to the State, where the processing facilities are located. If such plants are located in the DLBPS, thi
can be an additional source of revenue for these States.

664. It is expected that developed States, who are planning to start seabaglimihi& nearest
future, are going to process raw materials in order to use finished products in their country, not for the
primary purpose of exports, but to be independent on other States. However, the rest of the finishe
products, which are not demaiidi@ the State, probably can be sold on the international market to other
States. Thus, a new competitor on the market can appear, and its effect on market conditions will deper
on the quantity of its supply, export prices, as well as on the existingrmoation of the market. In the
case of a highly concentrated market, a new competitor, wanting to sell products for lower prices, car
change market concentration, reduce monopoly, and stabilize the market. In the case of a low concentrat
market, lower pgces of a new competitor can be the reason for the States, who sell for higher prices, reduce
their share or even exit the market.

212 Alves Dias P., BlagoevaD., PavelC., Arvanitidis N., 2018.Cobalt: demandsupply balancesn the transitionto
electricmobility. EUR 29381EN, Publicationffice of the EuropearlJnion, Luxembourg
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665. Thus, increased supply on the international market may reduce metal prices and export prices
of metal products. As was memntied before, a high supply of raw materials on the international market can
reduce exports of these materials from the DLBPS. This will stimulate the sale of these materials on the
domestic market for cheaper prices. Thus, industries that are locatedrdawn&om the mining sector
can source the raw material at a lower price. In the vertical structure of the minerals industries, metallurgica
sector and the sector of manufacture of metal products are sufficiently close to the extractive sector in th
value chain, so these sectors can benefit when more and cheaper raw material becomes availabl
Consequently, such industries can sell produced finished products at a cheaper price than would otherwi
be possible. In turn, this can enable the State to edpoend products at a relatively cheaper price that
therefore may get a larger share of the export market and receive more export earnings.

666. The highetvalue products are able to compete successfully in the domestic or international
market, so the sharepfr ocessed products in the Statebds ove
rest of the worldEconomies can benefit from downstream production through higher and more stable
export earnings resulting from a more diversified export offer, mongloyment, the acquisition of skills
and more advanced technology and linkages to other sectors. However, this again can result negativel
when returns, profits, and welfare of producers of the primary raw material diminish, which may lead them
to cut kack existing mining operations or new investments.

C. Potential effects of a targeted tariff on semfinished products

667. For four metals concerned in tiggidy, there are three sefmishedproducts, which were
considered

1 Copper mattes, cement copfprecipitated copperfHS 7401)i semifinished products of copper
production

T Copper, unrefined, copper anodes for electrolytic refinfH§ 7402)1 endproducts of copper
production, and

1 Nickel mattes, nickel oxide sinters and other intermediate prodticiskel metallurgyfHS 7501)
- semifinished products of nickel production.

Copper

668. Export prices for relevant products and metal prices for the DLBPS, which are likely to be
seriously affected, and for the world in general were analyzed together. A comparappefmattes
price changes is on Figure 6.29.
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Figure 6.29. Yeato-year changes in copper price and coppattesexport prices for the DLBPS, which
are likely to be seriously affected, and the world

669. It can be seen in Figure 6.29 that export pricesoppermattesvary widely for different
States andh comparison with the metal price. Export prices of DR Congo are consistent with the world
export price, and with the copper price. The greatest inconsistencies are for Chile, Peru, and Zambia. Tt
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decrease of export price for the latter may be relatede fact that Zambia terminated exports of copper
mattesin 2011 until 2017. To 2010, when export prices rose for all the States on averagépth8@ise

in Chile was by 23%6. In 2016 during the decrease in prices, the export price in iGbikased by 8%o.

As for Peru, in 2011 its export price has fallen by¥&4while prices in other States and in the world
increased. The opposite trend was from 2012 to 2013, when all the prices were falling, unlike the price ir
Peru, which was rising.

670. A comparison ofinrefinedcopperprice changes is in Figure 6.30.
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Figure 6.30. Yeato-year changes in copper price and unrefined copper export prices for the DLBPS,
which are likely to be seriously affected, and the world

671. It can be seen in Figure 6.30tleaport prices ofinrefined coppeare consistent with copper
prices for all States, except Zambia, probably because exports of this product were temporary an
terminated to 2012. Some discrepancies are noticeable for the export prices of Peru. I 200D a4,
for example, the export price ahrefined coppemcreased by 4% and &%, respectively, while export
prices of other States and metal prices were decreasing.

672. It worth considering exported valuaad quantities of copper seffimiished products for the
DLBPS together with metal prices. Chile, Peru, and DR Congo were chosen for further analgsisp&or
mattesijt is shown in Figures 6.31, 6.32, and 6.33.
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Figure 6.3. Yearto-year changes in cppr price, coppemattesexport prices, exported quantities and
export earnings of Chile
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Figure 6.2. Yearto-year changes in copper price, coppattesexport prices, exported quantities and
export earnings of Peru
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Figure 6.3. Yearto-year changes in copper price, coppattesexport prices, exported quantities and
export earnings of DR Congo

673. In general, a decrease in metal price leads to a decrease in export prices and export earning
and the opposite. However, an increakexport price not necessarily leads to the same rate of increase of
export earnings, for example, in Chile in 2010 export price rose bya28hile the rise of export earnings
was 121%, or inDR Congoin 2011 export price rose by 30, while the rise bexport earnings was just
3%. In some years, the increase of export price was in line with the decrease of export earnings (in 201
in Chile), and in the opposite decrease of export price sometimes was associated with the extreme rise
export earning§in 2012 in Chile). For example, the decrease in export price and at the same time the rise
of export earning happeneddR Congoin 2014 2015. During some years of high metal prices, even the
decrease in exported volumes could be in line with the ine@asxport prices, like in 2011 DR Congo
and 201€2011 in Chile.

674. Analyses olunrefined coppeprices for these States are in Figures 6.34, 6.35, and 6.36.
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Figure 6.34. Yeato-year changes in copper price, unrefined copper export pexgsrted quantities and
export earnings of Chile
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Figure 6.35. Yeato-year changes in copper price, unrefined copper export prices, exported quantities and
export earnings of Peru
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Figure 6.36. Yeato-year changes in copper price, unrefice@per export prices, exported quantities and
export earnings of DR Congo
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675. In general, a decrease in metal prices leads to a decrease in export prices and export earning
and in the opposite, an increase in prices leads to an increase in export pricagerimwrease of export
price never leads to the same rate of increase of export earnings, for example, in Chile in 2010 export pric
rose by 56, while the rise of export earnings was%6or in Peru in 2010 export price rose by%84
while the rise okxport earnings was 2@. In some years, the increase of export price was consistent with
the decrease of export earnings (in 2011, 2013 and 2017 in Peru), and in the opposite decrease of exp
price sometimes was associated with the rise of exportngar(in 20122013 in Chile, in 2015 in Peru).
During some periods of high metal prices, even the decrease in exported volumes could be associated wi
the increase of export prices, like in 201 DIR Congoand in 2010 in Chile, and in 2012011 in Peru.

676. It worth reminding that export data has many uncertainties, and cannot be considered as
absolute true information. That is why some extreme changes, like on thdarBphu forcopper mattes
may be the result of mistakes in the data.

Nickel

677. Comparison ofickelmattesprice changes is on Figure 8.3
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Figure 6.3. Yearto-year changes in nickel price and nickelttesexport prices for the world and for
Zimbabwe

678. It can be seen in Figure @.ghat export prices afickelmattesin general, follow the metal
price trends, but discrepancies happened. Until 2011, export prices in the world and in Zimbabwe coincid
with themetal price. After, significant variations of export prices started. For example, in 2013 the metal
price decreased, while export prices in the world rose by@4i Zimbabwel by 126%. After 2014,
when the export price of Zimbabwe has fallen by 108%@orts of nickeimattesfrom the State were
terminated until 2016.

679. It worth considering exported values and quantities of the product for the DLBPS together
with metal prices. A comparison for Zimbabwe is shown in Figurg. 6.3
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Figure 6.8. Yearto-year changes in nickel price, nickehttesexport prices, exported quantities and
export earnings of Zimbabwe

680. In general, a decrease in metal price leads to a decrease in export prices and export earning
and the opposite. However, increaseegport price not necessarily leads to the same rate of increase of
export earnings, for example, in 2010 export price rose Bg,9¥hile the rise of export earnings was¥s
or in 2016, when export price rose by PA9while the rise of export earningas58%. In some years,
the increase of export price coincided with the decrease of export earnings (2011), and in the opposite,
decrease of export price sometimes was associated with the extreme rise of export earnings (2014). Duril
some years of higimetal prices, even the decrease in exported volumes can coincide with the increase of
export prices and export earnings, like in 2010.

681. It is worth to mention for nickel also, that exports data has many uncertainties, and cannot
be considered as absolutadrinformation. That is why some extreme changes (2013, 2015) may be the
result of mistakes in the data. Besides, there are gaps in the graph, because Zimbabwe exported nicl
matteswith breaks.

682. Thus, it can be concluded that export prices are neasg as they may seem. In general,
they depend on export earnings and exported values, as well as on metal prices, but these are not the o
drivers. Sometimes under the effect of external factors, export prices can change completely inconsistel
with theabovementioned internal factors.

D. Potential effects of targeted tariff on end products

683. For four affected metals, most of the products are considered primapyadhutts. Changes
in export prices of the end products were analyzed.
Copper

684. There is only onend product of copper production. Export pricesefihed coppefor the
relevant DLBPS, which are likely to be seriously affected, and for the world in general were compared to
metal prices on the world mark&te graph forefined coppeis shown in kgure 6.39.
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Figure 6.3. Yearto-year changes in copper price and refined copper export prices for the DLBPS, which
are likely to be seriously affected, and the world

685. It can be seen in Figug 3 that export prices ofefined coppersignificantly vary from
metal prices for some States and for the world in general. Export prices of the world, Chile, and Zambig
experience the highest wvariations. For exampl e
in 2010 with growth # about 5%, an increase in the world price was%9whereas the price in Peru
decreased by 1%. The fall of prices in 2012 was more significant for Zambia, prices decreasedby 18
but then started to rise, unlike in other prices. Thus, in 2014, iteiprZambia increased by%4, when
other prices were kept negative growth rates. However, the fall of prices in 2015 was stronger for Zambia
like in 2012.

686. Itisworth to consider exported values and quantities of the products for the DLBPS together
with metal prices. The same as for sdimished products, Chile, Peru, and DR Congo were chosen for
further analysis of e mainegaompepuioed faldvs ip Figues 640, 6.A1n a |
and 6.42.
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Figure 6.40. Yeato-year changes in copper price, refined copper export prices, exported quantities and
export earnings of Chile
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Figure 6.41. Yeato-year changes in copper price, refined cogpgort prices, exported quantities and
export earnings of Peru
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Figure 6.42. Yeato-year changes in copper price, refined copper export prices, exported quantities and
export earnings of DR Congo

687. The general trend for refin@dpper is a decreaseriretal prices leads to a decrease in export
prices and export earnings, and in the opposite, an increase in prices leads to increase in export price
However, there were some periods, when an increase in metal price led to the decrease of expket price, li
in 2010 in Chile, while export earnings extremely increased. In periods of high metal prices, export earning:
and export prices can increase, even if exported quantities decrease. For example, in 2010 the metal pri
rose by 46%, export earnings of Panareased by 36%, the export pricerefined coppeincreased by
50%, but exported value decreased by 9%.

Nickel

688. There are also two end products of nickel production, but it is not exported by two concerned
DLBPS, so it will not be considered. A comparisofunwrought nickeéxportprice with nickel price is in
Figure 6.43.
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Figure 6.43. Yeato-year changes in nickel price and unwrought nickel export prices for the DLBPS,
which are likely to be seriously affected, and for the world

689. It can be seen in ure6.43that export prices afinwrought nickefor Madagascar and for
the world are fully consistent with nickel prices. Export prices of Zimbabwe widely vary from other prices.
For instance, in 2012, when metal prices and export prices in Madagascar and in the world decreased |
about 23%, price inZimbabwe peaked by 2%4. Probably, there could be uncertainties in the exports data.

690. Analyses of the@xported values and quantitiesusfwrought nickefor the DLBPS together
with nickel prices are shown on Figures 6.44 and 6.45.

850
750
650
550
450
350
250
150
50
-50
-150

Change, %

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

mmm Change of export earnings Change of exported volume
mmm Change of export price e\ price

Figure 6.44. Yeato-year changes in nickel price, unwrought nickel export prices, exported quantities
and export earnings of Zimbabwe
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Figure 6.45. Yeato-year changes in nickel price, unwrought nickel export prices, exported quantities and
export earnings of Madagascar

691. In general, a decrease in metal prices leads to a decrease in export prices and in the opposit
an increase in prices leads to an increase in export prices. There was one discrepancy in Zimbabwe in 20
when the metal price decreased by23but the exportiice rose by 2586. Such great peaks happened
several times for the exported volumes and earnings also. An increase in exported volume not necessar
means an increase in export prices and export earnings, consequently (Zimbabwe, 2009; Madagasc:
2015).In the opposite, sometimes a decrease in exported volumes may be associated with the growth i
export prices (Madagascar, 2017; Zimbabwe, 20012).
Cobalt
692. There are also two erfoducts of cobalt production. A comparisorcobaltmattesexport
price with cobalt price is in Figure 6.46.
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Figure 6.46. Yeato-year changes in cobalt price and cobadtitesexport prices for DR Congo and for
the world

693. It canbe seen in Figure 6.46 that export pricesaalt mattesfor DR Congoand for the
world are quite consistent with cobalt prices. Generally, price growth ral¥R Gongoare higher than in
the world, for instance, in 2017 tB&R Congoprice rose by 856, whereas the world priéeby 68%. The
metal price increase in 2017 year was %25

694. Comparisorof thecobalt oxidesxport prices for DR Congo with cobalt pricesi®wn in
Figure 6.47.
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Figure 6.47. Yeato-year changes in cobalt price and cobalt oxides export prices for DR Congo and for
the world

695. Unlike cobalt mattes export prices forcobalt oxidesvary from metal prices, but the
variations of export prices of DRongo are close to metal prices during some periods. In 2010, when the
metal price increased by %3, the export price in DR Congo increased % 4whereas the world price
fell by 31%. In 2012, in the opposite, the world price rose bydswhenother prices have fallen. The
greatest rise of the world price was in 2014 (%5 when the metal price rose by % DR Congo price
T just by 1%. In 2015, in turn, the price of DR Congo rose by#9vhen the metal price fell by%, the
world pricei by 41%.

696. Comparison of export prices of each product with export earnings, exported volumes and
metal prices follow (Figures 6.48 and 6.49).
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Figure 6.48. Yeato-year changes in cobalt price, colalittesexport prices, exported quantities and
export eanings of DR Congo
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Figure 6.49. Yeato-year changes in cobalt price, cobalt oxides export prices, exported quantities and
export earnings of DR Congo

697. The general trends as for other metals-pratiucts noticeable for the cobalt gmaducts
also. An incease in metal price causes an increase in export prices, excagbdtimattesn 2015 when
the metal price decreased byo7and the export price increased b$o7 Cobalt oxides experienced
extremely high growth rates of the export earnings andxperted volumes in 2010 and 2015.

Manganese

698. Many manganese emtoducts were considered in the analysis, but only three of them are
exported from Gabon, which is the only DLBPS concerned in the study. However, exptetsoof
manganese (2o or less of cebon) from Gabon was only in 2013, so it does not make sense to consider
this product. In addition, worth to note that exports of two other products from Gabon were not during all
10 years period.

699. Comparison offerro-silico-manganeseexport prices for Gabo and the world with
manganese prices is given in Figure 6.50.
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Figure 6.50. Yeato-year changes in manganese price and f&timb-manganese export prices for
Gabon and for the world

700. It can be seen in Figure 6.50 that, generally, export priceymfsilico-manganesén the
world are quite consistent with manganese prices. The same is for export prices of Gabon where availabl
However, in 2013 when the manganese price increased%y the world export price fell by %; in 2016
the metal price rosby 35%, whereas the export price in the world decreased %yahd in Gabon by
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26%. In 2017, the metal price increase w&s,4dut the world export price rose by %9and in Gabon the
price increased by 5.

701. Comparison ofnanganese articlesxport prices for Gabon and the world with manganese
price is in the following Figure 6.51.
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Figure 6.51. Yeato-year changes in manganese price and manganese articles export prices for Gabon
and for the world

702. The graph in Figuré.51shows that expomrices ofmanganese articlein the world are
fully inconsistent with manganese prices. It seems that the metal price is shifted against the world expor
price. Thus, in 2011 the metal price fell b§band the world export price increased by455n 2013the
metal price, in the opposite, increased bydavhereas the world export price decreased I 3ih 2015
the metal price again decreased byd@nd the export price increased b%7The greatest discrepancy
happened in 2016, when the manganese greaked by 3%, but the world export price fell by 22.

703. Comparison of export prices of each product with export earnings, exported volumes and
metal price are given in Figures 6.52 and 6.53.
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Figure 6.52. Yeato-year changes in manganese prieeo-silico-manganese export prices, exported
guantities and export earnings of Gabon
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Figure 6.53. Yeato-year changes in manganese price, manganese articles export prices, exported
guantities and export earnings of Gabon

704. From the graph in Figure 6.518,is hard to say anything abontanganese articlelsecause
exports of this product from Gabon just started in 2014, that is why the growth rate is extremely high.
Exports offerro-silico-manganeseestarted in 2014 also, so growth rates are also higipjtdenegative
movement of the metal price. In 2016 the export pricéenb-silico-manganesealecreased by 2%,
whereas the metal price rose by%5and export earnings and volumes increased too. In 2017 despite the
negative growth rate of exported volarofferro-silico-manganesegxport price and, consequently, export
earnings increased by 98 and 35, respectively.

705. Thus, it can be concluded that the same as for-Brisiied products, export prices depend
on export earnings and exported values, dsaseon metal price, but these are also external factors, which
can strongly influence export prices, and they, in turn, can influence export earnings and economies of th
DLBPS, which are likely to be seriously affected.
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7. POTENTIAL IMPACT ANALYSIS AND DISCUSSION

A. ldentification of relevant developing landbased producers

706. Tables7.1i 7.4 show DLBPS that mine copper, nickel, cobalt and manganese. Some of them

process mining products.

Table 7.1 Developing countries producing copper products

Mine producers Blister copper producers Refined copper
(primary) producers(primary)
Chile China* China*
Peru Chile Chile
China* India* India*
D.R. Congo** Zambia ** D.R. Congo**
Zambia** Peru Zambia**
Indonesia* Mexico* Mexico*
Mexico* Indonesia* Peru
Brazil* Philippines* Indonesia*
Mongolia Iran Philippines*
Iran Brazil* Iran
Laos™ South Africa* Brazil*
Papua New Guinea Turkey* Myanmar**
Saudi Arabia Namibia Turkey*
Turkey* Pakistan South Africa*
Philippines* Vietnam Laos**
South Africa* Oman Namibia
India* North Korea Mongolia
Morocco Botswana Oman
Myanmar** North Korea
Mauritania Vietnam
Argentina Zimbabwe
Eritrea** Bolivia
North Korea
Namibia
Vietnam
Pakistan
Colombia
Dominican Rep.
Zimbabwe
Bolivia
Botswana
Tanzania**
O010% of t he wo| 2i10% of the world's " 2% of the world's production
production
Source: ICA

* Newly industrialized country
** | east developed countries
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Table 7.2Developing countries producing nickel products

Mine producers Interm;tilgigrrsducts Primary nickel producers
Indonesia* Indonesia* China*
Philippines* Philippines* Indonesia*
China* Cuba* Brazil*
Brazil* Papua New Guinea South Africa*
Cuba Turkey* Colombia
Guatemala Madagascar**
South Africa* Myanmar**
Colombia Cuba
Madagascar** Dominican Rep.
Papua New Guinea Guatemala
Myanmar**
Turkey*
Zimbabwe
Dominican Rep.
010% of the wol|2i10% oftheworld's ' 2% of the world's production
production
Source: INSG

* Newly industrialized country
** | east developed countries

Table 7.3 Developing countries producing cobalt products

Mine producers

Refined cobalt producers

D.R. Congo** China*
China* Madagascar**
Cuba Zambia**
Papua New Guinea Morocco 1.5
Zambia** South Africa*
Madagascar** D.R. Congo**
Philippines* Brazil*
Morocco
South Africa*
Brazil*
Indonesia*
O010% of t he wo| 2i10% of the world's " 2% ofthe world's production
production
Source: BGS

* Newly industrialized country
** |_east developed countries
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Table 7.4 Developing countries producing manganese products

Mine producers Ferro-alloys producers
China* China*
South Africa* India*
Gabon Malaysia*
Ghana South Africa*
Brazil* Brazil*
India* Mexico
Malaysia* Gabon
Mexico Egypt
Myanmar**
Cote d'lvoire
Morocco
Iran
Turkey
Namibia
Egypt
Peru
Vietnam
Thailand
Sudan
Kenya
Oman
Pakistan
Philippines

O 1 0 %heonrld's production| 2i 10% of the world's " 2% of the world's production
production

Source: BGS
* Newly industrialized country
** _east developed countries

B. Assessment of potential impact on relevant developing laraased producers

707. As shown in chapter 4C, mining of polymetallic nodules may bring to the market significant
guantities of metals contained in nodules. These quantities would be proportional to the number of
contractors operating at a given time, each of whom would be gr@ninillion nodules per year. It is clear
that 12 contractors could generate the maximum revenue: their combined production would correspond t
approximately 5@6 of current cobalt and manganese production, approximatedyg 20 nickel, and
approximately 26 of copper. However, such development is unlikely. The market entry of two or six
tractors seems more realistic. Possible scenarios for the development-sédeeining and its relationship
to projected consumption with different numbers of activerectdrs are discussed in detail in chapter 4C.

708. When considering individual markets of affected metals, we noted that even relatively small
additional portions of metal that entered the market at an unfavorable moment (when it is oversaturated c
in a balaced state) can lead to a fall in prices for affected mefésalso noted that even if new metal
supplies did not upset the supply/demand balance, they could still cause prices to fall, as they would reduc
supply tensions and also put psychological pressn other market participants. The consequences of
lower prices will be determined by their scale and financial and economic condition of market participants
at all levels (from individual enterprises to industries of entire countries and regiort®.gsame time, we
consider it important to note that three of the metals under consideration (copper, nickel and cobalt) ar
often found in ores together (copper + nickel; nickel + cobalt; copper + nickel + cobalt). In case of
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asynchronous price dynamicg fbese metals, the decrease of one of them can be compensated by the level
of the other. However, in case of a synchronous decrease, the negative effect may increase significantly.

709. In addition, in assessing the potential impact of polymetallic nodulemgnithe cost of
nodules as an analogue of ore or concentrate for processing operations and the cost of copper, nickel, cok
and manganese products from the processing of polymetallic nodules should be taken into accour
compared to those from lasthsedmining. However, this issue has not been sufficiently studied to date.

710. If the market situation unfavorably develops, the start of production may lead to global,
regional (affecting individual countries or groups of countries) or local (affecting individua
enterprises/companies) consequences. At the same time, we believe it is important to emphasize the clo
causal links between the consequences of all three levels.

711. Speaking about global effects, they include changes in the nsanxely/demand balance,
which may cause excess supply of one or more of the four metals in question.

712. With regard to the decline in prices for commodities derived from the metals under
consideration as a result of increased supply, we would like to empbasgagain that its scope will be
determined by the specific conditions that will characterize the market at that time. At the same time, evel
a relatively small price decline may lead to critical consequences for specific market participants.

713. Decrease irprices for one or more of the four metals under consideration will trigger a
cascade of diverse local and regional effects.

714. Here are some examples of such cascades:

i. decrease in profitability of enterprises up to their transition to the categonpuosfitable
Y reduction in production (transition t
enterprises Y reduction in the volumes of
Y tax cuts and reduced revenues to budget

ii.  decrease in profitability of enterprises up to their transition to the category of unprofitable
Y reduction of production (transition tc
suspension of enterprises Y reslutiodudtni
export volumes Y reduction of export reve

iii. decrease in profitability of enterprises up to their transition to the category of unprofitable

Y reduction in production (tr anBzatibn) orn t
suspension of enterprises Y reduction in
af fected enterprises Y decrease in |ivin
workers in affected ent er prronsfaniliesvf wirkecsr e a
in affected enterprises Y decrease in f
families of workers in affected enterpris
service enterprises Yeorpddeucetnpolnoyiend tihne tnh
... Y general decline in living standards
enterprises Y emergence of social tensior

iv.  decline in profitability of enterprises up to their transitiom t he category of
reduction of production (transition to operation with partial capacity utilization) or
suspension of enterprises Y closure of €
general decline in living standards and employta# population in the zone of influence
of affected enterprises Y emergence of h
etc.

715. It should be noted that different cascades of consequences will act synchronously.

716. Local and regional impacts are spdéng at the global level. This transmission will manifest
itself, inter alia, in a decline in world production of one or more of the four metals in question, which will
entail a shift in the demand/supply balance towards deficit and a correspondinginhamagemovements.

The structure of the mining and metallurgy industries and the global value chain will be affected.

717. As for the structure of the mining and metallurgical industries and the global value chain,
they may be affected by the intended purpmidbe extracted polymetallic nodules. Let us assume that the
fidestinatio® of nodules are operations that focus on supplying the metals under consideration to the
sponsoring states of the contractors. The sponsoring states of the contractors thattrpeydstaion
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before 2035 include China, Japan, France, Germany, Belgium and Russia. All these states are maj
importers of mining and/or metallurgical products of one or more of the four metals under consideration.
The emergence of their new source adarction will lead to a reduction in their imports from traditional
supplier countries. For example, China imports manganese ore in large quantities (the main suppliers amor
developing countries are South Africa, Gabon, Ghana and Brazil), copper pi&@hiesPeru, Mongolia,

etc.), nickel (Philippines, Indonesia) and cobalt (DR Congo). These countries are the main suppliers of th
metals under consideration to other sponsoring states. As a result of the commencement of polymetalli
nodule mining, the import requirements of sponsoring states from traditional supplier countries will
decrease or no longer exist. These supplier countries will be faced with the need to enter new markets.
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C. Discussion of uncertainties in impact analysis, including future supgland demand
prospects

718. The sustainable functioning and progressive development of the mining industry as a whole
and its individual enterprises in particular, as well as the development and mastering of the mineral resourc
base is subject to the influenakemultiple factors: economic (including macroeconomic), financial, market
(including price), political (external and/or internal), social, environmental, technological and even
climatic. At the same time, they can have both positive and negative inmpée situation.

719. In addition, there is a separate category of purely negative féctomtingencies that may
affect enterprises at any stage of their development. These may include various production risks (energ
supply disruptions, equipmefdilures, geotechnical failures, etc.), natural disasters, accidents, etc. The
effect of their influence can be both shtstm and longerm. In some cases (such as natural disasters),
they may affect not only individual enterprises, but also entire dear&nd regions.

720. With regard to the metals under consideration, such factor as the growth rate of the world
economy is of universal nature. At the same time, manganese and copper markets are most affected by tl
factor, while cobalt is the least affectechich is determined by the specifics of use of these metals.

721. In terms of the current situation, all international organizations and experts have noted a
slowdown in that pace. Thus, the International Monetary Fund (IMF) in the October issue of its regula
review AWorld Economic Outlooko noted that t h
slowdown?®® This was the reason for the systematic decrease in the forecast indicators of the world
economy growth rates in 2022021, which could be observed éach new issue in 2019 and in the
beginning of 2020.

722. The same universality is characterized by such factor of growth of consumption of
considered metals, as development of fAgreen t e
and solar powegenerations, etc.). It may even have some impact on the growth of manganese consumption
although it is fundamentally less than for copper, cobalt or nickel.

723. Despite optimistic forecasts, the gl obal
slowed down or even stopped. The reasons for this may be the lack of energy capacity and necessal
infrastructure (for the development of the electric transport industry), the reduction of government support,
which is currently t heogmeaism, eregipreeiafl | §gr ee nChti
factors. Moreover, if we talk about China, it has already announced changes in the policy of stimulating
new energy vehicles to reduce subsidies by an average of 50% from July 2019. As already refharted, wi
these subsidies, Chinese electric vehicle manufacturers have to raise prices, which leads to lower sales a
production volumes as they become less affordable for constifners

724. EV-revolution risks are often overlooked, such as reputational risks in the eliokelg
extractive sector, the scarcity of essential raw materials, and underestimated environmental impacts (th
climate and environmental impact of electric transporftencunderestimatétp).

725. Speaking about deegea mining, its commissioning will create additional risks for land
producers. The extent of their impact will largely depend on the supply/demand balance that will actually
emerge in the market by the time igies and will remain as it increases.

726. In the first quarter of 2020, the world was struck by an outbreak of coronavirus infection,
COVID-19, which became a pandemic. As a result of the antiviral measures taken, the world economy ha
virtually stopped. As INF notes in its April revied® in 2020, the world economy will face the worst
recession since the Great Depression: global economic growth in 2020 is projected to be ne@&five at

213IMF (2019),World EconomicOutlook, October2019,
https://www.imf.org/en/Publications/WEO/Issues/2019/10/01/weddnomieoutlook-october2019

214 Mining ReviewAfrica. Batterymetals:Long termdemandemainsstrong,29.01.2020,
https://miningreview.com/battemnetals/batterymetalslong-term-demaneremainsstrongdespiteprice-woes/
215 SpecialReport:The hiddenrisks of the electriccarrevolution,Global Risk Insights,31.01.2018,
https://gldalriskinsights.com/2018/01/electid@rrevolutionrisks/

216 IMF (2020),World EconomicOutlook, April 2020,
https://lwww.imf.org/en/Publications/WEOQ/Issues/2020/044B& april-2020
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This is much more than during the 202809 financial crisis. Moreoveeconomically developed countries
will suffer the most: their decline will amount 6.1 %. For emerging markets and developing economies,
the projected decline is fundamentally lesk%). World trade volumes will decrease by %1(and by
9.6 % for emergng market and developing economies).

727. Atthe same time, IMF believes that due to specific reasons for the current crisis, the recessior
caused by it will be shotived. According to the baseline scenario, the global economy is expected to grow
by 5.8% akeady in 2021 (6.66 for emerging markets and developing economies). At the same time, world
trade volumes will increase by 84 (and by 124 for emerging markets and developing economies).

728. If these forecasts are confirmed, the current recession widlffeatt the mediumand long
term forecasts for the development of the mining industry in general and the metals in particular. It is
unlikely that the recession will affect the prospects for eeszpmining as well.

729. However, if the recession is prolongedthe pace of economic recovery is slower than
expected, it could lead to noticeable negative consequences for the entire mining and processing industr
including the metals under consideration. They may manifest both in decrease of expected consumptio
growth rates and in the development of the extractive sector. Then it is also expected to shift the terms ¢
subsea production to a more distant future: both because of the lack of necessary investments for i
development and because of changes in theehaitkiation in general.

730. Besides universal factors, there are specific risks for the market of each particular metal. We
consider the main risks below.

Copper

731. The supply of raw materials to the global copper industry as a whole is quite high: 35 years
on te basis of reserves and more than 100 years on the basis of resources. The prospects for growth
copper production and its supply to the world market, as noted in chapter 4C, are mainly related to the
possible involvement of new deposits, as well dbeexpansion of capa@@s of some existing operations.

732. Theworld'sleading copper producer and supplier of mine copper is Chile, providing 28% of

global copper mine production. Chile has the largest copper mines in the world, where the reduction o
increase in production volumes may have a significant impact on the global market situation. Production
levels are negatively affected by strikes, which have increased in recent years. For example, in 2017, 12
thousand tonnes of copper were lost due to-dag¢Ztrike at Escondida mine alone. Strikes are also taking
place in the mines of the Chilean statened company Codelco, which is the world's largest copper
producer. At the end of 2019, the company reported that it had to cut its investment programdue 20%

to increased allocations to the country's budget amid numerous protests. Thus, the plans for the transitic
to underground exploitation of Chuquicamata's largest mine, as well as the El Teniente mine life extensiol
project, may be adjusted.

733. Unpredictdle factors affecting copper production in Chile also include climate: severe
droughts traditional for the region, and heavy rains. While mining companies are building desalination
plants to minimise the impact of droughts, heavy rains can cause minspénd operations, as happened
in March 2019.

734. Similar problems are also relevant for Peru and Mexico, the world's major copper producers.

735. Other DLBPS included imop-10 world leading copper producing countries are China,
Democratic Republic of Cong®RC), Zambia and Indonesia.

736. China, as a major copper producer, is also a major global copper consumer. Moreover, its
own mine production is unable to meet the demand of its domestic congurtierse are few large mining
enterprises in China, the bulk@dpper production is provided by numerous medium and small mines. This
made the country the largest importer of copper concentrates. However, Chile and Peru provide more the
half of the supply in roughly equal proportions. Consequently, a possible medurcproduction in these
two countries could have a negative impact on China as well.

737. Of African countries, the most problematic is the DRC, where artisanal mining, including
with the involvement of child labour, provides a significant proportion of aopeluction (about 2@6).
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The world community is taking measures to control mining in the country, and a number of major car
companies have announced the termination of copper (and cobalt) supplies from the DRC.

738. In Zambia, two copper smelters, Mufulira and Nchanga, were shut down in 2019 for various
reasons, which may cause a decline in copper production and output, exports of which account for mor
than half of the country's total exporeenues

739. In Indonesiacopper mining problems may arise from a ban on export of certain types of
minerals, which will primarily affect the nickeidustry, but will also affect copper industry. The ban will
enter into force in January 2022; it is assumed that by that time ungiedil capacities for processing of
raw materials will be created in the country. Currently, abo@b4f copper concentrates are processed in
the country.

740. In addition to the problems of specific countries, it is important to note the general trend
towards expensiveindergroundnining of copper deposits and a decrease in the average metal content in
ores. In addition, it is necessary to take into account the constant shifting of the terms of development o
socalledi s | e e pi @ glarge and gidantsnewopper depositd for various reasons, from financial
and economic to environmental. At the same time, the commissioning of one or more such facilities may
have a significant impact on the global copper market.

741. As follows from the above, the presence ighgficant resources of metal in the subsaoil is
not yet a guarantee of ensuring its sustainable production and, moreover, of increasing its pace. Therefor
any forecasts of global copper production (as well as any other metal) have a rather largetymaiiabil
and in developing countries with unstable economic and political environment this uncertainty will be
maximized.

742. In addition tocoppermining from the subsoil, we need to take into account the possible
growth rate of secondary metal productiath which the situation is ambiguous. On the one hand, the
trend towards recycling in general should lead to the growth of secondary copper production. At the sam
time, China, the main producer of secondary copper, iR201® imposed a ban on the impoftcopper
scrap, while increasing the import of concentrates. Meanwdil@ajor German copper semioducer
Aurubis in late 2019 reported on the production reorientation from the production of flat products to copper
scrap recycling.

743. Due to the wideange of applications, demand for copper is expected to grow. As shown in
chapter 4C, its projected growth rate varies betweed 28 High growth rates of copper consumption

are primarily associated with the dles\amdlramgvabien t
energy (wind and solar power generations, etc.). Nevertheless, as mentioned above, despite optimist
forecasts, the global transition to Agreen tect

744. If the globalenergyindustry cominues to be based on carbon fuels, copper consumption
could also grow rapidly. However, this requires strong economic growth, and, as mentioned above, ther
are currently not many prerequisites for it. At the same time, against the background of a slawidaw
growth rates of such countries as China, USA, Japan, economic improvement is expected in a number
developing countries: India, Indonesia, Mexico, South Africa, which can provide for the growth of demand
for red metal.

745. However, China will remainhe main copper consumer in the future, which will largely
determine thgrowthrate of demand for the metal. In genefilade waré between China and the US,
unstable economic situation and tense geopolitical situation have a negative impact ondtoeppar
market.

746. As for the impact on deegea mining, according to the scenarios we are considering
(chapterdC), at the time of its proposed start (i.e. by 2027) only &3amnual growth in consumption
could cause copper deficit in the market. In tbése, even under the maximum scenario (with the
participation of 12 contractors) the copper supply/demand balance would not be seriously affected
However, it could still lead to some price reductions, as it would reduce possible supply tensions. With
lower consumption growth rates, copper shortages may manifest themselves either in the early 2030s
none at ald all the world economy's copper needs may be met byldasdd production and secondary
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metal. In such a situation, the untimely appearances@h emall volumes of copper from polymetallic
nodules may put pressure on the market and give an additional incentive to lower prices.

747. In the face of low or declining prices, competition between producers of all types (including
deep sea producers) willtamsify. In this struggle, enterprises whose products will be characterized by the
lowest cost will have an advantage. This competition may result in the exclusion from the market of the
least coseffective operations, which may include contractors.

Nickel

748. The supply of raw materials to the world nickel industry at the current level of production as
a whole is quite high and is more than 40 years on the basis of reserves and more than 60 years on the be
of resources. The prospects for the growthickel production and its supply to the world market, as noted
in chapter 4C, are related to the development of new deposits and, to a lesser extent, to the increase
production at existing operations.

749. The main consumer of all nickel products, from eiabre to refined metal, is China. AlImost
all the changes that have taken place in the structure of the nickel industry are related to the developme
of the Chinese economy and the growth of nickel consumption within the country. As a result, countries
that produce nickel products have become dependent to varying degrees on the state of China's consumi
industries. First of all, it concerns countries whose nickel industry was developing with an emphasis on
Chinese consumers. These include primarily DLB&&h as Indonesia and the Philippines as well as Papua
New Guinea and Myanmar. Some traditional nigkedducing countries have reoriented their exports to
China as Chinese demand develops and are also highly dependent on the situation in that cosmtry. The
include South Africa, Cuba, Brazil, Colombia and some others. Obviously, the decline in nickel
consumption by China will lead to the emergence of huge surpluses in the market and disruption of the
existing trade flows. Thus, the demand factor for nibleh the Chinese industry is currently a global risk
for the entire nickel industry.

750. However, there are also local risks that not only affect the status of a particular market
participant, but influence its partners.

751. Among the major nickel suppliers ardbnesia and the Philippines. As shown in chapter 4
(sections C, D, E, F), nickel production in these countries has undergone the most significant changes i
the past decade, affecting the global nickel industry as a whole. Nickel production in theaptiér T
countries remained fairly stable

752. For both countries, the government's policy towards the mining and metals industry has been
a determining factor in production dynamics. In Indonesia, however, emphasis was placed on domesti
development of the procgiag sector, while in the Philippines more ecological activities, especially
tourism, were emphasized. This led to a reduction in raw material supplies from these countries, whick
affected primarily China, its main consumer. As a result, a number of @hapesations had to reduce
production of nickel metallurgical products.

753. However, the market supply of the metal as a whole was affected shgtitig ban on the
export of nickel ore in Indonesia in 2012017 led to the accelerated construction of feicel plants.
As aresult, by 2017 the country's metallurgical production increased by 10 times (from 22 thousand tonne
in 2014 to 204 thousand tonnes in 28%)7and continues to grow: analysts estimate that it is expected to
grow to 530 thousand tonneg B02G*8. In so doing, the Indonesian operations are launched at the expense
of Chinese investors. Thus, the retired Chinese facilities were quickly replaced and the nickel market
remained in a fairly balanced state.

754. In this regard, the risk of reducingettsupply of raw materials for Chinese consumers
remains. The ban on the export of nickel ore from Indonesia was renewed on January 1, 2020, and tf

217 |InternationalNickel StudyGroup(INSG). World Nickel Statistics.Yearbook.Vol XXVIIl. No.12.November
2019

218 ReutersCommoditiesMinerswelcomelndonesiarexportore ban,plan smeltingexpansion
https://lwww.reuters.com/article/usckelindonesia/minersvelcomeindonesiarexportore-banplansmelting
expansionidUSKCN1VW2AP
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situation with production in the Philippines remainghe banned operations are still not active. This may
lead to further decrease in metallurgical capacities in €fina

755. However, the situation with raw material supply should not affect the consumers of final
productsd the outgoing production capacity will be compensated by Indonesian goods to be produced at
enterprises owned by Chinese companies. Under these circumstances possible changes in the Indones
government's policy aimed at further development of its industry and consumption sector, with similar
export bans on other nickebntaining products, wilemain the main risk for the consumers.

756. The main risk for the consumption prospects is a slowdown in transport electrification. As
mentioned above, the reasons for this may be, inter alia, the lack of energy generating capacities and tt
necessary infragicture for the creation and functioning of electric transport production, the lack of state
support, which is now the main engine of fAgreer
factors. EVrevolution risks are often overlooked, suchk eputational issues in the closéhked
extractive sector, the scarcity of essential raw materials, and underestimated environmental impacts (th
climate and environmental impact of electric transport is often underestifated)

757. As shown in chapter 4C, at present, it is the demand for nickel products from manufacturers
of high-capacity batteries for electric vehicles that is developing most dynamically. To ensure this, new
operations are launched and new deposits are preparddvigiopment. It should be noted here that for
these purposes specific products are produced, which are in demand mainly and specifically in batteries. |
case of a slowdown in the development of the EV industry, the demand for nickel and, consequently, its
prices may decrease. This will lead to the shutdown of most of the new deposit development projects as tt
nickel market is close to the balance without taking into account EV demand.

758. The nickel market is expected to face a deficit in the next two3/édrsthe long term, if
the rate of development of electrification of transport is maintained, it will grow, but it is impossible to
estimate what the real rate of its growth will be. As shown in chapter 4C, under the pessimistic scenario o
consumption gnaith (Case 1) primary metal production will not be able to meet demand for it only after
2029. At the same time, it should be taken into account that in the period of excess nickel production ir
20122015 (chapter 4C) substantial stocks have been accumhaladeock exchanges; their introduction to
the market, as well as the expected increase in recycling, will help to reduce the expected deficit.

759. As for the impact on the mining situation, according to the scenarios under consideration
(chapter 4C), providethat it starts in 2027, their entry into the market will not lead to nickel oversaturation
and thus there is no reason to expect severe consequences for other market participants. Nevertheless, €
under these conditions, there may be some declinéciespraused by the very fact of additional quantities
of metal.

760. If production starts earlier than our scenarios suggest, it is likely to shift the supply/demand
balance towards surplus. Then the drop in prices will become inevitable. Its consequeraegzsendl on
the scale of the fall and the situation at specific nickel enterprises. In the competition that will unfold among
producers, the enterprises producing the lowest cost products will have the advantages. This competitic
may result in the displacaemt of the least economically efficient enterprises from the market, which may
include contractors.

Cobalt

761. The supply of raw materials to the world cobalt industry as a whajeitis high: 45 years
on the basis of reserves and more than 100 years on the basis of resources. Growth prospects of cok
production and its supply to the world market, as noted in chapter 4C, are mainly related to the possibls
involvement of new fieldsas well as to the expansion of the cafyaai some existing operations.

219 INSG. PressReleaselNSG October2019Meeting.22.10.201ttp://insg.org/wp
content/uploads/2019/10/pressrel_INSG_Press_Release October2019.pdf

220 SpecialReport:The hiddenrisks of the electriccarrevolution,Global Risk Insights,31.01.2018,
https://globalriskinsights.com/2018/01/electciarrevolutionrisks/

221 INSG. PresReleaselNSG October2019Meeting.22.10.201ttp://insg.org/wp
content/uploads/2019/10/psesl_INSG_Press_Release October2019.pdf
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762. As noted earlier, cobalt is mainly a-pyoduct of copper and nickel production. Therefore,
its current and future mining production is practically not controlled by the situatitye imarket for this
metal. This turns out to be particularly sensitive for the market, when the trends in consumption of cobal
and basic copper and nickel-pyoducts are omnidirectional.

763. Mining production of cobalt is characterized by higggographicatoncentration. Currently,
more than 60% of global cobalt mine production is provided by DR Congo, and by t2@29sl its share
may increase to more than 8 Such a high concentration of production itself represents a high risk for
supplies. In the casof DR Congo, this risk is fundamentally increased due to the domestic political and
economic situation in the country.

764. A large proportion of the risks associated with DR Congo are due to the high proportion of
artisanal (aboul5i 20 %), where child labauis often involved. While the main growth in DR Congo's
production will come from industrial mining, the rise in metal prices in PPQT8 ensured an influx of
labour into smalcale mining, which is of vital importance for povestyicken local popul&in. Although
artisanal mining is legislated (DRC Mining Code 2002 and new DRC Mining Code 2018) and is legal in
formally established artisanal mining areas, in practice it is largely illegal and unregulated. Typically,
illegally produced concentrates aseld to local intermediaries and resold by them to larger trading
companies and processors.

765. In recent years, civil society has repeatedly criticized the cobalt supply chains associated
with DR Congo and called for greater consumer compliance with duertibgrequirements in order to
confront social disadvantages such as child labour or unstable working conditions during exiiagon.
Diligence Guidance for Responsible Supply Chains of Minerals from CeAffietted and HigkRisk
Areasy?? developed bythe OECD, which is applicable to all types of minerals and therefore cobalt,
provides a basis for addressing relevant supply chain risks. Although not defifimohfict minerad,
cobalt is subject to similar risks due to framework conditions in theaagl and smaBcale mining sector
in DR Congo. The problem is not the artisanal origins per se, but a review and improvement of mining
conditions. The OECD recommends that international buyers and their customers, when purchasing cobg
from DR Congo, esure that mining and processing in the country complies with due diligence requirements
such as legality, absence of child labour, lack of conflict financing and supply chain traceability. This
requirement must be critically reviewed, particularly in theecof documented or suspected origin of the
ores from smalkcale artisanal mining. Since supply chains with cobalt that is allegedly only industrially
mined may also contain artisanal cobalt, a detailed assessment of supply chain risks is essem#ailtAs a
some companies and industry associations in the downstream cobalt supply chain also emphasize the ne
for due diligence. Specifically, two general risk categories can be distinguished for cobalt sourcing from
the DR Congo. On the one hand, thare supply chaimelated risks that must be considered in the context
of due diligence and corporate reputation. In addition to these supplyrelatied risks, raw materials
sourced from the DR Congo are also exposed to generally higher country risks rélatively weak
government structures and the volatility of the security and political situation in the country, which can also
influence relatively stable areas such as the former province of Katanga, where the majority of the country’
copper and caddt production takes place.

766. The production of cobalt in DR Congo and, consequently, the volume of its supply to the
world market will be significantly affected by any changes in the country's legislation and tax policy with
regard to production. The adagi of the new Mining Code in 2018asexample of this. Among its key
provisions are introduction of a 10 per cent royalty for strategic minerals, which include cobalt, and creation
of a special 506 tax on excess profits, defined as profits made whemanodity exceeds by Z& the
price used inthe bankable feasibility study.

222 OECD(2016),0ECD DueDiligenceGuidancefor Responsiblé&upply Chainsof Mineralsfrom Conflict-
AffectedandHigh-Risk Areas:Third Edition, OECD Publishing,Paris.http://dx.doi.org/10.1787/9789264252479
en
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767. Thus, there is a whole series of diverse risks related to the supply of cobalt from DR Congo
and its increasing production. This was one of the reasons for including cobaltishdaheritical minerals
in USA and EUf23224

768. At the same time, high supply risks from DR Congo could become a powerful incentive for
the development of new fields in countries and regions with stable economic and domestic political
conditions, as well as for exploration for cobalt th@feey can sthulate an increase in the number of
operations processing laterite cobailtkel ores to produce cobalt products, as well as an increase in
extraction of cobalt from secondary sources.

769. Future prospects for cobalt consumption are mainly related to the sédithium-ion
batteries used in electric transport, electronic devices and stationary batteries; consumption in nonbattel
areas will not play a significant role in the forecasts.

770. Cobalt consumption growth projections are based mainly on expectatiadhe pace of
devel opment of electric transport. However, as
technol ogiesd may be severely slowed down or e\

771. Changes in the chemical composition of lithiion batteriesaimed at the copiete
replacement of cobalt or at reducing its content may reduce the potential consumption of cobalt. This
process is already underway in batteries for electronic devices; it is expected to spread to EV after 202(
However, there are no quantitative estigs of its consequences yet.

772. Thus, the development of the situation in the cobalt market is subject to a large number of
risks both in terms of demand and supply. Nevertheless, there are reasons to believe that E30R@smid
the cobalt market will beasurated.

773. As for the influence on the situation with desga mining, if the mining of deepater
nodules starts from 2027, as the scenarios under consideration (see chapter 4C) suggest, it is quite like
that it will be carried out against the backgrowfdnetal deficit on the market. However, there is no
certainty as to the scale of this deficit: it will be determined by the real production level (some of it may be
provided by deposits which are currently being explored and are not taken into accauribiecast) and
consumption at the moment the production of polymetallic nodules starts. The degree of impact of deep
sea mining on lanthased mining will be determined by the ratio of its volume to the deficit. If it exceeds
the deficit, the market wimove from a state of saturation and this will create the conditions for a price
decline whose scale cannot be assessed.

774. If deepsea mining starts earlier, it will increase market surpluses that can be maintained until
around mid20252027, depending orhé rate of consumption growth. It would then cause increased
competition among producers of all types (including eseg producers). It is believed that in such a
struggle the enterprises whose production is characterized by the lowest prime cost iategyad\are the
ones with greater resistance to market fluctuations. As far as cobalt producers are concerned, it is becomi
more and more complicated due to the fact that this metal is present-asaalibgt component in the ores
of practically all devimped deposits. Nevertheless, this struggle may result in displacement of the least
economically efficient enterprises from the market, which may include contractors. Amonrgakeu!
producers, the most affected may be the enterprises located in DR @angwothe fact that their share is
the main production.

Manganese

775. The world industry's manganese ore supply is generally high: depending on the level of their
output, it is estimated at V80 years based on reserves and 280 years based oesources. However,
the quality of the ores is not uniform. Legvade (China) and migrade (South Africa, India) ores account

223USGS(2017),Cobalt,Chapterf of Critical Mineral Resourcesf the United State$ Economicand
EnvironmentalGeologyandProspect$or FutureSupply,Ed. by KlausJ. Schulz,JohnH. DeYoung,Jr.,RobertR.
Sealll, andDwight C. Bradley,https://pubs.usgs.gov/pp/1802/f/pp1802f.pdf

224EC (2017),Communicatiorfrom the Commissiorto the EuropearParliamentthe Council,the European
EconomicandSocial Committeeandthe Committeeof the Regionson the 2017list of Critical Raw Materialsfor
the EU, https://eutlex.europa.eu/legatontent/EN/TXT/?uri=CELEX:52017DC0490
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for a significant share of reserves and resources.-gtigtle manganese ore is concentrated in a limited
number of countries, iheding Australia, Gabon, Brazil, South Africa, Indonesia and some others.

776. The global production and consumption of manganese ores is determined mainly by the
volume of steelmaking and the rate of its growth, which in turn depends largely on the gloloahiecon
situation. During stagnation or economic downturn, steel production may decrease both in individual
countries and globally. Accordingly, when the world economy slows down, the demand for manganese ore
decreases. This, in turn, leads to lower prioestfem, some mines reduce production volumes or suspend
production, and production of manganese ores decreases.

777. As mentioned above, the global economy is in a synchronized slowdbiherefore,
throughout 2019 shoeterm growth forecasts for the worldemmy as a whole and for the economies of
key countries and regions, in particular China, were declining. Should these forecasts be confirmed, the
will have a corresponding impact on the world steel industry and, subsequently, on manganese or
production.

778. It should also be noted that steadily more recycled materials are used in steelmaking,
including steel scrap already containing manganese. As a result, the consumption of manganese ores f
the production of 1 tonne of steel decreases, and thus thesiménetheir consumption gradually becomes
more restrained.

779. Since China is the main producer of both steel and manganese alloys, their production is
heavily influenced by the cycles of the Chinese economy, as well as by the Chinese government's econom
policy, in particular that aimed at tightening environmental requirements and modernizing the industry.
Numerous small metallurgical plants smelting siinanganese and polluting the environment are being
shut down or modernized. This also applies to margganenes. Thus, in 2018 environmental and safety
inspections suspended the operating of many medium and small?fireexl in 2019 National
Development and Reform Commission of China started a public discussion on the prospects for closin
down lowyielding and outdated manganese ore production. In particular, it could affdetrdhet by
reservesand the most important mining region in Chihathe secalledfimanganese ore trianglef the
provinces of Pwung&n and G¥%i zh@u

780. In addition, there isincertainty regarding manganese consumption in China. On the one
hand, some decline in steel production is forecasted in the shofttemthe other hand, the requirements
for manganese content in 1 tonne of steel have increased. Actual consumptiendstitrmined by which
of these trends will have a greater impact.

781. Many countries where the mining of manganese ore is currently underway or planned are
characterized by a relatively unstable political and business environment. This creates addiksofaal ris
the manganese industry. Thus, in Indonesia a significant number of mines were forced to close down und
the I ndonesian governmento6s beneficiation ol ic
In DR Congo Kisenge mine was inactiv@ more than 40 years; the reason for this were the Congolese
wars, as well as the civil war in Angola, through which manganese ore from Kisenge mine was exported.

782. Tax policy of the producing countries also influences changes in production volumes. Thus,
the government of Gabon launched a new mining code with effect from July 2019 in a bid to attract more
mining investments and reduce reliance on oil (crude oil sales account for aB6ubfaiate revenue).

The measure will cut corporate taxes by slasfé®g on mineral exports. The country is aiming to draw

225|MF (2019),World economiooutlook,20190ctobey
https://www.imf.org/en/Publications/WEO/Issues/2019/10/01/weddnomiecoutlook-october2019

226 SMM. News.Highlightsof China'smanganesindusry in 2018
https://news.metal.com/newscontent/100864496/HighligfitShina%27ananganes@ndustryin-2018/

227 Metal of Ukraineandtheworld. FORECAST :Global pricesfor manganesarepromisedstability
https://ukrmet.dp.ua/2019/06/07/progAmirovym-cenan-namarganembeshhayustabilnost.html

228 ReutersChina's2020crudesteeloutputexpectedo fall -govtresearctbody.12.12.2019
https://uk.reuters.com/article/chiiséeel/chinas2020 crude steetoutputexpecteeo-fall-govt-researckhody
idUKBON28M000

229 Gulf Manganes€orp.Ltd. QuarterlyActivities ReportPeriodendedSeptembeB0. 31 October2019,
https://lwww.gulfmanganese.com/vgentent/uploads/2019/10/201910QLiarterlyReportsSeptember. pdf

188


https://www.imf.org/en/Publications/WEO/Issues/2019/10/01/world-economic-outlook-october-2019

investors interested in manganese, gol d and i
contribution?°

783. In the future, despite increased demand for manganese from battery manufactureral, the s
industry will remain the main area of use, while China will remain the main consumer. The observed
slowdown in the world economy, and especially in China, does not imply high growth rates of manganese
ore consumption in the short term. The situati@ymhange in the medium and long term.

784. Speaking about the prospects of deep mining, based on the current macroeconomic
situation, the most probable scenarios are those where manganese consumption growth rate will not exce
2% per year. Then the potaitdemand can be fully met by lathésed production. Moreover, with
consumption growth at %, only operating mines with sufficient capacity to provoke overproduction will
be able to satisfy the demand. If production of manganese ore begins in suclsteinces it will finally
bring down the manganese ore market to the limit, aggravating the competition between operations of a
types (including deepea operationsThe winners in this struggle will be the operations whose production
will be characteried by the lowest cost at the best quality. The result of this struggle may be the ousting of
the least economically efficient operation from the market, which may include contractors. If the sale price
of nodules is higher than that of manganese ore fammdbdased mines, there will be no demand for
manganese alloy and electrolytic manganese producers.

785. If, after all, the growth rate of consumption of manganese ores will exc4eoke? year, the
manganese market may face a deficit, which will not be abt®rtpensate for the currently operating
mines and manganese projects. The extent of this deficit will be determined by the specific situation. Base
on the scenarios we are considering (see chapter 4C), if consumption increa%epoyy&ar, the deficit
may occur in the mi@020s and reach a maximum of 18 million tonnes of manganese ore in 2035. These
volumes correspond to the total productivity of six contractors. If the number of contractors entering the
market by 2035 is greater and all the groundemtsjwe take into account are successfully commissioned,
there will be a surplus in the market again.

Polymetallic nodules

786. Factors influencing the situation in the markets of affected metals (collectively and
individually) will also affect the prospectsrfonplementation of deepea mining projects.

787. A decrease in the price of one or more of the four metals caused by any cause (including the
very beginning of deepea mining) automatically reduces the market value of the polymetallic nodules as
raw materiad for these metals. Such a decline may result in some or even all of theedaaming projects
becoming subeconomic or unprofitable. Such transformation of markets is possible both before and durin
seabed mining. At the same time, as noted aboveethdi be an intensification of competition between
different market participants, which will include dead mines. The survival of each of the participants in
this struggle will depend on the level of its profitability at a certain level of pricesfémted metals.

788. It should be emphasized that the level of prices for affected metals that will be in place by
the time deeysea production begins may prove critical for contractors and force them to postpone their
entry into the market.

789. It is important to bear in mind that the market position of polymetallic nodules and,
consequently, the profitability of their production projects will be significantly (if not fundamentally)
influenced by the organization of their processing. It is now estir(@eluding by the MIT economic
model) that nodules will first be processed to extract copper, nickel and cobalt, with the remainder to be
sold to manganese rich slag (fealtoys or EMM) producers. In this connection, the issue of interaction
between dferent links of such organizational and production chain remains unsolved.

790. An important technological feature of polymetallic nodules as a source of manganese is the
relatively high content of phosphorous, which is a harmful impurity for manganese ranafsatits
presence in the ores of labdsed producers forces producers of manganese alloys to include the process

230 Mining Weekly.SectorNews.G a b onewnsining codeto boostrevenueattractinvestment05 August 2019,
https://lwww.miningweekly.com/article/gabengwmining-codeto-boostrevenueattractinvestmeri201908-
05/rep_id:3650
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of dephosphorizatiom the technological schemes. In manganese rich slag, remaining after extraction of

nonferrous metals, the phosphorosntent may become a critical parameter for the prospects of their
implementation.

791. In this regard, the technological and economic aspects of polymetallic nodule processing in
general, and manganese rich slag in particular, require more careful consideration.
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8. SUMMARY AND CONCLUSIONS

792. Activities in the Area may result in serious adverfeots on export earnings or economy
of DLBPS as a result of the decline in the price or supply volumes of affected nretddsng so, as
stipulatedin the UN Conventionon the Law of the Sea developingstatesshall be protectedfrom
fié adverseeffects on their economies or on their export earnings resulting from a reduction in the price of
an affected mineral, or in the volume of exports of that mineral, to the extent that such reduction is cause
by activities in the Are@ 0 (Convention Articles 150 ) and1 (3)). This identified the need to study the
potential impact of mining in the Area on the economies of developingblasell producer States of these
minerals, which are likely to be most severely affected, with a view to minimizing iffesulties and
helping them to adapt to the economy. This need was enshrined in the 1994 Agreement.

793. Potential impact of seabed mineral produc{imeluding polymetallicnodule$ for DLBPS
and criteria for its assessmemére considered b$pecialCommisson 1 of PreparatoryCommission
Recommendationdevelopedy SpecialCommissionl concerningresearch directions required study
the possible impacts of seabed mineral production on DLBPS are comprehensive and have not lost the
relevance.

794. The basis for the assessment of possible consequences of seabed mineral production is tf
forecast of the balance of demand/supply (consumption/production) in the markets of affected metals
which will be in place by the time of possible start of offshareing. The optimal option for the market
to start offshore production will be the period of deficit, which will not be able to compensate for the land
based productiorGiven the multiplicity of factors affecting both consumption and{based production
prospects, and given the forecast horizon, any forecast will be subject to a significant degree of uncertaint
This makes scenaHoased forecasting advisable.

795. Thereis a high degree of uncertainty about the timing and intensity of commercial production
of polymetallic nodules. One of the factors of this uncertainty is the level of prices for commercial metals,
which will be formed in the market by the time the contractors are ready to start production: it could be
such that the contractors' work is nobftable. It is possible, however, that a single contractor may start
work around 2027 and that the number of such contractors may increase from 2030.

796. This report considers three scenarios for the development of mining: minimum (two
contractors), base fsicontractors) and maximum (12 contractors). All scenarios imply that the first
contractor starts production in 2027 and the second in 2030; the remaining contractors (subject to thei
involvement) will join the process in 202D33. It is also assumed tithe maximum aggregate production
level of six or twelve contractors may be reached in 2035. According to these introductory conditions, three
deepsea mining scenarios are considered for each of the metals under consideration (Table 8.1).

Table 8.1 Estirated extraction rates of polymetallic nodules and production rates of affected metals for
two, six and twelve contractors.

2 contractors 6 contractors 12 contractors
Start of production, year 2027 2027 2027
Getting to full capacity, year 2032 2035 2035
m;rggp;’;?;'mﬁggic nodules at | - g 500,000 18,000,000 36,000,000
Production of affected metals at
full production capacity, tonnes
Cobalt 10,200 30,600 61,200
Nickel 74,100 222,300 444,600
Copper 59,400 178,200 356,400
Manganese 1,533,600 4,600,800 9,201,600

191



797. The analysis of the development of the situation on the markets of the metals under
consideration in the period up to 2035 shows that in case of commissioning of all the projects for the
development of new deposits of copper, nickel, cobalt and mangaitleskeerminimum projected growth
rates of consumption (they are individual for each metal) the deficit on the markets of copper and
manganese will not appear, and on the markets of nickel and cobalt it will appear only after 2029. At the
maximum consumptio growth rate, the deficit on the nickel market will appear in the next two years, on
the cobalt and manganese ore mar&etsfter 2025, and on the copper mar&ebnly after 2030. Provided
that the deficit in the copper, nickel and cobalt markets is foymegardless of the consumption growth
scenario undereview, it will exceed the potential production of these metals even by twelve contractors.
In the case of manganese ores, the maximum number of contractors should not exceed six.

798. The asynchronous amiisharmonious development of situations in the related markets of the
metals under consideration makes possible a scenario in which on some of them a deficit will appear, whil
on others it will not. This makes it more difficult to assess the impact afténeof deegsea mining on
DLBPS. However, it can be said that there are conditions under which the start of mining after 2027 by nc
more than six contractors will not cause oversaturation of the market with the metals under consideration

799. Production ofmetals from manganese nodules may cause the price of metals to fall even
without a surplus, but due to increased supply. This may trigger a decrease in export prices of metal produc
and, as a result, export revenues to the country. The only way toaadoigh in export revenues in this
scenario is to increase export volumes, which is likely to be impossible or lead to a further drop in prices.
There is an opinion that the situation may be mitigated by organizing or expanding processing of raw
materialson the territory of DLBPS. This can be seen as awayp positive effect: through the development
of domestic industry and economy, and through the emergence or expansion of export opportunities fo
more expensive products. However, it should be takeraittount that any additional products must find
their consumers (and it's not clear whether there will be such consumers). In addition, it will in any case
put pressure on the market. As a result, the development of the processing industry in DLBPS may nc
bring the expected effect.

800. The analysis of the role of export earnings from the four affected metals in total DLBPS
export earnings and in their GDP allowed to identify the countries which are likely to be most seriously
affected by seabeproduction. The criterion for their allocation was the share of export earnings from
metals in total export earnings of the country, which should be at le&st TBe second criterion (was
used to check and reinforce the results) was the share of egperiues from affected metals to the
countryods GDP, which should be at |l east 5 %. T
products, 2 countries exporting nickel products and 1 country exporting cobalt and manganese product:
Further three couries were included in this category based on the share of total exports of all four metals
(Table 8.2). However, identifying the full list of countries which may truly be most seriously affected by
seabed production, will be possible only after the aciaat of deegsea mining.

Table 8.2. Countries exporting copper, nickel, cobalt and manganese products which are likely to be mo:s
seriously affected by seabed production

Products share in export | Products share in GDR
revenues, % %
Exporters otcopper products
Zambia 56.1 18.7
Democratic Republic of the Congo 55 11.1
Eritrea 50 5.6
Chile 48.9 12.8
Lao People's Democratic Republic 34.4 7.7
Mongolia 26 15.9
Peru 25.8 5.1
Exporters of nickel products
Madagascar 20.3 3.7
Zimbabwe 15.6 3.1
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Exporters of cobalt products
Democratic Republic of the Congo | 24.3 | 4.8
Exporters of manganese products
Gabon | 21.9 | 5
Cumulative effect of exports of all affectedtals
Mauritania 12 4.8
Namibia 114 4.9
Papua New Guinea 10.6 4.3

801. Besides, the decrease in prices will result in aggravation of competition between operations
of all types (including contractors). This may result in the closure of the leastffaxgive landbased
mining operations or their transition to variable catydanctioning, which may have a cascade of negative
consequences, not only economic but also social and political. At the same time, it is possible that th
decline in prices will reach a level at which dessga mining will be on the verge of profitatylior will
become completely unprofitable.

802. As part of this study, we do not offer any assistance or compensation for losses of DLBPS
that could be seriously affected by dessga mining. The Agreement relating to the Implementation of Part
XI of the UN Conention on the Law of the Sea of December 10, 1982 (1994 Agreement) takes account of
this issue. According to that document, the Authority shall establish an economic assistance fund for whicl
only receipts in the form of royalty payments from contractoduding the Enterprise, and voluntary
contributions to the Authority shall be used (1994 Agreement, articleh@)Authority therefore needs to
determine the rates of royalty payments by contractors in order to be ableagsess the possible extent
of the economic assistance fund for affected DLBPS. Once-sksepnining begins, the amount and
duration of economic assistance will be determined on alpasase basis, taking into account the nature
and extent of the problems faced by the affected [&. B®94Agreement, Article 7).
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9. RECOMMENDATIONS FOR FURTHER STUDIES

803. The results of the study reflect the market development prospects mainly based on the dats
available for analysis as of the end of 20H®wever, the market situation is changing rapidlyclear
indication of this is the outbreak of comasirus infection,which in just three months has not only spread
around the world, but also resulted in the sharp downturn in the global economy. Therefore, it is advisable
to conduct studies such as the oaeied oubn a regular basis, at intervals of at leaSty2as. In addition,
we consider it necessary to conduct such a study immediately before the starts#alegping. This will
create a factual basis for assessing its real impact on the markets of affected metals and on their DLBF
participants.

804. In addition,for a more complete picture of the possible impact of offshore mining it seems
useful to make a comparative assessment of the caletegiseamining and ore extraction by different
methods on land, the cost of processing of polymetallic nodules withradection of marketable metal
products with the cost of similar products received from ores and concentrates-basaadproducers.

This will allow for a more correct assessment of the potential impact of seabed mining, as well as the degre
of resilierce of land producers to the impactffshoremining.

805. Interms of further elaborating the issue of possible consequences of the beginning of deep
sea mining for DLBPS, we believe it would be advisable to elaborate in detail on the impact of changes ir
prices for the affected metals on the situation in these countries. At the same time, we should conside
changes in the situation both in case of falling and growing plitésis regard, we consider it interesting
to assess the impact of organizing thedoiction of products with higher added value in DLBPS, which
may be most seriously affected.

806. With respect to theffshore productiontaking place in the deepest areag, consider it
important to assess technological, financial and economic, and marketsasf extraction of metals other
than copper, nickel, cobalt and manganese from polymetallic nodules. It is obvious that with technological
opportunities for profitable extraction of additional types of metals, the economic performance-séaeep
mining and all derivatives will increase. At the same time, this could have a negative impact on a wider
range of commodity markets and widen the list of DLBPS that are likely to be affected by mining in the
Area, which also requires separate consideration.

807. It also seems important to conduct a study to assess the possible positive impact of
polymetallic nodule mining on the economies of DLBPS. The need for such a study is determined by the
opinion that a decline in the prices of affected metals will not onlyae@xport earnings to DLBPS, but
also the cost of goods produced from these metals. This, in turn, will ensure cheaper imports of such gooc
into DLBPS, which will somewhat compensate for losses in export earnings of countries, as well as make
imported gods more accessible to the population and businesses of DLBPS. Such cheapening, if it is
indeed possible, can act as an incentive for the development of DLBPS economies.
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10. APPENDICES

Terms and Definition

Anode Crude metal (nickel or coppenptained from anode smelting ai
fed for electrolytic refining (electrolysis) whereby it is dissolvec

Artisanal (small-scale) mining A complex and diversified sector that includes poor infori
individual miners seeking to eke out or supplemestilasistence
livelihood, to smaliscale formal commercial mining activities tr
can produce minerals in a responsible way respecting local la

Blister copper The product of a converting furnace. It is an intermediate, r
concentrated (with respectttee desired metal) material than mat
from which it is made, and is usually transferred to another fur
for further concentration.

Cathode Pure metal (nickel or copper) obtained as a result of electrc
refining of anodes.

Cement copper(precipitated A product obtained by precipitation (cementation), i.e., by ad
copper) iron to the aqueous solution resulting from the leaching of ce
ores or waste. It is a finely devised black powder containing o»
and insoluble impurities. Ceme copper is often added to tl
charge which goes to a converting furnace to produce copper

Cobalt alliage blanc An alloy of cobalt, copper and iron.

Concentrate A product of ore concentration with a high grade of the extra
mineral, whichgives its hame to the concentrate (copper, nic
etc.).

Concentration Artificial improvement of metallurgical feedstock mineral grac

by removal of a major portion of waste rock not containing
valuable minerals.

Conversion Autogenous pyrometallurgical process, where ferrous and
detrimental impurities are oxidised and removed as slag. The |
of the conversion is blister copper (copper concentrate smeltir
high-grade matte (copper and nickel concentrate smelting)

Copper electrowon Product of SXEW process. Higlyrade electrowon (Commerci
Cathode) is S¥EW production that can be treated as refil
cathode and sold as such. Lgrade electrowon is SEW
production that must be-refined.

Direct melt copper scrap Direct melt, or re melt scr:
directly in a furnace without cleanup through the use of fluxes
poling and re refining.

Electrolytic nickel Finished nickel product, with a nickel content of 99% arude.

Electrolytic manganese A complex composite of various crystals of manganese and ox

dioxide (EMD) that is produced through electrowinning. It is used primarily as

active constituent of alkaline batteries and increasingly as
feedstock fothe cathode material in lithiwmon batteries.

Electrolytic manganese metal A type of electrolytic manganese, which is a refined manga

(EMM) product created through the purification and electrolysis ¢
manganeseich solution that is made bglissolving manganes
carbonate ore or calcined manganese oxide ore.
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Feasibility study Detailed technical plan and financial budget for the construc
and operation of the project.

Ferro-alloys Various alloys of iron with a high proportion of one or more ot
elements such as manganese, aluminium or silicon. They are
in the production of steels and alloys.

Ferro-manganese Ferroalloy with high content of manganese, is madénbgting a
mixture of the oxides Mng&and FeOs, with carbon, usually as co.
and coke, in either a blast furnace or an electric arc fuitypee
system, called a submerged arc furnace.

Silico-manganese Ferraalloy with high contents of manganese and silicis made
by heating a mixture of the oxides manganese oxide gMsilicon
dioxide (SiQ), and iron oxide (F©s), with carbon in a furnace.

Ferro-nickel An alloy of iron and nickel obtained by direct reduction dur
reduction smelting.

Flotation A concentration process where specific mineral particles suspe
within the pulp attach to air bubbles. Poorly wettable min
particles attach to the air bubbles and rise through the suspen:
the top of the pulp, producing foam, while lineettable mineral
particles do not attach to the bubbles and remain in the Phip.
is how the minerals are separated.

Green technologies The application of one or more of environmental science, g
chemistry, environmental monitoring and electrodievices to
monitor, model and conserve the natural environment
resources, and to curb the negative impacts of human involve

Hydrometallurgical processes Extraction of metal from ore by preparing an aqueous solution
salt of the metal and recovering the metal from the solution.
operations usually involved are leaching, or dissolution of the n
or metal compound in water, commonly with additiongents;
separation of the waste and purification of the leach solution;
the precipitation of the metal or one of its pure compounds fror
leach solution by chemical or electrolytic meafihe most
common leaching agent is dilute sulfuric acid.

Laterite A consolidated product of humid tropical weather
predominantly composed of goethite, hematite, kaolin, qu
bauxite and other clay minerals. Laterite ores are the sour

nickel.
Magmatic nickel-copper- Deposits, in which sulphur saturation of mafic magma causes ¢
cobalt sulphide deposits cobalt and nickel sulphides to be concentrated in basal sectic

magma chambers.

Matte (cobalt, copper, nickel) Intermediate product in the form of an alloy of sulphides of i
and nonérrous metals with a varying chemical composition. M.
is the main product accumulating precious metals and r
impurities the feedstock contains.

Mine A mining location for extraction afres.

Mineral deposit A mass of naturally occurringineral material (near to the surfa
or deeper underground) which is economically valuable in tern
guantity, quality and conditions.
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Mixed Hydroxide Precipitate
(MHP)

Mixed Sulphide Precipitate
(MSP)

Nickel Pig Iron (NPI)

Ore

Polymetallic nodules

Prefeasibility study

Pyrometallurgical processes

Refining
Reserves

Proved reserves

Probable reserves

Resources

Measured resources

One of intermediate products of nickel laterite ore proces
through hydrometallurgical route.

An intermediate product that is-déssolved to make concentrat
solutions of nickel and cobalt suitable for higarity metal
production.

A low grade ferrenickel invented in China as a cheaper alterna
to pure nickel for the production of stainless steel.

Natural minerals containing metals or their compounds
economically valuablamounts and forms.

Are rounded accretions of manganese and iron hydroxides
cover vast areas of the seafloor, but are most abundant on a
plains at water depths of 4086800 metres.

An early staganalysis of a potential mining project. Conducted
a small team and are designed to give company stakeholde
basic information they need to green light a project or che
between potential investments.

Metallurgical pr@esses performed at high temperatures, inclu
roasting, smelting and conversion, which are distinguis
depending on their technological characteristics.

Purification of primary metals from impurities.

The economicallynineable part of a measured or indicated min
resource. It includes diluting materials and allowances for lo:
which may occur when the material is mined.

Ore reserves that represent the economically mineable pan
measured mineral resource. It includes diluting materials
allowances for losses which may occur when the material is m

The economically mineable part of an indicated, and in s
circumstances, a measured mineral resourceclades diluting
materials and allowances for losses which may occur whel
material is mined.

A concentration or occurrence of material of intrinsic econa
interest in or on the Eart ht
thatthere are reasonable prospects for eventual economically \
extraction.

Resources representing that part of mineral resources from \
tonnage, densities, shape, physical characteristics, grade
mineral content can be estimaiteith a high level of confidence. |
is based on detailed and reliable exploration, sampling and te
information gathered through appropriate techniques f
locations such as outcrops, trenches, pits, workings and drill f
The locations are spacedosely enough to confirm geologic
and/or grade continuity
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Indicated resources Resources representing that part of mineral resources from \
tonnage, densities, shape, physical characteristics, grade
mineral content can be estimated withreasonable level o
confidence. It is based on exploration, sampling and te:
information gathered through appropriate techniques f
locations such as outcrops, trenches, pits, workings and drill f
The locations are too widely or inappropriatepaced to confirn
geological and/or grade continuity but are spaced closely en
for continuity to be assumed.

Inferred resources Resources representing that part of mineral resources from \
tonnage, grade and mineral content can be estimated ot -
level of confidence. It is inferred from geological evidence
assumed but not verified geological and/or grade continuity.
based on information gathered through appropriate techni
from.

Economic resources This term implies thaprofitable extraction or production und
defined investment assumptions has been established, analy
demonstrated, or assumed with reasonable certainty.

Sub-economic The part of identified resources that does not meet theoator
resources criteria of reserves.

Undiscovered Resources, the existence of which are only postulated, comp
resources deposits that are separate from identified resources. Undisco

resources may be postulated in deposits of such gradehgsidal
location as to render them economic, marginally economic, er
economic.

Roastleach-electrowon (RLE) The electrolysis process, that consists of 4 steps: leac
process purification, electrolysis, and melting and casting.

Scrap Recyclable materials left over from product manufacturing a
consumption, such as parts of vehicles, building supplies,
surplus materials. Unlike waste, scrap has monetary v
especially recovered metals, and #woatallic materials are als
recovered for recying.

Sedimenthosted stratiform Copper and cobalt deposits, characterized by ore min

(stratabound ) deposits contained within organidch pyritic shales and sandston
deposited in a neahore lagoonal environment, under reduc
conditions.

Smelting A pyrometallurgical process performed higgh temperatures
enabling the complete melting thfe processed material.

Solvent Extraction - A two-stage hydrometallurgical process that first extracts

Electrowining (SX-EW) upgrades copper ions from legvade leach solutions into a solve

containing a chemical that selectively reacts with and binds
copper in the solvent. The copper is extracted from the solvent
strong agqueous acid which then deposits pure copper onto cat
using an electrolytic procedure (electrowinning).

Super-alloys A group of nickel, iroinnickel and cobalt alloys used in aircr:
turbine engines for their exceptional heasgistant properties.
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Data and information tables

A. Copper production
Mine production (concentrates& SX-EW), thousand metric tonnes Cu

COUNTRY* Medium 2017 2017, %
Chile 5520.3 5503.5 275
Peru 1558.0 2445.6 12.2
China 1501.6 1706.4 8.5
Congo, DR. 650.9 1002.0 5.0
Zambia 694.3 794.1 4.0
Mexico 481.1 742.2 3.7
Indonesia 627.6 622.0 3.1
Brazil 271.6 384.4 1.9
Mongolia 209.7 310.9 1.6
Iran 254.9 302.0 1.5
Laos 143.4 153.3 0.8
Myanmar 33.6 115.1 0.6
Papua New Guinea 115.6 105.0 0.5
Turkey 99.7 83.0 0.4
Philippines 67.6 67.8 0.3
South Africa 86.4 65.5 0.3
Saudi Arabia 10.8 43.0 0.2
Argentina 108.2 33.3 0.2
India 32.0 31.1 0.2
Mauritania 35.7 28.8 0.1
North Korea 16.0 20.0 0.1
Pakistan 20.0 20.0 0.1
Morocco 16.0 18.0 AL
Tanzania 11.1 15.8 QL.
Namibia 7.4 15.5 0.1
Vietham 13.2 15 0.1
Dominican Rep. 9.5 11.1 0.1
Colombia 3.4 9.4 "0.05
Eritrea 20.6 8.0 "0.05
Zimbabwe 6.5 8 "0.05
Bolivia 5.8 6.4 "0.05
Botswana 28.8 1.4 "0.05
Omart* 12.4 0 0

DLBPSTotal| 12673.7 14687.6 73.3

World Total| 17628.9 20038.4 100.0
SourcelCSG.

*d DLBPS only.

** § Mine production has not been conductdce2016

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher fltayetie
average; red is for the values, which are lower than theed®average, black is for the values corresponding to the
10-year average
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Smelter production (copper in primary blister and anode) thousand metric tonnes

COUNTRY* Medium 2017 2017,%
China 41361 6 050.0 373
Chile 14265 14047 8.7
India 7135 813.1 5.0
Zambia 5427 787.9 49
Peru 3192 3169 2.0
Mexico 2233 270.0 17
Indonesia 2443 245.8 15
Philippines 1967 240.0 15
Brazil 1690 1188 0.7
Iran 1648 1142 0.7
South Africa 754 70.0 0.4
Turkey 355 46.0 0.3
Namibia 291 44.9 0.3
Pakistan 20.0 20.0 0.1
Omarr* 11.7 12 0.1
Vietham 7.2 8.0 0.1
Botswana 17.0 0 0

DLBPSTotal 8342.0 10572.3 65.2

World Total| 141116 16209.3 1000
SourcelCSG.

* 3 DLBPS only.

** d Mine production has not been conductdce2016
Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the valhes) are higher than the d@ar

average; red is for the values, which are lower than theed®average, black is for the values corresponding to the

10-year average
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Refinery production (primary copper), thousand metric tonnes

COUNTRY* Medium 2017 2017,%
China 44040 6614.3 34.0
Chile 28788 24295 125
India 7135 813.1 4.2
Congo, D.R. 4955 717.5 3.7
Zambia 4912 466.1 24
Mexico 3628 441.0 2.3
Peru 3689 3353 17
Indonesia 2461 268.2 14
Philippines 1609 205.0 11
Brazil 1779 1183 0.6
Myanmar 336 115.1 0.6
Iran 1406 1032 0.5
Turkey 63.9 88.0 05
South Africa 74.3 70.0 0.4
Laos 77.0 629 0.3
Namibia 43 15.5 0.1
Mongolia 5.0 14.4 0.1
Omarr* 117 12.0 0.1
North Korea 10.0 10.0 0.1
Vietnam 7.2 8.0 " 0.05
Zimbabwe 45 5.0 "0.05
Bolivia 2.3 3.0 "0.05
DLBPSTotal | 10733.8 129154 66.3
World Total| 172896 19469.5 1000
SourcelCSG

* 3 DLBPS only.

** d Mine production has not been conductdce2016

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayete 10
average; red is for the values, which are lower than theedbaveragehlack is for the values corresponding to the
10-year average
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Export of copper aes and concentrate2603),thousand metric tonnes

B. Copper export

COUNTRY* Medium 2017 2017, %
Chile 76991 97275 28.3
Peru 44332 8023.2 234
Indonesia 16527 15398 45
Mexico 6883 1483.4 4.3
Mongolia 9284 1447.2 42
Brazil 8378 1248.3 3.6
Iran 2831 612.4 18
Congo, D.R. 3884 607.6 18
Papua New Guinea 4398 4155 1.2
Laos 2461 377.8 11
Turkey 3191 2463 0.7
Philippines 2743 1988 0.6
Morocco 80.3 166.0 0.5
Argentina 4252 154.6 04
Mauritania 1797 1420 04
Saudi Arabia 330 107.9 0.3
Namibia 324 56.4 0.2
Colombia 16.0 51.2 0.1
India 17.0 45.8 0.1
Dominican Rep 284 43.2 0.1
Eritrea 66.4 298 0.1
Oman** 79.1 27.9 0.1
Bolivia 28.5 27.2 0.1
Zambia 106.6 19.6 0.1
Tanzania 17.6 7.2 "0.05
Botswana 67.0 5.0 "0.05
Myanmar 0.3 1.3 "0.05
Pakistan 2.1 0.8 "0.05
North Korea 23.6 0.5 "0.05
Zimbabwe 0.6 0.3 "0.001
China 2.4 0.2 "0.001
Vietnam 4.8 0.2 "0.001
DLBPSTotal | 19401.2 | 26814.9 78.0
World Total| 247023 34358.7 1000
SourcelTC.

*d DLBPS only.

** d Mine production has not been conductdce2016

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayetiie 10
average; red is for the values, which are lower than theedbaverage
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Export of copper aes and concentrate$2603),million USD

COUNTRY* Medium 2017 2017,%
Chile 141675 156659 27.7
Peru 73014 119750 211
Indonesia 37512 34396 6.1
Brazil 16349 24853 4.4
Mexico 11146 18911 3.3
Mongolia 13072 16131 2.8
Congo, D.R. 8098 9887 1.7
Papua New Guinea 10093 8145 14
Laos 4257 5780 1.0
Iran 97.3 5750 10
Argentina 10085 4092 0.7
Philippines 4619 3714 0.7
Turkey 3432 2348 04
Namibia 1494 2208 04
South Africa 3792 2092 04
Mauritania 2115 1950 0.3
Saudi Arabia 528 1774 0.3
Morocco 87.9 1643 0.3
Colombia 237 583 0.10
Dominican Rep. 374 483 0.1
India 17.0 429 0.1
Eritrea 1198 39.3 0.1
Tanzania 86.6 389 0.1
Bolivia 28.6 316 0.1
Ecuador 127 286 0.1
Omarr* 35.7 279 "0.05
Zambia 1381 55 "0.05
Zimbabwe 19 51 "0.05
Botswana 75.7 3.7 "0.05
Myanmar 0.2 1.6 "0.05
Vietnam 75 0.2 "0.001
China 3.2 0.1 "0.001
North Korea 133 0.1 "0.001
DLBPS Total| 349145 423406 74.8
World Total | 472531 566221 1000
SourcelTC

*d DLBPS only

** d Mine production has not been conductdce2016
Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which aretihéghttre 16/ear

average; red is for the values, which are lower than theedbaverage
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Export of copper unrefined (7402) thousand metric tonnes

COUNTRY * Medium 2017 2017, %
Zambia 1084 586.5 40.0
Chile 3802 387.2 26.4
Namibia 34.0 42.1 2.9
Philippines 7.2 35.2 24
Congo, D.R. 61.4 33.6 2.3
South Africa 110 20.5 14
Mexico 4.1 12.1 0.8
Peru 128 3.3 0.2
Laos 0.08 0.11 "0.05
Iran 0.1 0.1 " 0.05
China 1.9 0.1 "0.05
Oman** 0.4 0.05 "0.05
Brazil 0.3 0.04 "0.05
Morocco 0.2 0.02 "0.05
India 1.4 0.02 "0.05
Indonesia 0.9 0.01 " 0.05
Turkey 4.0 0.01 "0.001
Botswana 0.01 "0.01 "0.001
Dominican Rep. 12.3 0.0 0
Tanzania 0.2 0.0 0
Vietnam 0.1 0.0 0
Myanmar 0.02 0.0 0
Colombia 0.01 0.0 0
North Korea 0.01 0.0 0
Saudi Arabia 0.01 0.0 0

DLBPSTotal 6411 1121.1 76.5

World Total 9365 1465.5 1000
SourcelTC.

* 3 DLBPS only.

** d Mine production has not been conducted siB0&6.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayetiie 10
average; red is for the values, which are lower than theed®average; black is for the values corresponding to the
10-year average
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Export of copper unrefined (7402) million USD

COUNTRY* Medium 2017 2017,%
Zambia 6086 36181 385
Chile 25895 24850 26.4
Philippines 64.2 3161 34
Namibia 1635 2754 29
Congo, D.R. 4037 1858 2.0
South Africa 595 1393 15
Mexico 431 710 0.8
Peru 87.8 20.7 0.2
Pakistan 0.6 1.7 "0.05
Laos 0.5 0.7 "0.05
China 12.4 0.5 "0.05
Tanzania 0.1 0.5 "0.05
Brazil 24 0.2 "0.05
Oman** 15 0.2 "0.05
Morocco 1.3 0.1 "0.05
Indonesia 5.3 0.1 "0.001
Turkey 25.5 0.1 "0.001
Botswana "0.05 "0.05 "0.001
Iran 0.6 "0.00 "0.001
Colombia "0.05 10.01 "0.001
Dominican Rep. 20.9 0.0 0
Myanmar 0.5 0.0 0
North Korea "0.05 0.0 0
DLBPSTotal| 4091.5 71154 75.7
World Total | 62021 94009 1000
SourcelTC.

* & DLBPS only.

** 3 Mine production has not been conducted siB6&6.

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher fttayete
average; red is for the values, which are lower than theedbaverage
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Export of copper refined, unwrought (740311) thousand metric tonnes

COUNTRY* Medium 2017 2017,%
Chile 25754 2358.9 24.8
Zambia 6638 413.2 4.3
Congo, D.R. 3125 407.9 4.3
India 2711 400.6 4.2
China 2173 337.7 3.6
Peru 3064 284.2 3.0
Philippines 1083 209.3 2.2
Indonesia 1322 177.6 1.9
Mexico 1163 159.7 17
Iran 1292 136.2 14
Myanmar 230 85.8 0.9
Laos 364 62.8 0.7
Brazil 689 49.3 0.5
SouthAfrica 20.8 48.2 0.5
Mongolia 6.0 15.6 0.2
Turkey 104 15.5 0.2
Pakistan 4.2 8.5 0.1
Namibia 37.1 7.0 0.1
Bolivia 1.1 2.1 "0.05
Saudi Arabia 15 1.6 " 0.05
Argentina 0.3 1.2 "0.05
Morocco 1.0 1.0 " 0.05
Zimbabwe 25 0.4 " 0.05
Colombia 2.2 0.2 "0.05
Oman** 2.1 0.1 "0.001
Botswana 0.5 0.02 "0.001
Vietham 3.7 0.01 "0.001
Dominican Rep. 0.3 "0.01 "0.001
North Korea 1.4 0.0 0
Tanzania 0.4 0.0 0
DLBPSTotal 50563 5184.5 545
World Total 90338 9518.4 10000

SourcelTC.

*d DLBPSonly.

** § Mine production has not been conducted siR0&6.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, whiuiglaee than the 1ear
average,; red is for the values, which are lower than theed®average; black is for the values corresponding to the
10-year average
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Export of copper refined, unwrought (740311)million USD

COUNTRY* Medium 2017 2017,%
Chile 184392 147382 27.7
Congo, D.R. 20114 24648 4.6
India 21970 24252 4.6
China 14792 20548 3.9
Zambia 33175 18963 3.6
Peru 20378 17297 3.3
Philippines 7267 12699 24
Indonesia 8460 10784 2.0
Mexico 6353 9524 1.8
Myanmar 1360 4899 0.9
Laos 4495 3975 0.7
Brazil 4294 2703 0.5
South Africa 89.4 1855 0.3
Iran 3660 1574 0.3
Mongolia 350 927 0.2
Namibia 124.0 21.0 "0.05
Bolivia 75 123 "0.05
Saudi Arabia 12 7.0 "0.05
Vietnam 22.8 0.0 0
Turkey 6.6 0.1 "0.05
North Korea 9.0 0.0 0
Zimbabwe 5.7 0.0 0
Oman** 4.9 0.0 0
Colombia 0.7 0.0 0
Tanzania 0.4 0.0 0
Argentina "0.05 0.0 0
Botswana "0.05 0.0 0
Morocco "0.05 0.0 0
DLBPSTotal | 33378.3 | 30243.4 56.8
World Total | 56377.2 532083 1000
SourcelTC

*d DLBPS only

** § Mine production has not been conducted siR0&6.
Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green ithforalues, which are higher than theyEar

average; red is for the values, which are lower than theedbaverage
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C. Nickel production

Mine production, thousand metric tonnes Ni

COUNTRY* Medium 2017 2017,%
Indonesia 3636 3550 16.7
Philippines 2948 3394 16.0
China 90.9 945 4.4
Brazil 804 76.8 3.6
Guatemala 215 537 25
Cuba 616 529 25
South Africa 452 484 2.3
Colombia 62.3 456 2.1
Madagascar 211 385 1.8
Papua New Guinea 120 34.7 16
Myanmar 85 20.0 0.9
Zimbabwe 10.8 17.7 0.8
Turkey 5.3 17.0 0.8
Dominican Rep. 8.2 15.6 0.7
Botswan&* 25.9 0.0 0
Venezuel®* 6.5 0.0 0
Vietnamt* 20 0.0 0

DLBPSTotal 11207 1209.7 56.9

World Total| 20136 21254 1000
SourcelINSG.

* 3 DLBPS only.

** d Mine production has not been conducted siBo&7.

*** d Mine production has not been conducted siA6&6.

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means tbkkowing: green is for the values, which are higher than thgetd
average; red is for the values, which are lower than theedbaverage
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Production of nickel intermediate products,thousand metric tonnes Ni

COUNTRY * Medium 2017 2017,%
Indonesia 745 76.8 28.7
Philippines 323 50.6 189
Cuba 401 37.1 139
Papua New Guinea 120 34.7 130
Turkey 0.6 4.0 15
Botswana** 18.7 0.0 0
Brazil 5.6 0.0 0
DLBPS Total 1837 2031 76.0
World Total 2565 2674 1000
SourcelINSG

* 3 DLBPS only.

** d Mine production has not been conducted siBo&7.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the vathes) are higher than the d@ar
average; red is for the values, which are lower than theedfaverage

Production of primary nickel (incl. ferro-nickel), thousandmetric tonnes

COUNTRY* Medium 2017 2017,%
China 4898 6000 294
Indonesia 488 204.3 10.0
Brazil 533 685 34
South Africa 35.2 430 2.1
Colombia 436 40.6 2.0
Madagascar 193 355 17
Myanmar 85 20.0 10
Cuba 215 158 0.8
Dominican Rep. 8.2 15.6 0.8
Guatemala 3.7 124 0.6
Venezuela** 6.4 0.0 0
Zimbabwe 2.7 0.0 0

DLBPS Total 7411 10556 517

World Total 17429 20417 1000
SourcelINSG.

*d DLBPS only.

** § Mine production has not been conducted siR0&6.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayettuie 10
average,; red is for the values, which are lower than theedbaverage
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D. Nickel export

Export of nickel ores andconcentrates (268), thousand metric tonnes

COUNTRY* Medium 2017 2017,%
Philippines 266333 380158 725
Indonesia 201683 48827 9.3
Guatemala 10392 24746 47
Turkey 1746 2399 0.5
Zimbabwe 1390 2301 04
Papua New Guinea 0.1 11 "0.05
China 24 0.5 "0.05
South Africa 269 0.0 0
Myanmar 0.6 0.0 0
Brazil 405 0.0 0
Vietnant* 7.1 0.0 0
Botswan&* 10.7 0.0 0
DLBPS Total| 48242.7 | 45844.8 87.5
World Total | 536514 524185 1000

SourcelTC

* 3 DLBPS only

** 3 Mine production has not been conducted siBo&7.

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher fttapete
average; red is for the values, which are lower than theedfaverage

Export of nickel ores and concentrates (264, million USD

Country Medium 2017 2017,%
Philippines 6467 685.3 27.7
Zimbabwe 2839 369.0 14.9
Indonesia 617.8 155.2 6.3
Guatemala 354 66.2 2.7
Turkey 1.7 9.2 04
China 2.3 0.3 "0.05
Papua New Guinea 0.02 0.2 "0.05
South Africa 36.1 "0.01 "0.001
Botswan&* 133 0 0
Brazil 56.3 0 0
Vietnant* 20.8 0 0

DLBPS Total| 1720.3 1285.4 51.9

World total| 30817 24745 1000
SourcelTC

*d DLBPS only

** § Mine production has not been conducted siR6&7.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: gredaorithe values, which are higher than theytar
average,; red is for the values, which are lower than theedbaverage
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Export of intermediate products of nickel metallurgy (7501)thousand metric tonnes

COUNTRY* Medium 2017 2017,%
Papua Newsuinea 67.9 1601 213
Indonesia 94.5 96.5 128
Philippines 250 84.2 112
Turkey 3.2 213 2.8
Cuba 216 217 29
Zimbabwe 5.3 9.8 1.3
China 13 0.0 0.0
Botswan&* 484 0.0 0.0
Brazil 144 0.0 0.0
South Africa 9.0 0.0 0.0
DLBPSTotal 2906 3937 524

World Total 5137 7517 100.0

SourcelTC

*d DLBPS only

** d Mine production has not been conducted siBo&7.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values f&2017 means the following: green is for the values, which are higher than-yeal0
average; red is for the values, which are lower than theedbaverage

Export of intermediate products of nickel metallurgy (7501) million USD

COUNTRY * Medium 2017 2017,%
Indonesia 954.6 629.3 14.3
Philippines 1363 444.3 101
Zimbabwe 2631 436.1 9.9
Papua New Guinea 1263 367.5 8.3
Cuba 2833 140.8 3.2
Turkey 5.0 34.5 0.8
South Africa 50.2 "0.01 "0.001
China 59 0 0
Botswan&* 3612 0 0
Brazil 95.6 0 0

DLBPSTotal 22815 2052.5 46.5

World Total 51640 4412.8 1000
SourcelTC

*d DLBPS only

** § Mine production has not been conducted siBo&7.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayetiie 10
average; red is for the values, which are lower than theedbaverage
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Export of ferro -nickel (720260) thousand metric tonnes

COUNTRY* Medium 2017 2017,%
Indonesia 2124 1016.7 49.0
Brazil 914 209.9 101
Colombia 1319 111.0 53
Myanmar 211 98.1 4.7
Dominican Rep. 211 43.8 2.1
Guatemala 9.0 30.5 15
China 49 2.2 0.1
Venezueld* 128 "0.01 0.0
South Africa 0.1 "0.01 0.0
Vietnant+** 0.1 0.0 0.0
Philippines 0.7 0.0 0.0
DLBPSTotal 5055 1512.3 729
World Total 10758 2075.1 1000
SourcelTC.

* 3 DLBPS only.

** d Mine production has not been conducted siB0&6.

*** § Mine production has not been conducted si0&7.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher fitayetiie
average; red is for the values, which are lower than theedfaverage

Export of ferro -nickel (720260) million USD

COUNTRY* Medium 2017 2017,%
Indonesia 4549 1331.6 31.7
Brazil 3338 538.0 12.8
Colombia 6704 360.5 8.6
Myanmar 837 345.0 8.2
Dominican Rep. 1453 156.0 3.7
Guatemala 36.7 120.6 2.9
China 287 8.8 0.2
Turkey 0.0 0.1 "0.05
South Africa 0.7 "0.01 "0.001
Venezuel&* 66.6 "0.01 "0.001
Philippines 1.704 0 0
Vietnant** 0.317 0 0
DLBPSTotal 18228 2860.7 68.1
World Total 37026 4203.4 100.0
Source: TC.

*d DLBPS only.

** § Mine production has not been conducted siR0&6.

** § Mine production has not been conducted sia0&7.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayeituie 10
average,; red is for the values, which are lower than theedbaverage
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Export of nickel unwrought (750210) thousand metric tonnes

COUNTRY* Medium 2017 2017,%
Madagascar 18.5 334 3.9
China 34.6 183 2.1
South Africa 5.6 6.3 0.7
Turkey 0.2 0.4 0.0
Zimbabwe 1.7 "0.05 0.0
Brazil 11.9 "0.01 0.0
Colombia "0.01 "0.01 0.0
Philippines 0.1 0.0 0.0
Indonesia "0.01 0.0 0.0
Cuba 24 0.0 0.0

DLBPSTotal 75.1 584 6.8

World Total 862.7 8584 1000
Source: TC.

* 3 DLBPS only.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.
Coloring ofindicator values for 2017 means the following: green is for the values, which are higher thaiy¢lae 10
average,; red is for the values, which are lower than theedbaverage

Export of nickel unwrought (750210) million USD

COUNTRY * Medium 2017 2017,%
Madagascar 2273 341.0 3.8
China 646.2 189.8 21
South Africa 80.7 63.8 0.7
Turkey 3.3 2.7 "0.05
Brazil 1738 03 "0.05
Zimbabwe 109 0.1 "0.05
Colombia 0.1 0.06 "0.001
Indonesia 0.1 0 0
Cuba 393 0 0

DLBPSTotal 11818 597.8 6.7

World Total | 13673.2 8335.4 1000
Source: TC.

* 0 DLBPS only.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, arhitligher than the 1ear

average; red is for the values, which are lower than theedbaverage
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E. Cobalt production
Mine production, thousand metric tonnesoC

COUNTRY* Medium 2017 2017, %
Congo, D.R. 76.9 825 594
China 8.0 9.0 6.5
Cuba 3.6 3.6 2.6
Papua New Guines 12 3.3 24
Zambia 44 3.2 2.3
Madagascar 16 2.8 2.0
Philippines 24 2.7 19
Morocco 16 1.9 14
South Africa 1.0 1.1 0.8
Brazil 2.6 0.8 0.6
Zimbabwe 0.2 0.4 0.3
Indonesia 16 0.3 0.2
Ugandé* 0.3 0.0 0
Botswan&** 0.2 0.0 0

DLPPSTotal 1057 1117 80.1

World Total 1292 1394 1000
SourceBGS.

* 3 DLBPS only.

** d Mine production has not been conducted siB6&4.

*** § Mine production has not been conducted sif6&7.

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayete 10
average; red is for the values, which are lower than theedbaveragedylack is for the values corresponding to the
10-year average
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Refinery production (incl. metal, oxides, carbonates, sulphates and other compoundsousand
metric tonnes

COUNTRY* Medium 2017 2017,%
China 383 69.6 583
Madagascar 15 3.1 2.6
Zambia 4.3 2.5 2.1
Congo, D.R. 2.4 0.2 0.2
Morocco 16 1.9 16
South Africa 0.9 1.1 0.9
Ugand&* 0.3 0.0 0
Brazil 1.2 0.0 0

DLBPSTotal 50.6 78.4 65.7

World Total 86.1 1194 1000
SourceBGS.

* 3 DLBPS only.

** 3 Mine production has not been conducted siBo&7.

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher fttapete
average; red is for the values, which are lower than theedfaverage
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F. Cobalt export

Export of cobalt ores and concentrates (26%), thousand metric tonnes

COUNTRY* Medium 2017 2017,%
Congo, D.R. 2721 1608 921
South Africa 2.6 0.2 0.1
China 0.0 0.1 0.1
Brazil 0.1 0.1 "0.05
Zambia 12.2 0.1 "0.05
Indonesia 7.6 0.0 0
Cuba 4.4 0.0 0
Uganda* 0.2 0.0 0
Morocco 0.1 0.0 0
Botswan&** "0.01 0.0 0

DLBPSTotal 299.3 1612 923

World Total 3116 1746 1000
SourcelTC.

* 3 DLBPSonly.

** 3 Mine production has not been conducted siB6&4.

*** § Mine production has not been conducted sif6&7.

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values f&®2017 means the following: green is for the values, which are higher than-ytearn0
average; red is for the values, which are lower than theedBaverage; black is for the values corresponding to the
10-year average

Export of ores andconcentrates (268), million USD

COUNTRY* Medium 2017 2017,%
Congo, DR. 6489 524.0 96.7
South Africa 9.1 6.7 12
Brazil 0.1 0.3 0.1
China 0.05 0.1 "0.05
Zambia 29.7 0.0 0
Cuba 24.7 0.0 0
Ugandé* 3.7 0.0 0
Indonesia 0.2 0.0 0
Morocco 0.1 0.0 0
Zimbabwe 0.01 0.0 0
Botswan&** "0.01 0.0 0
Vietnam "0.01 0.0 0

DLBPS Total 716.6 531.2 98.0

World Total 7329 541.8 1000
SourcelTC.

*d DLBPS only.

** § Mine production has not been conducted sii0é4.

** § Mine production has not been conducted sia0&7.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher fitayetiie
average; red is for the values, which are lower than theedbaverage
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Export of cobalt intermediate products of cobalt metallurgy and unwrought cobalt (810520)

thousand metric tonnes

COUNTRY* Medium 2017 2017,%
Congo, D.R. 1239 214.9 80.1
South Africa 1.0 2.0 0.8
China 3.2 4.2 16
Madagascar 14 2.8 11
Morocco 17 2.0 0.7
Zambia 0.5 0.1 0.1
Brazil 0.9 0.0 0.0
Ugand&* 0.3 0.0 0.0
Cuba 0.3 0.0 0.0
Zimbabwe 0.01 0.0 0.0
Indonesia " 0.001 0.0 0.0
Vietnam "0.010 0.0 0.0
DLBPSTotal 1330 226.1 84.3
World Total 1761 268.3 1000
SourcelTC.

* 3 DLBPS only.

** d Mine production has not been conducted sia6&4.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring ofindicator values for 2017 means the following: green is for the values, which are higher thaiyd¢lae 10
average,; red is for the values, which are lower than theedbaverage

Export of cobalt intermediate products of cobalt metallurgy and unwrought obalt (810520)

million USD

COUNTRY* Medium 2017 2017,%
Congo, D.R. 7242 18966 529
China 1299 2087 5.8
Madagascar 471 1519 4.2
Morocco 56.1 79.7 2.2
South Africa 8.8 253 0.7
Zambia 31 05 0.0
Brazil 137 "0.05 "0.001
Uganda** 6.9 0.0 0
Indonesia "0.01 0.0 0
Vietnam 0.1 0.0 0
Zimbabwe 0.1 0.0 0
Cuba 0.9 0.0 0

DLBPSTotal 990.8 23628 65.8

World Total 21945 35884 1000
SourcelTC.

* 0 DLBPS only.

** § Mine production has not been conducted siat&4.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayetre 10
average,; red is for the values, which are lower than theedbaverage
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Export of cobalt oxides and hydroxideq2822, thousand metric tonnes

COUNTRY* Medium 2017 2017,%
Congo, D.R. 230 43.2 609
Zambia 49 8.6 12.2
China 6.3 8.4 118
South Africa 0.15 0.15 0.21
Morocco 0.01 0.03 "0.05
Brazil 0.03 0.01 "0.05
Cuba 0.05 0.06 0.1
DLBPSTotal 345 60.4 852
World Total 435 70.9 1000

SourcelTC.

* 3 DLBPS only.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.
Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayete 10

average; red is for the values, which are lower than theed0average; black is for the values correspantbrthe

10-year average

Export of cobalt oxides and hydroxideg2822, million USD

COUNTRY* Medium 2017 2017,%
Congo, D.R. 2094 734.1 56.1
China 1706 320.4 245
Zambia 386 150.3 115
South Africa 17 1.3 0.1
Morocco 0.4 13 0.1
Cuba 0.6 0.5 " 0.05
Brazil 0.6 04 " 0.05
DLBPSTotal 4219 1208.3 924
World Total 6036 1308.1 1000
SourcelTC.

* & DLBPS only.

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.
Coloring of indicatowvalues for 2017 means the following: green is for the values, which are higher thanytmr 10
average; red is for the values, which are lower than theedbaverage
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Production of manganese oregross weightthousand metric tonnes

G. Manganese production

COUNTRY* Medium 2017 2017,%
South Africa 104563 13889.3 26.9
China 146150 12500.0 24.2
Gabon 35569 4163.0 8.1
Ghana 16728 3003.6 5.8
Brazil 27512 2880.0 5.6
India 25239 2589.3 5.0
Malaysia 807.0 1226.1 24
Mexico 5159 561.6 11
Myanmar 3898 310.0 0.6
Cote d'lvoire 1964 295.0 0.6
Morocco 821 99.0 0.2
Iran 1288 80.0 0.2
Turkey 1476 77.9 0.2
Namibia 66.7 27.9 0.1
Thailand 289 13.8 c
Vietham 230 13.4 "0.05
Sudan 7.4 9.5 "0.05
Kenya 0.9 9.1 " 0.05
Oman 20.3 9.0 "0.05
Egypt* 223 0.0 0

DLBPSTotal| 380134 41757.5 810

World Total | 486121 51556.9 1000
SourceBGS.

* 3 DLBPS only.

** 3 Mine production has not been conducted siBo&5.

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayete 10
average; red is for the values, which are lower than theedfaerage
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Production of ferro-silico-manganesethousand metric tonnes

COUNTRY* Medium 2017 2017,%
China 70305 8400.0 617
India 15065 1950.0 14.3
Malaysia 210 210.0 15
South Africa 2131 210.0 15
Brazil 2090 200.0 15
Mexico 1379 148.1 11
Gabon 84 30.0 0.2
DLBPSTotal| 91264 11148.1 819
World Total | 116081 13608.6 1000

SourceBGS USGS.

* 3 DLBPS only.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring ofindicator values for 2017 means the following: green is for the values, which are higher thaiyd¢lae 10
average; red is for the values, which are lower than theedfaverage

Production of ferro-manganes€incl. high-carbon and refined), thousand metric tonnes

COUNTRY* Medium 2017 %

China 25950 23460 415
India 4597 5337 95
Malaysia 296 2507 44
South Africa 4659 2480 4.4
Brazil 1019 1331 2.4
Mexico 72.7 90.0 1.6
Egypt 213 120 0.2

DLBPSTotal 37462 36135 64.0

World Total 56514 56470 1000

SourceBGS USGS.

* 3 DLBPS only.

Note Thevaluein columnMediumcorrespondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is forahges, which are higher than the-yié€ar
average,; red is for the values, which are lower than theedbaverage
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Export of manganeseores and concentrates (26, thousand metric tonnes

H. Manganese export

COUNTRY* Medium 2017 2017,%
South Africa 93121 15604.6 504
Gabon 32045 4478.1 145
Brazil 20092 2683.3 8.7
Cote d'lvoire 1973 636.1 21
Malaysia 7136 521.9 17
Morocco 954 79.0 0.3
Mexico 573 73.0 0.2
Thailand 395 40.0 0.13
China 492 36.3 0.12
Namibia 65.6 31.9 0.10
Turkey 92.7 30.2 0.10
Oman 121 15.8 0.05
Kenya 49 12.1 0.04
Ghana 1.2 2.3 0.01
India 937 2.2 0.01
Iran 12 0.5 0.00
Egypt* 4.4 0.1 0.00
Myanmar 0.0 0.0 0.00
Vietham 0.9 0.0 0.0
Sudan 0.2 0.0 0.0
DLBPSTotal 159549 24247.3 78.3
World Total | 234082 30961.8 1000
SourcelTC.

* 8 DLBPS only.

** 3 Mine production has not been conducted siBo&5.

Note Thevaluein columnMediumcorrespondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 20Ivieans the following: green is for the values, which are higher than 4eat0
average; red is for the values, which are lower than theedbaverage
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Export of manganeseores and concentrates (26%), million USD

COUNTRY* Medium 2017 2017,%
South Africa 14526 2527.3 559
Gabon 7989 1147.7 254
Brazil 2874 365.6 8.1
Ghana 774 155.4 34
Cote d'lvoire 205 53.0 12
Malaysia 334 23.2 0.5
Morocco 16.7 17.4 0.4
Mexico 115 16.2 0.4
China 115 8.0 0.2
Turkey 136 4.8 0.1
Thailand 4.6 2.3 0.1
Namibia 6.3 2.0 "0.05
Oman 11 0.8 "0.05
Kenya 0.7 0.7 " 0.05
India 10.1 0.3 "0.05
Iran 0.2 0.2 "0.01
Vietham 15 0.1 "0.01
Egypt™* 31 0.05 "0.01
Myanmar 0.1 0.01 "0.01
Sudan "0.05 0.0 0
DLBPSTotal 27514 4326.9 95.6
World Total 41509 4524.1 1000
SourcelTC.

* 3 DLBPS only.

** d Mine production has not been conducted siBo&5.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values f&2017 means the following: green is for the values, which are higher than-ytearn0

average; red is for the values, which are lower than theedBaverage; black is for the values corresponding to the
10-year average
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Export of ferro-manganesecontaining by weight > 2% of carbon(7202L1), thousand metric tonnes

COUNTRY* Medium 2017 2017,%
Malaysia 320 276.6 22.7
India 1360 228.6 188
South Africa 3990 181.1 14.9
Brazil 121 21.0 17
Vietham 11 4.4 0.4
China 24.6 2.3 0.2
Mexico 2.6 14 0.1
Turkey 0.6 0.6 0.1
Egypt™* 13 0.1 "0.01
Thailand 0.1 0.1 "0.01
Oman "0.05 0.1 "0.01
Iran "0.05 0.01 0.0
DLBPSTotal 6095 716.2 588
World Total 10482 1218.8 1000
SourcelTC.

*d DLBPS only.

** d Mine production has not been conducted siBo&5.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher fttayetiie
average,; red is for the values, which are lower than thee@®average; black is for the values corresponding to the
10-year average

Export of ferro-manganesecontaining by weight > 2% of carbon(7202L1), million USD

COUNTRY* Medium 2017 2017,%
Malaysia 328 3001 20.7
India 1457 2586 17.8
South Africa 3951 2215 15.3
Brazil 16.2 222 15
Vietnam 11 5.8 0.4
China 49.6 2.6 0.2
Mexico 3.6 17 0.1
Turkey 0.9 0.8 0.1
Egypt* 19 0.1 "0.01
Thailand 0.1 0.0 "0.01
Oman "0.01 0.0 "0.01
Iran " 0.05 050 "0.01
DLBPSTotal 646.9 8134 56.1
World Total 11495 14496 1000
SourcelTC.

*d DLBPS only.

** § Mine production has not been conducted siBo&5.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayetiie 10
average; red is for the values, which are lower than theed®average; black is for the values correspantbrthe
10-year average
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Export of ferro-manganesecontaining by weightO2% of carbon (720219), thousand metric tonnes

COUNTRY* Medium 2017 2017,%
South Africa 1326 71.1 164
India 17.8 41.2 9.5
Vietham 6.2 12.1 2.8
Mexico 145 10.8 25
Brazil 2.3 0.8 0.2
Turkey 15 0.8 0.2
China 304 0.4 0.1
Malaysia 0.2 0.4 0.1
Thailand 0.1 050 " 0.05
Egypt™* 11 0.0 0
Iran " 0.05 0.0 0
Ghana 0.1 0.0 0
Oman 0.2 0.0 0
Gabon 0.1 0.0 0

DLBPSTotal 207.0 137.5 317

World Total 4539 433.6 1000
SourcelTC.

* 3 DLBPS only.

** 3§ Mine production has not been conducted siBo&5.

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: gredorithe values, which are higher than theyEar
average,; red is for the values, which are lower than theedbaverage

Export of ferro-manganesecontaining by weightO2% of carbon (720219), million USD

Country Medium 2017 2017,%
SouthAfrica 1801 127.0 16.8
India 27.6 64.0 85
Vietnam 9.7 23.0 3.0
Mexico 27.2 17.9 2.4
Brazil 6.1 1.5 0.2
Turkey 3.2 15 0.2
China 854 0.8 0.1
Malaysia 0.3 0.6 0.1
Thailand 0.1 050 "0.01
Ghana 0.1 0.0 0
Oman 0.1 0.0 0
Egypt* 0.3 0.0 0
Iran "0.05 0.0 0
Gabon " 0.05 0.0 0
DLBPS 3404 236.2 313
World total 7627 755.8 1000
SourcelTC.

*d DLBPS only.

** § Mine production has not been conducted siBo&5.

Note Thevaluein columnMedium correspondso the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayeituie 10
average,; red is for the values, which are lower than theedbaverage
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Export of ferro-silico-manganese (720230)housand metric tonnes

COUNTRY* Medium 2017 2017,%
India 6994 794.6 254
Malaysia 213 197.5 6.3
South Africa 1739 124.9 4.0
Vietham 474 59.9 19
Brazil 46.9 55.1 1.8
Mexico 30.0 27.8 0.9
Gabon 6.0 24.0 0.8
China 98.0 6.7 0.2
Turkey 19 5.2 0.2
Iran 0.2 0.6 0.019
Kenya 0.2 0.6 0.018
Egypt* 0.4 0.3 0.008
Morocco " 0.05 0.2 0.008
Oman 0.1 0.0 0.000
Thailand " 0.05 0.0 0.000
DLBPSTotal 11258 1297.3 414
World Total 28723 3132.8 1000
SourcelTC.

* & DLBPS only.

** 3 Mine production has not been conducted siBo&5.
Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the vathes) are higher than the d@ar

average,; red is for the values, which are lower than theedbaverage
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Export of ferro-silico-manganese (720230jnillion USD

COUNTRY* Medium 2017 2017,%
India 684.7 8012 235
Malaysia 219 204.7 6.0
SouthAfrica 1733 1344 3.9
Vietham 452 68.8 20
Brazil 56.1 61.1 1.8
Mexico 328 317 0.9
Gabon 55 26.8 0.8
China 1692 7.4 0.2
Turkey 2.3 8 0.2
Kenya 0.2 0.8 " 0.05
Iran 0.2 0.4 " 0.05
Egypt* 0.6 0.3 "0.05
Morocco " 0.05 0.3 "0.05
Oman " 0.05 0.0 0
Thailand " 0.05 0.0 0
DLBPSTotal 11922 13434 394
World total Total 31570 34082 1000
SourcelTC.

* 3 DLBPS only.

** 3 Mine production has not been conducted siBo&5.

Note Thevaluein columnMediumcorrespond$o the averagdevel of theindicatorin 2008 2017.

Coloring of indicator values for 2017 means the following: green is for the values, which are higher thayete 10
average,; red is for the values, which are lower than theedbaverage
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Total annual Gross domestic product of DLBPS (at current prices)million USD

COUNTRY

Medium

2017

2017, % from

2017, % from
total developing

world GDP states GDP
China 8 652 5034 12 237 781.8 15.20 3847
India 1893 6372 2 575 666.6 3.20 8.10
Brazil 2 123 24 2 055 512.2 2.55 6.46
Mexico 1144 50% 1158 229.1 144 3.64
Indonesia 829 5681 1015539.0 1.26 3.19
Turkey 834 7195 851 541.6 1.06 2.68
Saudi Arabia 637 0346 683 827.1 0.85 215
Argentina 525 7698 637 486.2 0.79 2.00
Iran 478 8597 460 976.1 0.57 1.45
Thailand 377 8705 455 302.5 0.57 143
South Africa 345 0238 348 872.1 043 1.10
Malaysia 286 9920 314 707.3 0.39 0.99
Philippines 248 4035 313 595.1 0.39 0.99
Colombia 310 9087 3091914 0.38 0.97
Pakistan 222 9618 302 139.5 0.38 0.95
Chile 240 0025 277 081.0 0.34 0.87
Venezuela 336 2058 255 092.5 0.32 0.80
Vietham 159 2160 223 779.9 0.28 0.70
Peru 174 8666 211 403.0 0.26 0.66
Egypt 242 9934 195 135.5 0.24 0.61
Sudan 49 5200 120265.8 0.15 0.38
Morocco 100 9398 109 708.8 0.14 0.34
Cuba 76 3097 96 851.0 0.12 0.30
Dominican Rep. 61 3161 75 931.7 0.09 0.24
Guatemala 53 6875 75 619.6 0.09 0.24
Kenya 531648 74 938.2 0.09 0.24
Oman 67 6483 70 783.8 0.09 0.22
Myanmar 541791 67 101.9 0.08 0.21
Ghana 50 2685 58 996.3 0.07 0.19
Tanzania 40 7293 53481.4 0.07 0.17
Céte d'lvoire 29 8899 38 054.9 0.05 0.12
Congo, D.R. 29 9627 376425 0.05 0.12
Bolivia 27 2817 37 508.6 0.05 0.12
Uganda 23 4633 27 698.8 0.03 0.09
Zambia 22 5731 25 868.1 0.03 0.08
Papua New Guinea 18 7534 22 005.8 0.03 0.07
Zimbabwe 13 3859 18 036.9 0.02 0.06
Botswana 14 2399 17 406.5 0.02 0.05
North Korea 155311 17 364.7 0.02 0.05
Laos 11 0295 16 853.1 0.02 0.05
Gabon 15 6049 14623.4 0.02 0.05
Namibia 11 5785 13 244.6 0.02 0.04
Madagascar 11 5325 13 208.4 0.02 0.04
Mongolia 10 0607 11 135.0 0.01 0.03
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Eritrea 33761 5812.7 0.01 0.02
Mauritania 4 8003 4992.1 0.01 0.02
DLBPSTotal | 20936 118 | 26 007 994.2 3231 81.75
World Total | 72 631 9118 80501 414 10000

Note Thevaluein columnMediumcorrespondso the averagdevel of theindicatorin 2008 2017.
Coloring of indicator values for 2017 means the following: green is for the values, which are higher fitayethe
average,; red is for the values, which are lower than theedbaverage
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